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The distinction between normal variant, anomaly, and abnormality in the human nervous sys-
tem is often subtle but carries profound clinical consequence. Imaging has become indispens-
able in diagnosis and patient management in modern clinical neuroscience. The clinician is 
barraged frequently with new imaging sequences labeled with clever acronyms and abbrevia-
tions. The result is an evolution in our understanding of what constitutes a normal variation and 
what is considered a pathological entity. The failure to distinguish what is normal and abnor-
mal can lead to inappropriate decision making, ranging from unnecessary serial imaging to 
ill-fated surgical intervention. A repository of these normal variations is long overdue, and I 
congratulate Dr. McKinney on assuming such an arduous task.

Many neuroradiology texts are actually applied works that focus on pathological conditions 
with clinical correlates. These integrative works tend to appeal to a broad clinical audience 
including neuroradiologists, neurologists, psychiatrists, and neurosurgeons. Dr. McKinney’s 
atlas could be classified as a work of pure neuroradiology, but its impact will be much broader. 
In many ways, this book carries the same significance as Krayenbṻhl and Yaşargil’s Cerebral 
Angiography or Osborn’s Diagnostic Neuroradiology. Like these classic texts, Dr. McKinney’s 
current volume will have wide appeal and importance to the same audience of clinicians.

The length of this work should not intimidate the reader. However, its length requires us to 
contemplate the extensiveness of this subject. Our clinical focus often is directed towards 
pathology, and we often overlook the normal and its variants. We are passing this habit to our 
trainees, leading to the possibility of them not knowing the difference between normal and 
abnormal. This book, which is comprised mostly of images, represents an endeavor to halt this 
tendency. The accompanying text is purposefully brief but informative and reads easily. The 
reader will not need nearly as many years to review this work as was required to compose it. 
Like many atlases, it will serve as a valuable reference on our shelves. Even on a limited sched-
ule, the determined student of clinical neuroscience can review all the material presented in 
this book in a short period.

As contemporaries in clinical neuroscience, Dr. McKinney and I have overlapped in our 
training and now in our respective practices. While a resident and fellow, he routinely collected 
cases for future reference and didactic material. I doubt he knew at the time that those cases 
would be the seed for this book. The absence of a single source about anatomic variations 
combined with Dr. McKinney’s curiosity and indefatigability laid the foundations for this 
impressive atlas. I am confident that the reader will affirm the author’s and my own notion that 
this atlas is a work of art.

Despite the exhaustive approach taken by Dr. McKinney, we must recognize that this vol-
ume is incomplete. As noted in the author’s preface, there are neurological variations outside 
of the brain, skull, and vasculature that must be cataloged. Dr. McKinney may be reluctant to 
produce another volume to address these issues because of the time and energy necessary for 
such an endeavor. Based on the quality of the current work, let us all persuade him to 
reconsider.

Minneapolis, MN, USA � Ramachandra P. Tummala, MD

Foreword
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I would opine that “art can be work” and “work can be art,” depending on how much someone 
enjoys their profession. I certainly feel this way about the field of neuroradiology. I must con-
fess that this book has undergone evolution for several reasons since I agreed to undertake this 
topic during my third year as a staff neuroradiologist (and now in my 15th!). Most notable is 
that the book was originally intended to include three parts: brain, spine, and head and neck, 
but I found that I am so meticulous that it was impossible to ignore the topics of craniocervical 
vasculature and skull, as these structures are immediately adjacent to the brain. This work was 
also driven by my quest to be practical. For example, I feel strongly that in order to properly 
interpret a routine brain MRI, a working knowledge of vascular variants is necessary even if an 
MR angiogram was not performed. Similarly, variants of the skull may also simulate disease 
when interpreting a routine brain MRI. Thus, given size constraints, normal variations of the 
spine and head and neck were not included here, and are left for a possible, future book.

For the abovementioned reason that this might be akin to composing “art,” this book is 
hands-down the hardest work I have completed, and took the longest; finding rare cases of 
variants compounded that difficulty. I find that composing journal articles, reviews, and chap-
ters in a book is quicker and more straightforward, since there is a limited range of possibili-
ties. In fact, what makes the subject of normal variations so difficult to address is that one may 
not realize the importance of a finding because either: (1) it is not seen or mentioned as it is of 
no consequence anyway; (2) it is seen but constantly called abnormal and never proven to be 
so, as it is not a surgical entity; (3) in the reverse of #1, it is thought to be abnormal, but dedi-
cated imaging and attention to detail is sometimes necessary, which may require “putting one’s 
shoulder against the ocean liner” of physicians ready to perform surgery or other unnecessary 
therapy. Certainly, #3 is the most clinically important scenario for normal variations, particu-
larly with regards to the brain, where operating on a suspected finding that is actually a normal 
variant can have catastrophic consequences. To prevent situation #3 and to prevent expectation 
bias, I routinely urge the residents and fellows that, prior to looking at the clinical history, to 
first simply “say what they see” about an image (to borrow the words of our famous neurora-
diology predecessor in Minnesota, Harold O. Peterson). Often times, what is suspected to be a 
normal variant by a radiologist is often just that; however, proof may be lacking. Thus, the goal 
of this book is to compile the most common and identifiable (or the most interesting) variants, 
and to provide the most facile methods or sequences to identify them expediently, as well as 
provide a range of appearances.

And yet another reason that this book evolved over several years to the point of being 
delayed is that I not only wanted to include the common, standard variants that most radiolo-
gists and neuroradiologists are already aware of (e.g., cavum septum pellucidum, hyperostosis 
frontalis, etc.) but I also sought to cover newly identified variants that can be proven or 
described further by newer techniques (e.g., brain capillary telangiectasias on susceptibility 
weighted imaging [SWI]). Regarding those techniques, such as SWI, diffusion-weighted 
imaging (DWI), and multidetector/multislice CT, I also sought to cover artifacts or appear-
ances that simulate disease using those techniques, which I felt has not been covered well in 
prior texts, although there may have been online descriptions or literature references.

Preface
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I also attempted to provide “Comparison Cases” for many normal variants. I opine that one 
way to cement the appearance of a normal variant in one’s mind is to demonstrate the actual 
abnormality that the radiologist is worried about it being. In this fashion, I hope such cases in 
this text create a “spectrum of normal” in radiologists’ minds for future and immediate com-
parison to cases they are considering being potential normal variations.

Further, I felt that one particular area required much experience that can be potentially quite 
difficult to discern normal from abnormal: the infant brain with determination of myelination 
and the presence or absence of hypoxic-ischemic injury/encephalopathy (HII/HIE). To me, this 
topic seemed vital for my experience level with, and continued exposure to, pediatric neurora-
diology to grow before I compiled the segment on the Pediatric Brain. This necessitated that I 
followed numerous cases within the files for years, and intermittently rechecked their medical 
records to make sure that a patient’s development remained normal. Hopefully, this arduous 
task will be rewarded, as I have also attempted to add some attributes and normal appearances 
of neonates, infants, and young children on MRI and CT that have not been described well in 
prior texts or within the literature. My development and (hopefully) capability as a pediatric 
neuroradiologist really has paralleled the evolution of this text.

Finally, regarding the length of text and references, I have chosen to reference and describe 
each particular subject in what I thought would be the briefest fashion possible while simulta-
neously attempting to do justice to each subject. My attempt to keep such descriptions under 
the length of 1–2 pages would have otherwise been rendered futile, and would have disrupted 
the intent of the publisher and myself for there to be “more pictures than text.” I apologize 
ahead of time to those who would prefer a much more meticulous description of each subtopic. 
But I would submit that the purpose of the References, which are generally provided in the 
order that the topic is described, are for more detailed analyses at the reader’s behest. I admit 
this book is not intended for an in-depth analysis or discussion-type of reference; rather, it 
could be for quick reference to a particular imaging appearance.

Hence, if mistakes are identified (which I am confident there will be), I am open to an email 
to improve the text. Please provide a reference, if possible, and if a future version is published, 
I plan to acknowledge that contribution. Additionally, any suggestion for future topics to 
include is welcome.

Minneapolis, MN, USA� Alexander M. McKinney, MD 

Preface
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Brain: Introduction

The Brain section of this book is the largest and covers a 
combination of normal variants, normal anatomy, and arti-
facts that can mimic disease. Although there is an attempt to 
organize such normal variations by region or anatomic 
structure, such a classification is inherently problematic 
because some normal variants can be in multiple locations 
(e.g., choroid plexus or dilated perivascular spaces), while 
some commonly encountered artifacts can occur anywhere 
in the brain (e.g., flow voids). Thus, this section of the book 
is generally organized starting from inferiorly at the skull 
base to more superiorly, while normal variants that can 
occur anywhere in the brain are generally placed in the mid-
dle. Also, artifacts or magnetic resonance related sequence 
phenomena that may simulate disease are placed toward the 
end of this section.

Some basic terminology and abbreviations regarding stan-
dard sequences is necessary, since magnetic resonance imag-
ing (MRI) manufacturers unfortunately have not adopted one 
standard for sequences outside of the routine ones such as 
T1-weighted images, T2-weighted images, fluid-attenuated 
inversion recovery (FLAIR), and diffusion-weighted images. 
Thus, standard terminology used throughout this section and 
the remainder of the book is described below.

1.1	 �Terminology

1.5 T and 3 T	� 1.5 Tesla and 3.0 Tesla MRI magnet field 
strengths

3D	 Three dimensional
BFFE	 Balance FFE (similar to CISS)
CECT	� Contrast-enhanced computed tomography 

(CT)
CISS	� Constructive interference in steady state, 

similar to T2WI, emphasizes cerebrospinal 
fluid hyperintensity

DWI	 Diffusion-weighted image
FFE	 Fast field echo (either T1- or T2-weighted)
FLAIR	� Fluid-attenuated inversion recovery imaging
GE	 Gradient echo
GE T2*WI	 Gradient echo T2*-weighted imaging
IR		 Inversion recovery imaging
T1IR	 T1-weighted IR imaging
T2IR	 T2-weighted IR imaging
MiniP	 Minimum intensity projection
MIP	 Maximum intensity projection
MPR	 Multiplanar reformat
MRA	 MR angiography
TOF MRA	 Time-of-flight MRA
NECT	 Non-enhanced CT
SWI	 Susceptibility-weighted imaging
T1WI	 T1-weighted imaging
T2WI	 T2-weighted imaging
T2*WI	 GE T2*WI
US	 Ultrasound

1
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Cerebellar Tonsillar Ectopia

The cerebellar tonsils have a range of “normal positioning” 
relative to the foramen magnum, and the range of normal 
particularly depends on age, whereas the degree of descent/
position (in millimeters) of the tonsils has a normal distribu-
tion relative to age. Traditionally defined, a Chiari 1 malfor-
mation was simply defined as a hindbrain and skull anomaly 
consisting of “tonsillar herniation” below the foramen mag-
num; however, it was later defined more by the neuroradio-
logic criteria of descent of the tonsils 5 mm or greater below 
the foramen magnum with symptoms of tussive headache 
(i.e., with coughing). In a seminal work by Barkovich and 
coworkers in 1986 that consisted of over 200 normal patients 
and 25 with Chiari 1 malformations, the mean position of the 
tonsils in the normal group was 1  mm above the foramen 
magnum (range of 8 mm above to 5 mm below). Meanwhile, 
in Chiari 1 patients, the mean tonsillar descent was 13 mm 
below the foramen magnum (range of 3–29 mm below). The 
authors found that a tonsillar position of 2  mm or greater 
below the foramen magnum had a sensitivity of 100 % and a 
specificity of 98.5 % for predicting symptomatic patients. 
Later, it was shown that the most consistent finding in Chiari 
1 patients was tonsillar “herniation” (i.e., downward descent 
with mass effect) of 5 mm or more in adult patients, while 
patients with tonsils 3–5  mm below the foramen magnum 
might be asymptomatic but did not exclude that diagnosis. 
Notably, larger prospective studies of the asymptomatic gen-
eral population have demonstrated that tonsillar “ectopia” 
(i.e., descent without clear mass effect) of less than 5 mm is 
present in 0.5–1.0 % of the adult population as an incidental 
finding; however, it is not certain whether such patients with 
less than 5 mm of tonsillar ectopia eventually develop symp-
toms, and the degree of compression of the cervicomedullary 
junction is not well described. Hence the need for correlation 
with the presence of clinical symptoms. Other factors that 
may affect the tonsillar position include possible normal or 
slight differences in the degree of ectopia from side to side 

and that the degree of ectopia may change slightly even with 
the cardiac cycle (up to 0.4–0.5 mm in controls and even to a 
greater degree in Chiari 1 patients).

To make it more challenging, the pediatric range of tonsil-
lar ascent/descent may be wider, probably caused by varia-
tion in the pediatric skull base and upper cervical spine; this 
may be related to the variable size of the pediatric foramen 
magnum, the variable distance between the foramen mag-
num and the arches of C1 and C2, and variable patterns of 
ossification. Thus, a degree of tonsillar ectopia even greater 
than 5 mm may be tolerated without the patient developing 
true herniation (compression) or symptoms, and such descent 
can improve or resolve over time. Interestingly, following 
the neonatal period, the tonsils may descend further during 
childhood, typically reaching their lowest point between 5 
and 15 years age; however, this author has noted that in some 
juvenile patients the tonsils may ascend as well, even leading 
to some cases of tonsillar ectopia (or herniation!) that spon-
taneously resolve.

Therefore, the current thinking varies by author, but a few 
simple rules may help to define symptomatic patients. First, 
the term “tonsillar herniation” in children should be consid-
ered only when the degree of descent is greater than 5 mm 
below the foramen magnum. In adults, neither tonsillar her-
niation nor ectopia should be considered if the degree of 
descent is less than 2  mm. The “mildly ectopic,” “benign 
ectopia,” or “borderline herniation” range is 3–5  mm of 
descent in adults. In such patients, appropriate clinical symp-
toms and potentially accessory imaging (such as a cerebro-
spinal fluid [CSF] flow study) may help to define associated 
abnormal flow around the tonsils. A common-sense rule that 
may help to identify potentially symptomatic patients in this 
borderline range is whether or not the cervicomedullary 
junction is truly compressed by the tonsils (i.e., truly fitting 
the definition of “herniation,” in which the bright CSF on 
T2WI surrounding the junction is effaced).

2
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Again, by definition, a Chiari 1 malformation is comprised 
of cerebellar tonsillar herniation below the foramen magnum 
of at least 5 mm, typically compressing the cervicomedullary 
junction if the patient is symptomatic. It is important to men-
tion that a cervical or cervicomedullar syrinx (i.e., syringomy-
elia) may be present in 20–25 % of Chiari 1 patients. A related 
anomaly may be the so-called Chiari 1.5 malformation 
(brainstem herniation through the foramen magnum). A 

Chiari 2 malformation typically consists of a small posterior 
fossa, tonsillar herniation (with or without brainstem kinking 
or syrinx), and a spinal myelomeningocele; numerous other 
congenital brain malformations may be associated. A Chiari 
III malformation is quite rare and consists of a cervico-occipi-
tal encephalocele (Figs.  2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, and 
2.8).

2  Cerebellar Tonsillar Ectopia



7

Fig. 2.1  A 4-year-old child with mild tonsillar ectopia (arrows) on an 
otherwise negative 1.5  T MRI for developmental delay. Top row: on 
axial T2WI (left), FLAIR (middle), and coronal IR T2WI (right) there 
was mild tonsillar ectopia but a lack of mass effect (i.e., herniation) on 
the cervicomedullary junction, with CSF clearly seen surrounding it. 

Middle row: a repeat MRI 10 years later demonstrates similar findings 
on axial T1WI (left), FLAIR (middle), and coronal T2WI (right). 
Bottom row: when comparing the degree of tonsillar ectopia on sagittal 
T1WI from the MRI at 4 years of age (left) with that at 14 years of age 
(right), there was little change from 3.7 to 2.7 mm, respectively

2  Cerebellar Tonsillar Ectopia
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Fig. 2.2  A 2.5-year-old child had mild tonsillar ectopia (arrows) on an 
otherwise negative 1.5 T MRI for febrile seizures. On axial T2WI (top 
left), FLAIR (top middle), and T1WI (top right), there was mild tonsil-
lar ectopia with narrowing but not complete effacement of the cerebro-

spinal signal surrounding the cervicomedullary junction at the level of 
the foramen magnum. Sagittal T1WI (bottom left) and coronal T2WI 
(bottom right) measured 2.8–3.0 mm of tonsillar descent

2  Cerebellar Tonsillar Ectopia
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Fig. 2.3  A 7-year-old child with tonsillar ectopia (arrows) on an oth-
erwise negative 1.5 T MRI for seizures. On axial T2WI (left), there was 
tonsillar ectopia, with narrowing of the cerebrospinal signal surround-
ing the cervicomedullary junction, but brainstem or cord compression 

was lacking. Sagittal T1WI (middle) and T2WI (right) measured 4.5–
4.9 mm of tonsillar descent below the foramen magnum, as measured 
from the bottom of the basion (dotted arrows) to the opisthion (thin 
arrows)

Fig. 2.4  A 6-year-old child with moderate tonsillar ectopia (arrows) 
on an otherwise negative 1.5 T MRI for febrile seizures. Axial (top left) 
and coronal T2WI (top middle) demonstrate decreased CSF surround-
ing the cervicomedullary junction at the level of the foramen magnum, 
without mass effect on the brainstem. On sagittal T1WI (top right), the 

tonsillar descent ranged from 4.7 to 5.3 mm on several measurements. 
At 17 years of age, on axial (bottom left) and coronal (bottom middle) 
T2WI, the tonsillar descent/ectopia had improved to only 1.7 mm on 
sagittal T1WI (bottom right)

2  Cerebellar Tonsillar Ectopia
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Fig. 2.5  A 49-year-old patient with a 1.5 T MRI performed for mild 
cognitive impairment noted mild 5.8 mm of tonsillar ectopia (arrows) 
on sagittal T1WI (left) and was unchanged 6 months later (middle). 
The patient did not have headaches. Axial T2WI (right) depicts 

decreased but present CSF surrounding the cervicomedullary junction 
without mass effect on the medulla. This illustrates how adults may 
occasionally have greater than 5  mm of asymptomatic tonsillar 
descent

Fig. 2.6  Comparison case of Chiari 1 malformation without syrinx. A 
26-year-old patient with tussive headaches had 11 mm of tonsillar her-
niation (arrows) on a 1.5  T MRI with sagittal T1WI (left) and axial 

T2WI’s (middle and right). Note the mild compression of the cervico-
medullary junction (dotted arrows) and the effacement of CSF fluid 
within the foramen magnum

2  Cerebellar Tonsillar Ectopia
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Fig. 2.8  Comparison case of improved Chiari 1 malformation. A 
5-month-old infant with speech delays had tonsillar herniation (arrows) 
on 1.5 T MRI axial T2WI (left) and sagittal T1WI (middle). The cere-
brospinal fluid signal was effaced on T2WI at the foramen magnum, 

and the tonsillar descent measured 11.5–12 mm. By 13 years of age, 
sagittal T1WI (right) shows that the tonsillar herniation had improved 
to being only 7.8 mm, but the headaches persisted

Fig. 2.7  Comparison case of Chiari 1 malformation with syrinx. An 
18-year-old patient with upper extremity symptoms and headaches had 
10 mm of tonsillar ectopia/herniation (arrows) on a 1.5 T MRI with 
sagittal T2WI (left) and T1WI (left middle) as well as a syrinx 

(arrowheads) extending down to the midthoracic region. A 3 T brain 
MRI with T1WI (right middle) and a cerebrospinal flow study (right) 
showed flow ventrally (open arrows) but not dorsally above the tonsils

2  Cerebellar Tonsillar Ectopia
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Cerebellar Flocculus Pseudomass

The cerebellar flocculus is a well-known cause of a pseu-
domass in the cerebellopontine angle (CPA), particularly 
on nonenhanced CT (NECT) or occasionally on noncon-
trast MRI sequences. Since the flocculus juts out into the 
CPA and is surrounded by cerebrospinal fluid, asymmetry 
(from side to side), volume averaging (with normal adja-
cent cerebellar hemispheres or the middle cerebellar 
peduncle), and beam-hardening artifact (from adjacent 

quite dense petrous apices of the temporal bones) may 
combine to exacerbate the appearance of an extra-axial 
mass such as a schwannoma, a meningioma, a glioma, or 
rarely an aneurysm. Schwannomas and meningiomas 
typically compress the cerebellum, whereas nonenhancing 
gliomas typically expand it. Aneurysms ususally can be 
seen to connect with a parent artery (Figs.  3.1, 3.2, 3.3, 
3.4, 3.5, 3.6, and 3.7).
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Fig. 3.1  A 55-year-old patient with headaches and balance problems 
(negative study). On NECT (top left), there was a prominent hyperden-
sity within the left CPA (arrows), unchanged from 5 years previously 
(top middle). A 1.5 T MRI axial FLAIR (top right), T2WI (bottom left), 
coronal T1WI (bottom middle), and postcontrast T1WI (bottom right) 

depict asymmetry of the left cerebellar flocculus (arrows) as compared 
to the right one (dotted arrows). The prominence of the left flocculus 
was attributable to normal asymmetry, and the CT appearance was 
exacerbated by beam-hardening artifact

Fig. 3.2  The patient was a 70 year old with visual deficit (negative 
1.5 T MRI). On NECT (left), there was a hyperdense pseudomass of the 
left CPA (arrows), which was shown to be the left cerebellar flocculus 

on T1WI (middle images) and T2WI (right images). Note the smaller 
right flocculus (dotted arrows). The flocculus appeared dense because 
of beam hardening

3  Cerebellar Flocculus Pseudomass
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Fig. 3.3  A 39-year-old patient with a suspected stroke (negative 3 T 
MRI). On NECT (top left) a right CPA apparent pseudomas (arrows) 
was questioned but was found to be the flocculus on axial T2WI (top 

middle) and postcontrast T1WI (top right). Coronal FLAIR (bottom 
left) and postcontrast T1WI (bottom right) also depicted the left floc-
culus (dotted arrows)

3  Cerebellar Flocculus Pseudomass
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Fig. 3.5  Comparison case of a CPA schwannoma: a 50-year-old 
patient with left-sided hearing loss had a CPA extra-axial mass (arrows) 
on a 1.5 T 3D T2WI MRI (left), which enhanced on postcontrast axial 
(middle) and coronal (right) T1WIs. Note the compression of the floc-

culus inferolaterally (dotted arrows) and the extension of the tumor into 
the internal auditory canal via the porus acousticus (thin arrows). Also 
note a normal, incidental mega cisterna magna (+)

Fig. 3.4  A 57-year-old patient with hearing loss. On a negative 1.5 T 
MRI, noncontrast T1WI (top left) demonstrated a right CPA pseudomas 
(arrows) that did not enhance on postcontrast T1WI (top middle). Axial 
(top right) and three-dimensional-acquired “balanced” T2WIs recon-

structed in coronal (bottom left) and sagittal (bottom middle: right side, 
bottom right: left side) planes confirmed asymmetry of the right cere-
bellar flocculus as compared with the left (dotted arrows)

3  Cerebellar Flocculus Pseudomass
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Fig. 3.7  Comparison case of a CPA epidermoid: a 27-year-old patient 
with headaches and hearing loss had an extra-axial cystic mass (arrows) 
on a 1.5 T T2WI MRI (left), which did not enhance on postcontrast 
T1WI (left middle). However, it had reduced diffusivity (bright) relative 

to cerebrospinal fluid on DWI (right middle) as confirmed on ADC 
maps (right). Note the compression of the right flocculus (dotted 
arrows) as compared to a normal contralateral flocculus (thin arrows)

Fig. 3.6  Comparison case of a CPA meningioma: a 70 year old with 
left-sided hearing loss had an extra-axial mass (arrows) within the left 
CPA on a 1.5 T T2WI MRI (left), which enhanced on postcontrast axial 

(middle) and coronal (right) T1WIs. Note a normal cerebellar flocculus 
inferolaterally (dotted arrows) and the thin dural tail of enhancement 
(thin arrows) consistent with a meningioma rather than a schwannoma

3  Cerebellar Flocculus Pseudomass
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Mega Cisterna Magna 
and Retrocerebellar Arachnoid Cysts

There is debate as to whether mega cisterna magna (MCM) 
arises from a pathologic insult; recent evidence suggests that 
it may be on the mildest end of the Dandy-Walker contin-
uum. However, it can be considered an asymptomatic normal 
variation in which the posterior fossa appears mildly enlarged 
on imaging, typically with prominence of the subarachnoid 
space (SAS) posterior to the cerebellum (retrocerebellar 
space). This prominence of the cerebellar-medullary cistern 
communicates freely with the SAS and does not result in 
CSF obstruction or hydrocephalus because the foramina of 
Magendie and Luschka are patent, by definition. The devel-
opment of the cerebellar hemispheres and vermis are normal. 
The tentorium may appear slightly higher than normal but 
has a normal insertion. MCM is thought to result from evagi-
nation of the tela choroidea’s posterior membranous area, 
possibly caused by delayed completion of the foramen of 
Magendie. Larger MCMs may simulate and be very difficult 
to distinguish from arachnoid cysts (which have a thin sur-
rounding membrane) because of mild compression of the 
cerebellar vermis or hemispheres. They may have a split 
falx/dural fold, which can be seen in over half of the cases 
traversing the MCM and can distinguish MCM from arach-
noid cysts.

Retrocerebellar arachnoid cysts (RACs) are distinct from 
MCMs but often are often quite difficult to distinguish from 
them on standard imaging. The posterior fossa is usually 
normal in size, although the inner table of the occipital bone 
may be scalloped; scalloping traditionally was considered a 
sign of RAC, but evidence suggests that it occurs with MCM 
as well. RACs arise from defects in the arachnoid membrane 
and are not a normal variant, although they are usually con-
sidered don’t touch lesions because hydrocephalus does not 
occur in the vast majority. In addition, the vast majority have 
only a mild, asymptomatic mass effect on the cerebellar 
hemispheres. However, occasionally RACs can compress the 
cerebellum and displace the fourth ventricle anteriorly if 
they are large enough, but they rarely cause CSF obstruction. 
The thin membrane of a RAC can occasionally be visualized 

by thin-section, balance gradient echo T2WI technique or by 
utilizing cisternography to confirm a lack of communication 
with the CSF. However, some RACs may communicate with 
the CSF; therefore cisternography is not entirely confirma-
tory. Hence, mass effect or hydrocephalus may be better pre-
dictors of a RAC.

Other true abnormalities that should be distinguished 
from a MCM and RAC are developmental abnormalities of 
the posterior fossa, ranging from varying degrees of cerebel-
lar vermian hypoplasia (CVH, at the milder end of the spec-
trum) to Dandy-Walker malformations (DWM, which is 
more severe) as well as the rare Blake pouch cyst (BPC). The 
cerebellum begins development around the fifth gestational 
week; around the ninth week midline fusion occurs, with 
completion of the vermis around the 18th week. Interruption 
of development during this timeline may result in varying 
degrees of cerebellar and even pontine hypoplasia (severe 
cases), with milder CVH occurring from later interruptions. 
It should be noted that fetal MRIs performed even after the 
completion of cerebellar development, such as during the 
late second or early third trimester, may depict a mild promi-
nence of the cisterna magna or SAS around the cerebellum; 
this is normal and should not be mistaken for any form of 
cerebellar hypoplasia.

Subtle cases of inferior cerebellar vermian hypoplasia 
(ICVH) are the subject of debate, since in the past some clas-
sified this as part of the Dandy-Walker continuum (so-called 
Dandy-Walker variants). Such terminology should be 
avoided because it causes confusion, and most patients with 
ICVH are otherwise developmentally normal. However, a 
minority do have developmental delay, and they typically 
have a normal sized or slightly enlarged posterior fossa with-
out a cyst or hydrocephalus. ICVH can be discerned from 
artifactual volume averaging (which causes incomplete visu-
alization of a relatively small vermis, particularly on sagittal 
images), since with ICVH the posterior angle of the fourth 
ventricle appears incomplete on sagittal images. A true 
DWM consists of vermian agenesis or severe hypoplasia 
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with a significantly enlarged posterior fossa, a posterior fossa 
cyst (typically cystic enlargement of the fourth ventricle), and 
usually hydrocephalus (in about three quarters of cases). What 
was previously termed a Dandy-Walker variant (DWV) con-
sists of varying degrees of CVH with a posterior fossa cyst but 
without an enlarged posterior fossa. Again this term should be 
avoided, and instead a description should be provided.

A persistent Blake pouch cyst (BPC) is a developmental 
anomaly that arises from a lack of regression of a temporary 
cyst (Blake pouch) during the embryonic formation of the 
fourth ventricle prior to the opening of the foramen of 
Magendie. This arises at the site of the area membranacea 
anterior within the tela choroidae of the developing fourth 
ventricle. This lack of regression leads to an imperforate 
foramen Magendie, with a cyst that variably can extend 
between the fourth ventricle, the foramen of Magendie, and 

even laterally into the foramina of Luschka. The clinical pre-
sentation is variable; there may be hydrocephalus caused by 
fourth ventricular obstruction, or patients may be otherwise 
normal and remain asymptomatic even into adulthood if the 
foramen of Luschka balances (although precariously) CSF 
flow equilibrium. Thin sections on MR sequences can detect 
the cyst’s walls and can confirm that the vermis is intact, 
although mass effect from the cyst may simulate CVH or 
DWV.  Notably, BPC could theoretically be considered on 
the milder edge of the spectrum of DWM-DWV, since DWM 
and DWV also arise from a lack of the area membranacea 
anterior’s incorporation, resulting in cystic enlargement of 
the fourth ventricle. However, the foramen of Magendie is 
typically patent in both DWM and DWV (Figs. 4.1, 4.2, 4.3, 
4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 4.10, 4.11, 4.12, 4.13, 4.14, 4.15, 
4.16, 4.17, and 4.18).

Fig. 4.1  A 45 year old was found to have a small cyst (*) posterior to 
the cerebellum and to the left of the midline and the falx (arrows) on 
axial (left) and coronal (right) NECT images. While asymmetric, this 

appearance would favor a MCM as the falx traverses it, although a RAC 
cannot be excluded

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.2  A 54 year old was reported to have a tiny retrocerebellar cyst 
(*) and two small appendages of the falx (arrows) on NECT. The image 
favors a MCM since the falx traverses it, but a RAC cannot entirely be 
excluded

Fig. 4.3  A 35 year old had a 
small midline cyst (*) posteriorly 
on axial (left) and coronal (right) 
CECT images displacing the falx 
(arrows), lying anteroinferior to 
the torcular (+). The appearance 
favors a MCM as the falx tra-
verses it, although it is asymmet-
ric; a RAC cannot be excluded. 
Note an enhancing metastasis in 
the left parietal lobe (dotted 
arrow)

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.4  A 47 year old was studied who had a retrocerebellar SAS 
prominence (*) and a midline falx (arrow) on NECT. The image heav-
ily favors an MCM since the falx traverses the cyst

Fig. 4.5  A 34 year old was examined and a retrocerebellar cystic dilata-
tion (*) was found with a mildly enlarged posterior fossa and promi-
nence of the retrocerebellar SAS bilaterally. The cyst is traversed by the 
falx (arrows) on axial NECT images (left two images) and on a sagittal 

reconstruction (right). The appearance favors a MCM, particularly given 
the lack of mass effect on the cerebellum. Note that the falx is asymmet-
ric to the right within the MCM. Thus, it does not have to be exactly at 
the midline within a MCM and there may be asymmetry in the SAS

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.6  A 2 year old was found to have a small, cystic dilatation (*) 
posteroinferior to the cerebellar midline and vermis with a slightly 
enlarged posterior fossa. The cyst is traversed by the falx (arrows) on 
sagittal T1WI (left), T2WI (left middle), axial thin 2-mm T2WI (right 
middle), and balanced echo T2WI (right) 3  T MR images. The 

appearance favors a MCM, given the lack of mass effect. T2-dark 
flow voids that extend through the foramen of Magendie (dotted 
arrows) confirm communication between the fourth ventricle and the 
cyst, confirming that this is not a RAC

Fig. 4.7  An 8 year old with a prominent retrocerebellar cystic space 
(*) on sagittal T1WI MRI (top left) following CSF on T2WI (top mid-
dle) and proton density images (top right). An MRI 7 years later dem-
onstrates no significant change on sagittal T1WI (bottom left) and 

confirms a CSF-like signal on DWI (bottom middle) and T2*WI (bot-
tom right). It appears that the falx (arrows) at least partially traverses 
the cystic region, suggesting a MCM, although a RAC cannot entirely 
be excluded. The lack of mass effect is also suggestive of a MCM

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.8  A 40 year old had a prominent left retrocerebellar space (*) on 
axial NECT (left two images). The retrocerebellar SAS is also prominent 
to a lesser degree on the right side. The falx (arrows) partially traverses the 

cystic region. A NECT obtained 8 years later (right two images) showed 
no significant change in size or extent. The lack of mass effect, the appear-
ance of the falx traversing the cyst, and the bilaterality all favored a MCM

Fig. 4.9  A 19 year old wo had prominent retrocerebellar/paracerebellar 
subarachnoid spaces (*) seen on the NECT (top row). The falx (arrows) 
traverses the cystic region, suggesting an MCM. The lack of notable mass 

effect is also suggestive of a MCM. A NECT obtained 13 years later (bot-
tom row) shows that there is no significant change, likely confirming this is 
a MCM. Coronal reformats (bottom middle and right) are also provided

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.10  A 65 year old with what was called a retrocerebellar cyst (*) 
on axial T2WI MRI (top left), FLAIR (top middle), and T1WI (top 
right), with high diffusivity akin to CSF on DWI (bottom left) and ADC 
map (bottom middle). There is likely falx (arrows) to the right of the 

cyst on axial T2WI and postcontrast T1WI (bottom right). The appear-
ance favors a MCM, given a lack of mass effect on the cerebellum. 
Notice falx asymmetry to the right within the MCM

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.11  A 21 year old was diagnosed with what was called a retro-
cerebellar cyst (*), with a prominent posterior fossa and scalloping of 
the occipital bone on axial NECT (top left), MRI T2WI (top middle), 
and sagittal T1WI (top right), lacking contrast enhancement on axial 
(bottom left), coronal (bottom middle), and sagittal (bottom right) 

T1WIs. There is a thin falx (arrows) on T2WI and postcontrast 
T1WI. Also, there may be a flow void (dashed arrows) within the cyst 
on T2WI. The overall appearance favors a MCM. Note a nonenhancing 
chordoma at the spheno-occipital junction (+)

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.12  A 65 year old was seen to have a cystic dilatation (*) poste-
rior to the cerebellar midline and vermis, with a mildly enlarged SAS 
and posterior fossa. The cyst is traversed by the falx (arrows) on sagittal 

T2WI (left), axial thin 1 mm T2WI (middle), and FLAIR (right) MR 
images. The appearance would favor a MCM but a RAC cannot be 
excluded

Fig. 4.13  A 59 year old with an incidental small cyst (*) posterior to 
the right hemicerebellum, lying to the right of midline and to the right 
of the falx (arrows) on axial NECT (left), and MRI FLAIR (left middle), 

T2WI (right middle) and DWI (right) images. This would favor a MCM 
since the falx traverses it, but a RAC cannot be excluded

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.14  An 18 year old had a prominent retrocerebellar space (*) 
shown on axial NECT (top left), 3 T MRI T2WI (top middle), FLAIR 
(top right), SWI (bottom left), T1WI (bottom middle), and sagittal 
T1WI (bottom right). This cyst-like space follows the CSF on all 

sequences. The falx (arrows) partially traverses the cystic region, and 
the posterior fossa appears slightly enlarged, suggesting a MCM. The 
lack of a significant mass effect also suggests a MCM

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.15  A 34 week gestational age fetus was shown to have a promi-
nent retrocerebellar space (*) on axial ultrasound (left, face is at the right 
side of the image); the cisterna magna measured 11.2 mm (10 mm is upper 
normal at ultrasound). A midline fetal MRI image in the sagittal plane on 

fast T2WI (left middle) confirmed isolated enlargement of the cisterna 
magna, with a normal cerebellar vermis present (−). The cerebellum was 
normal on images of the right side (right middle, left side not shown) and 
on coronal images (right). There is no mass effect on the cerebellum

Fig. 4.16  A 17 year old had a cystic-appearing midline retrocerebellar 
cyst (*) that was traversed by the falx (arrows) on NECT. This would 
favor a MCM because the falx traverses it and because there is promi-

nence of the SAS lateral to the right hemicerebellum (+). However, the 
uncommon possibility of two adjacent arachnoid cysts cannot be 
excluded

4  Mega Cisterna Magna and Retrocerebellar Arachnoid Cysts
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Fig. 4.17  A 21 year old was thought to have a possible cyst (*) on 
NECT posterior to the cerebellar midline, as shown on brain windows 
(left and middle) and bone window (right). The cyst displaces the falx 

(arrows) and seems to cause mild occipital scalloping. The appearance 
favors a RAC, since the falx does not traverse it. However, an MCM 
cannot be excluded

Fig. 4.18  A 20 year old who had a slightly enlarged cisterna magna 
with a retrocerebellar cyst-like focus (*) on sagittal (left) and coronal 
(middle) reformats from an axial NECT (right). The falx appears to 

partially traverse through the cyst (arrows) on an axial image (right). 
The appearance is indeterminate for an MCM versus a RAC
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4.1	 �Retrocerebellar Arachnoid Cyst

Again, retrocerebellar arachnoid cysts (RACs) are different 
from MCMs but may be difficult to distinguish. The pres-
ence of a bulging or displaced thin membrane, mass effect or 

hydrocephalus may confirm a RAC.  To visualize the thin 
membrane, heavily T2WI or balanced echo imaging (CISS, 
BFFE, FIESTA, depending on the vendor) is useful 
(Figs. 4.19, 4.20, 4.21, 4.22, and 4.23).

Fig. 4.19  A 40 year old who was found to have NECT axial (left) and 
sagittal (middle) images that demonstrate a RAC (*) that mildly com-
presses the cerebellum anteriorly to narrow the fourth ventricle (−). The 
falx is not identified as traversing the cyst. An MCM is unlikely given 

the lack of enlargement of the posterior fossa and the mass effect. 
Additionally, the cyst splays the cerebellar hemispheres apart laterally 
on the coronal image (right)

Fig. 4.20  An 11 year old with CECT images obtained from the top of 
a neck CT. Axial (left), and sagittal (right) reconstructions demonstrate 
a RAC (*) that mildly compresses the superior aspect of the cerebellum 
to narrow the fourth ventricle (−). The falx is not identified as traversing 

the cyst. There is scalloping of the inner table of the occipital bone 
(dashed arrows), falsely giving the posterior fossa a mildly enlarged 
appearance. No hydrocephalus is present

4.1  Retrocerebellar Arachnoid Cyst



32

Fig. 4.21  A 24 year old with a moderate sized retrocerebellar cyst (*) 
posterior to and compressing the left hemicerebellum on an axial CECT 
image (left); this was not traversed by the falx. The posterior fossa did 

not appear enlarged. Four years later, axial (middle) and coronal (right) 
CECT images confirmed that there was no change in size but there was 
continued mass effect from the RAC

Fig. 4.22  A 59 year old had an axial NECT (top left two images) with 
coronal reformats (top right) performed to evaluate for a new stroke. 
Note encephalomalacia (−−−) of the right frontal and temporal opercu-
lar structures. A cyst-like structure was noted to mildly compress the 
cerebellum (*) from posteriorly on sagittal reformats (bottom left), sug-

gesting a RAC. Images from a cervical MRI 5 years prior were then 
obtained, including sagittal T2WI (bottom middle) and axial GET2*WI 
(bottom right), which confirmed no change in the cyst. The walls of the 
RAC were subtle (arrows)
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Fig. 4.23  A 66 year old had a cystic-like structure posterior to the cer-
ebellum (*) on axial (left) and sagittal (right) NECT images, where the 
cyst was to the right of the falx (arrows), although the falx is nearly at 
the midline and is not clearly displaced. The posterior fossa and retro-

cerebellar subarachnoid spaces are mildly enlarged, with questionable 
mass effect from the cyst. Therefore, this cyst is indeterminate for being 
an MCM versus a RAC

4.1  Retrocerebellar Arachnoid Cyst
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4.2	 �Fetal MRI of the Normal Posterior 
Fossa Versus True Abnormalities

As the cerebellum begins development around the fifth ges-
tational week, interruption of development during this time 
period until the 18th week may result in varying degrees of 
cerebello-pontine hypoplasia. Milder forms of cerebello-
vermian hypoplasia can also occur from interruptions at later 

dates. Again, fetal MRIs performed even after the comple-
tion of cerebellar development, such as during the late sec-
ond or early third trimester, may depict a mild prominence of 
the cisterna magna or SAS around the cerebellum; this is 
normal and should not be mistaken for any form of cerebellar 
hypoplasia (Figs.  4.24, 4.25, 4.26, 4.27, 4.28, 4.29, 4.30, 
4.31, 4.32, 4.33, 4.34, 4.35, 4.36, 4.37, 4.38, 4.39, and 4.40).

Fig. 4.24  A 29-week-old fetus underwent a fast sagittal T2WI fetal 
MRI for a possible brain abnormality (negative). On sagittal (left), axial 
(middle), and coronal (right) ultrafast T2WI, there is mild prominence 

of the SAS surrounding the cerebellum; the vermis (−) appears normal. 
This mild prominence of the SAS in the posterior fossa is normal and 
should not be mistaken for cerebellar hypoplasia or a cyst

Fig. 4.25  A 28-week fetus underwent a fast T2WI fetal MRI for pos-
sible abdominal abnormality (negative). On sagittal (left), axial (middle), 
and coronal (right) fast T2WI, there is mild prominence of the SAS sur-

rounding the cerebellum, while the vermis (−) appears normal. This 
mild prominence of the SAS in the posterior fossa is normal and should 
not be mistaken for cerebellar hypoplasia or a posterior fossa cyst
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Fig. 4.26  A 29-week-old fetus underwent MRI for a possible posterior 
fossa abnormality. A retrocerebellar cystic dilatation (*) is noted bilat-
erally and symmetrically on ultrafast T2WIs in the sagittal (left) and 

axial (right two images) planes without enlargement of the posterior 
fossa. This could be considered either normal or an early MCM

Fig. 4.27  Comparison case of Dandy-Walker malformation (DWM). 
A 19-week-old fetus had a cystic-appearing posterior fossa (*) on US 
(left), confirmed on fetal MRI fast T2WIs in sagittal (left middle), coro-
nal (right middle), and axial (right) planes. There was a mildly enlarged 

posterior fossa and lateral ventricular enlargement (hydrocephalus). 
The posterior angle of the fourth ventricle, i.e., the fastigium (arrows), 
is absent. Thus, the combination of findings indicates a DWM

Fig. 4.28  Comparison case of cerebellar vermian hypoplasia (CVH). A 
19-week-old fetus had a cystlike posterior fossa (*) on US.  On MRI, 
ultrafast T2WIs in sagittal (left and left middle) and axial (right and right 
middle) planes depict a normal size posterior fossa without lateral ven-

tricular enlargement. The posterior angle of the fourth ventricle (arrows) 
is curtailed and the vermis (−) is small, suggesting CVH. Caution must be 
exercised in the late second trimester, as the SAS in the posterior fossa 
can normally appear somewhat prominent relative to cerebellar size

4.2  Fetal MRI of the Normal Posterior Fossa Versus True Abnormalities



36

Fig. 4.29  Comparison case of inferior cerebellar vermian hypoplasia 
(ICVH). A 19-week-old fetus underwent an MRI for an abnormal pos-
terior fossa on US (left). A retrocerebellar and infracerebellar cystic 
dilatation (*) was noted on T2WIs in the sagittal (left middle and mid-

dle), coronal (right middle), and axial (right) planes without enlarge-
ment of the posterior fossa. The posterior angle (fastigium) of the fourth 
ventricle (arrows) is curtailed, indicating ICVH

Fig. 4.30  Comparison case of minimal Inferior cerebellar vermian hypo-
plasia (ICVH). A 28-year- old asymptomatic patient underwent a 1.5 T 
MRI that depicted a slightly prominent SAS below the vermis (*), with 
mild enlargement of the caudal portion of the fourth ventricle and a normal 

posterior angle of the fourth ventricle (arrows) on sagittal T1WI MRI (left 
two images). The cerebellar vermis does not appear abnormal on coronal 
IR T2WI (right). As the inferior vermis is mildly foreshortened, this could 
represent a very mild ICVH, whereas others may consider it normal

Fig. 4.31  Comparison case of mild Inferior cerebellar vermian hypo-
plasia (ICVH). A 6 year old underwent a 3 T MRI as part of a develop-
mental delay evaluation. There was a prominent SAS below the vermis 
(*) with caudal fourth ventricular mild enlargement and an obtuse pos-

terior angle of the fourth ventricle (arrows) on a sagittal T1WI MRI 
(left). The inferior segment of the vermis also appears small on axial 
T2WI (middle), while the superior segment appears more normal in size 
(right). Therefore, there is definitely at least a mild component of ICVH
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Fig. 4.32  Comparison case of 
moderate ICVH. A 33 year old 
with an MRI showing a mildly 
prominent SAS below the vermis 
(*) and an obtuse posterior angle 
of the fourth ventricle (arrows), 
which indicates moderate 
ICVH. Note a cerebellar 
hemisphere (−) at the midline on 
the sagittal image, which is not 
the vermis

Fig. 4.33  Comparison case of severe CVH. A 35 year old underwent a 
cervical MRI to check for lymphoma, and the test showed prominent SAS 
below the vermis (*), an absent posterior angle (fastigium) of the fourth 
ventricle (arrows), and a hypoplastic pons (!), indicating severe CVH

Fig. 4.34  Comparison case of olivopontocerebellar hypoplasia. In a 4 
month old, a 3 T MRI showed a prominent SAS (*) below the vermis 
(+), fourth ventricular enlargement, an obtuse posterior angle (fastig-
ium) of the fourth ventricle (arrows) on sagittal T2WI MRI (left), and 

cystic cerebellar hemispheres (−). The inferior vermis is small on coro-
nal T2WI (left middle), while the superior segment is hypoplastic on 
axial T1WIs (right two images). The pons (!) is quite hypoplastic

4.2  Fetal MRI of the Normal Posterior Fossa Versus True Abnormalities
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Fig. 4.35  Comparison case of Dandy-Walker syndrome with cerebellar 
vermian hypoplasia (ICVH). In a 3 month old with mild hydrocephalus, 
an MRI showed a large posterior fossa (or fourth ventricular) cyst (*) and 
an absent vermis on sagittal T1WI (left) and on coronal (left middle) and 

axial (right middle) T2WI. The cerebellar hemispheres (arrows) are dis-
placed laterally by the cyst, which suppresses with CSF on FLAIR (right). 
T2-dark hemosiderin lines the lateral ventricles and choroid plexus 
(dashed arrows), which are sequelae of intraventricular hemorrhage

Fig. 4.36  Comparison case of Dandy-Walker syndrome. In a 10 day 
old with severe hydrocephalus, an MRI showed an enormous posterior 
fossa (or fourth ventricular) cyst (*) on sagittal T1WI (left), on T2WI 
(left middle), and on T1WI (right middle and right); the vermis is not 

visualized. The cerebellar hemispheres (arrows) are displaced laterally. 
The cyst extends far superiorly and anteriorly, severely compressing the 
brainstem (!) against the sphenoid bone
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Fig. 4.37  Comparison case of Dandy-Walker syndrome in a chronically 
shunted patient. In a 31 year old with long-term ventriculostomy shunt 
catheters to treat hydrocephalus, an MRI demonstrated a mildly enlarged 
posterior fossa (or fourth ventricular) cyst (*) on axial NECT (left), sagit-

tal T1WI (middle), and on an axial T2WI at a level slightly higher than 
the CT (right). The posterior angle of the fourth ventricle (arrow) is too 
obtuse on the sagittal T1WI, indicating moderate CVH. The pons (!) is 
compressed against the spheno-occipital junction and clivus

Fig. 4.38  Comparison case of Blake pouch cyst (BPC). On MRI, a 15 
month old with hydrocephalus had a normal size posterior fossa but had 
cystic prominence (*) below the vermis on sagittal T1WI (left), axial 
FLAIR (left middle), and T2WI (right middle). The BPC expands the 
foramina of Magendie (+) and fourth ventricle by extending posterosu-

periorly as well as scalloping the temporal bones (arrowheads). The 
posterior angle of the fourth ventricle (arrows) is widened, imitating 
ICVH, but this is probably from the cyst’s mass effect. Note a widened 
optic recess of the third ventricle (dotted arrow, left) along with the 
temporal horns (−) on coronal T2WI (right), indicating hydrocephalus
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Fig. 4.39  Comparison case of BPC. In a 13 year old with Cockayne 
syndrome, NECT shows basal ganglia calcifications (dotted circles) 
abnormal for age (top left). Sagittal T1WI (top, right middle) and coro-
nal T2WI (top right) depict a normal size posterior fossa with cystic 
prominence (*) below a formed vermis and a large foramen of Magendie 

(+), also seen on axial T2WI and FLAIR (bottom left images). The BPC 
displaces the inferior vermis (arrowheads). The posterior angle of the 
fourth ventricle (arrows) appears normal; thus, there is no CVH. At a 
higher level, FLAIR (right middle) illustrates white matter atrophy. 
Coronal T1-FLAIR (bottom right) confirms the basal ganglia findings

Fig. 4.40  Companion case of BPC. In a 70 year old given an MRI for a 
stroke work-up (negative), there was a normal size posterior fossa, but 
with cystic prominence (*) below a normally formed vermis on sagittal 
T1WI (left images), axial FLAIR (right middle), and DWI (right). The 

BPC enlarges the foramen of Magendie (+), displacing the inferior mar-
gin of the vermis superiorly (arrowheads). The posterior angle of the 
fourth ventricle (arrows) appears normal. There were no clinical signs of 
hydrocephalus; note the normal, thin optic recess (dotted arrow, left)
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Cranial Nerve VII: Normal Contrast 
Enhancement on Magnetic Resonance 
Imaging

Cranial nerve VII (CN7) may have normal contrast enhance-
ment in several locations. This is important to be aware of 
because MRI studies of the internal auditory canal (IAC) are 
quite common. Such MRI examinations typically employ 
postcontrast T1WI with fat suppression in order to augment 
visualization of an abnormally enhancing CN7 (e.g., Bell 
palsy, Ramsay Hunt syndrome, Lyme disease, leukemia, sar-
coidosis) or CN8 (e.g., schwannoma, labyrinthitis) or to 
evaluate for a mass within the adjacent petrous bone (e.g., 
glomus tumor, cholesteatoma, metastasis) or cerebellopon-
tine angle (CPA; e.g., schwannoma or meningioma). Thus, 
the following descriptions of normal and abnormal regions 
of enhancement refer to contrast-enhanced fat-suppressed 
spin echo T1WI (FS T1WI).

To understand the normal pattern of enhancement of the 
facial nerve, a brief review of the nerve’s course is necessary. 
Overall, the motor component of CN7 originates from the 
brainstem and travels anterolaterally into the IAC and there-
after into the bony facial canal (also known as the fallopian 
canal); this is followed by its egress from the skull base via 
the stylomastoid foramen. Thus, the segments of CN7 seri-
ally may be considered to be the following, followed by the 
rate that they enhance in asymptomatic patients as based on 
several studies:

	1.	 The cisternal segment (also known as the intracranial seg-
ment, within the CPA): typically does not enhance;

	2.	 The canalicular segment (also known as the meatal seg-
ment, within the IAC): usually does not enhance but 15 % 
were documented to enhance in one study;

	3.	 The labyrinthine segment: typically does not enhance, 
although was documented at 5 % in one study;

	4.	 The horizontal segment (also known as the tympanic seg-
ment): 21–88 % enhance;

	5.	 The descending segment (also known as the mastoid seg-
ment): 88–100 % enhance;

	6.	 The extratemporal segment (also known as the extracra-
nial segment): typically does not enhance.

Note that the intraparotid subsegments of the extracranial 
facial nerve are not discussed here. Also, the geniculate gan-
glion (also known as the first genu) is situated where the 
nerve turns to travel posteriorly, between the labyrinthine 
and horizontal segments, and the rate of enhancement in that 
location varies widely between studies from 21 to 100 %. 
The second genu is the point at which the nerve turns to 
travel inferiorly between the horizontal (tympanic) and 
descending (mastoid) segments; there are no definite num-
bers for the rate of enhancement at that point, but they are 
probably similar to those of the horizontal and descending 
segments.

Thus, most studies report that there should not be enhance-
ment within the CPA, IAC, or labyrinthine segments, although 
in more recent reports faint enhancement within the IAC has 
been shown to occasionally occur, which this author suggests 
may represent a prominent perineural plexus, a prominent 
loop of the anterior inferior cerebellar artery (AICA), or one 
of its branches extending into the IAC. Interestingly, to dem-
onstrate the degree of variation in facial nerve enhancement, 
early studies demonstrated that 76–98 % of asymptomatic 
patients had enhancement of at least one segment of the facial 
nerve and at least 69 % had asymmetric enhancement side-to-
side. Notably, cranial nerve VIII (CN8) should not have 
enhancement at any point.

In clinically symptomatic patients, particularly those with 
Bell palsy, the enhancement is most commonly within the 
distal, lateral meatal (i.e., fundus of the IAC), and labyrin-
thine segments, visualized in some studies in up to nearly 
100 % of symptomatic patients. There have been studies 
showing that even in patients with clinical abnormalities of 
the facial nerves the intensity of enhancement does not cor-
relate with the degree of symptoms. Other etiologies that may 
present with CN7 enhancement on MRI include Ramsay 
Hunt syndrome, Lyme disease, bacterial or fungal meningitis, 
leukemia, carcinomatosis, sarcoidosis, tuberculosis, schwan-
noma (of CN7, particularly neurofibromatosis type 2), poly-
neuritis, Wegener granulomatosis, radiation injury, and of 
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course perineural spread of contiguous tumor (particularly 
adenoid cystic or squamous cell carcinoma).

Hence, an easy, practical rule to remember is that the 
facial nerve should not enhance outside of the facial canal 
or in the labyrinthine segment. In other words, the facial 
nerve may normally enhance within the geniculate, horizo-
nal (tympanic), and descending (mastoid) segments but not 
within the cistern, IAC (meatal), or just after exiting from 
the stylomastoid foramen. Note that the labyrinthine seg-
ment is the exception to the concept that “CN7 enhance-
ment within the facial canal is normal.” The reason that it is 
best to exercise caution when calling CN7 enhancement of 
the labyrinthine segment by itself is that this segment is 
quite short (only 3–4 mm long, while the other segments 

are all at least 8 mm in length) and can often be volume-
averaged with the geniculate segment and hard to discern 
with inadequate technique on thicker images or with 
motion. Also, it should be noted that these numbers may 
vary by sequence and field strength, where FS SET1WI 
may be more sensitive in visualizing enhancement of CN7 
than spoiled gradient echo T1WI (GET1WI, also known as 
“FLASH,” “SPGR,” or “T1FFE,” depending on the MRI 
manufacturer), and that contrast enhancement at 3 T may 
be easier to visualize than at 1.5 T.

For this section, all postcontrast images are FS SET1WI, 
at 2–3 mm thickness unless otherwise noted (Figs. 5.1, 5.2, 
5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 5.10, 5.11, 5.12, 5.13, 5.14, 
5.15, 5.16, 5.17, and 5.18).

Fig. 5.1  A 65-year-old patient with bilateral hearing changes under-
went an IAC protocol MRI at 3 T. Postcontrast FS SET1WIs in the axial 
(left) and coronal (right) planes depicted normal mild, wispy perineural 
enhancement (arrowheads) surrounding the intracanalicular portion of 

CN7. While enhancement in this segment of CN7 is typically abnormal, 
such cases usually involve the distal IAC segment of the nerve (e.g., 
Bell palsy), the nerve is enlarged, or avidly diffusely, or circumferen-
tially enhancing (e.g., schwannoma, leukemia, Lyme disease)

Fig. 5.2  A 58-year-old patient with an IAC protocol MRI at 1.5 T for 
dizziness and giddiness. Coronal postcontrast FS SET1WIs of the right 
(left) and left (middle) sides illustrate mild, wispy perineural enhance-
ment of the intracanalicular portion of CN7 on the right (arrowheads), 
which mimics an intracanalicular schwannoma on coronal images (left) 

but is better defined to be a perineural plexus on axial images (right). 
Alternatively, this could represent looping of the AICA or one of its 
branches into the IAC. Note normal mild enhancement within the left 
IAC as well (tiny arrowheads)

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.3  A 50-year-old patient with a history of dizziness and giddiness 
underwent an IAC protocol MRI at 1.5 T. Postcontrast FS SET1WI in 
the axial (left) plane depicts normal mild, wispy perineural enhance-
ment surrounding the intracanalicular portion of the left CN7 (arrows). 

This is not as well visualized on the coronal image (right). Note inci-
dental, normal enhancement of the geniculate (GG) and horizontal 
(tympanic) segments of CN7 on the left as well (thin arrow)

Fig. 5.4  A 38-year-old patient with an orbit protocol MRI at 
3  T.  Postcontrast FS SET1WIs in the axial (left) and coronal (right) 
planes depict avid, bilateral normal enhancement of the geniculate 

ganglia (arrows), the right greater than the left, as well as bilateral 
enhancement of the proximal portions of the horizonal/tympanic seg-
ments of CN7 (thin arrows)

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.5  A 46-year-old patient with a negative 1.5 T MRI IAC protocol 
for vertigo. Axial (left) and coronal (right) postcontrast FS SET1WIs 
demonstrate asymmetric, avid enhancement of the right geniculate gan-

glion (arrows) which is only mild on the left (thin arrows). There is also 
greater enhancement of the right horizontal segment of CN7 (thin 
arrows)

Fig. 5.6  A 62-year-old patient with a negative 3 T MRI for metastases. 
A coronal postcontrast FS SET1WI shows avid, asymmetric enhance-
ment of the left geniculate ganglion (arrows); the enhancement on the 
right side is much milder

Fig. 5.7  A 60-year-old patient with a negative 1.5 T MRI for tinnitus. 
A coronal postcontrast FS SET1WI shows asymmetric, mild right 
geniculate ganglion enhancement (arrows) with left horizontal segment 
enhancement (thin arrow)

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.8  A 41-year-old patient with an orbit protocol MRI at 
1.5  T.  Postcontrast FS spoiled GET1WIs (T1FFE) in the axial (left 
images) and coronal (right) planes depict normal mild enhancement of 

the left geniculate ganglion (arrows) as well as enhancement of the 
proximal portions of the left horizonal/tympanic segment of CN7 (thin 
arrows)

Fig. 5.9  A 55-year-old patient with a negative 1.5 T MRI for dizziness. 
On axial (left) and coronal (right) postcontrast FS spoiled GET1WI 
(T1FFE) there is mild left geniculate ganglion enhancement (arrows). 
Note that on this sequence there are more regions of susceptibility arti-

fact (circle tip arrows) as compared with SET1WI. Such susceptibility 
artifacts (often from aerated mastoid air cells or petrous apices) may 
obscure regions of CN7 enhancement on GET1WI

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.10  A 55-year-old patient with a negative 1.5 T MRI for 
hearing loss. On postcontrast axial FS SET1WI there is mild 
normal bilateral geniculate ganglion enhancement (arrows), with 
incidental normal faint perineural enhancement (arrowhead) within 
the left IAC

Fig. 5.11  A 31-year-old patient. A negative 1.5 T MRI 
postcontrast coronal FS SET1WI illustrates normal enhancement 
of both geniculate ganglia (arrows). Compare the degree of 
enhancement to the choroid plexi (*)

Fig. 5.12  A 46-year-old patient with a negative 1.5 T MRI IAC proto-
col for vertigo. Axial (left) postcontrast FS SET1WIs demonstrate bilat-
eral, symmetric, avid enhancement of the descending (mastoid) segments 

of CN7 (arrows). On a coronal image (right), enhancement of the right 
descending segment is depicted

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.13  A 60-year-old with a negative 1.5 T MRI for tinnitus. Axial 
(left) and coronal (right) postcontrast FS SET1WIs depict mild bilateral 
enhancement of the descending segments of CN7 (dotted arrows), 

which is greater on the left side. Also, note mild enhancement within 
the IAC bilaterally (arrowheads), likely from the AICAs looping into 
the IACs

Fig. 5.14  A 55-year-old patient with a 1.5 T MRI for chronic hearing 
loss. There is normal bilateral enhancement of the descending (mas-
toid) segments of CN7 (dotted arrows). Also, note enhancement of both 

vestibular aqueducts (curved arrows), a finding that has debatedly been 
associated with sudden sensorineural hearing loss and is probably inci-
dental in this case

Fig. 5.15  A 58-year-old patient with a negative 3 T MRI IAC protocol 
for dizziness. An axial postcontrast FS SET1WI (left) depicts mild 
enhancement of the right descending (mastoid) segment of CN7 (dotted 

arrows). On a FS T2WI (right), there is only a faint signal with no 
edema or enlargement of the nerve, further confirming that this appear-
ance is normal

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.16  A 31-year-old patient with a negative 3  T MRI for facial 
pain. There is asymmetric enhancement of only the left descending 
CN7 segment (dotted arrows) on axial FS SET1WIs (top row); the fat 

suppression was incomplete. On axial images more superiorly (bottom 
row), note normal, bilateral enhancement of the geniculate ganglia 
(arrows)

Fig. 5.17  A 79-year-old patient with a negative 3 T MRI IAC protocol 
for tinnitus. Axial postcontrast FS SET1WIs (left and middle) show 
bilateral but asymmetric enhancement of the descending (mastoid) seg-

ment of CN7 (dotted arrows), the left being greater than the right. On a 
coronal image (right), the enhancement is seen to stop just as CN7 exits 
the skull base

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.18  Normal, multisegment CN7 enhancement in a patient with 
only orbital symptoms. A 50-year-old patient with a negative 1.5  T 
MRI orbit protocol for eye pain. Top row: axial postcontrast FS 
SET1WIs (left) show enhancement of both descending segments of 
CN7 (dotted arrows) unchanged 6 months later (middle and right). 
Also, note normal enhancement of both geniculate ganglia (arrows) 
and of the left tympanic segment (thin arrow). Middle row: on the ini-

tial postcontrast non–FS SEWI (left), enhancement was also visualized 
within the descending (mastoid) segments (dotted arrows) but with 
mild hyperintensity on T2WI (middle) and FLAIR (right). The lack of 
enhancement on that examination within the distal IAC (along with a 
lack of symptoms) confirmed that this enhancement was normal. 
Bottom row: Coronal postcontrast FS T1WIs further demonstrate these 
findings

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.19  A 31-year-old patient with dizziness; a 3 T MRI axial 
postcontrast FS SET1WI was negative, with faint left VA 
enhancement (curved arrows). Note CN7 enhancement (dotted 
arrows)

Fig. 5.20  A 53-year-old with facial pain; an otherwise negative 
1.5 T MRI axial postcontrast FS SET1WI showed mild right VA 
enhancement (curved arrows)

5.1	 �Vestibular Aqueduct Enhancement

Vestibular aqueduct (VA) enhancement can be a normal find-
ing in 20–30 % of asymptomatic patients on MRIs that cover 
the temporal bones (IACs). Some studies have noted that this 
enhancement may occur with a higher frequency in patients 
with sudden sensorineural hearing loss, which has not been 

definitively proved. Interestingly, many of these patients may 
also have VA enhancement on the opposite side. This should 
not be confused with the unrelated most common cause of 
pediatric sensorineural hearing loss, that is, VA enlargement, 
typically defined as greater than 1.5–2 mm diameter of the 
VA (on computed tomography) (Figs. 5.19, 5.20, 5.21, 5.22, 
5.23, 5.24, 5.25, 5.26, 5.27, 5.28, 5.29, and 5.30).

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.21  A 55-year-old patient with a negative 3 T MRI for dizziness. 
On a 0.5-mm thickness postcontrast FS spoiled GET1WI (T1FFE, left) 
and on a postcontrast 3D TOF MRA source image (also a gradient echo 

image, right), there is right VA enhancement (curved arrows). Note a 
greater degree of susceptibility artifact on such gradient echo images

Fig. 5.22  Another 55 year old (different patient than the previous one) with a negative 1.5 T MRI for hearing loss. There is bilateral mild to moder-
ate VA enhancement (curved arrows). Also, note enhancement of the descending (mastoid) segments of CN7 bilaterally (dotted arrows)

5.1  Vestibular Aqueduct Enhancement
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Fig. 5.23  Comparison case of schwannoma and FS SET1WI versus 
GET1WI. A 37-year-old patient with vertigo had an enhancing lesion 
(wide arrows) of the left porus acousticus (opening of the IAC), as dem-
onstrated on 1.5 T 2-mm (top left) and 4-mm thick (top right) postcon-

trast FS spoiled GET1WI (T1FFE) and 2-mm (bottom left) and 4-mm 
thick (bottom right) FS SET1WI. Note the greater degree of susceptibil-
ity artifact on the GET1WI as compared to SET1WI, making it more 
difficult to visualize the tumor at the greater 4-mm thickness on GET1WI

Fig. 5.24  Comparison case of leukemic infiltrates. An 18-year-old 
patient with leukemia had bilateral enhancing lesions (wide arrows) 
within the distal portions of the IACs, as shown on 1.5 T 3-mm precon-

trast non–FS (left) and postcontrast FS (right) SET1WIs. Note normal 
enhancement of the geniculate ganglia as well (arrows)

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging
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Fig. 5.25  Comparison case of parotid squamous cell cancer. A 75-year-
old patient with a parotid malignancy (*) also had mild enlargement and 
enhancement of the right descending segment of CN7 (wide arrows) on 
1.5 T 3-mm postcontrast FS SET1WI (left), which was more prominent 

than the same contralateral segment (dotted arrows). A lack of edema 
on T2WI (middle) or FLAIR (right) argues against but does not defini-
tively exclude perineural invasion by tumor

Fig. 5.26  Comparison case of Bell palsy. A 20-year-old patient with 
right facial weakness had abnormal enhancement of the fundus of the 
right IAC (wide arrows), as shown on 1.5  T 3-mm postcontrast FS 

SET1WIs in axial (left) and coronal (right) planes. Note the enhance-
ment of the right geniculate ganglion as well (arrow), which can be 
normal

Fig. 5.27  Comparison case of Bell palsy. A 53-year-old patient with 
right facial weakness had abnormal enhancement of the fundus of the 
right IAC (wide arrows), as shown on 1.5 T 3-mm postcontrast non–FS 

SET1WIs in axial (left) and coronal (right) planes. Note the enhance-
ment of the right geniculate ganglion as well (arrow), which can be 
normal

5.1  Vestibular Aqueduct Enhancement
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Fig. 5.28  Comparison case of Bell palsy. A 48-year-old with left 
facial weakness and enhancement of the distal IAC (wide arrow) 
on a 3 T postcontrast FS SET1WI

Fig. 5.29  Comparison case of 
Bell palsy. A 62-year-old with 
focal enhancement both at the 
IAC fundus and CN7 exit sites 
(wide arrows) on 3 T postcontrast 
coronal FS SET1WIs

Fig. 5.30  Comparison case of Bell palsy. A 30-year-old with right 
facial weakness had enhancement of the fundus of the right IAC (wide 
arrows), as shown on 1.5 T 3-mm postcontrast axial FS SET1WIs (left 
and middle). Also, note right geniculate ganglion enhancement (arrow), 

which can be normal. On coronal images (right), CN7 enhances below 
where it has exited the stylomastoid foramen, which is also abnormal 
although less commonly seen

5  Cranial Nerve VII: Normal Contrast Enhancement on Magnetic Resonance Imaging



57

Suggested Reading

Brändle P, Satoretti-Schefer S, Böhmer A, Wichmann W, Fisch 
U. Correlation of MRI, clinical, and electroneuronographic findings 
in acute facial nerve palsy. Am J Otol. 1996;17:154–61.

Fitzgerald DC, Mark AS.  Endolymphatic duct/sac enhancement on 
gadolinium magnetic resonance imaging of the inner ear: prelimi-
nary observations and case reports. Am J Otol. 1996;17:603–6.

Gebarski SS, Telian SA, Niparko JK. Enhancement along the normal 
facial nerve in the facial canal: MR imaging and anatomic correla-
tion. Radiology. 1992;183:391–4.

Hong HS, Yi B-H, Cha J-G, Park SJ, Kim DH, Lee HK, Lee 
JD. Enhancement pattern of the normal facial nerve at 3.0 T tempo-
ral MRI. Br J Radiol. 2010;83:118–21.

Kinoshita T, Ishii K, Okitsu T, Okudera T, Ogawa T.  Facial nerve 
palsy: evaluation by contrast-enhanced MR imaging. Clin Radiol. 
2001;56:926–32.

Martin-Duverneuil N, Sola-Martínez MT, Miaux Y, Cognard C, Weil 
A, Mompoint D, Chiras J. Contrast enhancement of the facial nerve 
on MRI: normal or pathological? Neuroradiology. 1997;39:207–12.

Mowry S, Kirsch C. S127–Idiopathic facial nerve paralysis: analysis 
of 3  T MRI images. Otolaryngol Head Neck Surg. 2008;139(2 
Suppl):119.

Naganawa S, Koshikawa T, Fukatsu H, Ishigaki T, Nakashima T, 
Ichinose N. Contrast-enhanced MR imaging of the endolymphatic 

sac in patients with sudden hearing loss. Eur Radiol. 2002;12:1 
121–6.

Sartoretti-Schefer S, Brändle P, Wichmann W, Valavanis A. Intensity of 
MR contrast enhancement does not correspond to clinical and elec-
troneurographic findings in acute inflammatory facial nerve palsy. 
Am J Neuroradiol. 1996;17:1229–36.

Sugiura M, Naganawa S, Ishida IM, Teranishi M, Nakata S, Yoshida T, 
Nakashima T. Vestibular aqueduct in sudden sensorineural hearing 
loss. J Laryngol Otol. 2008;122:887–92.

Sugiura M, Naganawa S, Nakashima T, Misawa H, Nakamura 
T. Magnetic resonance imaging of endolymphatic sac in acute low-
tone sensorineural hearing loss without vertigo. J Otorhinolaryngol 
Relat Spec. 2003;65:254–60.

Sugita M, Sano M, Uchigata M, Aruga T, Matsuoka R. Facial nerve 
enhancement on gadolinium-DTPA in a case with neurosarcoidosis. 
Intern Med. 1997;36:825–8.

Tada Y, Aoyagi M, Tojima H, Inamura H, Saito O, Maeyama H, 
et  al. Gd-DTPA enhanced MRI in Ramsay Hunt syndrome. Acta 
Otolaryngol Suppl. 1994;511:170–4.

Tien R, Dillon WP, Jackler RK.  Contrast-enhanced MR imaging of 
the facial nerve in 11 patients with Bell’s palsy. Am J Neuroradiol. 
1990;11:735–41.

Vanzieleghem B, Lemmerling M, Carton D, Matthys E, Kunnen M. Lyme 
disease in a child presenting with bilateral facial nerve palsy: MRI 
findings and review of the literature. Neuroradiology. 1998;40:739–42.

Suggested Reading



59© Springer International Publishing Switzerland 2017
A.M. McKinney, Atlas of Normal Imaging Variations of the Brain, Skull, and Craniocervical Vasculature, 
DOI 10.1007/978-3-319-39790-0_6

Meckel Cave Prominence, Asymmetry, 
and Petrous Apex Cephaloceles

Meckel cave is the location of the gasserian ganglion of the 
trigeminal cranial nerve V (CNV), being situated in the 
medial portion of the middle cranial fossa and inferolateral 
to the cavernous sinus. Basically, the trigeminal fibers 
(using the sensory pathways as an example) from V1 (oph-
thalmic), V2 (maxillary), and V3 (mandibular) combine in 
Meckel cave at the gasserian ganglion (also termed the 
trigeminal ganglion or semilunar ganglion). The nerves 
then pass through the porus trigeminus (the transit point 
between the middle cranial fossa into the posterior fossa) 
into the cisternal portion (prepontine cistern) to enter the 
brainstem at the root entry zone (REZ) and then to the 
appropriate nuclei.

The mild prominence of Meckel cave is a normal varia-
tion; the rates of this common occurrence are not well 
described but are increasingly encountered because of the 
increased use of neuroimaging, in particular MRI.  This 
manifests as a cerebrospinal fluid (CSF) intensity bright 
signal that is bright on T2WI and suppresses on 
FLAIR. There may be mild peripheral enhancement after 
contrast administration caused by a perivascular plexus; 
the venous plexus surrounding the trigeminal ganglion 
may enhance (even asymmetrically), while a perineural 
plexus surrounding V2 or V3 peripherally may also 
enhance in a majority of patients. However, no enhance-
ment should be seen surrounding the cisternal segment of 
the trigeminal nerve. Notably, after Meckel cave, V1 and 
V2 (arguably) are situated within the cavernous sinus, 
after which they exit through their corresponding foramina, 

while V3 immediately exits the skull base through the 
foramen ovale after the Meckel cave.

Thus, a differential exists regarding enlargement of the 
Meckel cave, whether symmetric or asymmetric, and regard-
ing the degree of contrast enhancement. Disorders with an 
enlarged Meckel cave and nonenhancing T2-bright signal 
intensity may be seen with petrous apex cephaloceles (PACs, 
CSF-like signal intensity that may be symmetric in certain 
disorders), arachnoid cysts (often CSF-like signal intensity 
but asymmetric), or other diseases of the petrous apex, 
including cholesterol granulomas (T1-bright), epidermoid 
cyst, i.e., cholesteatoma (DWI-bright), or petrous apex effu-
sions (usually have concomitant mastoiditis and are 
T2-bright). There is also a large differential for enhancing 
lesions in Meckel cave or the adjacent petrous apex or cav-
ernous sinus that includes meningioma, schwannoma, metas-
tasis, pseudotumor, and aneurysm-pseudoaneurysm, to name 
a few. If a mass is suspected, one should also assess the size 
and presence of expansion of the foramen ovale (transmits 
V3 through the skull base), although asymmetric enlarge-
ment of this foramen can also be a normal variant (in the 
Skull section of this text). Notably, PACs have been found 
incidentally, the majority of which are asymptomatic and 
appear as enlargement of the subarachnoid space (SAS) of 
Meckel cave extending into the petrous apex. These only 
present as a source of symptoms if there is compression of an 
adjacent structure such as a cranial nerve or if there is con-
comitant mastoiditis (Figs.  6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 
6.8, 6.9, 6.10, 6.11, 6.12, 6.13, and 6.14).
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Fig. 6.1  A 78-year-old patient with normal but prominent Meckel 
caves (arrows) bilaterally on a 3 T MRI with axial T1WI (top left), 
T2WI (top middle), FLAIR (top right), and postcontrast axial fat sup-
pressed T1WI (bottom left) as well as non–fat suppressed axial (bottom 

middle) and coronal (bottom right) T1WIs. Note that, on postcontrast 
T1WIs the trigeminal ganglion appears as a “filling defect.” The ICAs 
are visualized anteromedially and superiorly (*)

6  Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles
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Fig. 6.2  A 57-year-old patient with a non-enhanced CT (NECT) (left) 
and 3 T MRI axial T2WI (left middle), FLAIR (right middle), and post-
contrast T1WI (right) that demonstrate mildly prominent subarachnoid 
spaces in Meckel caves bilaterally surrounding the trigeminal ganglia 

(arrows). Note that the signal intensity follows the CSF on all sequences. 
The foramen rotundum (dotted arrows), transmitting V2, is visualized 
on the left side

6  Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles
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Fig. 6.3  A 69-year-old patient with moderately prominent Meckel 
caves (arrows) bilaterally on a 1.5 T MRI with axial T1WI-IR (top left), 
T2WI (top middle), FLAIR (top right), coronal T1WI-IR (bottom left), 
T2WI (bottom middle), and axial DWI (bottom right). Note the cister-
nal courses of the right cranial nerve V (thin arrows) and the bilateral 

cranial nerve VI (dotted arrows). On DWI, Meckel caves are usually 
dark due to CSF, but in this patient they are mildly heterogeneous as a 
result of artifact; this is probably from a combination of arterial pulsa-
tion (from the internal carotid arteries) and gas from the sphenoid sinus

Fig. 6.4  A 62-year-old patient with migraines presented for MRI (neg-
ative). Axial T2WIs (left and left middle) demonstrate mildly prominent 
subarachnoid spaces extending into Meckel caves bilaterally (arrows). 
These appear normal on coronal T2WI (right middle) and postcontrast 

T1WI (right). They should not be mistaken for arachnoid cysts or 
petrous apex cephaloceles, since there is no mass effect and they do not 
extend into the petrous apices

6  Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles



63

Fig. 6.5  A 69-year-old patient with trauma; there are moderately 
prominent Meckel caves (arrows) bilaterally on axial NECT (top left 
and top middle). Note the left anterior temporal encephalomalacia (*). 
On a 1.5 T MRI at that time with T2WI (top right), these are confirmed 

to be Meckel caves. A repeat NECT 10 year later (bottom left) with 
coronal reconstructions (bottom middle and bottom right) demonstrated 
no significant change in their size

Fig. 6.6  A 55-year-old patient with headaches. There are bilateral moderately prominent Meckel caves (arrows) on axial NECT (left), which were 
unchanged 3 years later (middle). Their appearance is also shown on coronal reformats (right)

6  Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles
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Fig. 6.7  A 56-year-old patient with 3 T MRI sagittal T1WI (left) of an 
asymmetric left Meckel cave (arrows), on coronal pre- (left middle) and 
postcontrast (right middle) T1WI and on axial T1WI (right). Note the 

foramina of ovale (*), which transmit V3. This could be confused with 
a cephalocele, but note that it does not extend below the skull base

Fig. 6.8  A 63-year-old patient with a contrast-enchanced CT (CECT) 
axial image (left) reconstructed from a CT angiography, demonstrating 
asymmetric prominence of the right Meckel cave as compared to the 
left (arrows). This is more evident on coronal reformats (left middle) 

and on sagittal reformats of the left (right middle), and right (right) 
sides. Note the faintly visualized cisternal course of the trigeminal 
nerves (thin arrows) and the asymmetry in the size of the foramina of 
ovale (*)

6  Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles
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Fig. 6.9  A 25-year-old female patient with a unilaterally prominent left 
Meckel cave (arrows) on axial NECT (left) and on a 3 T MRI with coro-
nal T2WI (left and left middle) and coronal FLAIR (right). The cause of 

the seizure was a cortical contusion. The prominent left Meckel cave 
had not changed on a follow-up MRI performed 6 months later (not 
shown)

6  Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles



66

Fig. 6.10  Comparison case of arachnoid cyst (AC). A 60-year-old 
female patient with headaches had asymmetric enlargement of the right 
Meckel cave (arrows) on axial NECT (top left), which on 3 T MRI fol-
lowed the CSF signal on DWI (top middle), T2WI (top right), FLAIR 

(bottom left), SWI (bottom middle), and on postcontrast coronal T1WI 
(bottom right). These findings were consistent with an AC.  Note the 
cisternal segments of CNV (thin arrows)

6  Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles
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Fig. 6.11  Comparison case of petrous apex cephaloceles (PACs). A 
58-year-old male with Usher syndrome had bilateral erosive lesions of 
the petrous apices contiguous with Meckel cave (arrows) on axial 
NECT bone (left) and brain (left middle) windows, with bright signal on 

1.5 T MRI axial T2WI (right middle) while suppressing with CSF on 
FLAIR (right). Such PACs as well as diffusely dilated subarachnoid 
spaces can be seen with this syndrome

Fig. 6.12  Comparison case of lymphoma. A 64-year-old patient with 
lymphoma was shown to have an enlarged left Meckel cave on both 
pre- (left) and postcontrast (left middle) coronal 1.5  T T1WIs. 

Postcontrast axial T1WI (right middle) and T2WI (right) illustrate 
enlargement compared with the opposite side (dashed arrows) as a 
result of a tumor

6  Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles
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Fig. 6.14  Comparison case of epidermoid cyst. A 20-year-old patient 
with 1.5  T MRI axial T2WI (left) and FLAIR (left middle) had an 
normal incidental enlarged right Meckel cave (arrows). A T2- and 
FLAIR-bright lesion (−) was also noted within the clivus and prepon-
tine cistern that did not enhance (not shown) that was bright on DWI 

(right middle) and later identified as an epidermoid cyst. Note that both 
the right Meckel cave and a normal mega cisterna magna (+) had isoin-
tense signals on DWI, probably from the CSF pulsation artifact. NECT 
(far right) confirmed bony clival erosions

Fig. 6.13  Comparison case of meningioma. A 58-year-old patient had 
a left-sided enhancing mass within Meckel cave (arrows) on 1.5 T MRI 
axial T2WI (left), coronal FLAIR (middle), and coronal fat-suppressed 

postcontrast T1WI (right). Note the normal size and appearance of the 
right Meckel cave (thin arrows), which suppresses like CSF on FLAIR

6  Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles
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Cavernous Sinus Fat and Pseudomasses

 Most cavernous sinuses (>90 %) have some degree of fat on 
autopsy, but on occasion fat can replace most of the cavern-
ous sinus on computed tomography (CT) and may simulate 
air or gas. Without proper windowing the hypodensity on CT 
can lead to undue concern for air emboli or gas from a frac-
ture involving the skull base (such as gas from the sphenoid 
sinus or petrous apices), for an arachnoid cyst, or it may even 
be windowed appropriately but considered a congenital 
anomaly such as a lipoma or dermoid cyst. This may occur 
bilaterally or unilaterally.

On CT, detectable/visible cavernous sinus fat can be visu-
alized in 20–30 % of the population incidentally. If the cav-
ernous sinus is divided into thirds (anterior, middle, and 

posterior), fat is present on CT in the anterior third in a 
majority of cases (about 70 %) and to a lesser degree in the 
middle and posterior thirds (30–56 %). Cavernous sinus fat 
can be contiguous with fat in adjacent locations, such as the 
superior orbital fissure and Meckel cave. Also, such fat 
within the cavernous sinus may surround the internal carotid 
artery (ICA). It occurs more frequently (≥25 %) in the popu-
lation above 50 years age. Notably, fat occurs in the cavern-
ous sinus to a much higher degree than the other dural 
sinuses, since less than 5 % of patients have fat within or 
along other dural sinuses (Figs. 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 
7.7, 7.8, 7.9, 7.10, 7.11, 7.12, 7.13, 7.14, 7.15, 7.16, 7.17, 
7.18, 7.19, and 7.20).
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Fig. 7.1  A 51-year-old male with confusion and trauma who had nor-
mal cavernous sinus fat (arrows) bilaterally on the brain windows (left) 
simulating fracture-related gas. Note the similarity to sphenoid sinus 

gas (*). However, on soft tissue (middle) and bone windows (right), it is 
clear that this is not gas and also that there is no evidence of fracture

Fig. 7.2  A 60-year-old male with cognitive decline with normal cav-
ernous sinus fat (arrows) bilaterally on brain windows (left). Note the 
similarity to sphenoid sinus gas (*), but on soft tissue windows (middle) 

it is clear that this is not gas and also that there is no evidence of frac-
ture. Coronal brain windows (right) also depict the fat

7  Cavernous Sinus Fat and Pseudomasses
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Fig. 7.3  An 83-year-old female with facial trauma and normal bilateral 
cavernous sinus fat (arrows); note hemorrhage (+) within the sphenoid 
sinus. This fat is contiguous with the fat of the superior orbital fissures 

(thin arrows) as demonstrated on axial soft tissue windows (left, mid-
dle), and on 1.5 T FLAIR MRI (right, no fat suppression)

Fig. 7.4  A 57-year-old male with headache incidentally having normal 
cavernous sinus fat bilaterally (arrows). The cavernous sinus fat is con-
tiguous with fat within the superior orbital fissures bilaterally (thin 

arrows), as demonstrated on brain windows (left), soft tissue windows 
(middle), and bone windows (right)

7  Cavernous Sinus Fat and Pseudomasses
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Fig. 7.5  An 83-year-old female with orbital trauma. Dashed arrows 
denote a retrobulbar hematoma with fat stranding posteriorly, as demon-
strated on axial (left) and coronal (middle) brain windows and on bone 
windows (right). There is incidental normal cavernous sinus fat bilater-

ally (arrows), which is contiguous with the fat of the superior orbital 
fissures (thin arrows). No fracture of the bony orbital apex was noted on 
bone windows

Fig. 7.6  A 39-year-old female post trauma with an otherwise negative 
head CT scan. There was normal cavernous sinus fat bilaterally (arrows) 
on the brain windows (left). A NECT 10 years later demonstrated that 

this finding had slightly progressed based on brain (left middle) and 
soft-tissue windows (right middle) and on coronal reformats (right)

7  Cavernous Sinus Fat and Pseudomasses
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Fig. 7.7  A 73-year-old female with a neck CT scan performed for a 
right parotid mass (!), having incidental, normal cavernous sinus fat 
bilaterally (arrows) on soft-tissue window coronal reformatted images. 

The right parotid mass was later biopsied and proved to be a rare, 
benign parotid oncocytoma

Fig. 7.8  A 55-year-old female with chronic headaches and an other-
wise negative head CT scan with normal cavernous sinus fat bilaterally 
(arrows) on brain windows (left). Note an incidental primary empty 

sella as well (−). These findings were unchanged on repeat NECTs at 1 
year (middle) and at 5 years later (right)
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Fig. 7.9  A 61-year-old female with trauma and normal cavernous sinus 
fat bilaterally (arrows) on the brain windows (left, middle) that sur-
round the ICAs (+). Note the dark density similar to sphenoid sinus gas 

(*) on the brain windows, while on the bone windows (right) it becomes 
clear that this is indeed not gas and that there is no fracture

Fig. 7.10  A 45-year-old male with headaches with normal cavernous 
sinus fat bilaterally (arrows) that surrounds the ICAs (+), as demon-
strated on the brain windows (left). This was unchanged 2 months later 

(middle), at which time computed tomography angiography (CTA) was 
performed; hybrid bone/soft-tissue windows (right) demonstrate the 
ICAs and the cavernous fat density
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Fig. 7.11  A 38-year-old male with altered mental status and normal cavernous sinus fat bilaterally (arrows) that surrounds the ICAs (+), as dem-
onstrated on the brain windows (left and middle) and on soft-tissue windows (right)

Fig. 7.12  A 55-year-old female with headaches and right-sided cav-
ernous sinus fat (arrows) that is contiguous with the superior orbital 
fissure (thin arrows) and surrounds the ICA (+) on axial brain (top left), 

soft-tissue (top middle), and bone (top right) windows and on magnified 
coronal brain (bottom left) and soft-tissue (bottom right) windows
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Fig. 7.13  A 54-year-old male with headaches following trauma. Left-sided cavernous sinus fat (arrows) partially surrounds the ICA (+) on the 
brain (left), soft tissue (middle), and on bone (right) windows. This could mimic fracture-related gas

Fig. 7.14  A 73-year-old female with a small focus of left-sided cavernous sinus fat (arrows) on brain windows (left), which was unchanged 1 year 
later on axial brain windows (middle) and on coronal soft-tissue windows (right)
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Fig. 7.15  A 45-year-old male with headaches. A tiny focus of right-sided cavernous sinus fat (arrows) is noted on brain windows (left and middle) 
and on soft-tissue windows (right). This can mimic gas from a fracture

Fig. 7.16  A 69-year-old male with trauma; a CT of facial bones dem-
onstrates right-sided cavernous sinus fat (arrows) posteriorly on brain 
windows (left), soft-tissue windows (middle), and coronal brain win-

dows (right); these findings could mimic the condition of fracture-
related gas. The coronal windows demonstrate that the fat partially 
surrounds the ICA (+)

7  Cavernous Sinus Fat and Pseudomasses



80

Fig. 7.17  A 37-year-old patient with seizures from remote trauma. Top 
row: Note left temporal atrophy (−−) on 1.5 T MRI noncontrast sagittal 
(top left) and axial (top middle and right) T1WIs, with T1-bright fat 
diffusely along the dural (arrowheads), and cavernous sinuses (arrows). 
This was unchanged 2 years later on a 3 T sagittal T1WI (middle row, 
left). Middle row: Sagittal T1WI shows the findings described above, 

while fat-suppressed, postcontrast T1WI (right and middle) depicts 
enhancement of the cavernous sinuses (arrows) with suppression of 
dural sinus fat (arrowheads). Bottom row: contrast-enhanced computer 
tomography (CECT) (left and middle) shows similar findings, while a 
NECT 6 years later (right) shows no change
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Fig. 7.18  Comparison case of traumatic gas. A 16-year-old patient 
with trauma having cavernous and intrasellar gas (dashed arrows) on 
NECT soft tissue (left) and bone (middle) windows from adjacent tem-

poral (thin arrows) and sphenoid (arrowheads) fractures. Catheter angi-
ography (oblique view, right) found a cervical left ICA pseudoaneurysm 
(*)

Fig. 7.19  Comparison case of iatrogenic gas. A 90-year-old patient 
without trauma and with cavernous and intrasellar gas (dashed arrows) 
on axial NECT (left). There was also gas in the location of the superior 
ophthalmic vein (thick arrows) on axial (left middle) and coronal (right 

middle) images. The patient had intravenous access via the jugular vein. 
The next day, a repeat NECT (right) showed resolution of the gas with 
a residual hyperdense varix
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Fig. 7.20  Comparison case of iatrogenic gas from intravenous injec-
tion. A 46-year-old patient with altered mental status (soon resolved), 
had a comparison CT 3 weeks earlier (left) that was normal but the cur-
rent axial NECT (left middle and middle) and coronal soft tissue win-

dow (right middle) demonstrated cavernous sinus gas (dashed arrows) 
and gas within the right pterygoid plexus (small arrow). This resolved 
12 h later on axial NECT (right)
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7.1	 �Cavernous Sinus Pseudomass on CT

Occasionally, the cavernous sinus or the ICA surrounded by 
the cavernous sinus may appear asymmetric and/or enlarged, 
particularly on axial non-enhanced CT (NECT) images. Most 
commonly this results from asymmetry in patient positioning 
with volume averaging, such as when a patient’s head is 
obliquely positioned or tilted in the scanner, but occasionally 

it may occur as a result of tortuosity or dolichoectasia of the 
ICA. This may simulate various abnormalities such as a neo-
plasm (e.g., meningioma), an inflammatory disorder (e.g., 
pseudotumor also known as Tolosa-Hunt syndrome), or even 
an aneurysm/pseudoaneurysm. Multiplanar reformats of the 
NECT (particularly the coronal plane), CT angiography, MRI, 
or MR angiography may be necessary to exclude an abnor-
mality (Figs. 7.21, 7.22, 7.23, 7.24, 7.25, 7.26, and 7.27).

Fig. 7.21  A 51-year-old female with altered mental status with a 
mildly hyperdense prominence along the lateral aspect of the right cav-
ernous sinus (arrows) on axial NECT (left) and on coronal reformats 

(middle). A coronal image just posteriorly reveals this to simply repre-
sent a mildly tortuous right ICA within the cavernous sinus (right)
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Fig. 7.22  A 45-year-old male with headaches with a mildly hyper-
dense prominence along the lateral aspect of the right cavernous sinus 
(arrows) on an axial NECT image (left). However, more inferior images 

(middle and right) confirmed this to be contiguous with a mildly tortu-
ous right ICA, which appears normal. Note a tiny focus of normal fat 
(tiny arrow) within the right cavernous sinus as well

Fig. 7.23  A 38 year old male with seizure, having prominence of the 
left cavernous sinus (arrow) on axial NECT (top left and top middle); 
coronal reformats (top right) were indeterminate. On 1.5 T MRI, axial 

fat suppressed FLAIR (bottom left), coronal T2WI (bottom middle), and 
coronal postcontrast T1WI (bottom right) were normal. Note the left 
ICA (*)
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Fig. 7.24  A 46-year-old female with trauma with a mildly hyperdense prominence along the lateral aspect of the left cavernous sinus (arrow) on 
axial NECT (left). With slightly different positioning, this resolved on repeat NECTs both several weeks later (middle) and months later (right)

Fig. 7.25  Comparison case of meningioma. A 52-year-old male had a 
mass within the left cavernous sinus (arrows) that was isodense to the 
ICA and overall mildly hyperdense on axial NECT (left), on 1.5  T 

FLAIR MRI (middle), and on postcontrast T1WI (right). Note the left 
ICA (*) surrounded by the mass on FLAIR
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Fig. 7.26  Comparison case of squamous cell sarcinoma (SCCa). A 
54-year-old with SCCa underwent 1.5 T MRI axial T2WI (left), post-
contrast fat-suppressed axial (middle), and coronal (right) T1WIs, 
which depicted a replaced, T2-dark right cavernous sinus and Meckel 

cave (arrows), as compared with the left side (dashed arrows). The 
postcontrast images depict the extensive, enhancing mass as contiguous 
with the upper cervical region

Fig. 7.27  Comparison case of Tolosa-Hunt (pseudotumor). A 29-year-
old female with painful ophthalmoplegia had a left-sided mass within 
Meckel cave and the left cavernous sinus (arrows) surrounding the left 

ICA (*) on 1.5 T MRI axial T1WI pre- (left), and postcontrast (middle), 
and on postcontrast coronal fat-suppressed T1WI (right)
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Pituitary Variations, Artifacts, Primary 
Empty Sella, and Incidentalomas

The pituitary gland arises from the ectoderm but has two separate 
components both embryologically and functionally: the anterior 
lobe (adenohypophysis) and the posterior lobe (neurohypophy-
sis). The adenohypophysis arises from the Rathke pouch, which 
represents an upward invagination of the oral ectoderm; the ade-
nohypophysis is also called the anterior lobe and secretes a num-
ber of important endocrine hormones (under direction from the 
hypothalamus) for growth, fertility, lactation, and to respond to 
biological stress. The neurohypophysis represents a downward 
protrusion of the neural ectoderm from the diencephalon/hypo-
thalamus; the neurohypophysis is also called the posterior lobe, 
which secretes hormones (also under direction from the hypo-
thalamus) that regulate water absorption/resorption and uterine 
contractions. Between the anterior and posterior lobes lies the 
pars intermedia (the intermediate lobe), which is rudimentary 
and only vestigial in humans. Occasionally, Rathke cleft cysts 
(also known as pars intermedia cysts) form in this site as a result 
of incomplete regression of this lobe.

Imaging of the gland is optimally performed in all three 
standard imaging planes, but at a minimum, both sagittal and 
coronal 1–3-mm thickness sections are necessary for ade-
quate depiction and diagnosis. Typically, both pre- and post-
contrast T1WI and T2WI in these planes are necessary; an 
initial evaluation optimally implements both dynamic post-
contrast T1WI (over the first 0–2 min after the intravenous 
gadolinium bolus) and a delayed postcontrast T1WI (at 
2–5 min). Dynamic and delayed images allow for compari-
son of the normal gland (typically enhances in a fashion 
similar to that of the cavernous sinuseslocated laterally) rela-
tive to a microadenoma (<10  mm size) or macroadenoma 
(>10 mm size). In general, adenomas usually exhibit delayed 
enhancement and are darker than the remainder of the gland 
on both dynamic and delayed images. Other newer sequences 
that may be helpful include DWI, three-dimensional acquisi-
tion of FLAIR images, STIR, or balanced gradient echo 
(e.g., vendor-specifc CISS, BFFE, true FISP, or FIESTA).

Most of the variations in MRI appearance are related to the 
differential contrast enhancement between various portions of 

the gland or from side-to-side, termed by this author as the 
“lateral aspects of the anterior lobes,” best seen on dynamic 
images. Because the posterior lobe lacks a blood–brain barrier 
(BBB), all structures of the adenohypophysis and neurohypoph-
ysis often enhance normally on postcontrast examinations, 
including the anterior and posterior lobes (which are outside of 
the BBB, since both must secrete substances into the circula-
tion), the infundibulum/stalk, and the median eminence of the 
hypothalamus (MEH, upon which the stalk attaches, also out-
side the BBB because hormones secreted by the gland must 
collect there before being released into the blood). Typically, the 
stalk will enhance at the same time as the cavernous sinus by 
30  s after the initiation of the contrast bolus, while on the 
delayed postcontrast MRI (usually at ≥1  min) the pituitary 
gland typically enhances with uniformly bright signal intensity.

There is a certain amount of variation in the size of the pitu-
itary gland based on age, fertility status, and gender. Regarding 
age, the pituitary is uniformly bright at birth; after about 6 
weeks of age the gland assumes the typical appearance of the 
isointense anterior lobe and the bright posterior lobe (“poste-
rior bright spot” on nonconstrast Sagittal T1WI). The overall 
pituitary size varies with age; the height typically peaks in the 
20–30-year-old age group and declines slowly thereafter. 
Regarding gender, the pituitary appears largest in female sub-
jects in the 10–30-year-old age groups (fertile age) and can be 
even larger during pregnancy. The pituitary then decreases in 
size for the next two decades; there is debate as to whether it 
slightly increases or decreases in size in the 50–60-year-old age 
group. The average overall pituitary height ranges from 
3–9  mm, but again this varies with gender; generally, this 
author considers 9–10  mm as the upper limit of normal. 
Physiologic pituitary hypertrophy can also occur (>9–10 mm 
height), which is effectively normal pituitary tissue with an 
enlarged gland; this can be difficult to discern from an adenoma 
that replaces the whole gland. A macroadenoma should not 
enhance in timing with the remainder of the normal gland and 
should enhance later after the infundibulum and cavernous 
sinus. In such patients with mild hypertrophy there can be mild 

8



90

upward “tenting” of the pituitary gland (normally the superior 
aspect of the gland has a concave appearance), but the gland 
should not abut or displace the optic chiasm.

The pituitary infundibulum (i.e., stalk) may measure 1.5–
3.5 mm and often tapers/decreases in size inferiorly toward 
its insertion on the pituitary gland. Notably, although a sec-
ondary criterion for diagnosing a microadenoma (defined as 
<10 mm in size) is stalk deviation away from the side of the 
lesion; however, this criterion should not be implemented by 
itself because a certain degree of deviation or “tilt” may be 
present in up to 30–45 % of the population. There can also be 
asymmetry regarding the size of the anterior lobe from side-
to-side, where one side may be mildly larger. However, the 
signal intensity on both sides should be identical.

Notably, three-dimensional FLAIR images are becoming 
increasingly utilized because they eliminate problematic cere-
brospinal fluid (CSF) flow voids in the suprasellar and other 
basal cisterns. A normal variant appearance on such noncon-
trast three-dimensional FLAIR images is that the infundibu-
lum/stalk as well as the tuber cinereum may exhibit a normal 
bright signal, which becomes even more hyperintense follow-
ing intravenous contrast administration because the stalk does 
not have a blood–brain barrier. The reason for the bright signal 
in these structures prior to contrast administration is unknown 
but could be related to a higher water/fluid level within the 
structures such as the stalk and certain portions of the hypo-
thalamus (such as the tuber cinereum), perhaps caused by the 
presence of neurosecretory cells or granules.

Other variations in appearance in the pituitary may relate 
to artifacts. Vascular-related flow voids can project in the 
phase direction (most commonly the transverse direction) and 
may appear superimposed on the gland itself, possibly also 
simulating a pituitary lesion. These most commonly arise 
from the internal carotid arteries (ICAs), and the implementa-
tion of flow compensation or altering band width may improve 
the appearance. Another potential pitfall is that artifacts from 
CSF-related flow voids can project into the suprasellar cistern 
alongside the pituitary stalk, which can simulate a mass; this 
is most prominent on dual echo or fast spin echo images.

Other variations may occur in the amount of fluid within 
the sella relative to the size of the pituitary gland. Such 
appearances include the so-called empty sella and the par-
tially empty sella, which may occur in the general adult pop-
ulation in about 5–10 % based on postmortem examinations 
and in the adult population scanned for nonpituitary reasons 
at a rate of approximately 15–16 % (partially or mostly 
empty sella) and/or 11–14 % (empty sella). Regarding the 
terminology, the term primary empty sella (PES) refers to the 
presumed pathophysiologic mechanism of this appearance; 
the concept involves the downward herniation/invagination 
of CSF subarachnoid space into the sella turcica, which com-
presses and flattens the pituitary gland. However, most PES 
literature that addresses the incidence or significance of 
symptoms does not separate a completely from a partially 

empty sella, thus causing confusion regarding the signifi-
cance of PES in an otherwise asymptomatic patient. Of note, 
the term secondary empty sella is related to degeneration of 
the pituitary gland, whether caused by necrosis, hemorrhage, 
ischemia, infection, autoimmune disorder, surgery, medica-
tion, or other causes and is not discussed further here.

The PES entity is thought to be related to either a congeni-
tal defect in the diaphragm sella, intermittent increases in 
intracranial pressure, or intermittent changes in volume of the 
pituitary gland; a commonly proposed theory is that PES 
results from spontaneous regression or treatment of a pituitary 
tumor (a theory yet to be proved). Of note, intrasellar pressure 
measurements have been shown to be normal in most patients 
with PES, arguing against the theory of increased pressure. 
Interestingly, the incidence of PES has been shown to be much 
lower in children, estimated at 1–2 %; however if present, PES 
may be more likely to be symptomatic in pediatric patients. 
Regarding symptoms in adults, patients with PES may be 
either symptomatic or asymptomatic, but the majority are inci-
dental and asymptomatic; the incidence of symptoms in 
patients with PES is approximately 20–40 %, and those symp-
toms may consist of hypo- or hyperpituitarism, headaches, 
visual disturbances, or other neurologic symptoms. PES 
occurs more commonly in women, which may be as high as a 
4:1 or 5:1 ratio as compared to men, and defects in the dia-
phragm sella occur with a similar incidence. PES is also more 
common in women with multiple pregnancies, obese patients, 
and hypertensive patients. Thus, the current thinking is that 
while PES is an incidental finding in most patients scanned for 
nonpituitary reasons, it becomes of more concern the smaller 
the pituitary volume and the larger the contour of the bony 
sella, particularly in obese females or children. Thus, the find-
ing should be reported, but the significance should be indi-
vidualized to the patient based on age, gender, presenting 
symptoms, weight, and other clinical factors.

Another important point to note is that incidental but real 
pituitary lesions may exist in up to 6–10 % of the population 
based on large studies at autopsy (so-called incidentalomas). 
Of these, Rathke cleft cysts (RCCs) are the most common, 
occurring incidentally in 3–10 % of the population; next 
most common are adenomas (although some studies suggest 
microadenomas are the most common), occurring inciden-
tally in 2–11 % of the general population based on large post-
mortem studies. Such incidental pituitary adenomas have 
also been termed silent adenomas; these cause some diffi-
culty in interpretation, particularly on thicker (e.g., 5 mm or 
more) images that happen to cover the pituitary on routine 
brain MRI examinations. In addition, in such cases dedicated 
pituitary imaging may be necessary for confirmation, which 
should consist of dynamic postcontrast images. Also, arach-
noid cysts, intrasellar hemorrhages, and pituitary infarcts 
are other rare incidental findings, occurring in less than 1 % 
of the population (Figs. 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, 8.7, 8.8, 
8.9, and 8.10).
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Fig. 8.1  A 16-year-old female patient had a 1.5 T MRI that demon-
strated a normal, enhancing pituitary infundibulum (arrows) relative to 
the nonenhancing optic chiasm (thin arrows). The pituitary (*) was nor-
mal and borderline enlarged because the patient was of childbearing 
age, as shown on postcontrast coronal (left) and sagittal T1WI (middle) 

and on subtracted postcontrast T1WI (with precontrast images sub-
tracted from the postcontrast images, right). Also note enhancement of 
the median eminence of the hypothalamus (dashed arrows) and of the 
tuber cinereum (circle tip arrow)

Fig. 8.2  A 15-year-old female patient with headaches. Axial contrast-enhanced computed tomography (CECT) images demonstrate a normal, 
enhancing pituitary infundibulum (arrows) relative to the nonenhancing optic chiasm (thin arrows). Note normal pituitary gland enhancement (*)

Fig. 8.3  A 53-year-old female 
patient with 1.5 T MRI 
postcontrast coronal (left) and 
sagittal (right) T1WIs that depict 
normal enhancement of the 
infundibulum (arrows) relative to 
the nonenhancing optic chiasm 
(thin arrow). The left side of the 
gland (*) is slightly larger than 
the right, a normal variation. Also 
note enhancement of the median 
eminence of the hypothalamus 
(dashed arrow) and minimal 
enhancement of the tuber 
cinereum (circle tip arrow)
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Fig. 8.5  A 35-year-old female 
patient; 1.5 T MRI sagittal 
pre- (left) and postcontrast (right) 
FLAIR images depict normal 
enhancement of the infundibulum 
(arrows), tuber cinereum (circle 
tip arrows), and median 
eminence (dashed arrows) 
relative to the nonenhancing 
optic chiasm (thin arrows). A 
faintly enhancing lamina 
terminalis (arrowheads) can be 
noted on the postcontrast image, 
since that structure also does not 
have a blood–brain barrier

Fig. 8.4  An 18-year-old female 
patient with 1.5 T MRI sagittal 
pre- (left) and postcontrast (right) 
T1WIs. Note normal 
enhancement of the infundibulum 
(arrows) relative to the 
nonenhancing optic chiasm (thin 
arrows). Also, note the 
enhancement of the median 
eminence of the hypothalamus 
(dashed arrows) and of the tuber 
cinereum (circle tip arrows)

Fig. 8.6  A 22-year-old male patient with 3 T MRI sagittal pre- (left) 
and postcontrast (right) T1WIs demonstrating normal enhancement of 
the infundibulum (arrows) relative to the nonenhancing optic chiasm 

(thin arrows). Also, note the enhancement of the median eminence 
(dashed arrows) and of the tuber cinereum (circle tip arrows)
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Fig. 8.7  Comparison case of Langerhans cell histiocytosis: A 3-year-
old male patient with diabetes insipidus; a 3 T MRI demonstrates mod-
erate thickening of the pituitary stalk (arrows), which is as thick as the 
basilar artery (thin arrows) on pre- (left) and postcontrast (middle) sag-

ittal T1WIs and on axial postcontrast T1WI (right). Axial (bottom left) 
and coronal (bottom right) images depict the bone lesions typically 
associated with Langerhans cell histiocytosis (dashed arrows)

Fig. 8.8  Comparison case of lymphocytic hypophysitis (biopsy 
proven): A 16-year-old male with growth delay; a 1.5 T MRI depicts 
moderate enlargement of the stalk (arrows) on noncontrast axial FLAIR 

(left), coronal T2WI (middle), and coronal postcontrast T1WI (right). 
Note that the stalk indents the optic chiasm (dashed arrows)
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Fig. 8.9  Comparison case of germ cell tumor: A 7-year-old patient with 
a mild to moderately enlarged pituitary stalk (arrows) on 3 T MRI sagittal 
noncontrast (top left) and postcontrast (top middle) T1WI and on coronal 
postcontrast T1WI (top right). This had markedly improved after therapy, 

as demonstrated on an MRI 3 years later (bottom row), including sagittal 
precontrast (bottom left) and postcontrast (bottom middle) T1WI and sag-
ittal T2WI (bottom right). Note that the stalk (arrows) was initially larger 
than the basilar artery (denoted by the thin arrows, bottom right)

Fig. 8.10  Comparison case of metastasis to the pituitary stalk (biopsy 
proven): The patient was a 35-year-old male with lung cancer; a 1.5 T 
MRI depicts moderate enlargement of the stalk (arrows) on noncontrast 
sagittal T1WI (left) and postcontrast coronal T1WI (left middle). This 
was termed indeterminate for malignancy. However, 1 year later, post-

contrast coronal (right middle) and sagittal (right) T1WIs demonstrated 
enlargement of the mass that became necrotic. Note that the stalk 
indented the optic chiasm (dashed arrows) initially and subsequently 
engulfed the chiasm
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8.1     �Lateral Anterior Lobe Pituitary 
Enhancement

The anterior lobe of the pituitary may have differential 
enhancement comparing medially to laterally. On the earli-
est images, enhancement around the base of the pituitary 
infundibulum or stalk at the midline should be noted (a tuft 
of enhancement representing the hypophyseal capillary bed, 
which is not constrained by the blood–brain barrier), along 
with enhancement of the posterior pituitary and cavernous 
sinus. This can occur less than 10 s following the presence 
of intravenous contrast medium within the ICAs. Uniform 

enhancement of the gland (i.e., extending peripherally and 
laterally) occurs sometime between 60 and 200 s after con-
trast administration. On the other hand, about two thirds of 
microadenomas exhibit slower enhancement, with their 
peak later than that of normal gland. Unfortunately, about 
one third of adenomas may enhance as early as the remain-
der of the gland, possibly because of an arterial supply 
(rather than the typical indirect pituitary portal supply). 
Identifying this minority of adenomas requires assessing 
both the dynamic and several minutes delayed postcontrast 
images (Figs. 8.11, 8.12, 8.13, 8.14, 8.15, 8.16, 8.17, 8.18, 
8.19, and 8.20).

Fig. 8.11  Normal dynamic enhancement of the pituitary extending lat-
erally. The patient was a 21-year-old female with hypopituitarism. On a 
3 T MRI (interpreted as normal), dynamic contrast enhanced T1WIs 
(top row) from time 0 (noncontrast) to 60 s, the lateral aspects of the 
anterior lobes (arrows) filled with contrast more slowly than the stalk 

(arrowheads) and than the cavernous sinus (dashed arrows). On non-
contrast (bottom left) and delayed postcontrast (5 min, bottom right) 
T1WI, the cavernous sinus is outlined by the dashed arrows surround-
ing the carotids (*)

8.1  Lateral Anterior Lobe Pituitary Enhancement
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Fig. 8.12  Normal pituitary dynamic enhancement extending laterally. 
The patient was a 27-year- old female with hyperprolactinemia. On a 
3 T MRI (interpreted as normal), dynamic contrast enhanced T1WIs 
from time 0  s (noncontrast) to 300 s depict the lateral anterior lobes 

(arrows) filling with contrast, where subtle hypointensity in these 
regions remains on the 300 s image. The stalk (arrowheads) enhances 
only minimally or does not enhance. Note early enhancement of the 
cavernous sinus (dashed arrows) surrounding the ICAs (*)

Fig. 8.13  Normal lateral anterior lobe delayed enhancement. In a 67-year-
old female with a negative 1.5 T MRI, the gland is homogeneously isoin-
tense prior to the use of contrast on coronal T1WI (left). The lateral, 
peripheral portions of the anterior lobes (arrows) are mildly hypointense at 

30 s (left middle) but fill in by 180 s (right middle). The sagittal T1WI 
(right) appears normal; thus, the examination was interpreted as normal. 
Note the simultaneous enhancement of the cavernous sinus (dashed 
arrows) and the stalk (arrowheads) on the 30-s dynamic image
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Fig. 8.14  Normal lateral anterior lobe delayed enhancement. In a 
13-year-old female with hearing loss (negative 1.5 T MRI), the lateral, 
peripheral portions of the anterior lobes (arrows) remain mildly hypoin-
tense on axial (left) and coronal (middle and right) images. The stalk 

(arrowhead) appears normal in that it mildly enhances and is at mid-
line. Note the mildly enhancing cavernous sinus (dashed arrows). Thus 
the examination was interpreted as normal

Fig. 8.15  Normal delayed enhancement peripherally. In a 35-year-old 
female with vision loss, 3 T MRI (interpreted as normal) coronal T2WI 
(left), and serial dynamic enhanced T1WIs from time 7–420 s postcon-
trast depict the lateral areas (arrows) filling with contrast, although 

more slowly than expected; mild hypointensity remains on delayed 
images. Note the enhancing cavernous sinus (dashed arrows). The find-
ings were unchanged 1 year later (not shown)
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Fig. 8.16  Normal lateral anterior lobe enhancement with persistent 
hypointensity. In a 22-year- old hypernatremic male, the lateral aspects of 
the anterior lobes (arrows) are hypointense prior to contrast on 3 T MRI 
coronal T2WI (top left) and T1WI (top middle); the MRI was interpreted 

as normal. Dynamic enhanced images at 0 (top right) through 300 s (bot-
tom right) depict normal persistence of the hypointense lateral anterior 
lobes, even on delayed images. The enhancing stalk (arrowheads) and 
cavernous sinus (dashed arrows) enhance earlier and more avidly
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Fig. 8.17  Normal lateral anterior lobe enhancement on delayed 
images. In a 36-year-old female with vertigo, the lateral anterior lobes 
(arrows) are hypointense prior to contrast on 1.5 T MRI axial FLAIR 
(left) and T2WI (left middle) but not on T1WI (middle). Postcontrast 

axial (right middle) and coronal (right) T1WIs depict the hypointense 
lateral anterior lobes, which persist even on 5–7-min delayed postcon-
trast images. The examination was called normal

Fig. 8.18  Comparison case of microadenoma. A 31-year-old female 
with hyperprolactinemia in whom coronal T2WI (left) demonstrates a 
bright focus in the lateral right anterior lobe (arrows). Pre- (left middle) 
and postcontrast 60-s delay (right middle), and 5-min delayed (right) 

coronal T1WIs show that this 4-mm focus does not follow the enhance-
ment pattern of the stalk (arrowheads) or the left side of the gland (*), 
which indicates an adenoma
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Fig. 8.19  Comparison case of microadenoma. A 22-year-old female 
with hyperprolactinemia in whom coronal T2WI (left) depicts a well-
circumscribed bright focus (arrows) in the lateral aspect of the right 
anterior lobe. Precontrast (left middle), postcontrast 120-s delay (right 

middle), and 5-min delayed (right) coronal T1WIs show that this 7.5-
mm lesion does not follow the enhancement of the left side of the gland 
(*), which indicates an adenoma

Fig. 8.20  Comparison case of a macroadenoma replacing the entire 
gland. A 22-year-old male patient with panhypopituitarism in whom coro-
nal T2WI (left) depicts mild enlargement of the anterior lobe with upward 
tenting (arrowheads) at the midline near the stalk insertion site. Precontrast 

(left middle) and dynamic postcontrast 60- (middle), 300- (right middle), 
and 420-s (right) coronal T1WIs demonstrate that on the delayed images 
the gland remains uniformly hypointense relative to the enhancing cavern-
ous sinus (dashed arrows), even as the contrast begins to leave by 5–7 min
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8.2     �Pituitary Hypertrophy and Tenting

As stated previously, the pituitary size varies with age, peak-
ing at 20–30 years of age and is larger in females, particu-
larly in the 10–30-year-old age group (fertile age); it can be 
larger in pregnancy. The average overall pituitary height 
should range from 3 to 9 mm and be less than 10 mm maxi-

mum height. Physiologic pituitary hypertrophy can occur 
when the height is slightly greater than 9–10 mm or when 
normal pituitary tissue is present in an enlarged gland, which 
can mimic adenoma that replaces the whole gland. However 
any mass effect on adjacent structures should raise the ques-
tion of macroadenoma (Figs.  8.21, 8.22, 8.23, 8.24, 8.25, 
8.26, 8.27, 8.28, 8.29, and 8.30).

Fig. 8.21  A 38-year-old female patient with headaches and an other-
wise normal MRI. The borderline enlarged pituitary (arrows) on a 1.5 T 
MRI measured 8.7 mm in height on sagittal noncontrast (left) and post-

contrast (middle) T1WI at the midline. Note normal tenting (thin arrow) 
of the pituitary at the stalk’s insertion site on a postcontrast coronal 
T1WI (right)

Fig. 8.22  An 18-year-old female with right-sided headaches but an 
otherwise normal MRI. The mildly enlarged pituitary (arrows) on a 3 T 
MRI measured 10.3 mm in height on coronal noncontrast T1WI (left); 

note the normal tenting (thin arrow) of the pituitary at the stalk’s inser-
tion site. Sagittal T1WIs were obtained both pre- (middle) and postcon-
trast (right)
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Fig. 8.23  The patient was a 12-year-old pubescent female with head-
aches but an otherwise normal MRI. The borderline enlarged pituitary 
(arrows) on a 1.5 T MRI measured 9.3 mm in height on sagittal T1WI 

both pre- (left) and postcontrast (middle). Note the mild shift of the 
stalk to the right (thin arrow) on postcontrast coronal T1WI (right), 
which is another normal variation

Fig. 8.24  The patient was a 42-year-old female with facial pain; the 
pituitary (arrows) was mildly enlarged (10.1 mm in height) on noncon-
trast sagittal (left) and coronal (left middle) T1WIs and on postcontrast 
sagittal (right middle) and coronal (right) T1WIs. The hypertrophy was 

unchanged 6 months later. The stalk is mildly displaced (thin arrows) 
upward toward the chiasm (dashed arrows), i.e., tenting. On dynamic 
images (not shown), the gland homogeneously enhanced
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Fig. 8.25  The patient was a 27-year-old female with a borderline enlarged pituitary (arrows) at the top of an axial non-enhanced computed tomor-
graphy (NECT) (left) performed for trauma as well as on an axial CECT (middle). The height was 9.0 mm on a coronal reconstruction (right)

Fig. 8.26  A 20-year-old female with a borderline enlarged pituitary 
(arrows) at the top of a CECT of the neck (obtained to follow lymph-
adenopathy). The height was 9.3 mm on sagittal (left) and coronal (left 

middle) reconstructions. This was unchanged 1 year later on coronal 
(right middle) and sagittal (right) reformats. Note the stalk (thin arrows)
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Fig. 8.27  A 21-year-old female with visual symptoms and pituitary 
hypertrophy (arrows) on 1.5 T MRI noncontrast coronal (top left and 
middle) and sagittal (top right) T1WIs. The ophthalmologist considered 
the symptoms to be unrelated. Seven years later, pre- (bottom left) and 
postcontrast (bottom middle) coronal T1WI and noncontrast sagittal 

FLAIR (bottom right) were unchanged. Note upward tenting (thin 
arrows), where the top of the gland comes close to but does not abut the 
optic chiasm (dashed arrows). Volume averaging artifact (arrowhead) 
simulates a microadenoma
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Fig. 8.28  The patient was a 50-year-old female with headaches who 
had a borderline enlarged pituitary (arrows) that measured 9.1 mm on 
sagittal (left) and coronal (left middle) postcontrast T1WIs; there was 
mild tenting of the gland upward (thin arrows) at the midline on the 

coronal image. Balanced echo coronal T2WI performed at that time 
(right middle) and 2 years later (right) showed no change. The pituitary 
did not abut the chiasm (dashed arrows)
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Fig. 8.29  Comparison case of macroadenoma enlarging the gland. The 
patient was a 23-year- old female with an incidental pituitary lesion in 
the midst of a mildly enlarged pituitary (arrows) that was 9.9 mm in 
height on noncontrast sagittal T1WI (top left) and coronal T1WI (top 
middle). On coronal T2WI (top right), a T2-dark focus measures just 

under 1 cm in size (*). Postcontrast sagittal (bottom left) and coronal 
(bottom middle and right) T1WIs confirm a nonenhancing adenoma. 
The adenoma’s dark signal on T2WI is likely caused by the presence of 
either hemorrhage or proteinaceous debris

Fig. 8.30  Comparison case of macroadenoma enlarging the gland. The 
patient was a 22-year-old male with hypopituitarism and pituitary 
enlargement (arrows) measuring 10.1 mm on a delayed (10 min) sagit-
tal postcontrast T1WI (left) that suffered from motion; note the tenting 

of the stalk insertion (thin arrows). Dynamic postcontrast coronal 
T1WIs both at 300  s (middle) and 420  s (right) showed little to no 
enhancement. This markedly delayed enhancement of the gland, indi-
cating that it was mostly replaced by a macroadenoma
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8.3     �Infundibular Shift or Tilt and Pituitary 
Asymmetry

As mentioned earlier, while a secondary criterion for diag-
nosing a microadenoma (<10 mm in size) is stalk deviation 
away from the side of the lesion, this criterion should not be 
used solely by itself as a small amount of deviation or “tilt” 
may be present in up to 30–45 % of the population. When 
evaluating for a microadenoma, other factors such as differ-
ential enhancement (less than the remainder of the gland), 

expansion of the gland, and necrosis/cystic contents should 
also be looked for (Figs. 8.31, 8.32, 8.33, 8.34, 8.35, 8.36, 
8.37, 8.38, 8.39, 8.40, and 8.41).

Also, another normal variation is that the pituitary lobes 
may appear mildly asymmetric from side-to-side. Sizes or 
heights <9-10mm can be normal. Again, asymmetric 
dynamic or delayed enhancement, mass effect, and expan-
sion of the gland should be assessed for when determining 
whether or not there is a microadenoma.

Fig. 8.31  A 55-year-old patient with a 3 T MRI that demonstrated nor-
mal mild infundibular/stalk shift to the left (arrows), incidentally noted 
on coronal T2WI (left) and FLAIR (middle). The stalk appears normal 

on noncontrast sagittal T1WI (right). The patient had symptoms (ver-
tigo) that were not related to the pituitary. Note the optic chiasm (thin 
arrows)

Fig. 8.32  The patient was a 53-year-old female with hypothyroid 
symptoms (negative MRI). A 1.5 T MRI noted normal, mild infundibu-
lar shift to the left (arrows) on the 1-min dynamic postcontrast T1WI 

(left) as well as on the 5-min delayed postcontrast coronal T1WI (mid-
dle). Postcontrast sagittal T1WI (right) also confirmed no abnormality
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Fig. 8.33  A 59-year-old female with a 3 T MRI that demonstrated nor-
mal enhancement of the pituitary infundibulum (arrows) relative to the 
nonenhancing optic chiasm (thin arrows). The infundibulum has a nor-
mal shift to the left on coronal delayed 5-min postcontrast T1WI (left). 

On a magnified postcontrast sagittal T1WI (right) also note the median 
eminence of the hypothalamus (dashed arrow) and the tuber cinereum 
(circle tip arrow)

Fig. 8.34  The patient was a 34-year-old female with visual symptoms 
(thought related to demyelinating disease) with a 3 T MRI that demon-
strated normal mild infundibular shift to the left (arrows). This was 

incidentally noted on noncontrast coronal T1WI (left) and T2WI (mid-
dle). The shift was not changed 1 year later on coronal T2WI (right)
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Fig. 8.35  The patient was a 12-year-old female with headaches 
(thought related to migraines), with a 1.5 T MRI that demonstrates nor-
mal mild infundibular shift to the right (arrow) on postcontrast coronal 

T1WI (left). There was borderline pituitary hypertrophy (*). The pitu-
itary height measured 9.3  mm, also depicted on sagittal postcontrast 
T1WI (right)

Fig. 8.36  A 34-year-old female soon after trauma (but no brain injury) 
with a 1.5 T MRI that depicts normal mild infundibular shift to the right 
(arrow) on noncontrast coronal T1WI (left) and on postcontrast coronal 

(middle) and sagittal (right) T1WI. There was a partially empty sella (*) 
with pituitary tissue along the floor of the sella, a normal variation
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Fig. 8.37  A 57-year-old male patient with disequilibrium (from an 
inner ear abnormality) had a 1.5 T MRI that depicted moderate stalk 
shift to the right (arrows) as well as asymmetry of the lobes (*); the 

right lobe appears slightly larger than the left on postcontrast coronal 
T1WI (left) and axial T2WI (right). There was no history of a sellar 
tumor or prior surgery

Fig. 8.38  The patient was a 54-year-old male who underwent an 
unrelated acoustic neuroma resection many years earlier. A 3 T MRI 
depicts incidental, leftward infundibular shift (arrows) as well as asym-

metry of the lobes (*); the left lobe is slightly taller than the right on 
postcontrast coronal T1WI (left). The findings were not changed 1 
(middle) or 2 years later (right)
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Fig. 8.39  The patient was a 78-year-old male with visual symptoms of 
unknown etiology. A 1.5 T MRI found normal mild asymmetry; the 
right lobe was slightly more prominent, along with infundibular shift to 
the right (arrows) on coronal T1WI (left). There was no history of prior 

sellar surgery. Postcontrast sagittal T1WI (right) showed the infundibu-
lum and chiasm (thin arrows) to be normal. Note a T1-bright posterior 
clinoid process (dashed arrow), which can simulate a pituitary lesion 
on coronal images if close to the infundibulum, such as in this case

Fig. 8.40  The patient was a 20-year-old female with a history of vas-
culitis (no pituitary symptoms). A 1.5 T MRI depicted a midline infun-
dibulum (arrows), but there was asymmetry of the lobes (*); the right 

lobe was slightly taller than the left on coronal T2WI (left) and on post-
contrast T1WI (middle). This was unchanged 1 year later on postcon-
trast T1WI (right)
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Fig. 8.41  Case of infundibular 
shift and pituitary asymmetry, 
indeterminate for a 
microadenoma. A 47-year-old 
female with vertigo underwent a 
3 T MRI, which demonstrated 
incidental slight rightward 
infundibular shift (arrows) as 
well as asymmetry of the lobes 
(dashed arrows, the left is 
slightly larger than the right) on 
coronal noncontrast T1WI (top 
left), T2WI (top right), and 
postcontrast coronal T1WI 
(bottom left). Tightly windowed 
postcontrast T1WI (bottom right) 
raises the question of whether 
there is an incidental 
microadenoma; this study was 
considered indeterminate for the 
presence of tumor
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8.4  �Infundibular Hyperintensity on Three-
Dimensional FLAIR

Three-dimensional FLAIR images eliminate CSF flow voids 
in the basal cisterns but can cause hyperintensity of the pitu-
itary infundibulum/stalk and tuber cinereum; this becomes 

even more hyperintense following intravenous contrast 
administration, since the stalk does not have a blood–brain 
barrier. Again, the reason for the bright signal in these struc-
tures prior to contrast is unknown. Interestingly, this charac-
teristic actually often aids visualization of the stalk on this  
noncontrast sequence (Figs. 8.42, 8.43, 8.44, 8.45, and 8.46).

Fig. 8.42  Normal infundibular hyperintensity on noncontrast 3D 
FLAIR. In a 58-year-old female postconcussion (negative 1.5 T MRI) 
the infundibulum (arrows) appears normal on a sagittal T1WI (left) but 

appears hyperintense on sagittal (middle) and axial (right) reformats 
from a three-dimensional FLAIR acquisition

Fig. 8.43  Normal infundibular hyperintensity on noncontrast three-
dimensional FLAIR. In a 57- year-old female with visual symptoms (neg-
ative 3 T MRI), the infundibulum (arrows) is hyperintense prior to contrast 

administration on sagittal reformats (left) from a three-dimensional 
FLAIR acquisition. Sagittal FLAIR two-dimensional images at 1.5 T from 
5 years earlier (right) did not have the same appearance
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Fig. 8.44  Normal infundibular hyperintensity on three-dimensional 
FLAIR.  In a 35-year-old female with hearing loss, the infundibulum 
(arrows) is hyperintense prior to contrast on a 1.5  T MRI three-

dimensional FLAIR acquisition, with sagittal (left), axial (left middle), 
and coronal (right middle) reconstructions. A postcontrast coronal 
T1WI (right) depicts normal stalk enhancement

Fig. 8.45  Normal infundibular and olfactory nerve hyperintensity on 
three-dimensional FLAIR. In a 17-year-old patient female with a nega-
tive 1.5 T MRI for hearing loss, mild stalk hyperintensity (arrows) is 
depicted on sagittal (left) and coronal (left middle) reformats of a three-

dimensional FLAIR acquisition. The olfactory nerves (dashed arrows) 
are also mildly bright on coronal (right middle) and sagittal (right) 
reformats. Note the normal left optic nerve signal for comparison (thin 
arrow)
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Fig. 8.46  Normal infundibular 
hyperintensity on three-
dimensional FLAIR and 
enhancement. In a 65-year-old 
female patient (negative 1.5 T 
MRI), the stalk (arrows) is 
hyperintense on noncontrast 
sagittal reformats (top left) from 
a three-dimensional FLAIR 
acquisition. On postcontrast 
three-dimensional FLAIR (top 
right) the stalk enhances and 
becomes brighter, as expected. In 
contrast, 1.5 T two-dimensional 
FLAIR images at both 3 months 
(bottom left) and 8 years prior 
(bottom right) did not have the 
same appearance
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8.5     �Artifacts Simulating Pituitary 
Microadenomas

As stated previously, various artifacts within the pituitary or 
suprasellar regions may simulate a lesion such as a micro- or 
macroadenoma. This is most commonly related to volume 
averaging (particularly with the dorsal portion of the bony 

sella or with adjacent CSF), flow voids (from CSF pulsation), 
or phase-related artifacts from ICA pulsation (particularly 
when the transverse dimension is the phase encoding direc-
tion on coronal images). Flow compensation techniques or 
three-dimensional acquisitions with thin reformats can miti-
gate such pseudolesions (Figs. 8.47, 8.48, 8.49, 8.50, 8.51, 
8.52, 8.53, and 8.54).

Fig. 8.47  Volume averaging simulating an adenoma. A 7-year-old 
male patient with short stature and an otherwise normal MRI had a 
hypointense focus (arrows) within the left side of the gland on postcon-
trast coronal T1WI (left) that was not present on a slice just anterior (left 
middle), thus simulating an adenoma. Coronal T2WI (right middle) 

confirmed that this focus had signal intensity similar to the rest of the 
sella. Sagittal T1WI (right) was normal; the oblique acquisition was 
found to average the bony dorsum sella with the pituitary (the dotted 
line depicts the imaging plane of acquisition)

Fig. 8.48  Volume averaging simulating an adenoma. A 2-year-old male 
with developmental delay and a normal MRI had a hypointensity (arrows) 
within the left side of the gland on both noncontrast (left) and postcontrast 
(middle) coronal T1WIs, simulating an adenoma. However, sagittal 

images (right middle) showed that the oblique coronal acquisition aver-
aged the posterior pituitary (* denotes the posterior pituitary bright spot) 
with the dorsum sella (the dotted line is the acquisition plane). The pseu-
dolesion was not present on postcontrast T1WI 2 months later (right)
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Fig. 8.49  Volume averaging simulating an adenoma. A 36-year-old 
patient had a hypointense focus (arrows) on postcontrast T1WI (left two 
images), simulating an adenoma. On noncontrast T1WI (right two 

images), this was found to be volume averaging of the gland with the 
bony dorsum sella. Note T1-bright fatty marrow medially (*)

Fig. 8.50  Flow-related artifact simulating an adenoma. A 64-year-old 
patient with a history of a prior adenoma resection (and no recurrence 
for 5 years) had T1-bright signal (arrows) to the left of the stalk (arrow-
heads) on coronal T1WI performed both precontrast (left) and postcon-

trast (left middle) and on coronal T2WI (right middle). A repeat 
postcontrast T1WI was normal (right). This artifact was deemed likely 
related to CSF pulsation

Fig. 8.51  Pulsation-related artifact. A 32-year-old patient had pulsa-
tion artifact in the phase direction (dotted arrows) that obscured the 
gland (arrows) on postcontrast coronal T1WI (left and left middle). The 
addition of a flow compensation technique removed the artifact (mid-

dle). Axial SWI (right middle) and T2WI (right) depict a normal varia-
tion: bilateral medially oriented cavernous segments of the internal 
carotid arteries (*), which were the source of the artifact
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Fig. 8.52  Pulsation-related artifact. A 46-year-old patient had pulsa-
tion artifact in the phase direction (dotted arrows), mimicking a micro-
adenoma (arrows) on postcontrast coronal T1WI (left); the extent of the 
artifact is better shown on axial T1WI (middle). A third-dimensional 

FLAIR sequence, which is relatively insensitive to flow or pulsation 
artifacts, was reconstructed in the coronal plane (right) and was nega-
tive. The ICAs (*) were the source of the artifact

Fig. 8.53  Flow-related artifacts. The patient was a 41-year-old male 
with headaches (and an otherwise normal 3 T MRI). A subtle, hypoin-
tense focus (arrows) within the inferolateral left side of the gland was 
present on a 1-min dynamic postcontrast coronal T1WI (left), simulating 

an adenoma but not on a 3-min delayed images (left middle). Coronal 
T2WI (right middle) depicted multiple subtle flow voids around the pitu-
itary gland, which were also present on repeat T2WI (right). The left 
ICA (*) may have been a source of these pseudolesions
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Fig. 8.54  Multiple artifacts from vasculature, CSF, and patient motion. 
An 8-year-old male with growth deficiency underwent a 1.5  T MRI 
(interpreted as normal), which depicted a subtle, hypointense (arrows) 
focus within the left side of the gland on coronal noncontrast (top left) 
and dynamic postcontrast 30-s (top, left middle) and 1-min delay (top, 
right middle) on coronal T1WIs, simulating an adenoma. However, sag-
ittal postcontrast T1WIs revealed moderate patient motion (dashed 
arrows), suggesting that motion was the cause of the artifact. One year 

later, a coronal T2WI (bottom left) was affected by a CSF motion arti-
fact (arrowheads), but the gland appeared normal. However, dynamic 
30-s (bottom, left middle) images were affected by pulsatility of the 
ICAs (*) or the CSF, causing a lesion similar to the pseudolesion on the 
original MRI; this disappeared by 1-min delayed T1WI (bottom, right 
middle). A moderate amount of motion is also present on the sagittal 
postcontrast T1WI (bottom right)
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8.6     �Primary Empty Sella (PES): Partial Form

Again, PES is more common in women, obese patients, 
hypertensive patients, and patients with multiple pregnan-
cies. It is more commonly incidental than symptomatic. The 

presence of PES becomes more of an issue with smaller pitu-
itary volumes and enlarged bony sellar contours, particularly 
in obese females or children (Figs.  8.55, 8.56, 8.57, 8.58, 
8.59, 8.60, 8.61, 8.62, 8.63, 8.64, 8.65, 8.66, 8.67, 8.68, 8.69, 
8.70, 8.71, 8.72, 8.73, 8.74, 8.75, 8.76, and 8.77).

Fig. 8.55  A 46-year-old female patient with seizures and an otherwise 
negative 1.5 T MRI had a mildly enlarged, partial form of PES (*). Note 
a normal stalk (arrows) on noncontrast sagittal T1WI (left) and coronal 

FLAIR (left middle) and on postcontrast coronal (right middle) and 
axial (right) T1WI.  Note normal pituitary tissue peripherally (thin 
arrows)

Fig. 8.56  A 70-year-old female with altered mental status had an incidental PES (*) on a 256-slice NECT, visualized on sagittal (left), axial 
(middle), and coronal (right) reconstructions. The stalk is not well visualized
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Fig. 8.57  A 57-year- old female patient had vision loss (from glau-
coma) and an otherwise negative 3 T MRI but a partial PES (*). Note a 
normal stalk (arrows) on sagittal T1WI (left) that was mildly bright on 

a three-dimensional FLAIR sagittal reformat (left middle). On postcon-
trast coronal (right middle) and axial (right) T1WIs, note normal pitu-
itary tissue (thin arrows)

Fig. 8.58  A 40-year-old female patient had headaches and a partial 
PES (*) on an otherwise negative 1.5 T MRI; the stalk was not seen at 
that time. Note a thin rim of tissue (thin arrows) on sagittal noncontrast 
(top left) and coronal postcontrast (top middle) T1WIs and on coronal 

T2WI (top right). Seven years later there are unchanged postcontrast 
sagittal (bottom left) and coronal (bottom middle) T1WIs; axial FLAIR 
depicts the stalk posteriorly (arrow, bottom right)
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Fig. 8.59  A 49-year-old female patient had photophobia and an inci-
dental partial PES (*) on a 16-slice NECT, visualized on sagittal (left), 
axial (middle), and coronal (right) reconstructions. The stalk (arrows) is 

barely visible on the coronal reformats. There is likely a thin rim of 
pituitary tissue (thin arrows) inferiorly within the sella

Fig. 8.60  An 80-year-old female had a 3 T MRI performed for stroke 
symptoms (interpreted as negative) and an incidental partial form of 
PES (*) on NECT coronal reformats (left) and on coronal FLAIR 

images reformatted from a three-dimensional acquisition (left middle 
and right middle). The stalk (arrows) enhances on postcontrast coronal 
T1WI (right)

Fig. 8.61  A 38-year-old female patient with headaches after trauma 
had an incidental partial form of PES (*) on CECT axial (left), sagittal 
(left middle), and coronal (middle) reformats, where a rim of pituitary 
tissue (thin arrows) was present along the floor of the sella. This was 

confirmed on 1.5 T MRI noncontrast sagittal (right middle) and post-
contrast coronal (right) T1WIs. The stalk/infundibulum (arrows) is 
posteriorly located where it abuts the dorsum sella
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Fig. 8.62  A 54-year-old female patient with an incidental partial form 
of PES (*) on a CECT (left), where a rim of pituitary tissue (thin 
arrows) was present along the floor of the sella. This was confirmed on 

1.5 T MRI sagittal T1WI (middle) and T2WI (right). The stalk/infun-
dibulum (arrows) is posteriorly located, where it abuts the dorsum sella

Fig. 8.63  A 34-year-old female patient had an incidental partial PES 
(*) on a 1.5 T MRI after a motor vehicle accident. The contour of the 
sella is moderately enlarged. The stalk (arrows) is not visible on non-

contrast coronal T2WI (left) or on postcontrast coronal T1WI (middle) 
but is seen posteriorly within the sella on postcontrast sagittal T1WI 
(right)
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Fig. 8.64  A 35-year-old female patient had an incidental PES (*) on a 
1.5 T MRI. The bony contour of the sella is slightly enlarged. The stalk 
(arrows) was not visible on noncontrast sagittal T1WI (left) but is 

clearly visualized as located posteriorly within the sella on axial FLAIR 
(middle) and T2WI (right)

Fig. 8.65  A 66-year-old female patient had a 3 T MRI performed for 
stroke-like symptoms that was read as negative and an incidental near-
complete form of PES (*) on noncontrast FLAIR images reconstructed 

from a three-dimensional acquisition in sagittal (left), coronal (left mid-
dle, right middle) and axial (right) planes. The stalk (arrows) is noted 
posteriorly within the sella
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Fig. 8.66  A 52-year-old female with seizures had an incidental, near-
complete PES (*) and a mildly enlarged bony sella on 1.5 T MRI non-
contrast sagittal T1WI (left). The stalk (arrows) is shifted slightly to the 

left on coronal FLAIR (left middle), T2WI (middle), and postcontrast 
T1WI (right middle). A PES was noted on a NECT 10 years earlier 
(right)

Fig. 8.67  A 62-year-old female 
patient was experiencing 
confusion. The stalk (arrows) of 
a near-complete PES (*) 
extended to the sellar floor on 
noncontrast sagittal T1WI (left) 
and was unchanged 3 years later 
(right)
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Fig. 8.68  A 54-year-old 
patient with headaches. The 
stalk (arrows) of a PES (*) is 
not seen on noncontrast 
sagittal T1WI (left) but is 
found on axial FLAIR (right)

Fig. 8.69  A 41-year-old female with a 1.5 T MRI performed after a 
stroke had an incidental complete form of PES (*) on noncontrast (left) 
and postcontrast (left middle) coronal T1WIs and on noncontrast (right 

middle) and postcontrast (right) axial FLAIR images. The stalk (arrows) 
is posteriorly located as well as deviated to the left
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Fig. 8.70  A 45-year-old female patient was seen with otalgia and neck 
pain. A complete form of PES (*) was found incidentally with a mod-
erately enlarged sella on a cervical 3 T MRI. Note the thin posterior 
wall of the sella (dashed arrow) on noncontrast sagittal T1WI (left). 

The stalk (arrows) is shifted to the right of midline on postcontrast axial 
(left middle) and coronal (middle) T1WI as well as on a coronal three-
dimensional balanced T2WI (right middle) and a coronal CECT (right)

Fig. 8.71  A 47-year-old male patient was seen with neck pain; a com-
plete PES (*) was noted incidentally on a cervical 3 T MRI. The bony 
contour of the sella is enlarged. The stalk (arrows) was not visible on 

noncontrast sagittal T2WI (left) and T1WI (middle) but had been pres-
ent but barely visible (arrows) on an axial NECT 8 years earlier (right)
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Fig. 8.73  A 56-year-old female patient with confusion and an other-
wise negative 1.5 T MRI had a completely empty PES (*). Note a nor-
mal stalk (arrows) on postcontrast sagittal (left) and coronal (left 

middle) T1WI. On CECT axial (right middle) and sagittal (right) refor-
mats, the stalk is also visualized. Note that normal pituitary tissue is 
difficult to visualize

Fig. 8.74  A 44-year-old female patient with neck pain had a completely empty PES (*) noted incidentally at the top of a cervical 1.5 T MRI. The 
bony contour of the sella is mildly enlarged. The stalk was not visible on sagittal STIR (left), T2WI (middle), or on noncontrast T1WI (right)

Fig. 8.72  A 38-year-old female patient with headache had an incidental complete form of PES (*) on a 64-slice NECT. The PES is visualized on 
axial (left), sagittal (middle), and coronal (right) reconstructions. The stalk (arrows) is not visualized on these images
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Fig. 8.75  A 53-year-old asymptomatic female had an incidental com-
plete form of PES (*) on a 1.5 T MRI sagittal STIR (left) and T2WI (left 
middle). This was confirmed on CECT axial reformats (right middle 

and right). The stalk/infundibulum is present (arrows) but is somewhat 
difficult to visualize

Fig. 8.76  Comparison case of suprasellar arachnoid cyst. A 43-year-
old male with hydrocephalus and an enlarged suprasellar cistern (***) 
as compared to the sella (*) on 3 T MRI noncontrast sagittal T1WI (top 
left), axial T2WI (top middle), FLAIR (top right), and postcontrast 

axial (bottom left) and coronal (bottom middle) T1WI. The cyst does 
not have reduced diffusivity on DWI and ADC maps (bottom right). 
Note the displaced third ventricle (−−)
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Fig. 8.77  Comparison case of panhypopituitarism associated with 
PES.  The patient was a 71-year-old symptomatic male 20–30 years 
post-trauma with a near-complete form of PES (*) on 3 T MRI sagittal 
noncontrast T1WI (top left), coronal T2WI (top middle), and dynamic 
1-min postcontrast T1WI (top right). A thin rim of residual pituitary 

tissue (thin arrows) showed enhancement immediately following the 
cavernous sinus (+). Sagittal (bottom left) and coronal (bottom middle 
and bottom right) postcontrast T1WIs demonstrated enhancement of 
the stalk/infundibulum (arrows) as well
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8.7     �Rathke Cleft and Pars Intermedia Cysts

Rathke cleft cysts (RCCs) represent a benign, cystic remnant 
lined by epithelial cells. They are situated within the ana-
tomic separation between the anterior pituitary (i.e., the ade-
nohypophysis or pars distalis) and the posterior pituitary 
(neurohypophysis, which mostly consists of the pars ner-
vosa). Regarding the formation of RCCs, a brief understand-
ing of the embryologic development of the pituitary is 
necessary. During the third to fourth weeks of gestation, a 
projection of the embryonic stomodeum, called the Rathke 
pouch, converges with an invagination of the floor of the 
third ventricle, the infundibulum/stalk, to form what will 
later be called the pituitary gland. Regarding the Rathke 
pouch, the anterior portion later forms the anterior pituitary, 
while the posterior portions has a residual lumen that typi-
cally narrows to form a cleft (Rathke cleft). Persistence of 
the pouch’s posterior portion or cleft is termed the pars inter-
media, which in some instances remains as a cyst. Thus, 
since the pars intermedia is typically entirely absent (i.e., has 
totally regressed) or is quite small in normal adults, RCCs 
are also called pars intermedia cysts owing to this failed 
regression of the posterior portion of the Rathke pouch.

An RCC is typically situated medially but may extend lat-
erally or superiorly into the suprasellar cistern and may even 
appear to be predominately suprasellar. The RCC is the most 
common incidental finding (i.e., incidentaloma) of the pitu-
itary gland, occurring in 3–10 % of asymptomatic patients at 
autopsy. This range of incidence is wide, and the range may 
be even be larger depending on whether one includes micro-
scopic, less than 2 mm RCCs (the majority), versus greater 
than 2-mm cysts as well. The quite tiny RCCs, seen only 
microscopically and centrally located within the pars inter-
media, may occur with a frequency as high as 13–22 % of the 
asymptomatic population! These numbers are in contrast to 
the second most common incidentalomas, the asymptomatic 
microadenomas, which occur in 2–11 % of the population at 
autopsy.

On imaging, the signal intensity of smaller RCCs 
(<4–5  mm) is often homogeneously T2-bright and 
T1-hypointense, similar to that of CSF. Technically, a RCC is 
considered the same entity as a pars intermedia cyst because 
an RCC arises from the pars intermedia. However some ref-
erences separately term tiny, CSF-like cysts occurring cen-
trally near the insertion of the stalk that are less than 3 mm in 
size pars intermedia cysts while calling larger, proteinaceous 

T1-bright cysts RCCs. One basis for this terminology is that 
as pars intermedia cysts enlarge, over 70 % of those greater 
than 5 mm in size will have T1-bright signal intensity, which 
is more typical of an RCC appearance. Surgically, the 
T1-bright signal has been shown to represent yellow and 
waxy but solid mucinoid material representing cholesterol 
and protein on biochemical testing. Regarding gadolinium 
contrast, RCCs typically do not enhance, although the sur-
rounding anterior or posterior lobes may enhance; these can 
simulate an enhancing rim of the cyst.

The vast majority of RCCs are asymptomatic, but they 
may become symptomatic as they enlarge. Enlargement, 
based on studies of asymptomatic RCCs as incidentalomas, 
is estimated to occur in somewhere from 5–30 % over several 
years; this range likely depends on the criteria of what is 
classified as an RCC.  Most commonly, such enlargement 
may cause symptoms of pituitary dysfunction, headaches, or 
visual loss. Another underreported phenomenon is that RCCs 
may actually undergo spontaneous involution, which early 
reports suggest may occur in up to 30 % of patients with 
asymptomatic RCCs.

Since mucinous material may collect within the cyst and 
enlarge it, thereby producing a T1-bright and/or T2-dark sig-
nal, RCCs may simulate a pituitary adenoma. In particular, 
larger RCCs may be difficult to discern from macroadeno-
mas that are cystic, degenerated, or have undergone internal 
hemorrhage. When having such a complex appearance, 
RCCs can also be difficult to distinguish from craniopharyn-
giomas. They may also resemble suprasellar arachnoid cysts. 
Regarding macroadenomas, dynamic contrast images dem-
onstrate a lack of filling of RCCs with contrast material in all 
phases, whereas macroadenomas eventually enhance unless 
there has been a large amount of internal hemorrhage or 
necrosis. Craniopharyngiomas are typically mostly suprasel-
lar and are often cystic; even if entirely cystic, they typically 
have a rim of enhancement peripherally, while RCCs are 
uncommonly solely suprasellar (unless very large) and do 
not exhibit rim enhancement (although again, enhancement 
of adjacent pituitary tissue may simulate a rim). An arach-
noid cyst in such a location may appear similar as both RCCs 
and arachnoid cysts can be T2-bright, but typically an RCC 
would not arise from or extend into the cleft between the 
anterior and posterior lobes (i.e., should not connect to the 
pars intermedia) (Figs.  8.78, 8.79, 8.80, 8.81, 8.82, 8.83, 
8.84, 8.85, 8.86, 8.87, 8.88, 8.89, 8.90, 8.91, 8.92, 8.93, 8.94, 
8.95, 8.96, 8.97, 8.98, 8.99, 8.100, and 8.101).
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Fig. 8.79  The patient was a 2-month-old male with a right retinoblas-
toma; on a 3 T MRI, the pituitary appeared normal on a sagittal non-
contrast T1WI (top left). However, by 8 months age, a 3.5-mm pars 
intermedia/RCC (arrows) was noted on a repeat T1WI (top right), 

being hyperintense on coronal (bottom left) and axial (bottom middle) 
T2WI. On SWI (bottom right), the RCC does not exhibit the dark sig-
nal of hemorrhage. Note the calcified residual retinoblastoma 
(arrowheads)

Fig. 8.78  The patient was a 9-month-old male infant with hypotonia 
(due to mild myelination delay). A 3  T MRI demonstrated a small, 
3-mm size pars intermedia cyst (RCC) at the junction of the anterior 
and posterior lobes (arrows) on sagittal noncontrast T1WI (left), coro-

nal T2WI (left middle), sagittal postcontrast T1WI (middle), and on 
postcontrast coronal T1WI (right middle). At 18 months age, the RCC 
is unchanged on a noncontrast sagittal T1WI (right)
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Fig. 8.80  The patient was a 51-year-old male with dizziness (no 
pituitary-related symptoms). A 1.5 T MRI demonstrated a tiny, 2-mm 
pars intermedia cyst (RCC) just posterior to the stalk and along the 

superior surface of the gland (arrows) on sagittal precontrast T1WI 
(left), postcontrast T1WI (middle), and an axial T2WI (right)
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Fig. 8.82  The patient was an 18-year-old female with seizures (no 
pituitary-related symptoms). A 3 T MRI demonstrated a 4-mm RCC 
(arrows) located just posterior to the stalk (thin arrows) on sagittal non-

contrast T1WI (left), on coronal T2WI (middle), and on coronal FLAIR 
(right). Note that the signal intensity is as bright as cerebrospinal fluid 
on T2WI but does not suppress as does the fluid on FLAIR

Fig. 8.81  The patient was a 49-year-old female with hearing loss (no 
pituitary-related symptoms). A 1.5  T MRI depicted a 3-mm RCC 
(arrows) located just posterior to the stalk on axial pre- (top left) and 
postcontrast (top, left middle) T1WI, on FLAIR (top, right middle), and 
on postcontrast sagittal T1WI (top right). On an MRI 1.5 years later, 

coronal T1WI pre- (bottom left) and postcontrast dynamic (bottom, left 
middle) and 120-s delayed (bottom, right middle) images confirmed a 
lack of enhancement and no definite change. A coronal T2WI (bottom 
right) confirmed bright signal akin to that produced by CSF
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Fig. 8.83  The patient was a 25-year-old female with oligomenorrhea. 
A 1.5 T MRI demonstrated a 4–5-mm RCC (arrows) located just poste-
rior to the stalk (thin arrows) that appeared hypointense on noncontrast 

sagittal T1WI (left) and coronal T1WI (middle). The RCC is bright on 
coronal T2WI (right). The symptoms were thought to be unrelated to 
the RCC

Fig. 8.84  The patient was a 23-year-old female with prolactinemia. A 
1.5 T MRI depicted a tiny 1.5- to 2-mm pars intermedia cyst (RCC) just 
posterior to the stalk along the superior surface of the gland (arrows) on 

coronal T2WI (left), on postcontrast coronal T1WI (middle), and on 
postcontrast sagittal T1WI (right). The symptoms were considered 
unrelated to the RCC
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Fig. 8.85  The patient was a 27-year-old female without pituitary 
symptoms. A 1.5 T MRI delineated a small, 5-mm pars intermedia cyst 
(RCC) within the anterior pituitary (arrows) that was hypointense on 
both noncontrast sagittal T1WI (top left) and postcontrast sagittal T1WI 
(top middle), with signal intensity similar to that of CSF on T2WI (top 

right). A repeat MRI 3 years later showed that the cyst became T1-bright 
on pre- (bottom left) and on postcontrast (bottom middle) sagittal T1WIs 
and on coronal T1WI (bottom right), presumably due to an accumula-
tion of mucinous products internally

Fig. 8.86  The patient was a 33-year-old female with seizures lacking 
pituitary symptoms. On a 3  T MRI, a 4–5-mm  T1-isointense RCC 
(arrows) is along the superior aspect of the gland on noncontrast sagit-

tal T1WI (left), on coronal FLAIR (left middle), and on postcontrast 
coronal T1WI (right middle). Note stalk enhancement (thin arrow) on 
postcontrast axial FLAIR (right)
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Fig. 8.87  The patient was a 57-year-old female without pituitary 
symptoms with an acute vision deficit and an otherwise negative MRI. 
Top row: a 3 T MRI depicted a small, 5-mm RCC (arrows) just anterior 
to the stalk (thin arrows) that was bright on sagittal (left) and coronal 
(right) reconstructions obtained from a noncontrast 3D FLAIR acquisi-

tion. Middle row: the RCC was isointense to the remainder of the gland 
(dotted arrow) on a noncontrast coronal T1WI (left). An axial postcon-
trast T1WI (right) showed that the RCC was clearly situated just ante-
rior to the stalk and did not enhance. Bottom row: coronal postcontrast 
T1WIs with fat suppression confirm a lack of RCC enhancement
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Fig. 8.88  The patient was a 21-year-old female with headaches and 
weight gain. A 1.5 T MRI noted a 6-mm T1-isointense (to gland) RCC 
(arrows) within the gland but lateral to the stalk on coronal T2WI (left), 

on precontrast T1WI (left middle), on postcontrast T1WI (right middle), 
and on sagittal postcontrast T1WI (right)

Fig. 8.89  The patient was a 33-year-old female with headaches but no 
pituitary-related symptoms. A 1.5 T MRI depicted a tiny, 2-mm pars 
intermedia cyst (RCC) within the left side of the pituitary (arrows) on 
coronal IR T1WI (top left) and T2WI (top middle) but not seen on axial 

FLAIR (top right) because of averaging with the normal gland. On a 
1.5 T MRI 9 years later, there was no change on coronal T2WI (bottom 
left), FLAIR (bottom middle), or postcontrast T1WI (bottom right)
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Fig. 8.90  The patient was a 59-year-old female with dementia; a 5-mm 
RCC (arrow) on noncontrast sagittal T1WI (left) was mildly hypoin-
tense on axial T2WI (middle) but not as dark as hemorrhage on SWI 

(right), excluding a hemorrhagic adenoma. There was a thin separation 
(dotted arrow) from the similarly T1-bright posterior lobe 
(arrowhead)

Fig. 8.91  The patient was a 61-year-old female with stroke-like symp-
toms lacking pituitary symptoms. A 1.5  T MRI demonstrated a 
7-mm T1-bright RCC (arrows) superiorly along the gland and to the 
left of the stalk (thin arrows) on noncontrast sagittal T1WI (left) and 

coronal T1WI (left middle) with intensity similar to the rest of the gland 
postcontrast coronal T1WI (right middle). A repeat postcontrast T1WI 
(right) did not demonstrate any significant change several months later
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Fig. 8.92  The patient was a 42-year-old female with migraines with a 
7-mm RCC (arrows) that was slightly bright on gradient-echo T1WI 
(left), brighter on spin-echo (SE) T1WI (left middle), and with no 

enhancement on postcontrast SET1WI (right middle), since it did not 
become as bright as the enhancing stalk (thin arrow). It was also bright 
on T2WI (right)

Fig. 8.93  The patient was a 43-year-old female with symptoms of 
stroke (negative pituitary serum tests). A 1.5 T MRI showed a 7-mm 
RCC (arrows) just posterior to the anterior lobe that was hyperintense 
on sagittal precontrast (top left) and postcontrast (top middle) T1WIs. 
On sagittal FLAIR (top right), a T2-dark focus (dotted arrows) was 

thought to be hemorrhage within the RCC. On an MRI 1.5 years later, 
precontrast (bottom left) and postcontrast (bottom middle) sagittal 
T1WIs demonstrated the hemorrhage within the RCC, which continues 
to be dark on coronal T2WI (bottom right)
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Fig. 8.94  The patient was a 39-year-old female with hypogonadism. A 
3 T MRI demonstrated a 11 × 19 mm T1- and T2-dark RCC (arrows) 
that replaced most of the gland and compressed the stalk (thin arrows) 
superiorly on noncontrast sagittal T1WI (left), on postcontrast sagittal 

T1WI (left middle), on postcontrast coronal T1WI (right middle), and 
on coronal T2WI (right). A hemorrhagic macroadenoma was in the dif-
ferential diagnosis but a hemorrhagic RCC was confirmed at biopsy

Fig. 8.95  The patient was a 27-year-old male with retro-orbital pain. A 
1.5 T MRI noted a 10 × 9 mm RCC (arrows) on sagittal precontrast (top 
left) and postcontrast (top, left middle) T1WIs, on coronal postcontrast 
T1WI (top, right middle), and on T2WI (top right). An MRI 7 years 

later depicted mild enlargement to 13 × 11  mm on precontrast T1WI 
(bottom left) and postcontrast sagittal (bottom, left middle) and coronal 
(bottom, right middle) T1WIs and on coronal T2WI (bottom right)
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Fig. 8.96  The patient was a 16-year-old female with seizures (no 
pituitary-related symptoms). A 1.5 T MRI noted a T1-bright 11 × 9 mm 
RCC (arrows) on noncontrast sagittal (top left) and coronal (top, left 
middle) T1WIs and on postcontrast coronal T1WI (top, right middle) 
and T2WI (top right). An MRI 9 years later depicted slight enlargement 
to 13 × 10  mm on sagittal precontrast (bottom left) and postcontrast 

(bottom, left middle) T1WIs, coronal postcontrast T1WI (bottom, right 
middle) and on axial FLAIR (bottom right). Although it was enlarging, 
the patient was still not symptomatic from the RCC. The thin arrows 
denote the normal bright spot of the posterior pituitary gland, which is 
separate from the RCC
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Fig. 8.97  Comparison case of macroadenoma with hemorrhage. A 
23-year-old female patient with prolactinemia had an 11-mm T1-bright 
pituitary lesion on MRI (*), on noncontrast sagittal (top left) and coro-
nal (top middle) T1WIs that was isointense to the surrounding glandular 
tissue on postcontrast sagittal T1WI (top right). The radiologist initially 

called this a macroadenoma. A 1.5 T MRI 3 years later depicted that the 
T1-bright portion of the lesion was smaller on noncontrast sagittal (bot-
tom left) and coronal (bottom middle) T1WI.  On postcontrast T1WI 
(bottom right), there was less enhancement at the tumor’s periphery. 
Typically, a T1-bright RCC would continue to be T1-bright
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Fig. 8.98  Companion case of microadenoma with hemorrhage. The 
patient was a 12-year-old male with hypogonadism; 3 T MRI depicted 
a 6-mm  T1-bright and T2-dark lesion simulating an RCC (dotted 
arrows) on noncontrast sagittal T1WI (left) and T2WI (left middle). 

However, dynamic postcontrast coronal T1WIs (rightmost images) 
illustrate that although the lesion was T1-bright, it progressively 
although slowly enhanced with contrast at 30, 120, and 300 s

Fig. 8.99  Companion case of hemorrhagic adenoma. A 53-year-old 
male with visual symptoms underwent NECT (left), which demon-
strated a 25 × 25 mm sellar and suprasellar mass (*). A 1.5 T MRI non-
contrast sagittal T1WI (left middle), coronal T2WI (middle), axial 

FLAIR (right middle), and postcontrast sagittal T1WI (right) showed a 
T1-bright and T2-bright component peripheral to an isointense region. 
At resection, this was found to be an adenoma
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Fig. 8.101  Companion case of craniopharyngioma. A 60-year-old 
female with visual symptoms underwent a 1.5 T MRI, which demon-
strated a suprasellar mass connected to a T1-bright lesion (*) within the 
sella. Noncontrast sagittal (left) and coronal (left middle) T1WIs and 

postcontrast coronal (middle) and sagittal (right middle) T1WIs showed 
small, cystic components. Four months later, postcontrast sagittal T1WI 
(right) showed enlarged cystic regions

Fig. 8.100  Companion case of intrasellar arachnoid cyst. A 30-year-
old female with seizures; a 3 T MRI depicted an incidental, 11-mm 
intrasellar cyst (*) on noncontrast sagittal T1WI (left) and on coronal 
T2WI/FLAIR (left middle); the cyst suppressed with CSF on FLAIR 
(left middle and bottom). It was resected and confirmed to be an arach-

noid cyst. At 6 months postsurgery, a repeat sagittal T1WI (middle) 
showed no recurrence. However, 2 years later, the cyst was shown to 
have recurred on sagittal precontrast (right middle) and postcontrast 
(right) T1WIs
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Liliequist Membrane

The Liliequist membrane (LM) is a distinct arachnoid struc-
ture within the basal cisterns that can be vital to identify dur-
ing neurosurgical procedures, particularly during endoscopic 
third ventriculostomy. This membrane is generally located 
posterior to the pituitary infundibulum (stalk), anterior to the 
interpeduncular cistern of the midbrain, inferior to the third 
ventricular floor, superior to the prepontine cistern, and 
medial to the tip of the uncus at the tentorial edge. The mem-
brane consists of a double or even triple fold of arachnoid 
mater, while it essentially contains three different “leafs” of 
membranes that converge within the above-mentioned loca-
tion; these three leafs or segments have been variably named 
among authors. It is generally better to refer to them based 
on the site of attachment: the diencephalic segment attaches 
to the posterior edges of the mammillary bodies and is the 
more superior and posterior leaf; the mesencephalic segment 
attaches to the junction of the midbrain and pons and is the 
more inferior and posterior leaf, also called the anterior pon-
tine membrane; and the sellar segment attaches to the dor-
sum sella and is the more anterior and inferior leaf. There is 
some controversy as to exactly where the LM attaches later-
ally with respect to the mesial temporal lobe/uncus (MTL), 
tentorium, or oculomotor nerve/cranial nerve III (CNIII). 
However, more recent evidence suggests that its lateral 
attachment is variable, that is, where there is direct attach-
ment to the tentorium in the large majority, to the uncus of 
the MTL in greater than half of cases, and attachment to a 
membrane that lies underneath (and is likely attached to) the 
oculomotor membrane (OMM) in more than half of cases as 
well. It is important to note that the OMM can itself attach to 
the uncus but is separate from the LM because it is in close 
apposition to CNIII.

The most readily and consistently identified segment of 
the LM on brain imaging is the sellar segment of the LM, 
which can be confirmed in nearly 90 % of patients as attached 
to the dorsum sella on thin section imaging, particularly in 
the sagittal plane (see next paragraph). The diencephalic seg-
ment can be identified in about half of patients with proper 

thin section imaging, based on its attachment to the mammil-
lary bodies. The mesencephalic segment can be more diffi-
cult to identify. Additionally, the lateral attachment of the 
LM to the OMM can be visualized in about a half of patients, 
although interestingly, the lateral attachment to the uncus 
and tentorium is less readily visualized on imaging com-
pared with on histologic examination, leading some to posit 
that the lateral aspect of the LM can be a free edge.

Typically, the LM is not visualized on routine MRI 
sequences at 3 mm or greater in thickness. Most commonly, 
it is visualized on three-dimensional acquisition images 
reconstructed at 1 mm or less. The three-dimensional acqui-
sition sequences that best depict the LM are constructive 
interference in the steady state (CISS), balanced echo 
T2-weighted sequences (i.e., vendor-specific sequences such 
as BFFE, FIESTA, True FISP, True SSFP, or BASG, depend-
ing on the manufacturer), or T2-weighted turbo field echo or 
balanced turbo field echo (TFE or BTFE, respectively). 
Newer three-dimensional acquisition FLAIR images may 
also identify the LM if the reconstructions are thin enough, 
since three-dimensional FLAIR acquisitions usually null the 
CSF pulsation relative to the older, two-dimensional acquisi-
tions. If a two-dimensional acquisition of T2WI or FLAIR is 
utilized, it is uncommon (although not impossible) to visual-
ize the LM, even with thinner sequences, since CSF flow-
related artifacts will typically obscure the LM. As described 
above, although the LM can be visualized in any imaging 
plane, the sagittal plane is likely the best to discern the sellar 
and diencephalic segments and their attachments, while the 
lateral attachments are variably identified.

While knowledge of the appearance, location, and sites of 
attachment of the LM typically prevent this normal structure 
from being confused with disease, there is a potential that as 
sequences become more powerful with thinner and thinner 
reconstruction thicknesses, the LM can be confused with 
abnormal cysts such as arachnoid cysts (typically will expand 
the cisterns), epidermoid cysts (do not have CSF signal on 
FLAIR and are bright on DWI), or cysts of neurocysticercosis 
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(typically will have multiple lesions with non-CSF signal) 
within the basal cisterns. Also, the LM could be confused 
with webs or synechia, which can occur from a previous 
infection, hemorrhage, or ventriculostomy. Another helpful 
point is that the vast majority of LMs (about 90 %) are less 

than one-half the thickness of the floor of the third ventricle; 
greater thicknesses may indicate lesions such as those 
described above, with the appropriate clinical scenario 
(Figs. 9.1, 9.2, 9.3, 9.4, 9.5, 9.6, 9.7, and 9.8).

Fig. 9.1  A 29-year-old patient with an incidental LM (arrows) on a 
negative MRI obtained for ear infections. The LM attaches to the dor-
sum sella anteriorly, as delineated on three-dimensional reformatted 

0.5-mm thickness BFFE images in the coronal (left and left middle) and 
sagittal (middle and right middle) planes. A sagittal FLAIR 1-mm 
thickness image is at midline (right)

Fig. 9.2  A 63-year-old patient with an incidental LM (arrows) that 
attaches to the OMM laterally (thin arrows), as illustrated on three-
dimensional reformatted coronal 0.5-mm thickness BFFE images (left 

three images), from a negative skull base MRI obtained for tinnitus. On 
a three-dimensional axial reconstruction at a similar thickness (right), 
the LM is also shown. Note CNIII (arrowheads)

9  Liliequist Membrane
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Fig. 9.3  A 65-year-old with an incidental LM seen clearly only on the 
left (arrows), which was demonstrated by coronal three-dimensional 
reconstruction 0.5-mm thickness BFFE images (left) on an otherwise 

negative skull base MRI for tinnitus. On a three-dimensional coronal 
FLAIR reconstruction at a similar thickness (right), the LM is not well 
visualized, probably due to mild motion

Fig. 9.4  A 55-year-old with hearing loss and an incidental LM 
(arrows) on three-dimensional Constructive Interference in the Steady 
State (CISS) T2WI with 0.5-mm thickness reformats in coronal (top left 
and middle) and axial (bottom left and middle) planes. Note CNIII 

(arrowheads) lateral to the LM and the pituitary stalk (dotted arrows) 
ventral to the LM. On a right of midline sagittal reformat (right), note 
that the LM attaches superiorly at the mammillary bodies (diamond tip 
arrow) and inferiorly at the superior pons (open arrow)

9  Liliequist Membrane
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Fig. 9.5  A 49-year-old with an incidental LM (arrows) on three 
dimensional CISS T2WI with 1-mm thickness reconstructions in the 
coronal (top, left, and left middle), axial (top, right middle), and sagittal 
(top right) planes. The LM is also seen on coronal 1-mm three-dimen-

sional FLAIR reformats (bottom, left three images). Note CNIII (arrow-
heads) coursing on top of the LM and the OMM (thin arrows). Sagittal 
reformats of FLAIR (bottom right) show the LM behind the pituitary 
stalk (dotted arrows)

Fig. 9.6  Comparison case of arachnoid cyst (suprasellar). An 11-year-
old with headaches had a cyst (*) that followed CSF signal, located 
within the suprasellar cistern on sagittal T1WI (left) and on FLAIR (mid-
dle, to left of midline); this is the cistern and caused hydrocephalus. Note 

enlargement of the third (−−−) and lateral ventricles (+), and the dis-
placed pituitary stalk (dotted arrows). An endoscopic 3rd ventriculos-
tomy confirmed an arachnoid cyst. On a followup MRI 2 years later, the 
cyst had slightly decreased in size, as shown on noncontrast T1WI (right)

9  Liliequist Membrane



151

Fig. 9.7  Comparison case of epidermoid cyst. A 40-year-old with 
multiple cranial nerve symptoms had a cyst (*) within the suprasellar 
cistern on 1-mm thickness sagittal reconstructions from a three-dimen-
sional T1WI (left), axial postcontrast T1WI (left middle), noncontrast 
axial FLAIR (right middle), and DWI (right). The complex, non-CSF 

signal on FLAIR and the bright signal on DWI, are consistent with an 
epidermoid. Note that the pituitary stalk is compressed ventrally against 
the optic chiasm (dotted arrows), and the cyst compresses and partially 
surrounds the brainstem

Fig. 9.8  Comparison case of neurocysticercosis (racemose). A 
33-year-old with headaches had loculated cysts (*) in the basal cisterns 
and a frontal calcification on NECT (not shown). On three-dimensional 
T1WI (left) and CISS T2WI (left middle) with 0.5-mm thickness refor-
mats, the pituitary stalk is noted anteriorly (dotted arrows) and the 

basilar artery posteriorly (arrowheads), in  locations similar to the 
LM. However, note that one cyst expands the suprasellar cistern, while 
another cyst (+) compresses the left cerebral peduncle and uncus on 
axial FLAIR (right middle) and DWI (right). Note the thin walls of the 
multilocular cysts (thin arrows)
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Pineal Gland: Normal Size, Appearance, 
and Enhancement

At times, the pineal gland can appear prominent and simulate 
an enhancing lesion, with or without the presence of a cyst. 
The pineal gland increases in weight and volume with age 
and can even gradually increase in adulthood. Also, the 
degree of calcification of the pineal gland should not signifi-
cantly increase after 30–40 years of age. The glands are typi-
cally not calcified in children younger than 5 years of age but 
may progressively calcify into adulthood. Pineal glands may 
appear partially cystic in up to 50–60 % of patients and may 
enhance inhomogeneously after administration of intrave-
nous contrast (remember that the pineal gland enhances 
since it is outside the blood–brain barrier). However, the 
pineal gland should not cause mass effect on the adjacent 
midbrain tectum, which places the patient at risk for hydro-
cephalus as a result of aqueductal obstruction. Also, the mar-
gins of a normally enhancing pineal gland should be regular 
and rounded, although calcifications may cause the gland to 
appear to enhance inhomogeneously on MRI.

A practical measurement to use is that the pineal gland 
should measure less than 10 mm in each dimension, whether 
or not there are cysts or inhomogeneous enhancement. 
However, a simple-appearing pineal cyst may be slightly 
larger and still be considered normal (discussed separately 

in Sect. 10.2). Thus, a homogeneously enhancing gland up 
to 1-cm in size is usually entirely normal. Additionally, 
small cysts or calcifications are occasionally also present 
within a normal, asymptomatic gland, and these cysts or cal-
cifications may cause the gland to appear as though it inho-
mogeneously (i.e., heterogeneously) enhances; correlation 
with computed tomography can help. On occasion, the 
anteroposterior diameter measures slightly larger, and histo-
logically normal cases have been identified with dimensions 
slightly larger than 10 mm. However, using this 10-mm rule 
excludes most neoplasms. If slightly larger dimensions are 
measured and no other cranial lesions are identified, these 
can be followed serially over a period of 1–2 years to docu-
ment stability.

DWI can be helpful in detecting malignant pineal lesions, 
since several of the uncommon primary malignant pineal 
lesions have reduced diffusivity, such as pineoblastoma, reti-
noblastoma, and other round, blue cell tumors (although ger-
minomas exhibit less diffusion reduction). Metastases 
variably exhibit reduced diffusion. Traditionally, it is thought 
that pineal calcifications are dispersed by pineal tissue 
lesions (pineocytoma and pineoblastoma), while the other 
pineal tumors surround or engulf the calcifications.

10
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Fig. 10.1  A 57-year-old patient with an incidental upper limit of a nor-
mal sized pineal gland (arrows), measuring 9 mm on three dimensional 
sagittal (left) and axial (left middle) FLAIR, without reduced diffusion 

on DWI (right middle). There is normal enhancement on postcontrast 
axial T1WI (right). Note that the gland does not compress or abut the 
tectum (dotted arrow)

Fig. 10.2  A 35-year-old patient 
with a homogeneously enhancing 
9-mm pineal gland (arrows) on 
pre- (left) and postcontrast (right) 
FLAIR at 1.5 T, which abuts but 
does not compress the top of the 
tectum (dotted arrows). Note the 
normal enhancement of the 
pituitary infundibulum (thin 
arrows), which likewise lacks a 
blood–brain barrier

10  Pineal Gland: Normal Size, Appearance, and Enhancement
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Fig. 10.3  A 27-year-old with a homogeneously enhancing 9-mm 
pineal gland (arrows) on postcontrast axial (top left) and coronal (top 
right) T1WI, on coronal balanced CISS/T2WI (bottom left), and on 

axial FLAIR (bottom middle). No reduced diffusion is noted (bottom 
right). It is adjacent to but does not compress the tectum (dotted arrows)

﻿ 10  Pineal Gland: Normal Size, Appearance, and Enhancement
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Fig. 10.4  A 68-year-old patient with a homogeneously enhancing 
8-mm pineal gland (arrows) on postcontrast coronal (top left), sagittal 
(top right), and axial (bottom left) T1WI. On axial SWI (bottom middle), 

a small dark focus probably represents a tiny internal calcification. This 
is not changed from 3 years earlier on sagittal postcontrast T1WI (bot-
tom right)

Fig. 10.5  A 14-year-old with a faintly enhancing but multicystic pineal 
gland (arrows) on postcontrast sagittal T1WI (left) and T2WI (middle). 
The gland was borderline enlarged, being 11 mm maximum in diame-
ter, but it did not abut the tectum; thus, although a normal pineal gland 

was favored, it was elected to follow it at 1 and 2 years to exclude a 
mass. Postcontrast T1WI 2 years later (right) was unchanged, consis-
tent with a normal albeit atypical pineal gland

10  Pineal Gland: Normal Size, Appearance, and Enhancement
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10.1	 �The Pineal Gland: Normal 
Calcifications

Again, the pineal gland slightly increases in size and amount 
of calcification with age, but the degree of calcification 
should not significantly increase after 30–40 years of age. 
Calcifications are typically not present in children younger 

than 5 years of age but may progressively calcify into adult-
hood. Since pineal glands may appear partially cystic in up 
to 50–60 % of patients, it is not uncommon to note a partially 
calcified pineal gland with interspersed small cysts and mild 
contrast enhancement. However, the gland should not be 
enlarged (>10 mm size) and should not compress the aque-
duct or cause hydrocephalus.

Fig. 10.6  A 31-year-old patient with mild calcifications of the pineal gland (arrows) on axial (left), sagittal (middle), and coronal (right) NECT 
images. This appearance is normal and should not change much after this age

Fig. 10.7  A 62-year-old patient with a mildly calcified pineal gland 
(arrows) on sagittal NECT

10.1  The Pineal Gland: Normal Calcifications
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Fig. 10.8  A 43-year-old with a normal, nearly completely calcified pineal gland (arrows) on axial (left) and sagittal (right) NECT

Fig. 10.9  A 75-year-old patient with calcification of most of the pineal 
gland (arrows) on axial NECT (left); 6 years later at 81 years of age 
(middle), the pineal gland’s degree of calcification had not changed, 

consistent with the concept that the amount of calcification is stable 
after 30–40 years of age. Sagittal reconstructions (right) are also 
provided

10  Pineal Gland: Normal Size, Appearance, and Enhancement



159

Fig. 10.10  A 2-year-old patient with no calcification noted of the 
pineal gland (arrows) on NECT at that age (left). Six years later at 8 
years of age, there was a tiny, central calcification on NECT (middle), 

appearing as a punctate hypointensity on 3 T axial SWI (right). This is 
consistent with the concept that the pineal gland progressively calcifies 
from ages 5–40 years

Fig. 10.11  A 67-year-old patient with calcification of the pineal gland (arrows) on axial (left) and sagittal (middle) NECT. This is manifested as 
a focal region of dark susceptibility artifact on 1.5 T axial SWI MRI (right)

10.1  The Pineal Gland: Normal Calcifications
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Fig. 10.12  A 31-year-old patient with a large focus of susceptibility 
effect (arrows) with dark blooming on gradient-echo T2*WI 
(GRET2*WI), with a less prominent dark signal on turbo spin echo 

T2WI (middle). A scout sagittal image from a cervical spine CT that did 
not cover the head (right) confirms that this is caused by a prominent 
pineal calcification

Fig. 10.13  A 52-year-old patient with a completely calcified pineal 
gland (arrows) on axial (left) and sagittal (left middle) NECT, with a 
focus of dark signal on SWI (right middle) from the susceptibility 

effects of calcium. A postcontrast sagittal T1WI (right) shows minimal 
enhancement, since it is largely calcified. Also, note an incidental dural 
calcification (dotted arrow)

Fig. 10.14  A 55-year-old with a nearly completely calcified pineal 
gland (arrows) on axial (left) and coronal (left middle) NECT. There is 
dark signal on GRET2*WI (right middle) caused by the susceptibility 

effects of calcium. A postcontrast sagittal T1WI (right) does not dem-
onstrate any enhancement, since the pineal gland is largely calcified

10  Pineal Gland: Normal Size, Appearance, and Enhancement
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Fig. 10.15  A 33-year-old patient with an 11 mm partially cystic focus 
within the pineal gland (arrows) and on postcontrast sagittal (left) and 
axial (left middle) T1WIs with a focus of dark signal on GRET2*WI 
(right middle), thought to be calcium. A NECT (right) showed that cal-

cium was interspersed throughout the gland. This was considered a nor-
mal, pineal gland that was partially cystic owing to the size. A follow-up 
MRI 1 year later was unchanged (not shown)

Fig. 10.16  Comparison case of pineal metastasis: a 57-year-old patient 
with known bronchial cancer and metastases elsewhere had a 13-mm 
homogeneously enhancing pineal lesion (arrows) on a postcontrast sag-
ittal T1WI (left), which mildly indented the superior aspect of the mid-

brain tectum (dashed arrow). The lesion was isointense on FLAIR 
(middle) with mildly reduced diffusion on DWI (right, top image) and 
ADC map (right, bottom image)

10.1  The Pineal Gland: Normal Calcifications
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Fig. 10.17  Comparison case of pineoblastoma: a 2-year-old patient 
with a sizeable pineal mass (arrows) on precontrast (left) and postcon-
trast (middle) sagittal T1WIs that completely effaced the tectum. A ven-
triculostomy had already been placed for hydrocephalus. The mass had 

reduced diffusion on DWI (right, top image) and ADC map (right, bot-
tom image). Note enhancing leptomeningeal metastases along the 
brainstem and cerebellum (thin arrows)

Fig. 10.18  Comparison case of germinoma: a 17-year-old patient with 
a sizeable pineal mass (arrows) on NECT (left), which displaced a cal-
cification peripherally (arrowhead) and caused hydrocephalus by com-
pressing the tectum (thin arrows) and subsequently the cerebral 
aqueduct, as depicted on a 3 T sagittal T2WI MRI (middle). Note a third 

ventriculostomy on T2WI (+), which is intended to decompress the 
third ventricle. Axial DWI (right, top image) and postcontrast T1WI 
(right, bottom image) show that the tumor does not appear to be high 
grade, while it enhances avidly

10  Pineal Gland: Normal Size, Appearance, and Enhancement
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Fig. 10.19  Comparison case of pineocytoma (benign): a 19-year-old 
patient with a 15-mm pineal mass (arrows) on NECT (above). 
Calcifications were noted in its ventral aspect on axial (top left), sagittal 
(top middle), and sagittal three-dimensional reformats (top right). The 
mass abutted the tectum (dotted arrows), but the displacement of 

calcifications raised concern for a neoplasm. MRI showed homoge-
neous enhancement (except for the calcified portion) on sagittal (bottom 
left) and axial (bottom middle) postcontrast T1WIs; note normal inter-
nal cerebral veins (thin arrows, bottom left). On DWI (bottom right), 
there was no reduced diffusivity

10.1  The Pineal Gland: Normal Calcifications
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Fig. 10.20  Comparison case of pineal region meningioma (benign): a 
52-year-old patient with a 20-mm pineal mass (arrows) on postcontrast 
axial (left) and sagittal (middle) T1WIs. The mass did not have reduced 

diffusivity on DWI (right, top image) or on ADC map (right, bottom 
image). A dural tail (which is typical of meningioma) was not 
visualized
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10.2	 �Pineal Cysts

Benign, small, asymptomatic cysts of the pineal gland should 
be considered “don’t touch” lesions and have been reported 
to occur incidentally in various age groups with a frequency 
of up to 40 % of the population according to autopsy-based 
studies and in up to 20 % based on MRI studies. Earlier MRI-
based studies found a much lower frequency of cysts (in the 
range of 1–5 %), but this was probably related to the thicker 
sections and lower resolution of such preliminary studies. 
This observation has led to varying recommendations 
regarding their follow-up. Several studies have shown that 
the majority of smaller pineal cysts (<1.0 cm in size) either 
do not change in size or occasionally slightly decrease or 
increase by only a couple of millimeters; also they typically 
do not become symptomatic if the cyst is incidental (i.e., not 
the reason for presentation and without hydrocephalus) and 
if the cyst is not nodular or hemorrhagic. Other studies have 
shown no change in asymptomatic patients with cysts up to 
1.5 cm in size even if there is mild contact of the tectum as 
long as there is no overt mass effect or compression of the 
aqueduct.

On imaging, pineal cysts are hypodense on CT, while on 
MRI they are T2-bright, T1-dark, and variably bright on 
FLAIR (unless hemorrhage has occurred). Calcifications 
may be present peripherally and even eccentrically relative 
to the cyst on CT, which confirms the cyst’s pineal origin. 
However, calcifications that are eccentric to the cyst or 

gland may be worrisome, particularly if there is enhancing 
tissue or a nodular component of a cyst that is eccentric to 
the expected location of the gland. Contrast enhancement 
may be present in a crescentic or slightly thickened fashion; 
this is of no clinical significance unless the region of 
enhancement is either nodular or abuts the tectum. If they 
are large enough, the cysts may elevate and separate/splay 
the internal cerebral veins (ICVs). Again, care should be 
taken to ensure that there is no hemorrhage (e.g., fluid-hem-
orrhage level in a dependent fashion), hydrocephalus, or 
compression of the tectum/aqueduct and also that there is no 
evidence of nodular enhancement. Thus, this author recom-
mends that cysts less than 1.5 cm without any of the afore-
mentioned atypical features do not have to be followed by 
imaging, except in the unlikely development of clinical 
symptoms related to the cyst. Such symptoms could include 
headache, visual changes, vertigo, blurred vision/diplopia, 
nausea, vomiting, third or fourth cranial nerve paralysis, or 
Parinaud syndrome.

There are a few true abnormalities to be included in the 
differential diagnosis of pineal cysts. These include arach-
noid cysts in the superior vermian cistern, lesions of the tec-
tum, and pineal or germ cell tumors (which typically 
uniformly enhance with contrast). These can usually be dis-
criminated from pineal cysts based on thin sections in vari-
ous planes and the use of intravenous contrast material 
(Figs. 10.21, 10.22, 10.23, 10.24, 10.25, 10.26, 10.27, 10.28, 
10.29, 10.30, 10.31, 10.32, 10.33, and 10.34).

Fig. 10.21  A 13-year-old who was asymptomatic but underwent a 3 T 
MRI as part of a research study. There is a tiny, 7-mm pineal cyst (thin 
arrows) posterior to the tectum and aqueduct (larger arrows; note the 
dark flow void indicating patency on FLAIR), as shown on sagittal 
1-mm thickness T1WI (left), T2WI (middle), and FLAIR (right) 

images, reconstructed from three-dimensional acquisitions. The cyst is 
bright on FLAIR. Note the ICVs (arrowheads) just superior to the cyst. 
Also, note how such a small cyst may be difficult to visualize on T1WI 
or T2WI
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Fig. 10.22  An asymptomatic 12-year-old who was evaluated for 
developmental delay underwent a 3 T MRI. A 9-mm pineal cyst (thin 
arrows) is depicted on sagittal 1-mm thickness T1WI (top left), axial 
T2WI (top middle), FLAIR (top right), and axial T1WI (bottom left). 
This was unchanged from 5 years earlier (1.5 T) on T2WI (bottom mid-

dle) and on postcontrast T1WI (bottom right). Note that the cyst is 
isointense on FLAIR and comes close to the tectum (dotted arrows, top 
left). Also, note the ICVs (arrowheads) just posterior to the cyst. The 
third ventricle (*) is anterior to the pineal cyst
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Fig. 10.23  A 28-year-old patient was evaluated for a first time seizure. 
Present was a small, 9-mm pineal cyst (thin arrows) posterior to the 
tectum and aqueduct (larger arrows) shown on 3-mm thickness sagittal 
T1WI (left), coronal T1WI-IR (middle), and coronal FLAIR (right) 

images. The cyst is isointense on FLAIR. Note the ICVs (arrowheads) 
coursing superior to the cyst. Subtle inferior cerebellar vermian hypo-
plasia (+) was questioned in this patient

Fig. 10.24  A 64-year-old patient with a small, 9-mm pineal cyst (thin 
arrows) adjacent to but not compressing the tectum (dotted arrows) on 
a 5-mm thickness sagittal T1WI (left), axial postcontrast T1WI (mid-
dle), and axial FLAIR (right) images. The cyst has a slightly thickened 

and enhancing rim on postcontrast T1WI. The enhancing rim is isoin-
tense on FLAIR, while the cyst is centrally dark on FLAIR. Note an 
ICV (arrowhead, middle) just posterior to the cyst

10.2  Pineal Cysts
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Fig. 10.25  A 54-year-old patient who was asymptomatic underwent a 
3 T research MRI. The patient had a tiny, 6-mm pineal cyst (thin arrows) 
posterior to the tectum (dotted arrows) without compression of the tec-
tum or aqueduct (larger arrows; note the dark flow void indicating 
patency on T2WI and FLAIR) as shown on sagittal 1-mm thickness 

T1WI (left), T2WI (middle) and FLAIR (right) images; all were recon-
structed from three-dimensional volumetric acquisitions. Note that the 
cyst is bright on FLAIR. Also note the ICVs (arrowheads) coursing just 
superior to the cyst

Fig. 10.26  A 55-year-old patient with a routine research 3 T MRI. An 
incidental 11 mm pineal cyst (thin arrows) slightly compressed the tec-
tum (dotted arrows), as shown on 1-mm thickness sagittal T1WI (left) 

and FLAIR (right), obtained via three-dimensional acquisitions. The 
cyst is bright on FLAIR
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Fig. 10.27  A 50-year-old patient; a research 3 T MRI showed a 10-mm 
pineal cyst (thin arrow) that abutted the tectum (dotted arrow), with 
heterogeneous signal on a sagittal T1WI

Fig. 10.28  A 33-year-old female patient was evaluated for multiple 
sclerosis, with an incidental bilobed 1.4-cm pineal cyst (thin arrows) 
noted on the top of a sagittal T2WI of the cervical spine (left), later 
confirmed by sagittal FLAIR (left middle). It came close to but did not 

compress the tectum (dotted arrows). The cyst had increased diffusion 
on DWI and ADC map (right middle). A NECT (right) performed later 
showed typical pineal calcifications peripheral to the cyst

10.2  Pineal Cysts
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Fig. 10.29  A 65-year-old patient with an incidental 1.1-cm pineal cyst 
with peripheral calcifications and internal heterogeneous density (thin 
arrows) on NECT axial (left) and coronal (middle) reformats. This did 
not cause hydrocephalus. The cyst had a non-CSF signal on noncontrast 

FLAIR (right, top), while the rim mildly enhanced on postcontrast 
FLAIR (right). The recommendation was to follow this cyst in 1 year to 
exclude enlargement
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Fig. 10.30  Companion case of hemorrhagic pineal cyst. A 14-year-old 
patient was evaluated by NECT (top left) for hypoxic-ischemic enceph-
alopathy (negative). The patient had a 13-mm pineal cyst (thin arrows) 
that contained a “blood-fluid” level, with dependent dense hemorrhage. 
A 3 T sagittal T1WI (top middle) showed that the cyst slightly com-
pressed the tectum (dotted arrows) without obstructing the aqueduct 

(larger arrows) or causing hydrocephalus. Also, the dependent portion 
of the cyst was dark on axial T2WI (top right), FLAIR (bottom left), and 
SWI (bottom middle), consistent with acute hemorrhage. DWI and 
ADC map (bottom right) showed increased diffusion within the cyst. 
While the size was less than 1.5  cm, a follow-up MRI was recom-
mended because of the presence of hemorrhage but was not performed

10.2  Pineal Cysts
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Fig. 10.31  Companion case of a complex pineal cyst. A 24-year-old 
patient had a nonenhancing 3-cm cyst (thin arrows) and hydrocephalus. 
Note the enlarged optic recess of the third ventricle (+) on sagittal 
T1WI (left) and axial FLAIR (left middle), indicating hydrocephalus. 

The cyst compressed the tectum and aqueduct (larger arrows). Four 
years later the cyst had mildly enlarged, as shown on axial SWI (right 
middle; note lack of hemorrhage within the cyst) and sagittal T2WI 
(right)

Fig. 10.32  Companion case of a complex pineal cyst. A 61-year-old 
patient with dizziness had an 18-mm pineal cyst (thin arrows) that was 
isointense on sagittal T1WI MRI (left) and bright on T2WI (left middle) 
and FLAIR (middle). It compressed the tectum (dotted arrows) and 
superior vermis without obstructing the aqueduct. It had increased dif-

fusivity on DWI (right middle), and did not enhance on postcontrast 
T1WI (right), opposing the idea of a tumor. Thus, it was a complex 
pineal cyst, perhaps from a prior hemorrhage. A follow-up MRI was 
recommended but not performed
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Fig. 10.33  Companion case of pineal cyst with mass effect. In a 
36-year-old, a NECT (top left) 1 month post-trauma (no initial images 
obtained) found a 2.5-cm pineal cyst (thin arrows) that displaced calci-
fications peripherally (larger arrow). 3 T sagittal T1WI (top middle) 
showed that the cyst compressed the tectum but without hydrocephalus. 
The cyst was bright on T2WI (top right) and FLAIR (bottom left). It had 

a thin rim of enhancement on coronal T1WI (bottom middle) and was 
dark on DWI (bottom right). It was unchanged 5 months later, but a 
skull CT found from 2 years prior measured the cyst at 2.2 cm. A fol-
low-up MRI was recommended at 1 year as a result of size, enlarge-
ment, and mass effect but was not performed. Note ICVs (arrowheads) 
above the cyst
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Fig. 10.34  Companion case of an arachnoid cyst. The patient was a 
31-year-old post-trauma individual. Top row: a NECT (left) was nega-
tive for hemorrhage, but a pineal cyst was questioned because a cyst (*) 
was visible above the vermis. However, the cyst appeared to be poste-
rior to the pineal calcifications (thin arrows). On a 1.5 T MRI, coronal 
T1WI (middle) and sagittal T1WI (right) confirmed the location of the 
lesion. Middle row: coronal T2WI (left) and axial precontrast FLAIR 

(middle) confirm CSF-like suppression of the cyst. Postcontrast FLAIR 
(right) confirms the pineal enhancement anteriorly. Bottom row: 6 years 
later after another traumatic injury, axial (left) and sagittal (right) refor-
mats confirm unchanged findings in the pineal region, while new frontal 
subdural hematomas (--) had developed. Since the cyst abuts the ver-
mis, rather than the tectum, it is likely a supravermian arachnoid cyst
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Choroid Plexus: Normal Locations 
and Appearances

The choroid plexus’ (CPs) rich blood supply and the lack of a 
blood–brain barrier often lead to avid enhancement after intra-
venous contrast administration. Such enhancement is typically 
normal, but it can occasionally appear asymmetric or mass-
like, leading to a mistaken interpretation of tumors. Metastasis, 
glioma, CP papilloma, or subependymal giant cell astrocy-
toma (when near the foramen of Monro in a patient with tuber-
ous sclerosis) are considerations in the differential diagnosis 
for tumors in such locations. Abnormal enhancement of the 
CP should be considered if it is large and mass-like with 
hydrocephalus, although the presence of the asymptomatic 
don’t touch CP xanthogranuloma (see the following section) 
can appear mass-like as well. Volume averaging artifacts can 
exacerbate the mass-like appearance, which often occurs from 
a CP located anteriorly within the choroidal fissures or tempo-
ral horns of the lateral ventricles, especially on routine axial 
images. Linear or non-nodular CP enhancement can simulate 
abnormal leptomeningeal enhancement.

Alternatively, the CP can be entirely calcified and enlarged 
and lack enhancement. This appearance can simulate patho-
logic lesions, the differential diagnosis of which depends on 
the location. For example, an enlarged or mass-like CP 
within the fourth ventricle can simulate an infectious or 
postinfectious lesion such as a tuberculoma or neurocysticer-
cosis, while calcified choroid within the cerebellopontine 
angle may simulate a calcified, nonenhancing meningioma (a 
so-called burnt-out meningioma) or a schwannoma.

Thus, normal a CP can range from being calcified and 
nonenhancing to being avidly enhancing. A CP can appear 
asymmetric in  locations that are expected to be bilateral 
(such as the foramina of Luschka) and thus may simulate a 
mass. This can be particularly problematic when the cho-
roid is noncalcified or only partially calcified, i.e., it appears 
mildly hyperdense and thus simulates subarachnoid hem-
orrhage (SAH); this can lead to unnecessary CT or MRI 
scans. Additionally, bright signal on FLAIR or T2WI within 
a noncalcified CP can simulate lesions in particular loca-
tions owing to the close apposition of the CP, such as simu-
lating mesial temporal lobe sclerosis from adjacent choroid 
within the choroidal fissure. The normal CP is presented in 
the following pages caudally to cranially (inferior to 
superior).

Note that only a few examples of a normal CP within the 
trigones of the lateral ventricles are illustrated here, since a 
CP in that location is not usually mistaken for disease unless 
it is quite large. The exception is xanthogranulomas, which 
can have varying appearances and are covered separately 
herein (Figs. 11.1, 11.2, 11.3, 11.4, 11.5, 11.6, 11.7, 11.8, 
11.9, 11.10, 11.11, 11.12, 11.13, 11.14, 11.15, 11.16, 11.17, 
11.18, 11.19, 11.20, 11.21, 11.22, 11.23, 11.24, 11.25, 11.26, 
11.27, 11.28, 11.29, 11.30, 11.31, 11.32, 11.33, 11.34, 11.35, 
11.36, 11.37, 11.38, 11.39, 11.40, 11.41, 11.42, 11.43, 11.44, 
11.45, 11.46, 11.47, 11.48, 11.49, 11.50, 11.51, 11.52, 11.53, 
11.54, 11.55, 11.56, 11.57, 11.58, 11.59, 11.60, and 11.61).
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Fig. 11.1  A 50-year-old patient with a CP calcification (arrow) in 
the foramen of Magendie (median aperture) on axial NECT

Fig. 11.2  A 52-year-old patient with a CP calcification (arrow) in the foramen of Magendie (median aperture) on axial NECT (left). On one slice 
below (right), CP calcifications are seen lateral to the foramina of Luschka (thin arrows)
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Fig. 11.3  A 50-year-old patient with an asymmetric CP calcification (arrow) in the foramen of Luschka on axial NECT (left). Seven years later 
(right), this is unchanged

Fig. 11.4  A 49-year-old patient with a unilateral CP calcification 
(arrow) within the left foramina of Luschka on axial NECT

Fig. 11.5  An 82-year-old patient with bilateral calcifications of the CP 
(arrows) within the foramina of Luschka on axial NECT
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Fig. 11.6  A 54-year-old patient with mild to moderately calcified CP (arrows) within the foramina of Luschka bilaterally on NECT (left) and 
within the fourth ventricle (right), which simulated hemorrhage in a trauma patient

Fig. 11.7  A 58-year-old patient with moderately calcified CP (arrows) within the foramina of Luschka bilaterally on NECT
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Fig. 11.8  An 82-year-old patient with bilateral CP calcifications 
(arrows) within the foramina of Luschka on NECT. Dense CP within 
the fourth ventricle (thin arrow) mimics hemorrhage

Fig. 11.9  A 6-year-old with 
headaches who underwent a 
negative 3TMRI. CP 
enhancement was noted (arrows) 
within the foramina of Luschka 
bilaterally on postcontrast T1WI 
(left) but is invisible on NECT 
(right) because it is noncalcified
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182

Fig. 11.10  A 52-year-old patient; CP on NECT (top) in the foramina 
of Luschka (arrows) enhance on postcontrast T1WI (bottom)

Fig. 11.11  A 34-year-old patient; postcontrast T1WI shows unilater-
ally prominent CP (arrow) in the right foramen of Luschka, simulating 
a cerebellopontine angle lesion

Fig. 11.12  A 49-year-old patient with mildly calcified CP (arrows) within the foramina of Luschka on NECT (left), which enhances avidly on 
CECT (middle) and on postcontrast T1WI (right). Note the flocculi of the cerebellum (thin arrows) lateral to the CP
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Fig. 11.13  A 49-year-old patient with CP (arrow) within the left fora-
men of Luschka simulating a cerebellopontine angle lesion on noncon-
trast T1WI (left), which mildly enhances after contrast administration 

on T1WI (middle) and is only slightly calcified on NECT (right). The 
asymmetry is also exacerbated by the fact that the patient’s head is 
slightly tilted

Fig. 11.14  A 42-year-old patient with the CP within the right foramen 
of Luschka that is relatively invisible on noncontrast FLAIR (left). 
However there is moderate, linear enhancement within the right fora-

men of Luschka extending into the fourth ventricle on postcontrast 
FLAIR (middle) and T1WI (right). This CP enhancement simulates 
leptomeningeal inflammation
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Fig. 11.15  An 87-year-old patient with calcified CP (arrow) located 
centrally within the fourth ventricle on NECT

Fig. 11.16  A 40-year-old patient with calcified CP (arrow) located 
centrally within the fourth ventricle on NECT

Fig. 11.17  A 36-year-old patient with calcified CP (arrow) situated 
just to the right of the midline of the fourth ventricle on NECT
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Fig. 11.18  A 74-year-old patient with calcified CP (arrow) located just left of the midline within the fourth ventricle on NECT (left). It was 
unchanged at 1 year (right)

Fig. 11.19  A 45-year-old patient with calcified CP (arrow) of the 
lateral fourth ventricle on NECT
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Fig. 11.20  A 36-year-old patient with calcified CP (arrow) within the 
fourth ventricle along the cerebellar nodulus on axial NECT (left). On a 
1.5 T MRI, the CP produced focal susceptibility artifact on axial FLAIR 

images (middle) caused by calcium, which was confirmed on coronal 
T2*WI (right). Such focal calcium could simulate a postinfectious or 
post-traumatic lesion

Fig. 11.21  A 44-year-old patient with headaches and calcified CP 
(arrows) within the fourth ventricle on NECT (top left). On a 1.5 T MRI 
the CP is seen not on spin-echo T2WI (top middle) but is visualized on a 
balanced three-dimensional T2WI (top right), a sequence that accentu-
ates CSF signal intensity. The CP produces focal susceptibility artifact 

on SWI (bottom left). One month later, axial (bottom middle) and coro-
nal (bottom right) reconstructions from a NECT show no change. This 
simulates a postinfectious lesion such as neurocysticercosis, although no 
other lesions were noted
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Fig. 11.22  A 36-year-old patient with bilaterally calcified CP (arrows) 
just lateral to the midline of the fourth ventricle on NECT

Fig. 11.23  A 53-year-old patient with bilaterally calcified CP (arrows) within the fourth ventricle on NECT (left), on 3 T T2WI (middle), and on 
SWI (right). The calcifications cause the susceptibility effect on SWI
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Fig. 11.24  A 35-year-old patient with trauma who had a partially calcified CP (arrow) of the fourth ventricle on NECT (left). Its location was 
unchanged 4 years later, but it became more hyperdense (right), which could simulate hemorrhage

Fig. 11.25  A 61-year-old patient with altered mental status and 
partially calcified CP (arrow) of the fourth ventricle on NECT
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Fig. 11.26  A 66-year-old patient with trauma and a partially calcified CP (arrow) of the fourth ventricle on NECT (left) that simulated hemor-
rhage. Its location was unchanged 9 months later (middle). Coronal reformats (right) at that time more clearly demonstrate this to be CP

Fig. 11.27  An 80-year-old with acute weakness and a bilaterally calci-
fied CP (arrows) just lateral to the midline of the fourth ventricle on 
NECT
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Fig. 11.28  A 67-year-old patient with partially calcified CP (arrows) 
of the fourth ventricle on axial NECT (left), mimicking subarachnoid 
hemorrhage (SAH). A 3 T MRI confirmed that this was CP since there 

was susceptibility effect from the calcium on coronal GE T2*WI (mid-
dle), and CP enhanced avidly on coronal postcontrast T1WI (right)

Fig. 11.29  A 53-year-old patient with weakness. There was calcified 
CP (arrows) throughout the fourth ventricle and foramina of Luschka 
on 1.5 T MRI axial SWI (left) simulating SAH, but the CP enhanced 

mildly on postcontrast T1WI (left middle). The CP is also prominent in 
the temporal horns of the lateral ventricles (thin arrows, right middle) 
and atria (dotted arrows, right)
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Fig. 11.30  A 67-year-old patient with headaches with mildly calcified 
CP (arrows) within the fourth ventricle and laterally along the left floc-
culus on axial NECT (left) that simulated SAH. Hemorrhage was not 
found elsewhere. Reangled images (left middle and right middle) 

showed that these were in nondependent locations and that the CP cal-
cifications along the cerebellar flocculi were bilateral, as confirmed on 
coronal reformats (right)

Fig. 11.31  A 30-year-old patient with altered mental status and with 
mildly calcified CP (arrows) within the fourth ventricle on axial NECT 
(left) that simulated SAH. Hemorrhage was not noted elsewhere intra-

cranially. Note that the focus is not located in a dependent location on 
coronal (middle) and sagittal (right) reconstructions
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Fig. 11.32  Comparison case of fourth ventricular hemorrhage. The 
patient was a 48 year old with trauma; NECT (left) showed subdural 
hemorrhage along the temporal convexity (*) and tentoria (thin arrows). 

A NECT 6 h later (middle) found new fourth ventricular (dotted arrow) 
and sylvian fissure (arrowhead) subarachnoid hemorrhage on coronal 
views (right)

Fig. 11.33  Comparison case of traumatic hemorrhage. The patient 
was a 5-year-old child with trauma. An axial NECT (top left and mid-
dle) showed subarachnoid hemorrhage focally solely within the right 
foramen of Luschka (arrows) and the fourth ventricle (dotted arrows), 
also confirmed on coronal reformat (top right). Bone windows (bottom 

left) found a left occipital skull fracture (arrowheads). On a three-
dimensional volume rendered posteroanterior view (i.e., view from pos-
teriorly, bottom right), the fracture line is noted; it involves only the left 
occipital calvarium
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Fig. 11.34  A 34-year-old with altered mental status with bilateral, 
punctate CP calcifications (arrows) of the foramina of Monro on axial 
NECT (left). On postcontrast coronal T1WI MRI (middle), avid 
enhancement confirms CP in that location, as the extent of the enhance-

ment on T1WI MRI is actually larger than the areas of calcified foci on 
NECT. Sagittal T1WI (right) illustrates enhancing CP of the right fora-
men of Monro and lateral ventricle

Fig. 11.35  A 36-year-old patient was given a NECT that depicts calci-
fied CP bilaterally within the foramina of Monro (arrows) on NECT 
(left). There is also a partially calcified CP of the third ventricle on other 

images (middle and right), simulating hemorrhage. Note that the CP in 
this case is confluent through these locations and varies in the degree of 
calcification
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Fig. 11.36  A 57-year-old patient with asymmetric calcified CP (arrows) of the anterior third ventricle on NECT (left). This appearance was 
unchanged 2 years later on NECT (right). Note small infarcts within the thalami (thin arrows)

Fig. 11.37  A 29-year-old patient with a calcified CP (arrow) of the 
anterior third ventricle on NECT
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Fig. 11.38  A 53-year-old patient with a calcified CP (arrow) of the 
ventral third ventricle on NECT (left) simulating hemorrhage or a col-
loid cyst. Its location and appearance were unchanged 4 years later (left 

middle). SWI MRI at 1.5 T (right middle) depicted a focal susceptibility 
artifact in that location from calcification, whereas FLAIR (right) was 
normal

Fig. 11.39  A 62-year-old with a partially calcified lesion (arrows) on NECT (left) within the anterior third ventricle that did not change 9 months 
later (middle). On a 3 T MRI that included postcontrast coronal T1WI (right), this was found to be a CP that moderately enhanced with contrast
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Fig. 11.40  A 46-year-old patient with a tiny calcified CP (arrow) of the ventral third ventricle on NECT axial (left) and on coronal (right) 
reconstructions

Fig. 11.41  A 46-year-old patient with a tiny, barely calcified CP 
(arrow) of the third ventricle on NECT
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Fig. 11.42  Comparison case of neurocysticercosis (colloidal vesicular 
phase): a 27-year-old patient with hydrocephalus. An intermediate den-
sity lesion (arrows) in the third ventricle on NECT (left) was bright on 

noncontrast T1WI (right) and obstructed CSF flow. A colloid cyst may 
appear similar on MRI but is usually hyperdense on CT

Fig. 11.43  Comparison case of tuberous sclerosis: a 33-year-old male 
patient with tuberous sclerosis had a subependymal calcified lesion just 
above the left foramen of Monro (dotted arrows) on axial (left two 

images) and coronal (right) reformats from a NECT. These may calcify 
over time and/or enhance with contrast medium

Fig. 11.44  Comparison case of colloid cyst: a 25-year-old patient had 
a hyperdense lesion (noncalcified) at the midline within the anterior 
third ventricle on NECT (left) and on T2WI MRI (middle) without 

hydrocephalus. The patient returned 5 years later with neurologic 
symptoms, as the cyst had enlarged on T2WI (right) with enlarging 
lateral ventricles. Note the characteristic location
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Fig. 11.45  An 87-year-old patient with calcified CP (arrow) within 
the right choroidal fissure on NECT

Fig. 11.46  A 53-year-old patient with NECT with calcified CP (arrows) within the left CF on NECT (left). A coronal reformat (right) further 
depicts the calcification
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Fig. 11.47  A 65-year-old patient; NECT depicts bilateral partially cal-
cified CP (arrows) in the temporal horns

Fig. 11.48  A 61-year-old patient 
with bilateral CP (arrows) within 
the temporal horns on NECT 
(left). On SWI (right), some CP 
has a dark signal from calcium
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Fig. 11.49  A 57-year-old patient with NECT (left) that shows calcified 
CP with the temporal horns bilaterally (arrows). On noncontrast axial 
FLAIR MRI (middle), the CP is nearly invisible. However, on postcon-

trast FLAIR (right), the CP enhances moderately, illustrating how it is 
actually much larger than the calcified portions

Fig. 11.50  A 61-year-old patient with CP visualized (arrows) on non-
contrast FLAIR images (left) and with quite avid enhancement on post-
contrast FLAIR images (middle), which occurs because the CP lacks a 

blood–brain barrier. GE T2*WI (right) does not depict any dark foci of 
susceptibility within the CP, suggesting a lack of calcium within the CP
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Fig. 11.51  A 59-year-old patient with a seizure. A 3 T MRI with coro-
nal FLAIR images (left) demonstrated a bright signal (arrows) overly-
ing the right hippocampus that initially simulated a hippocampal lesion 
such as mesial temporal sclerosis. However, this region enhanced on 

postcontrast T1WI (middle) and was found to be within the choroidal 
fissure on T2WI (right) consistent with CP. Note the normal hippocam-
pus just inferior to the CP (thin arrows)

Fig. 11.52  A 57-year-old patient was given a 1.5 T MRI, including an 
axial T1WI (left) that demonstrated a prominent CP (arrows) within the 
trigones and temporal horns that avidly enhanced on postcontrast axial 

(middle) and coronal (right) T1WI. This was consistent with normal, 
prominent CP within the choroidal fissure. Note the normal hippocam-
pus just inferior to that (thin arrows)
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Fig. 11.53  A 49-year-old patient with a CECT (left) that shows avid 
enhancement of the CP with the temporal horns bilaterally (arrows); it 
was only mildly hyperdense on NECT (left middle). 3 T MRI axial post-

contrast T1WI (right middle) depicts less enhancement and no dark 
signal on SWI (right) consistent with the finding that the CP is incom-
pletely calcified

Fig. 11.54  A 50-year-old patient with an axial NECT (left) and coro-
nal NECT (right) obtained post-trauma (negative examination). This 
examination demonstrated how the bilateral, incompletely calcified CP 

(arrows) may appear hyperdense within the choroidal fissures. The 
bilateral appearance makes it clear that this does not represent 
hemorrhage

Fig. 11.55  A 3-year-old patient with a NECT (left) obtained post-
trauma, which demonstrates how incompletely calcified CP (arrows) 
may appear hyperdense within the choroidal fissure. It was questioned 

by a radiology resident as representing hemorrhage. A 3 T MRI the next 
day depicted the asymmetric CP on axial FLAIR (middle) and T2WI 
(right)
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Fig. 11.56  Companion case of neurocysticercosis. A 29-year-old 
patient with seizures underwent an emergent NECT that demonstrated 
a calcified lesion (dashed arrows) on axial images (top left). However, 
the lesion was shown to be inferior to the choroidal fissure (thin arrows) 
on 1-cm-thick coronal reformats (top right) and was actually located 

within the right parahippocampal gyrus. A 3 T MRI axial T2WI (bottom 
left) and a coronal postcontrast T1WI (bottom right) depicted a dark 
signal within the calcified lesion and confirmed a lack of enhancement. 
The lesion represents an “inactive” (but still may cause seizures) 
sequela of desiccated material that was previously cystic

Fig. 11.57  Companion case of lung cancer metastasis. A 30-year-old 
patient with a prominent CP unilaterally that was initially thought to be 
an enhancing metastasis (arrow) based on postcontrast axial T1WI 
(left). However, on a postcontrast coronal T1WI (middle), it was con-

firmed to be within the choroidal fissure and was symmetric as com-
pared to the opposite side (thin arrows). The asymmetry on axial 
images was caused by head tilting. Two years later on repeat postcon-
trast coronal T1WI (right) a true metastasis was noted (dashed arrow)
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Fig. 11.58  Companion case of glioblastoma. A 50-year-old patient 
with seizures. Top row: an emergent NECT showed a mildly hyper-
dense lesion (dashed arrows) on axial (left) and coronal (middle) refor-
mats. Note mild hypodense edema surrounding the lesion, also 
confirmed to have surrounding edema on 3 T FLAIR (right). Middle 
row: SWI (left) depicted T2-dark hemorrhage within, with edema on 
noncontrast axial T1WI (middle) and avid enhancement surrounding 

the hemorrhage on postcontrast coronal T1WI (right). Bottom row: 
using axial postcontrast T1WI (left), MR perfusion CBV (middle) was 
measured in the enhancing lesion, and the CBV was 2.7 times the non-
affected white matter (>2 times is suggestive of a higher grade primary 
brain tumor). Dynamic leakage maps (right) confirmed blood–brain 
barrier dysfunction, also consistent with a high-grade primary brain 
tumor

11  Choroid Plexus: Normal Locations and Appearances



205

Fig. 11.59  A 35-year-old patient with a NECT (left) had a 3 T MRI 
(middle) with accompanying phase map (right) of a typical location of 
CP (arrows) within the trigones of the lateral ventricles. This is probably 
partially calcified although not visible on NECT, since the dark signal on 

SWI indicates that it is diamagnetic as it is also dark on phase map, while 
the superior sagittal sinus should have bright paramagentic signal (dot-
ted arrows). Also note a normal pineal calcification (thin arrows), which 
is also diamagnetic because it is dark on both SWI and phase map

Fig. 11.60  A 51-year-old with a NECT (left) had a 3 T MRI (middle) 
with accompanying phase map (right) of a typical location of CP 
(arrows) within the trigones of the lateral ventricles. The CP is mostly 
calcified, such as on NECT, since the dark signal on SWI indicates that 
it is diamagnetic and it is also dark on the phase map, while the superior 

sagittal sinus has bright paramagentic signal (dotted arrows). Also note 
the normal iron of the noncalcified globi pallidi (circle tip arrows), 
which are paramagnetic since they are dark on SWI but bright on the 
phase map, akin to the dural sinuses
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Fig. 11.61  A 55-year-old patient 
with prominent intracranial 
calcification on left lateral (top 
left), right lateral (top right) and 
anteroposterior view (bottom left) 
plain films. This is consistent 
with CP calcifications (arrows) 
within the trigones of the lateral 
ventricles and was confirmed by 
a NECT (bottom right). Note a 
normal pineal calcification as 
well (thin arrows)
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11.1	 �Choroid Plexus Cysts

It should be noted at this point that there is some controversy 
and confusion as to exactly what choroid plexus cysts (CPCs) 
are histologically, how to classify them, and when the term 
choroid plexus cyst should be used. Traditionally, the term 
CPCs refers to benign cysts that are usually transitory/imper-
manent and are commonly encountered on second trimester 
ultrasound (US) examinations. Traditional sources consider 
that such transient cysts do not have an epithelial lining his-
tologically. This is because they are thought to develop 
between the folds lined by the epithelium rather than being 
lined by epithelium themselves. They are also considered to 
exist only in the fetus or neonate, as opposed to the adult 
form of choroidal fissure cysts (a form of neuroepithelial 
cyst), which may exist in late childhood or even adulthood. 
Other sources group these two categories of neonates and 
adults together on more of a histologic basis and consider 
CPCs to consist of benign, clear-colored cysts of neuroepi-
thelial origin caused by trapping or infolding of columnar 
epithelial lining, possibly persisting into childhood or rarely 
into adulthood. It is likely that most of the controversy in 
terminology and classification arises from the lack of litera-
ture following normal CPCs encountered prenatally and con-
tinuing into the juvenile period or into adulthood. For the 
purposes of this book, both fetal/neonatal and juvenile/adult 
CPCs are discussed based on location, using the traditional 
thinking but keeping in mind that there may be an overlap 
and perhaps an evolution of such cysts between prenatal to 
juvenile to adult age groups.

Conforming to the traditional understanding, CPCs typi-
cally develop around the fetal sixth gestational week, and the 
incidence on second trimester prenatal US examinations is 
estimated to be between 0.3 and 3.5 %. An incidence of 
around 1 % appears to be the most reproducible statistic 
based on many different studies over the past few decades. 
One reason that this statistic varies significantly is probably 
because the majority (over 90 %) are thought to resolve by 
the 28th gestational week. Thus, the measured incidence 
within such studies probably relates to the gestational age at 
which the US is performed, the transitory nature of these 
cysts, and the resolution of the US machine. Interestingly, a 
more recent study by Norton and colleagues found an inci-
dence as high as 12 % in a noncongenital heart disease goup 

(nonsyndromic) as opposed to 26 % in the congenital heart 
disease group. The authors hypothesized that the difference 
was due to the utilization of newer equipment. Thus, the inci-
dence of CPCs in normal neonates is probably higher than 
traditionally thought and indicates that these CPCs may per-
sist into childhood and on rare occasion into adulthood.

Thus, such CPCs found during prenatal or neonatal US are 
most commonly a normal variation, since they are typically 
isolated and the vast majority are not associated with a syn-
drome or other congenital abnormality. However, in certain 
syndromes or genetic anomalies, such as trisomy 18 (with 
CPCs in 40–70 %), trisomy 21 (with CPCs in 17 %), and per-
haps in congenital heart disease (possibly with CPCs in up to 
26 %), the incidence is much higher than encountered in the 
general population. Currently, the literature suggests that if 
other congenital abnormalities are not detected on fetal US in 
a patient with incidental, small size (<1 cm) CPCs, the likeli-
hood of finding such syndromes is less than 1 %.

This has led to much debate about the management and 
work-up for other congenital abnormalities in the scenario 
where a CPC is the only finding on routine prenatal 
US.  Although they are overwhelmingly asymptomatic, 
severely enlarged CPCs found prenatally or in the neonate 
may rarely obstruct if they are present in atypical locations, 
such as near the foramen of Monro or Luschka. Thus, larger 
cysts (>1 cm) should likely be followed serially prenatally. 
However, following delivery, there are no good data to indi-
cate whether such cysts should be followed.

If CPCs persist into neonatal or early childhood, their 
imaging is typically hypodensity on CT, while occasionally 
CPCs may occur within or adjacent to a calcified choroid 
plexus in adults. On MRI, the cysts are typically T1-dark, 
T2-bright, and suppress with CSF on FLAIR; on DWI, the 
cysts are typically dark, unless it is a choroid plexus xan-
thogranuloma, which is typically present only in adults 
(and covered in Sect. 11.3). Contrast enhancement of CPCs 
is typically absent, although they may be surrounded by a 
thin rim. In older children or adults, CPCs may occasion-
ally be seen between calcifications. Again, there is contro-
versy as to whether such prenatal/infantile CPCs can persist 
later into childhood or adulthood. Notably, CPCs have also 
been shown in some limited reports to regress or disappear 
between the neonatal period and later childhood 
(Figs. 11.62, 11.63, 11.64, 11.65, 11.66, 11.67, and 11.68).
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Fig. 11.62  A 2-day-old term infant had an incidental CPC (arrows) within the left lateral ventricle on coronal (left) and sagittal (middle and right) 
US images. No other significant findings were noted, and the patient did not have a history of syndromic abnormality. The cyst measured 2.4 mm

Fig. 11.63  A 6-day-old premature infant (born at 30+ weeks’ gesta-
tional age) with a tiny, incidental CPC (arrows) within the left lateral 
ventricle on coronal US images. No other significant findings were 

noted, and the patient did not have a history of syndromic abnormality. 
This cyst measured 1.9 mm

Fig. 11.64  A 2-day-old term infant with a small, incidental CPC (arrows) within the left lateral ventricle on coronal US images. No other findings 
were noted, and the patient did not have a syndromic abnormality. The CPC measured 3.4 mm
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Fig. 11.65  A 10-day-old premature infant (26 weeks’ gestational age 
at birth) with a 2.5-mm CPC (arrows) within the left lateral ventricle on 
sagittal (top left), and coronal (top right) US images. No other findings 
were noted; the patient did not have a syndromic abnormality. On a 3 T 
MRI at term-equivalent age (about 3 months postnatal), the cyst was not 

visualized on axial (bottom left) or coronal (bottom middle and bottom 
right) images. Therefore, the CPC was presumed to have regressed or 
was too small to visualize. Note a normal cavum septum pellucidum 
(tiny arrows)
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Fig. 11.66  A 13-month-old infant with a mild developmental delay but 
lacking evidence of syndromic or other abnormality on clinical exami-
nation and on a 3 T MRI. A CPC (arrows) was incidentally noted within 
the left lateral ventricle on axial FLAIR (left and left middle) and on 

axial T1WI (right middle). No other findings were noted, and the 
myelination pattern was normal for age. The CPC is nearly invisible on 
axial T2WI (right, top image) and SWI (right, bottom image)

Fig. 11.67  An 18-month-old infant with developmental delay and tri-
somy 21 who underwent a 3 T MRI. Two CPCs (arrows) within the left 
lateral ventricle were depicted on axial FLAIR (top, left, and left mid-
dle), axial T2WI (top, right middle), and axial T1WI (top right). Note 

the difficulty in visualizing the CPCs on axial T2WI and DWI (bottom 
left). Coronal FLAIR (bottom, left middle), and coronal (bottom, right 
middle) and sagittal (bottom right) T1WIs also illustrate the cysts
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Fig. 11.68  A patient with trisomy 21 and developmental delay had 
bilateral CPCs (arrows) noted both within the right lateral ventricle on 
a sagittal US image at 3 months of age (top left) as well as within the 
lateral ventricles of both sides on coronal US images (top middle, and 

right). On a 3 T MRI at 2 years of age, axial T1WIs (bottom left and 
middle) showed the cysts, although they were not seen on DWI (bottom 
right). No other findings were noted, and the myelination was normal
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11.2	 �Choroidal Fissure and Neuroepithelial 
Cysts

The choroidal fissure is a space between the fornix and hypo-
thalamus that communicates medially with the ambient cistern 
and laterally with the temporal horn of the lateral ventricle on 
that side. The choroidal fissure is the site of attachment of the 
choroid plexus within the lateral ventricle and can have some 
degree of side-to-side asymmetry, a form of lateral ventricular 
asymmetry, which is discussed elsewhere in this book.

Within the choroidal fissure, benign, nonneoplastic cysts 
may be noted in childhood or adults that usually have CSF-
like signal intensity on MRI sequences and are occasionally 
bilateral. In such a location, these can be considered choroi-
dal fissure cysts (CFCs) or neuroepithelial cysts (NECs, also 
termed neuroglial or ependymal cysts); they are usually lined 
by either ependymal or choroid plexus cells. NECs are 
thought to be distinct, although this is not clearly established 
in relation to the fetal CPCs that are most commonly a transi-
tory phenomenon on US and typically disappear by term 
neonatal age. Most commonly neuroepithelial-origin CFCs 
suppress in signal intensity along with CSF on FLAIR, 
although they are occasionally bright on FLAIR. Although 
the literature is sparse regarding long-term follow-up of such 
cysts, they are overwhelmingly asymptomatic when located 
in the choroidal fissure. They also do not change over time 
(unless trauma or iatrogenic injury ensues) and likely can be 
considered as normal variations if exhibiting CSF-like signal 
intensity on T2WI, T1WI, and FLAIR. They are less than 
1 cm in size. They do not have significant enhancement with 
contrast medium, although a thin rim may be present (like 
CPCs). These cysts may mimic various low-grade primary 
brain tumors such as a dysembryoplastic neuroepithelial 
tumor (DNET) or a ganglioglioma, both of which may occur 
in the adjacent medial temporal lobe. Cysts that do not sup-
press on FLAIR are larger (>2 cm) or have an abnormal sig-
nal in the surrounding cerebral parenchyma. Such larger 
cysts should probably be followed for some time in order to 
exclude low-grade tumors. Also, epidermoid cysts may occa-
sionally present as T2-bright, do not suppress on FLAIR, and 
have reduced diffusion (bright on DWI) relative to CSF. They 
are often present in an adjacent location near the skull base. 
Notably, CFCs/NECs only very rarely occur in the posterior 
fossa, and thus a cyst in that location is more likely to be an 
arachnoid cyst, an epidermoid cyst, a dermoid cyst, or a 
neurenteric cyst (very rare) in a young patient.

Again, there is often debate as to whether CSF-like cysts 
in the choroidal fissure truly represent neuroepithelial cysts 
versus arachnoid cysts, although the current prevailing 

opinion is that these are neuroepithelial in origin. This 
controversy probably arises because the numerous case 
reports of larger (>2  cm) cysts within the lateral ventricle 
with surgical confirmation have variably been ascribed to 
both neuroepithelial cysts and arachnoid cysts in nearly 
equal numbers. However, this could partly depend on loca-
tion, since those cysts within the choroidal fissure (CFC) are 
usually less than 2 cm and are nearly always asymptomatic 
(i.e., likely being NECs), while larger cysts that may occur 
within the trigones of the lateral ventricles or within the third 
ventricle can occasionally cause symptoms, possibly caused 
by intermittent obstruction (i.e., likely being arachnoid 
cysts). Since such larger, trigonal cysts occasionally enlarge, 
some believe that such cysts are arachnoid cysts, while oth-
ers have used the term simple intraventricular cysts. Hence, 
NECs can be indistinguishable from arachnoid cysts when 
they are located within trigones of the lateral ventricles.

Neither the NEC nor the arachnoid cyst should be con-
fused with synechiae/webs that occasionally result from 
chronic ventricular shunting or after trauma or with cystic 
leukomalacia; these can occur as a sequela of hemorrhagic 
periventricular leukomalacia in premature infants. Therefore, 
intraventricular cysts should be correlated with the clinical 
history and followed appropriately unless they are quite 
small (<1 cm), particularly if they do not have CSF-like sig-
nal intensity on FLAIR or if hydrocephalus is present. Other 
rare causes of intraventricular cysts include neurocysticerco-
sis (e.g., racemose form) and hydatid (echinococcal) cysts. 
Of note, colloid cysts are also neuroepithelial in origin (the 
term typically refers to those cysts occurring at the midline 
between the foramina of Monro), but they are considered 
abnormal because they may obstruct those foramina. They 
typically have some degree of hyperdensity on CT and some 
degree of either T1-bright or T2-dark signal internally. 
Interestingly, recent literature suggests that neuroglial cysts 
may arise from ependymocytes, while colloid cysts arise 
from endoderm, which could explain their difference in the 
rates of symptoms and of enlargement.

As noted previously, there could be overlap between the 
appearance of prenatal/neonatal CPCs (which typically 
regress), and CFCs/NECs encountered in childhood or, 
uncommonly, in adulthood. It is plausible that these two enti-
ties could be related and might represent a spectrum over 
time. However, this concept is speculative, and there is a lack 
of longitudinal studies that focus on the persistence or regres-
sion of these cysts from the neonatal to juvenile/adult ages 
(Figs. 11.69, 11.70, 11.71, 11.72, 11.73, 11.74, 11.75, 11.76, 
11.77, 11.78, 11.79, 11.80, 11.81, 11.82, 11.83, 11.84, 11.85, 
and 11.86).
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Fig. 11.69  A 71-year-old patient with a largely negative MRI per-
formed for headaches. A single CPC (arrows) is located within the atria 
of the left lateral ventricle on axial T2WI (top left), T2*WI (top middle), 
DWI (top right), FLAIR (bottom left), and on postcontrast axial (bottom 
middle) and coronal (bottom right) T1WIs. Note a thin rim of enhance-

ment on postcontrast T1WI, where choroid plexus enhancement is often 
noted owing to the lack of a blood–brain barrier. A smaller focus of 
reduced diffusivity just anteriorly (thin arrows) is likely an incidental 
xanthogranuloma
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Fig. 11.70  A 72-year-old patient underwent an MRI for stroke work-
up (negative). Multiple, loculated, bilateral CPCs (arrows) are present 
within the atria of the lateral ventricles on axial FLAIR (top left and 
middle), T2WI (top right), and DWI (bottom left) with ADC map (bot-
tom middle). Note the thin, enhancing rims of fibrovascular stroma on 

postcontrast T1WI (bottom right), where choroid plexus enhancement 
is typically noted caused by the lack of a blood–brain barrier. One 
smaller cyst may be an incidental xanthogranuloma (thin arrows), since 
it exhibits a tiny focus of reduced diffusion
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Fig. 11.71  A 54-year-old patient with axial (left) and coronal (middle) 
NECT images that depict right choroidal fissure prominence from a CFC 
(arrows). Note the ambient cistern (thin arrows), within which is the 
posterior cerebral artery and anterior choroidal artery (double arrows) 

on CTA coronal images (right). A 1.5 T MRI with axial FLAIR (bottom 
left), SWI (bottom middle), and magnified coronal T1WI (bottom right) 
images is also provided
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Fig. 11.72  A 6-year-old patient with a well-defined 1.5 cm right CFC 
(arrows) on a 3 T MRI with axial T2WI (left), having a CSF-like signal 
on DWI (left middle) and FLAIR (right middle). There was no change 

1 year later on FLAIR (right). This could simulate a low-grade tumor 
on T2WI and FLAIR, but note the lack of surrounding bright T2 edema

Fig. 11.73  A 46-year-old female underwent a 3 T MRI performed for 
seizures that shows prominence of the right choroidal fissure represent-
ing a CFC (arrows), as shown on a coronal T2WI (left), axial DWI (top 
middle), ADC maps (top right), and postcontrast coronal T1WI (bottom 

left). On FLAIR (bottom middle), the signal within the cyst suppresses 
similar to that of CSF. A 1.5 T FLAIR image from 3 years earlier (bot-
tom right) confirms no significant change over time
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Fig. 11.74  A 12-year-old patient with a small CFC (arrows) on a 3 T 
MRI with coronal T2WI (left), axial T2WI (middle), and sagittal T1WI 
(right). The cyst can be localized to within the choroidal fissure on sag-

ittal T1WI (right). Note a normal xanthogranuloma within the atrium of 
the right lateral ventricle (tiny arrow, right)

Fig. 11.75  A 59-year-old with a 3 T MRI of a CFC (arrows) that mim-
ics edema from mesial temporal sclerosis on coronal T2*WI (top left). 
The cyst has high diffusivity on an ADC map (top middle) and is bright 
on T2WI (top right). A sagittal postcontrast T1WI (bottom left) depicts 

how the cyst mildly displaces adjacent structures. On a 1.5 T MRI from 
10 years earlier, the cyst appeared the same on FLAIR (bottom middle) 
and T2WI (bottom right)
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Fig. 11.76  A 19-year-old patient with hand numbness. A 3  T MRI 
demonstrated a 2-cm cyst (arrows) within the left ambient cistern and 
choroidal fissure that displaced the hippocampus laterally. The signal 
characteristics were that of a CFC on axial FLAIR (top left), T2WI (top 
middle), ADC map (top right), DWI (bottom left), and magnified coro-

nal T1WI (bottom right). Note the temporal horn laterally (thin arrow). 
The displacement of adjacent structures could simulate a cystic low-
grade tumor, but note the lack of adjacent parenchymal hyperintensity 
on FLAIR. This was unchanged several years later (not shown), and so 
was thought to be a CFC/NEC and less likely an arachnoid cyst

Fig. 11.77  Comparison case of tuberous sclerosis. A 33 year old with 
seizures had enlargement of the left temporal horn (arrows) on axial 
FLAIR MRI (left). Coronal FLAIR (top middle), coronal T1WI-IR 
(bottom middle), and coronal T2WI (top right) demonstrated abnor-
mally thickened tissue (tiny arrows), indicating dysplastic tissue within 

and above the left hippocampus (dashed arrows). There was also a 
focus of dysplastic tissue/hamartoma in the right middle frontal gyrus 
(*) on T2WI (bottom right). This patient was later found to have tuber-
ous sclerosis
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Fig. 11.78  Comparison case of racemose neurocysticercosis. On axial 
(top left) and coronal (top middle) NECT, a 33 year old had cystic 
enlargement of the perimesencephalic cisterns (arrows) and mild 
enlargement of the temporal horns (tiny arrows). Axial T2WI (top 
right), FLAIR (bottom left), DWI (bottom middle), and postcontrast 

coronal T1WI (bottom right) from a 3 T MRI demonstrated that the 
cysts’ signal is slightly greater than that of CSF and does not enhance, 
which are characteristics often seen with racemose (i.e., grape-like 
clusters) neurocysticercosis

Fig. 11.79  Comparison case of mesial temporal sclerosis (MTS). In a 
3-year-old patient with seizures, axial 3 T MRI T2WI (left), FLAIR 
(middle), and coronal FLAIR (right) images showed abnormal right 
hippocampal signal (arrows) as compared to the left (tiny arrows), with 

prominence of the right choroidal fissure and anterior temporal horn 
(dashed arrows). The asymmetric atrophy of the hippocampus and 
bright T2 signal confirmed MTS
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Fig. 11.80  Comparison case of ganglioglioma. In an 8 month old with 
seizures, a noncontrast 3 T MRI with axial (left) and coronal (middle) 
T2WIs depicted a potentially cystic lesion; the temporal horns (dashed 
arrows) were normal. However, the lesion’s internal signal was less 

hyperintense than that of CSF. The patient returned for axial postcon-
trast T1WI (right), which confirmed a homogeneously enhancing mass 
rather than a simple CFC

Fig. 11.81  Comparison case of epidermoid cyst. A 27 year old under-
went a 1.5 T MRI, including axial T2WI (left), postcontrast FLAIR (left 
middle), DWI (middle), ADC map (right middle), and postcontrast 
T1WI (right), which showed a T2-bright cystic mass (arrows) within 
the right perimesencephalic cistern and the suprasellar cistern that 

causes a mass effect on the brainstem. Mild internal FLAIR signal is 
present, arguing against an NEC or arachnoid cyst. Note the bright sig-
nal on DWI, with ADC values lower than those of CSF on the ADC map 
as well as the lack of contrast enhancement
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Fig. 11.82  Comparison case of a large choroid fissure cyst. A 7 year old 
with a remote perinatal insult had left choroidal fissure enlargement from a 
3.5-cm cyst (arrows), without hydrocephalus, on NECT (left). The cyst had 
a CSF-like signal on DWI (left middle), FLAIR (not shown), SWI (right 

middle), and coronal T2WI (right). Note intraventricular hemosiderin on 
SWI from an old germinal matrix injury (dotted arrows), although the peri-
ventricular white matter was normal. It was thought to be a CFC, based on 
location, but was not followed because it was asymptomatic at that time

Fig. 11.83  Comparison case of a large intraventricular cyst. An 8 year 
old with headaches had an enlarged right lateral ventricle on FLAIR 
(left) caused by a 4.0-cm cyst (arrows); there was no hydrocephalus or 
parenchymal lesion. At 21 years of age (13 years later), with worsening 
headaches, FLAIR (left middle), DWI (right middle), and SWI (right) 

showed a CSF-like signal internally without hemorrhage; the cyst was 
minimally enlarged to 4.5 cm. It was indeterminate whether it was a 
NEC or an arachnoid cyst, and it was unsure (although unlikely) if the 
cyst was the cause of the symptoms

Fig. 11.84  Comparison case of a large intraventricular cyst. A 54-year-
old patient with headaches had a 4.5-cm cyst (arrows) of the right lat-
eral ventricle without hydrocephalus on sagittal T1WI MRI (left), with 
a CSF-like signal on DWI/FLAIR (top and bottom, left middle). T2WI 

(right middle) best delineated the walls of the cyst (dotted arrows), and 
1 year later it was unchanged (right). This was considered indetermi-
nate for an arachnoid cyst (favored) versus a CPC
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Fig. 11.85  Comparison case of an arachnoid cyst within a lateral ven-
tricle. A 73-year-old patient with headaches had cyst-like enlargement 
(*) of the atrium of the right lateral ventricle on a NECT (top left) that 
was unchanged 2 years later (top middle). A 3 T MRI was performed at 
the time of the repeat NECT, which delineated the cyst (*) within the 

atrium of the right lateral ventricle on T2WI (top right); it had a signal 
intensity similar to that of CSF on FLAIR (bottom left and middle) and 
DWI (bottom right). The right temporal horn (arrows) was mildly 
dilated. A thin membrane (thin arrows) was noted on the second NECT 
and on some MR sequences, indicating that this was an arachnoid cyst
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Fig. 11.86  Comparison case of periventricular leukomalacia (PVL)-
related dilatation of the atria of the lateral ventricles. The patient was a 
3 year old with developmental delay, abnormal gait, and spastic diple-
gia born premature at 29 weeks’ gestational age. There is cyst-like 
enlargement (*) of the atria of the lateral ventricles on a 3 T MRI with 
axial T2WI (left), FLAIR (left middle and right middle), and coronal 

FLAIR (right) images. Findings that are indicative of PVL include T2 
and FLAIR-bright signal in a periventricular distribution adjacent to 
focal areas of volume loss, where the cortices that overlie the parietal 
and occipital periventricular white matter come close to and nearly 
appose the ventricles (thin arrows)

11.2  Choroidal Fissure and Neuroepithelial Cysts



224

11.3	 �Choroid Plexus Xanthogranulomas

Choroid plexus xanthogranulomas (CPXGs) are relatively 
common don’t touch lesions occurring within the atria of the 
lateral ventricles. They are present in approximately 1.6–7.0 % 
of the population based on postmortem examinations. They 
are almost always incidental and asymptomatic, although in 
very rare instances they may spontaneously enlarge or hemor-
rhage; however, this has been described only anecdotally.

CPXGs are focal collections of a mixture of xanthoma-
tous debris, macrophages or histiocytes, mixed lymphocytes, 
and occasionally hemosiderin. They range from a few milli-
meters in size to several centimeters. They can at times 
appear mass-like, although they usually only slightly expand 
the lateral ventricle (if at all) without causing hydrocephalus. 
Although there are a number of studies describing their 
appearance on histopathologic examination, there are only a 
few cases clearly documenting their appearance on MRI fol-
lowed by histopathologic study and even less evidence using 
diffusion-weighted imaging (DWI) MRI.  However, most 
evidence suggests that DWI-bright and T2-bright cyst-like 
lesions in the choroid plexus are CPXGs. Notably, they are 
variably bright on FLAIR and enhance only mildly or not at 
all; the variable slight enhancement may occur because the 
more normal choroid often enhances (lacks a blood–brain 
barrier) surrounding the cyst-like CPXG. Another important 
point is that although they are bright on DWI, being even 
brighter than gray or white matter, they do not truly have 
reduced diffusivity relative to the cerebral parenchyma and 

are isointense or even brighter than the parenchyma on ADC 
maps. This occurs because the DWI-bright signal intensity is 
a combination not only of reduced diffusivity but also of 
T2-brightness.

Since this author could not find a thorough article on the 
ADC values of suspected CPXGs, the values of the seven 
CPXGs shown in this chapter were obtained using ADC 
maps, from normal-appearing white matter (NAWM), and 
from CSF. Interestingly, the ADC values in CPXGs were an 
average of 192 % higher than the NAWM and were an aver-
age of 49 % less than that of the CSF. Thus, they must be 
have some component of reduced diffusion, combined with a 
bright T2 signal akin to that of CSF, which together causes 
their bright (light bulb) appearance on DWI. Another method 
to assess this characteristic visually is to utilize exponential 
DWI, which removes the T2 component from the DWI. Thus, 
a CPXG that is bright on the standard trace DWI will often 
become isointense or dark on exponential DWI.

Pathologic lesions in the differential diagnosis of CPXGs 
within the atria of the lateral ventricles include tumors that 
enhance avidly and expand the lateral ventricle, such as cho-
roid plexus papilloma/carcinoma or metastasis; also, an 
abscess of the choroid plexus is a consideration (bright on 
DWI but avidly enhanced, with findings of meningitis or 
ventriculitis elsewhere). Tumors adjacent to the atria may 
also appear to be in the choroid plexus if they cause signifi-
cant compression and/or displacement of the lateral ventricle 
(Figs. 11.87, 11.88, 11.89, 11.90, 11.91, 11.92, 11.93, 11.94, 
11.95, and 11.96).
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Fig. 11.87  Choroid plexus xanthogranuloma (CPXG). A 48 year old 
underwent a 3 T MRI to rule out stroke (negative examination). Top 
row: there are bilateral CPXGs (arrows) within the atria of the lateral 
ventricles on FLAIR (left), T2WI (middle), and coronal postcontrast 
T1WI (right). Middle row: axial DWI with corresponding ADC maps 
(left and middle images) demonstrate bright and mildly dark signal, 
respectively. But why are the CPXGs brighter than the periventricular 
white matter on DWI if they are not darker than the white matter on the 
ADC maps? Middle row: The answer lies in evaluation of the “b = 0” 

DWI (where the gradient strengths are set to the b-value of zero; a nor-
mal DWI typically uses b = 1000). On the “b = 0” image (middle row, 
right) the CPXGs are very bright, indicating that they have very high T2 
signal; thus the combination of the mildly low ADC value and the 
extremely high T2 values cause quite bright signal on standard DWI. 
Bottom row: GE T2*WI (left) depicts only minimal calcification within 
the CPXGs. DWIs from 1 year earlier with the patient’s head slightly 
tilted within the scanner (middle and right images) appeared quite simi-
lar and showed that these CPXGs are unchanged
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Fig. 11.88  A 70 year old had a NECT (top left) that showed bilateral 
CPXGs (arrows). A 3 T MRI performed to evaluate a left scalp malig-
nancy (thin arrows) depicted the CPXGs within the atria of the lateral 
ventricles on axial DWI and their ADC maps (top, middle images), with 
intermediate signal on FLAIR (top right) and peripheral enhancement 

on T1WI postcontrast (bottom left). MR perfusion images depict that 
the CPXGs have a low CBV and elevated MTT (bottom, middle images, 
respectively) with a low CBF (not shown); the scalp lesion had eleva-
tions of both values. A 3 T MRI was found from 2 years prior that con-
firmed that the CPXGs did not change on FLAIR (bottom right)

Fig. 11.89  A 65 year old had NECT axial (left two images) and coronal (right) images of bilateral CPXGs (arrows). Note that the cysts are similar 
to CSF density, while the calcifications of the choroid plexus are mostly peripheral within the cysts
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Fig. 11.90  A 68 year old with bilateral CPXGs (arrows) on a 1.5 T MRI 
with noncontrast axial T1WI (top left), FLAIR (top middle), GE T2*WI 
(top right), and DWI (bottom left) with associated ADC maps (bottom 
middle). Postcontrast coronal and sagittal T1WIs (bottom right, top and 

bottom, respectively) are also provided. Again, there is reduced diffusiv-
ity relative to CSF as the CPXGs are brighter than CSF on DWI, but they 
have greater diffusivity than deep white matter since they are not as dark 
as the periventricular white matter on ADC maps (bottom right)

Fig. 11.91  A 50 year old with a tiny, unilateral right CPXG (arrows) 
on a 3 T MRI, measuring 2 mm as noted on axial DWI (left) and the 
corresponding ADC map (left middle). This focus was not seen on 

FLAIR (right middle). A three-dimensional TOF MRA (0.8-mm thick-
ness) with magnified postcontrast axial images (right) happened to 
delineate this tiny CPXG
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Fig. 11.92  A 38 year old with bilateral CPXGs (arrows) on a 1.5 T 
MRI with axial T2WI (top left), SWI (top middle), FLAIR (top right), 
and DWI (bottom left). Postcontrast axial T1WI (bottom middle) and 

FLAIR (bottom right) images depict slight internal enhancement and 
avid peripheral enhancement owing to the choroid plexus’ lack of a 
blood–brain barrier

Fig. 11.93  A 79 year old with bilateral CPXGs (arrows). A 1.5 T MRI, 
axial T2WI (left), FLAIR (left middle), ADC (middle), DWI (right of 
middle), and “exponential” DWI (right, removes the T2 contribution 
from the DWI) show that the CPXGs suppress on FLAIR but have a 

darker signal on the ADC map relative to CSF while darkening on the 
exponential DWI. Thus most of the bright signal is related to the T2 
contribution rather than to reduced diffusivity
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Fig. 11.94  Choroid plexus xanthogranuloma (CPXG). A 74 year old 
underwent a 1.5 T MRI to evaluate for infarct (negative examination). 
Top row: there were bilateral CPXGs (arrows) noted on axial postcon-
trast FLAIR (left; note the enhancing septae of the CPXG), noncontrast 
T1WI (middle), and postcontrast T1WI (right). Middle row: The 
reduced diffusivity is inhomogeneous on the ADC map (left) and DWI 

(middle) and appears spotty. An exponential DWI (right) shows several 
punctate foci (tiny arrows) within the CPXGs that were bright on DWI 
but not on exponential DWI, confirming that much of their DWI-
brightness was from T2 contribution. Bottom row: 18 months later, the 
ADC map (left), DWI (middle), and exponential DWI (right) are 
unchanged
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Fig. 11.95  Comparison case of choroid plexus papilloma. A 7 month 
old with a mass (arrows) within the atrium of the right lateral ventricle 
on MRI T1WI (top left), T2WI (top middle), and FLAIR (top right). It 

avidly enhances on postcontrast T1WI (bottom left) and FLAIR (bottom 
right). DWI and ADC map (bottom middle) are also shown
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Fig. 11.96  Comparison case of anaplastic oligastrocytoma. A 39 year 
old with a mass adjacent to and compressing the atrium of the right 
lateral ventricle on MRI postcontrast T1WI (top left), DWI (top middle, 
the reduced diffusivity is suggestive of malignancy), and noncontrast 
FLAIR (top right). The bottom row images are dynamic MR perfusion 

images in the early, middle, and late phases, respectively. A small focus 
of susceptibility-dark hemorrhage is present (arrows), with increas-
ingly susceptibility-dark contrast that persists into the late phase. This 
indicates a high-grade tumor, also confirmed by an elevated CBV two 
to three times greater than the unaffected deep white matter
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11.4	 �Choroid Plexus and Pericallosal 
Lipomas

Choroid plexus lipomas (CPLs) are quite rare and are not 
considered a normal variant, since they are usually associated 
to some degree with callosal lipomas (termed pericallosal 

lipomas, or interhemispheric lipomas if the corpus callosum is 
not involved); callosal lipomas occur in less than 0.5 % of the 
population and may be associated with callosal dysgenesis. 
However, CPLs are usually asymptomatic if they occur by 
themselves and are considered a don’t touch lesion (Figs. 11.97 
and 11.98).

Fig. 11.97  A 5 month old had an MRI demonstrating a lipoma within 
the choroid plexus (arrows) on axial FLAIR (top left), axial T2WI (top 
middle), sagittal T1WI (top right and bottom left), and coronal T2WI 
(bottom middle and right). These are usually associated with and can be 

considered part of callosal/pericallosal lipomas, which may have a 
degree of callosal agenesis or dysgenesis (not present here). These 
should be distinguished from CPXGs, which are usually T1-isointense, 
T2-bright, and have some degree of bright signal on DWI
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Fig. 11.98  A 17 month old had an MRI demonstrating a pericallosal 
lipoma (arrows) without callosal dysgenesis on coronal FLAIR (left), 
sagittal T1WI (middle), and postcontrast axial T1WI (right). On the 

postcontrast T1WI, the lipoma can be seen between the internal cere-
bral veins (thin arrows) and the great vein of Galen (dashed arrow)
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11.5	 Choroidal Fissure Asymmetry

The choroidal fissure is not uncommonly asymmetric, as can 
occur with normal variation lateral ventricular asymmetry. 
This is normal as long as there are no other findings of focal 
atrophy around the ventricles (such as from periventricular 

leukomalacia) or within the anterior temporal lobes (such as 
from prior traumatic brain injury), or evidence of mass 
obstructing the ventricles. Also, this is normal variant is dis-
tinct from the choroidal fissure cyst variant (Figs.  11.99, 
11.100, 11.101, 11.102, and 11.103).

Fig. 11.100  A 2 year old had a negative NECT (left images) after a 
fall. Asymmetric prominence of the right choroidal fissure was noted 
(arrows) and was considered a normal variation. Seven years later, 

another CT was performed (middle), which was unchanged. A coronal 
reformat confirmed that this is normal asymmetry; a CFC/NEC is also 
a possibility

Fig. 11.99  A 48 year old who had multiple images from a routine head 
CT (which was negative) after a fall. There is asymmetric prominence 
of the right choroidal fissure (arrow). Note the location of the ambient 

cistern medially (tiny arrow, right) and the normal sized temporal horn 
of the right lateral ventricle laterally (dashed arrow, right)
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Fig. 11.101  A 22 year old had a 3  T MRI performed for seizures, 
which showed prominence of the right choroidal fissure near the tip of 
the temporal horn (arrows) on axial (left) and coronal (middle and 
right) FLAIR images. This mimics mesial temporal sclerosis, but the 

hippocampus is not atrophied; also, the choroidal fissure is normal in 
size posteriorly (right). Note bilateral mildly bright hippocampal signal 
on FLAIR (arrowheads), which is a normal variant at 3 T

Fig. 11.102  A 31 year old had an axial NECT (top left) depicting 
prominence of the right choroidal fissure (arrows) near the temporal 
horn’s anterior tip (dashed arrows), better seen on a 3 T MRI with sagit-
tal T1WI of the right (top middle), as compared to the left side (top 

right). Coronal FLAIR (bottom left) and thin 3D T2WI (bottom right) 
depict this normal finding, simulating mesial temporal sclerosis; how-
ever, note a lack of hippocampal edema or atrophy
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Fig. 11.103  A 36 year old was given a 3 T MRI, including axial T2WI 
(left), FLAIR (left middle), SWI (right middle), and postcontrast sagit-
tal T1WI (right). The images showed asymmetry of the right choroidal 
fissure, probably from two cystic foci (arrows) without mass effect or 

internally bright FLAIR signal. Thus the location is suggestive of two 
CFCs/NECs. A more normal appearance of the choroidal fissure (thin 
arrows) is seen posteriorly on the sagittal T1WIs
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Hippocampi, Caudate Tail, 
and Ependymal Variants

12.1	 �Hippocampal Cysts

Hippocampal cysts are considered incidental, normal varia-
tions that occur to varying degrees, and they are particularly 
dependent on patient age. They are seen in less than 15 % of 
patients under the age of 30 years but can be found in a 
majority of those over 70 years of age. Traditionally, such 
hippocampal cysts are thought to be related to incomplete 
involution of the hippocampal sulcus.

The hippocampal sulcus typically becomes invisible by 
18–20 weeks’ gestational age as a consequence of the normal 
development of the hippocampus; the increasing hippocam-
pal infolding takes on an interlocking C shape as it becomes 
more medial within the temporal lobe. However, an alterna-
tive theory regarding the development of hippocampal cysts 
is that such cysts actually represent perivascular spaces 
(PVSs) that increase in prominence with age, occurring along 
transhippocampal arteries or veins within the sulcus. This 
alternative theory has been recently favored because there is 
an increased incidence of these cysts with increasing age, just 
as PVSs increase in number and size with increasing age. 
There is also an increased frequency of hippocampal cysts 
with the presence of Alzheimer disease or mild cognitive 
impairment relative to cognitively normal elderly patients. 
On the other hand, their occurrence has not been definitively 

associated with the presence or absence of hypertension, 
white matter hypertensities, ventricular size, or global cere-
bral sulcal prominence, which are factors that have been par-
tially associated with the typical deep white matter, 
periventricular, subinsular, basal ganglia, or brainstem PVSs. 
Please note that the subject of dilated PVSs has a chapter 
dedicated to it in Chap. 14.

On imaging, these cysts are usually not readily detectable 
on CT because of their small size and volume averaging with 
parenchyma, but they may be readily noted on MRI owing to 
multiplanar capabilities, particularly at 3 T. These cysts do 
indeed follow the signal characteristics expected of PVSs; 
they have signal intensity similar to that of CSF on T2WI, 
suppress on FLAIR, and do not enhance after contrast admin-
istration. This author’s experience is that hippocampal cysts 
are usually less than 1.5 cm in size and do not have a mass 
effect. However, a tumefactive appearance could theoreti-
cally occur if hippocampal cysts are indeed PVSs, as PVSs 
rarely become giant in size. Such cysts may partly mimic 
cystic neoplasms (e.g., gangliogliomas or pilocytic astrocy-
tomas), demyelinating lesions (such as multiple sclerosis), or 
post-traumatic lesions (Figs.  12.1, 12.2, 12.3, 12.4, 12.5, 
12.6, 12.7, 12.8, 12.9, 12.10, 12.11, 12.12, 12.13, 12.14, 
12.15, 12.16, 12.17, 12.18, 12.19, 12.20, 12.21, 12.22, 12.23, 
12.24 and 12.25).
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Fig. 12.1  A 60 year old underwent axial (left) and coronal (right) 
T2WIs from a 1.5 T MRI that demonstrated hippocampal cysts bilater-
ally (arrows), located medial to the lateral ventricles’ temporal horns 
(dashed arrows). On the coronal image, note the choroidal fissures (thin 

arrows). There are also incidental slightly dilated PVSs within the sub-
insular white matter bilaterally, cerebral peduncles, and the anterior 
perforated substance (dotted circles)
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Fig. 12.2  A 62 year old had a 1.5 T MRI. On axial (top left and middle) 
and coronal (top right) T2WIs, there are hippocampal cysts bilaterally 
(arrows) medial to the lateral ventricles’ temporal horns (dashed 
arrows). On the coronal image, note the asymmetry of the choroidal 
fissures (thin arrows), with mildly enlarged hippocampal fissures 

(arrowheads). There are also slightly dilated PVSs within the right sub-
insular white matter and within the left anterior perforated substance 
(dotted ovals). The hippocampal cysts suppress like CSF on FLAIR 
images (bottom left), have high diffusivity on ADC maps (bottom mid-
dle), and do not enhance on postcontrast T1WI (bottom right)
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Fig. 12.3  A 47 year old underwent a 1.5 T MRI. A T2WI (top left) 
depicts a single prominent right hippocampal cyst (arrows), with other 
smaller cysts medial to the temporal horn (dashed arrows) as well as 
dilated PVSs within the cerebral peduncles (dotted circles). The cysts 
and PVSs were unchanged from MRIs both 3 years (top middle) and 6 

years earlier (top right). The cysts suppressed on FLAIR (bottom left), 
as they did 3 years prior (bottom middle). Sagittal FLAIR (bottom right) 
delineates the cysts well. In comparison, note that a multiple sclerosis 
plaque (thin arrows) progressively worsened over that time, which was 
situated anterior to the left temporal horn

Fig. 12.4  A 16 year old was tested for headaches. Coronal T2WI MRI 
(left) depicted a tiny focus of a potentially abnormal signal (arrows) 
that simulated cortical loss, which can lead to mesial temporal sclerosis. 

However, on sagittal T2WI (right), this is within the expected site of the 
vestigial hippocampal fissure representing a hippocampal cyst/PVS
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Fig. 12.5  A 52 year old was tested for seizures. Coronal T2WI MRI 
(left) demonstrated tiny, right hippocampal cysts (arrows), with a signal 
akin to that of CSF on FLAIR (middle) and sagittal T1WI (right). These 
are visualized on the opposite side to a lesser degree. This hypertensive 

patient had suffered a seizure with parieto-occipital cortical-subcortical 
edema (thin arrows) on FLAIR images; this is characteristic of poste-
rior reversible encephalopathy syndrome (PRES)

Fig. 12.6  Testing of a 71 year old with coronal T2WI (left) and FLAIR 
(right) MR images revealed a small left hippocampal cyst (arrows) just 
inferior to the choroidal fissure (thin arrows). There are also incidental 
slightly dilated PVSs within the subinsular white matter bilaterally 

(dotted circles), which also largely suppress with CSF on FLAIR. Note 
that patchy, chronic small vessel ischemic disease (dashed arrows) does 
not suppress on FLAIR images

12.1  Hippocampal Cysts



244

Fig. 12.7  A 54 year old underwent an axial T2WI MRI (top left) that 
depicted multiple small hippocampal cysts (arrows) on the right side 
medial to the temporal horn (dashed arrows). Their appearance in the 
sagittal (top middle) and axial (top right) planes on FLAIR is also 
shown. There are also incidental dilated PVSs within the cerebral 

peduncles bilaterally (dotted circles), which have signal characteristics 
that follow those of CSF. Neither the hippocampal cysts or the PVSs in 
the peduncles were changed in size from imaging 2 years earlier on 
axial T2WI (bottom left) or on sagittal FLAIR (bottom middle). Like 
CSF, the cysts have high diffusivity on ADC maps (bottom right)

Fig. 12.8  A 73 year old was tested with an axial T2WI MRI (left) that 
demonstrated a small left hippocampal cyst and much smaller cysts on 
the right (arrows). These have a signal intensity of CSF on FLAIR 

(middle) and on the DWI b = 0 maps (right). Also, note the incidental 
dilated PVSs within the right temporal subcortical white matter (dotted 
circles)
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Fig. 12.9  A 40 year old underwent a 1.5 T MRI axial T2WI (left) that demonstrated multiple bilateral tiny hippocampal cysts (arrows), which 
have a signal intensity akin to that of CSF on FLAIR (left middle), on ADC maps (right middle), and on DWI (right)

Fig. 12.10  A 27 year old was given a 1.5 T MRI that depicted a tiny right hippocampal cyst (arrows) with a signal intensity of CSF on thin coronal 
T1 IR (left) and T2 IR (right) images. Note the temporal horn of the lateral ventricle (dashed arrows)

Fig. 12.11  A 53 year old volunteer underwent a high-resolution 7 T 
MRI that demonstrated a right hippocampal cyst (arrow) at the depths 
of the hippocampal fissure (thin arrow) on a thin coronal T2WI (0.5-
mm thickness). Note the adjacent temporal horn of the lateral ventricle 
(dashed arrows). On the contralateral side, a very tiny hippocampal 
cyst is also noted (arrowhead) that normally would not be visualized on 
lower resolution images
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Fig. 12.12  A 61 year old with 1.5 T MRI coronal (left), sagittal (left middle), and axial (right middle) T2WIs showing multiple right hippocampal 
cysts (arrows) with a signal akin to CSF (i.e., increased diffusivity) on DWI (right)

Fig. 12.13  A 70 year old was tested with a 1.5 T MRI that showed a prominent left hippocampal cyst (arrows) on a 1-mm-thick axial T1 IR (left). 
The cyst suppresses like CSF on FLAIR (middle) and lacks enhancement on coronal postcontrast T1WI (right)

Fig. 12.14  A 50 year old had multiple tiny right hippocampal cysts (arrows) that were visualized on a 1.5 T axial T2WI (left) but are basically 
invisible at the same slice thickness on axial T2* GE (middle) and on FLAIR (right) MR images
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Fig. 12.15  A 78 year old had an incidental finding of a string of left hippocampal cysts (arrows) on thin 1-mm axial T1WI (left) and T2WI (right). 
The MRI was obtained as stereotactic planning for deep brain stimulator placement

Fig. 12.16  A 59 year old who had a history of dementia had the incidental finding of a string of bilateral hippocampal cysts (arrows) on 1.5 T 
MRI axial T2WI (left), which suppress on FLAIR (middle) and are invisible on SWI (right)
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Fig. 12.17  A 69 year old with a 3 T MRI that shows multiple right hippocampal cysts (arrows) on axial T2WI (left) and on FLAIR (left middle). 
They are also noted on the left side on FLAIR (right middle) and on sagittal T1WI (right)

Fig. 12.18  A 10 year old had a 3 T MRI that depicted very tiny cysts 
within the right hippocampal sulcus (arrows) on sagittal T2WI of the 
right side (top left), not seen on the left side (top right). These may 

represent cavities of the residual hippocampal sulcus. On coronal T2WI 
(bottom left) and FLAIR (bottom right), the cysts are not seen

12  Hippocampi, Caudate Tail, and Ependymal Variants



249

Fig. 12.19  A 68 year old had a 3 T MRI that showed a right hippocam-
pal cyst (arrows), which may represent a remnant hippocampal sulcus. 
On coronal T2WI (left), note the hippocampus’ cornu ammonis laterally 

(black arrowhead) and the dentate gyrus medially (dotted arrow). The 
cyst is similar to CSF on FLAIR (middle) and T1WI (right)

Fig. 12.20  Comparison case of low-grade astrocytoma. A 51 year 
old with seizures underwent a 1.5 T MRI with axial T1WI (top left), 
T2WI (top middle), FLAIR (top right), coronal T2WI (bottom left), 
and postcontrast coronal T1WI (bottom middle). All showed a medial 

left temporal lobe mass (dotted arrows) that was hyperintense on 
T2WI but not cystic on FLAIR. This was later proven to be a low-
grade astrocytoma. It was unchanged 3 years later on coronal T2WI 
(bottom right)
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Fig. 12.21  Comparison case of cystic ganglioglioma. A 26 year old with 
seizures had a right medial temporal lobe mass that appeared multicystic 
on a 1.5 T MRI with axial T2WI (left); however, the lesion was entirely 

hyperintense on FLAIR (left middle). The mass did not enhance on post-
contrast T1WI (right middle). It was later proven to be a low-grade gan-
glioglioma and was unchanged 3 years later on axial T2WI (right)

Fig. 12.22  Comparison case of presumed low-grade glioma. A 25 
year old with seizures had a right medial temporal lobe mass on a 1.5 T 
MRI with axial T2WI (left) and FLAIR (left middle). The mass did not 
enhance on postcontrast T1WI (right middle) and was not biopsied but 

it was unchanged 4 years later on FLAIR (right). Note the normal tem-
poral horn of the lateral ventricle (thin arrows) just posterior to the cys-
tic portion of the mass on T2WI and FLAIR
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Fig. 12.23  Comparison case of diffuse axonal Injury (DAI). In an 8 
year old who had seizures several months post-trauma the 3 T MRI 
depicted focal left temporal atrophy (dotted arrows) on T2WI (top left 

and middle), with microhemorrhages (thin arrows) on SWI (top right) 
and coronal T2*WI (bottom left and middle). A coronal T1WI (bottom 
right) also showed the focal atrophy

Fig. 12.24  Comparison case of multiple sclerosis. On axial T2WI (left 
and middle), a 32 year old had bilateral temporal plaques (dotted 
arrows). Note and compare to normal hippocampal cysts (arrows). 

Coronal FLAIR (right) shows other plaques, such as a right temporal 
plaque (arrowhead); also note midbrain lesions (open arrows)
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Fig. 12.25  Comparison case of dysembryoplastic neuroepithelial 
tumor (DNET). A 23 year old with seizures had a left temporal 
lesion (dotted arrows) on axial T2WI (left), which did not enhance 

on postcontrast T1WI (left middle). Coronal T2WI (right middle) 
and sagittal FLAIR (right) confirmed that the lesion was within the 
hippocampus
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12.2	 �Caudate Tail Pseudolesion 
and Hippocampal Anatomy

The caudate nucleus is associated with learning, memory, and 
motor control. It has a head, body, and tail; some variably state 
that it also has a genu. The head and body are easily recognized 
on standard MRI and CT sequences. However, the caudate tail 
wraps around posteroanteriorly in the roof of the temporal horn of 
the lateral ventricle opposite the hippocampus. Most often, the 
caudate tail is not well discerned. However, it can occasionally 
appear slightly prominent or asymmetric as a pseudolesion, par-

ticularly mimicking  periventricular nodular heterotopia, since 
both have gray matter signal. This may present a diagnostic 
dilemma in seizure MRI protocols that include oblique coronal 
images through the hippocampi. The tail’s course and location 
can be distinguished most readily on oblique coronal T2WI (per-
pendicular to the long axis of the hippocampus) or on sagittal 
T1WI (parallel to the long axis of the hippocampus). The caudate 
tail is often relatively invisible on axial images and on coronal 
FLAIR images. Relevant, adjacent hippocampal anatomy is also 
provided in the following examples (Figs. 12.26, 12.27, 12.28, 
12.29, 12.30, 12.31, 12.32, 12.33, 12.34, 12.35, 12.36, and 12.37).

Fig. 12.26  A 31 year old with seizures had a negative 3 T MRI evalu-
ation. On a coronal T2WI through the hippocampus (top left), a struc-
ture with gray matter signal intensity representing the caudate tail 
(arrows) is seen on the right side better than the left. It is not well visu-
alized on coregistered coronal FLAIR (top right). A coronal T2WI 
located more posteriorly (middle) also depicts the caudate tails, which 

are more discernible on the left side. Sagittal T1WIs of the right (bot-
tom right) and left (bottom right) sides through the hippocampi (*) fur-
ther delineate the caudate tails. Also, note the ambient cistern (A), 
dentate gyri of the hippocampi (*), temporal horns (+), choroidal fis-
sures (−), parahippocampal gyri (P), collateral sulci (CS), and the cau-
date heads (CH)
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Fig. 12.27  A 38 year old 
with seizures who had a 
negative 3 T MRI evaluation. 
Coronal T2WI (top) and 
FLAIR (bottom) through the 
hippocampi denote the 
caudate tails (arrows). 
Adjacent (para-) hippocampal 
anatomy includes the ambient 
cistern (AC), alveus 
(arrowheads), fimbria (dotted 
arrows), hippocampal sulci 
(tiny arrows), cornu ammonis 
CA2 (^), CA4 underlying the 
dentate gyri (*), subiculum 
(oval), temporal horns (+), 
choroidal fissure (−), 
parahippocampal gyri (P), 
collateral sulci (CS), fusiform/
occipitotemporal gyri (FG), 
and the caudate heads (CH). 
Note that T2WI better 
demonstrates the anatomic 
detail. Also, note the normal 
mildly bright signal of the 
hippocampi on FLAIR at 3 T
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Fig. 12.28  A 7 year old 
with seizures had a negative 
3 T MRI evaluation. On 
coronal T2WIs through the 
hippocampus from anterior 
(top) to posterior (bottom), 
the caudate tails are 
visualized (arrows), being 
more prominent on the left. 
Also note the ambient cistern 
(AC), alveus (arrowhead), 
hippocampal fimbria (dotted 
arrows), hippocampal sulci 
(tiny arrows), cornu ammonis 
CA2 (^), CA4 underlying the 
dentate gyri (*), temporal 
horns (+), choroidal fissures 
(−), subiculum (ovals), 
parahippocampal gyri (P), 
and the caudate heads 
adjacent to the frontal horns 
(CH)

Fig. 12.29  A 2.5 year old with developmental delay had a negative 3 T 
MRI evaluation. On coronal T2WIs through the hippocampus anteri-
orly (top left) and more posteriorly (bottom left), the caudate tail 
(arrows) is defined bilaterally and is slightly more prominent on the 
right side. This could simulate nodular (subependymal) heterotopia. 

The medial and lateral geniculate nuclei (dotted arrows) are located 
medially, relative to the caudate tails. Also note the alveus (arrowhead), 
hippocampal sulci (tiny arrows), dentate gyri (*), and the choroidal fis-
sures (−). Localizers were used to find the caudate tails on axial T2WI 
(arrows, right), but they still appear relatively invisible on axial images
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Fig. 12.30  A 6 year old with headaches had a negative 3 T MRI evalu-
ation. On coronal T1WI (top), a nodular focus of gray matter signal 
(arrows) is noted just superior to the posterior portion of the hippocam-
pus (* denotes the dentate gyrus within the center of the hippocampus). 

This could simulate nodular heterotopia. Sagittal T1WIs of the right 
(bottom left) and left (bottom right) sides confirmed that this is indeed 
the caudate tail, which is present bilaterally

Fig. 12.31  The patient was a 7 year old with developmental delay. On 
a negative 3 T MRI, a coronal T2WI (left) depicts the left caudate tail. 
Localizer arrows (tiny dotted arrows) demonstrate how difficult it is to 

visualize the caudate tail on coronal FLAIR (middle) and axial T2WI 
(top right). In this patient, the asymmetry of the caudate tail could simu-
late nodular heterotopia
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Fig. 12.32  A 4 year old with seizures had a negative study. On a 3 T 
MRI, serial coronal T2WIs demonstrate that the caudate tails may be 
mildly asymmetric in size (in this case, the left was slightly larger than 

the right). Thus, the asymmetric prominence of the left caudate tail may 
mimic nodular heterotopia. Note the lateral geniculate nuclei medially 
(dotted arrows)

Fig. 12.33  A 10 year old with neurocognitive decline had a negative 
MRI. On a coronal T2WI through the hippocampus (left), the caudate 
tail (arrows) is seen on the left better than on the right; this is consistent 
with a sagittal T1WI (right). Note the white matter of the alveus (arrow-
heads), hippocampal sulci (tiny arrows), CA2 of the cornu ammonis 

(^), and the dentate gyri (*). Also note the subicula (ovals), ambient 
cisterns (A), parahippocampal gyri (P), collateral sulci (CS), fusiform 
gyri/occipitotemporal gyri (FG), inferior temporal sulci (ITS), and the 
inferior temporal gyri (ITG)
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Fig. 12.34  A 3 year old with new seizures. On a negative 3 T MRI, a 
coronal T1WI (top left) demonstrates the left caudate tail. Reconstruction 
of a three-dimensional T1WI in a sagittal, oblique plane along the 

caudate nucleus (top right) shows the course of the nucleus by arrows, 
while images in similar planes with localizer cross-hairs (bottom row) 
confirm its location

Fig. 12.35  A 54 year old with seizures; on a negative 3 T MRI, coronal 
T2WI (left) depicts the right caudate tail (arrows), which is not well 
visualized on coronal FLAIR (right). Note the hippocampus/CA2 

inferiorly (^) as well as a contralateral hippocampal cyst (dotted arrows, 
note suppression with CSF on FLAIR), which is another normal 
variation
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Fig. 12.36  A 30 year old with seizures; on a negative 3 T MRI, a coro-
nal T2WI (left) delineates both caudate tails (arrows), which are also 
visualized on a coronal FLAIR image (right). Note the hippocampi/

CA2s inferomedially bilaterally (^), the hippocampal sulci (tiny 
arrows), and the bright signal of the normal choroid plexus on FLAIR 
(open arrows)
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Fig. 12.37  A 3 year old with febrile seizures; on a negative 3 T MRI, 
axial DWIs (top left and middle) showed mild, linear bright signal 
within what was confirmed to be the caudate tail (arrows) on T2WI (top 
right). This was seen as well on three-dimensional T1WI that was 

reconstructed in the axial (bottom left) and sagittal (bottom right, of the 
left side) planes. The arrows in the bottom right images outline the 
entire caudate nucleus
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12.3	 �Hippocampal Corrugated Appearance

The hippocampus may appear corrugated or have an undu-
lating appearance in its middle to posterior portion on higher 
resolution T1WI only in the sagittal plane. It should appear 
normal in the other planes. The cause of this appearance is 

unknown. It may be mistaken for congenital abnormalities 
such as polymicrogyria, heterotopia, or cortical dysplasia. 
Interestingly, a loss of this appearance, or smoothing, could 
actually be an early sign of mesial temporal sclerosis (i.e., 
seizure-related atrophy) (Figs. 12.38, 12.39, 12.40, 12.41, 
12.42, 12.43, 12.44, 12.45, 12.46, and 12.47).

Fig. 12.38  A 39 year old who had a corrugated or undulating configu-
ration of the hippocampi bilaterally (arrows) on a 3 T MRI, with 1-mm-
thick sagittal T1WIs of the left (top row) and right (bottom left) sides. A 

coronal T1WI (bottom right) confirms that no abnormality is present 
within the hippocampi (the hippocampi are located between the arrows)
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Fig. 12.39  A 37 year old with a corrugated or undulating configura-
tion of the right hippocampus (arrows) on a 1.5 T MRI with a 1-mm-
thickness sagittal T1WI (left image). Coronal FLAIR (top right) and 
coronal T2WI (bottom right) confirm that there is no abnormality 

present within the hippocampi (the hippocampi are located between 
the arrows). Also, note the normal caudate tails (dotted arrows) on the 
coronal T2WI (bottom right)

Fig. 12.40  A 7 year old whose images showed a corrugated appear-
ance of the left hippocampus (arrows) on a 3 T MRI with a 1-mm thin 
sagittal T1WI of the left side (top left). Axial (top right) and coronal 

(bottom) T1WIs have scout cross-hairs on the left hippocampus. On the 
coronal T1WI, the hippocampi appear normal (located between the 
arrows)
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Fig. 12.41  A 48 year old with a corrugated appearance of the hippo-
campi bilaterally (arrows) on a 3 T MRI with thin sagittal T1WI of the 
left (top left) and right (bottom left) sides. On an axial T2WI (right), the 

hippocampi appear normal bilaterally (arrows). Also, note the inciden-
tal enlargement of the temporal horn (*) of the right lateral ventricle

Fig. 12.42  A 53 year old whose testing showed a corrugated appear-
ance of the hippocampi bilaterally (arrows) on a 3 T MRI with a thin 
sagittal T1WI of the left (top left) and right (top right) sides. On the thin 

axial T1WI (bottom left) and coronal T1WI (right), the hippocampi 
appear normal (arrows)
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Fig. 12.43  A 58 year old whose images showed a relatively uniform 
and smooth but slightly corrugated appearance of the hippocampi bilat-
erally (arrows) on a 3 T MRI with thin (1-mm thickness) sagittal T1WI 

s of the left (top left) and right (top right) sides. On coronal T1WI 
(bottom left) and axial T2WI (right), the hippocampi appear normal 
(arrows)
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Fig. 12.44  Comparison case of polymicrogyria. A 24 year old with 
seizures had a normal, smooth left hippocampus (arrows, top left) and 
a slightly corrugated right hippocampus (arrows, top right) on 3 T 
sagittal T1WI.  However, irregularity of the gray-white junction is 
noted along the edges of the right inferior frontal sulcus and the 

precentral sulcus (dashed arrows). On coronal FLAIR (bottom left) 
and T2WI (right), the hippocampi appear normal (arrows), while the 
abnormal gray-white junction of the right-sided polymicrogyria is 
further demonstrated
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Fig. 12.45  Comparison case of periventricular nodular heterotopia 
(PVNH). A 14 year old with seizures had bilateral temporal PVNHs 
(dashed arrows) on coronal T2WI (left) and on coronal (middle) and 
axial (right) T1WI. The PVNHs are situated opposite the caudate tails 

(tiny arrows). Note the caudate heads (*) and the bilateral periventricu-
lar ependymal pseudolesions (PEPs, arrowheads), which may also 
mimic PVNHs

Fig. 12.46  Comparison case of mesial temporal sclerois (MTS). A 22 
year old with seizures had left hippocampal MTS-atrophy (between 
arrows) when comparing sagittal T1WIs of the left (top left) and right 
(top right) sides and was also seen on axial FLAIR (bottom left) and 

coronal T2WI (bottom middle). Dotted arrows outline the normal right 
hippocampus, which has mild normal corrugation. 18FDG-PET (bottom 
right) confirms decreased left medial temporal uptake
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Fig. 12.47  Comparison case of mesial temporal sclerois (MTS). A 3 
year old with seizures had right-sided hippocampal atrophy (between 
arrows) on comparing sagittal T1WIs of the right (left) and left (middle) 

sides and axial FLAIR (right). The dotted arrows denote the outline of 
the normal left hippocampus, which has mild normal corrugation
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12.4	 �Periventricular Ependymal 
Pseudolesion, Ependymitis 
Granularis, and Connatal Cysts

A frequent periventricular ependymal pseudolesion (PEP) 
occurs along the ependymal surface of the frontal horns of 
the lateral ventricles and is seen immediately anterior to the 
head of the caudate nucleus (i.e., caudate head) on axial 
images, and immediately superior to the caudate head on 
coronal images. This is most notable on coronal T2WIs, 
since it simulates gray matter signal, but it is not actually 
gray matter at all. Thus, it may mimic abnormalities such as 
periventricular nodular heterotopia (PVNH, which is het-
erotopic gray matter), which frequently occurs in periven-
tricular, supendymal locations.

Sze et  al. [1] have described three different phenomena 
that may occur in this location and account for such signal, 
and they have provided histopathologic correlation. First, the 
density of white matter axons is normally less in this location, 
since it is less tightly packed relative to other deep periven-
tricular white matter (PVWM) regions. Second, they have 
described that ependymitis granularis occurs in all specimens 
and in all age groups to varying degrees. Ependymitis granu-
laris consists of ependymal structural loss with astrocytic 
gliosis. Therefore, most evidence suggests that ependymitis 
granularis should be considered normal in this location. 
Third, they have demonstrated an increased concentration of 
interstitial, extracellular fluid with bubble-like regions (a 
microscopic observation) separating the axons.

Thus, a PEP is considered normal but should not be con-
fused with abnormal PVWM or ependymal lesions that 
occur in such disorders as multiple sclerosis (linear T2-/
FLAIR-bright foci that are oriented perpendicular to the lat-
eral ventricles), mucopolysaccharidoses (dilated perivascular 
spaces spread diffusely throughout the subcortical and 
PVWM that suppress in the manner of CSF on FLAIR), or 
PVNH (usually not symmetric and follows gray matter on all 

sequences). Although commonly seen on most coronal 
T2WI as similar to gray matter signal intensity or as slightly 
brighter on FLAIR/T2WI, PEP/ependymitis granularis may 
have variable signal on FLAIR and T1WI.  Also, since it 
often occurs so close to and may have signal intensity similar 
to the caudate head (another reason it may be confused with 
heterotopia), it should not be considered part of the caudate 
nucleus. In addition, this author has noted that there may be 
faint, perivenular contrast enhancement paralleling the lat-
eral ventricle in this location (on sagittal images) that corre-
sponds to the location of the ependymitis granularis. This 
can further confirm that this is a PEP; notably, this phenom-
enon may be explained by a venous plexus that does exist in 
this location as well.

Normal connatal cysts may occur in the same locations as 
PEP on ultrasound (US) and can be visualized in up to fetal, 
preterm, or occasionally neonatal infants (about 0.7–1.5 % of 
those undergoing US). These are relatively rare and are 
asymptomatic, although initially they were thought to repre-
sent ischemic sequela. These tear-shaped cysts are now con-
sidered to be transient normal variations that are located just 
lateral to the tops of the angles of the lateral ventricles on 
coronal US images, and their appearance likely relates to a 
temporary developmental phenomenon (typically presenting 
at <33 weeks’ gestational age and resolving by 1–2 months 
postnatally). They range from 2 to 11 mm in size although 
they can slightly enlarge before regressing. Their appearance 
on imaging follows that of the CSF (i.e., bright on T2WI and 
suppressed on FLAIR). They may be mistaken for cystic 
periventricular leukomalacia (PVL), which is typically 
accompanied by parenchymal white matter atrophy or peri-
ventricular hemorrhage. This author has noted that these 
connatal cysts appear to occur in the same location as PEP/
ependymitis granularis, but it is unknown if there is any rela-
tion between these entities (Figs. 12.48, 12.49, 12.50, 12.51, 
12.52, 12.53, 12.54, 12.55, 12.56, 12.57, 12.58, 12.59, 12.60, 
12.61, and 12.62).
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Fig. 12.48  A 5 year old with bilateral PEPs (arrows) just above the 
caudate heads on coronal T2WI (top left) and T1WI (top middle). 
Postcontrast sagittal T1WIs (top right) illustrate how PEPs/ependymitis 

granularis may exhibit subtle enhancement. On dynamic postcontrast 
T1WIs (bottom row, 20 s apart), gradual enhancement occurs
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Fig. 12.49  A 53 year old showed mild hyperintense signal (arrows) in 
a parallel configuration to the lateral ventricles on sagittal FLAIR 
images of the left (leftmost image) and right (left of middle) sides, 
which is immediately superior to the caudate heads (*) on axial (right 
of middle) and coronal (rightmost image) postcontrast T1WIs. These 

areas also demonstrate mild, faint enhancement bilaterally along the 
frontal horns typical of PEP/ependymitis granularis. Demyelinating 
lesions typically have hyperintensities perpendicular to the lateral ven-
tricles on FLAIR images

Fig. 12.50  A 9 month old with a left-sided PEP (arrows) on coronal 
T2WI MRI (left), not well seen on T1WI (left middle). One year later, 
FLAIR images (right middle) show that the PEP appears asymmetric 
and could be mistaken for a focus of demyelination, which this patient 

is too young for. Postcontrast T1WI (right) depictd faint enhancement, 
which can be seen in PEP/ependymitis granularis. Note the caudate 
head just inferior to the PEP (*)
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Fig. 12.51  A 52 year old with a right-sided PEP (arrows) seen on 
axial FLAIR MRI (left). It became more discernible and likely wors-
ened because a left-sided PEP had developed as well on a FLAIR MRI 
2 years later (left middle) and on T2WI (middle). Postcontrast T1WI 

(right middle) depicts faint enhancement, which can be seen in PEP/
ependymitis granularis. SWI (right) demonstrates mild, linear hyperin-
tensity in these regions of PEP bilaterally

Fig. 12.52  A 10 year old whose 3 T MRI showed asymmetric PEPs 
(arrow), the left being slightly more prominent than the right. Note the 
caudate heads (*) inferiorly
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Fig. 12.53  A 56 year old whose images showed asymmetric PEPs 
(arrows), the left greater than the right on axial (left) and coronal 
(middle) FLAIR images. Note the mild underlying periventricular 

leukoariosis, which augments the appearance of the PEPs. The PEPs 
enhance mildly on coronal postcontrast T1WI (right)

Fig. 12.54  A 27 year old volunteer whose tests showed coronal 3 T 
MRI T2WI (left) and FLAIR (right) images, which demonstrate bilat-
eral PEPs (arrows) that have signal intensity similar to the caudate 
heads (*). This caused the radiologist to initially call the PEPs nodular 

heterotopia. However, these are not nodular and have slight hyperinten-
sity along the ependymal surface on FLAIR, consistent with ependymi-
tis granularis, which is seen in association with PEPs

12  Hippocampi, Caudate Tail, and Ependymal Variants



273

Fig. 12.55  A 50 year old volunteer with 7  T MRI coronal T2WIs 
showing a left PEP (arrows); similar periependymal hyperintensity is 
present to a lesser degree on the right side. Additionally, note the 

multiple, incidental, tiny dilated perivascular spaces located diffusely 
throughout the basal ganglia

Fig. 12.56  A 7 year old had a 3 T MRI performed for seizures (nega-
tive study). Bilateral PEPs (arrows) are noted immediately superior to 
the caudate nuclei (*) on coronal T2WI (left) and FLAIR (middle), but 

they are not well visualized on sagittal T1WI (right). Their signal inten-
sity is similar to the caudate nuclei and may be mistaken for nodular 
heterotopia
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Fig. 12.57  In a 29-week-old premature infant, an US a few days after 
birth in coronal (top left) and sagittal (top right) planes demonstrates a 
left-sided connatal cyst, without white matter hemorrhage, atrophy, or 
hydrocephalus. A 3 T MRI performed at 2 years of age shows a PEP 

(arrows) in that location, with signal intensity similar to that of the cau-
date head (*) on coronal T1WI (bottom left) and on sagittal T1WI (bot-
tom right), both reconstructed from a three-dimensional acquisition

Fig. 12.58  Comparison case of hemorrhagic periventricular leukoma-
lacia (PVL): In a 27 week old premature infant, an US the day after 
birth in the coronal plane (left and left middle) demonstrated hyper-
echogenicity in a periventricular location caused by hemorrhage (grade 
IV) as well as within the left caudothalamic groove (dashed arrows). 

On a follow-up MRI 3 months later at term equivalent age, coronal 
T1WI (right middle) shows resultant cystic PVL, with ex vacuo dilata-
tion of the lateral ventricle. SWI (right) depicts hemorrhage (thin 
arrow) around the cystic PVL
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Fig. 12.59  Comparison case of periventricular nodular heterotopia 
(PVNH). In a 2 year old with seizures, a 3 T MRI demonstrated left 
PVNH (arrows) that appears similar to normal ependymitis granularis 

on the opposite side (dashed arrows) as shown on coronal T1WI (left), 
sagittal T1WI (middle), and coronal FLAIR (right)

Fig. 12.60  Comparison case of bilateral PVNH. In a 19 year old with 
seizures, a 3 T MRI with coronal T2WIs (top left and middle) showed 
bilateral gray matter-like nodular foci (arrows) just above the caudate 
nuclei (*) but difficult to visualize on FLAIR (top right). Axial T1WI 

(bottom left) confirmed the nodularity of these foci, although the nodular 
appearance was more difficult to discern on coronal T1WI (bottom middle). 
The faint enhancement noted just outside of these lesions (tiny arrows), 
rather than within them, is typical of PEP/ependymitis granularis
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Fig. 12.61  Comparison case of focal cortical dysplasia. In a 34 year 
old with seizures, a 1.5 T MRI demonstrated focal periependymal sig-
nal (arrows) on coronal FLAIR (top left), with a radiating, tangential 
band on axial FLAIR (top middle). An axial T1WI (top right) appeared 

normal. Thin-section coronal T2WIs (bottom row) further demonstrated 
that peripherally there is faint cortical hyperintensity with blurring of 
the gray-white matter junction (arrowhead)

Fig. 12.62  Comparison case of multiple sclerosis. A 49 year old had a 
demyelinating lesion (arrows) noted on the left on coronal FLAIR MRI 
(left), with typical striations (tiny arrows) oriented perpendicular to the 
lateral ventricles on sagittal 2-mm thin FLAIR images (middle). The 

lesion has the appearance of a black hole that does not enhance on post-
contrast T1WI (right). Note the faint enhancement of a normal PEP 
(dashed arrows) on the right side
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Midline Variants of the Septum 
Pellucidum, Corpus Callosum, 
and Massa Intermedia

13.1	 �Cavum Septum Pellucidum, Cavum Et 
Vergae, and Cavum Velum 
Interpositum

The cavum septum pellucidum (CSP) is a normal variant 
fluid potential space of CSF density (on CT) and signal 
intensity (on MRI). A CSP may simulate a cystic lesion and 
can occasionally even appear to cause mass effect or can be 
confused with hydrocephalus. Three general variations of 
the septum pellucidum exist: the standard cavum septum pel-
lucidum (CSP), the cavum septum pellucidum et vergae 
(CEV), and the cavum velum interpositum (CVI). To under-
stand the difference between these three variations, a brief 
description of the anatomy and embryology is necessary. 
The normal septum pellucidum consists of two leaflets/sep-
tations of white matter that are separated in nearly all fetuses 
in utero. Typically, these septations (i.e., septi pellucidi) fuse 
in the posterior to anterior direction soon before or after the 
neonatal period, especially by adulthood. Thus, the CSP 
exists when the two leaves fail to fuse; it is situated some-
where posterior to the genu of the corpus callosum but ante-
rior to the columns of the fornix.

It is estimated that some form of CSP is present in 100 % 
of fetuses, fusing by 3–6 months of age in 85 % of the pop-
ulation and persisting to some degree in 59–85 % of normal 
healthy adults as less than 5 mm in size; it is present as a 
cystic dilation of greater than 5  mm in size in 1–6 % of 
adults. Regarding the CEV variant, a CEV is when this 
CSF-intensity space is filled with fluid but lies posterior to 
the columns of the fornix. A CEV has been noted in about 
20–30 % of children and in about 2–10 % of adults and the 
elderly. These varying incidences relate to whether a true 
cyst is seen versus a tiny potential space at necropsy. The 
CSP and CEV are usually interconnected, and accordingly 
both fuse posterior to anterior. Hence, a CEV is typically 
nearly (but not always) associated with a CSP.

The CVI is a cystic-appearing anatomic variation that 
occurs anywhere within the cistern of the velum interposi-
tum, a potential space located at the top of the third ventricle 
and below the forniceal columns, possibly extending as far 
forward as the foramen of Monro anteriorly to as far as the 
pineal region posteriorly. A CVI may even extend below the 
splenium of the corpus callosum. CVIs may mimic a simple 
pineal cyst but on closer inspection they usually reveal that 
the small, enhancing pineal gland is separate from a 
CVI. Typically, the internal cerebral veins course along the 
floor of a CVI.

A CVI usually develops independent of the septum pel-
lucidum, where it is believed to result from abnormal sepa-
ration of the crura (posterior limbs) of the fornices. 
However, the CSP, CEV, and CVI may all occur simultane-
ously. In such a case, the CEV is separated from the CVI by 
the forniceal crura. Notably, a CVI has been estimated to 
occur in as many as 20–35 % of infants and children. The 
literature in adults is not as well described but it may occur 
in up to 10 %.

It should be mentioned that a CSP has often been referred 
to as the fifth ventricle and a CEV as the sixth ventricle, 
Verga ventricle, the ventricle of Strambio, the ventriculus 
fornicis, or the ventriculus triangulus (due to its oft-
triangular appearance). However, these cystic-appearing 
prominences should not be considered as part of the true 
ventricular system, since the CSF is not truly formed within 
them, they often do not communicate with the ventricular 
system (except occasionally), and they are potential spaces 
that regress to varying degrees and are not required for nor-
mal CSF flow. Thus, terms such as fifth ventricle or sixth 
ventricle are now considered misnomers in the current 
literature.

A number of studies have been published over the years 
that have suggested associations between the presence of a 
CSP with numerous other disorders, including congenital 
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CNS malformations, mental retardation, schizophrenia, 
obsessive compulsive disorder, dementia pugulistica 
(“punch drunk syndrome” in boxers now considered a 
form of chronic traumatic encephalopathy [CTE]), cranio-
facial disorders (such as craniosynostoses), teratogen 
exposures, and other abnormalities. However, the signifi-
cance of these associations is often controversial, and 
many are still being debated.

It should be noted that an enlarged or cystic CSP should 
not cause hydrocephalus. If hydrocephalus is present, 

concern should be directed at the presence of an intraven-
tricular arachnoid cyst (neuroepithelial cyst), a colloid cyst, 
or a tumor (such as an subependymoma or central neurocy-
toma). Inversion recovery (IR) images such as FLAIR may 
help discern a cyst wall, while postcontrast images can help 
distinguish tumors, since certain tumors enhance to some 
degree (Figs. 13.1, 13.2, 13.3, 13.4, 13.5, 13.6, 13.7, 13.8, 
13.9, 13.10, 13.11, 13.12, 13.13, 13.14, 13.15, 13.16, 13.17, 
13.18, 13.19, 13.20, 13.21, 13.22, and 13.23).

Fig. 13.1  A 3 month old with a CSP (arrows) on coronal ultrasound 
(left), T2WI (middle), and axial FLAIR (right) images. Note the col-
umns of the fornix (tiny arrows) on the T2WI.  There is also benign 

prominence of the subarachnoid spaces of infancy, which is typically 
self-limiting and usually resolves within the first 18–24 months of life
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Fig. 13.2  A 35 year old with a CSP that is present but poorly seen on a 
7-mm thickness NECT (left). A 2-mm thickness NECT 8 years earlier 
(middle) better demonstrates the CSP. This is only present anteriorly, as 

seen on axial T2WI (top right), FLAIR (bottom left), and axial (bottom 
middle) and coronal (bottom right) postcontrast T1WIs

13.1  Cavum Septum Pellucidum, Cavum Et Vergae, and Cavum Velum Interpositum
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Fig. 13.3  A 19 year old with a NECT showing a cystic CSP (arrows). 
There is no hydrocephalus

Fig. 13.4  A 6 year old with a tiny CSP on NECT that does not extend 
posteriorly (arrows). The ventricles are normal

Fig. 13.5  A 7-day-old infant with a small normal CSP (arrow) on a 
coronal US image. The ventricles are normal in size
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Fig. 13.6  A 2-day-old term infant with severe hypoxic-ischemic injury 
(HII, dashed arrows) on MRI and an incidental, tiny CSP (arrows) 
anteriorly. The HII is represented by bright T1 signal within the poste-
rior putamina on axial T1WI (dashed arrows, left two images) and by 

punctate thalamic reduced diffusion on DWI (tiny arrow, right middle). 
Note the lack of abnormalities on FLAIR (right), which may appear 
normal in neonates even with severe HII

Fig. 13.7  A 1-week-old term infant with severe HII who had an incidental tiny CSP (arrows). MRI demonstrates abnormal signal (tiny arrows) 
in the putamina and globi pallidi on axial T2WI (left), ADC map (middle), and DWI (right)
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Fig. 13.8  A 20 year old with a CEV (arrows) on NECT. This extends posterior to the column of the fornices, just up to the callosal splenium

Fig. 13.9  A 67 year old; a CEV (arrows) did not change by 1 year on 
NECT (not shown)
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Fig. 13.10  A 2-week-old infant with a CEV (arrows) on axial (top left 
and top middle) and coronal T2WI (top right). Note the normal forni-
ceal columns (dashed arrows). A NECT 1 month later is shown (bottom 
left). At 8 months of age, an axial T2WI (bottom middle) showed nor-

mal myelination but diffuse cerebral atrophy owing to congenital heart 
disease, making the CEV appear slightly larger. Inferiorly, note the 
third ventricle (*) on a midline sagittal T2WI (bottom right)
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Fig. 13.11  A 44-year-old patient with a CEV (arrows) on NECT. The cyst-like CEV should not be confused with the third ventricle, although the 
two may communicate

Fig. 13.12  A 23-year-old patient who was given a NECT that depicts 
an incidental CEV (arrows)
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Fig. 13.13  A 1 year old who underwent a 3T MRI that shows the extent of a CEV (arrows) on axial T2WI (left), T1WI (left middle), and DWI 
(right middle). Coronal FLAIR images (right) depict how the septae connect to the forniceal columns (tiny arrows)

Fig. 13.14  A 38 year old with a CEV on a NECT (left). On a 3T MRI, the extent of the CEV is demonstrated on axial FLAIR (left middle) and 
on coronal T2WIs (right middle and right). Note the forniceal columns (tiny arrows)

Fig. 13.15  A 62 year old with a CVI on NECT. Note the single midline septum of the septum pellucidum anteriorly (tiny arrows)
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Fig. 13.16  A 25 year old with a CVI on NECT. Note the single midline septum of the septum pellucidum anteriorly (tiny arrows)

Fig. 13.17  A 22-year-old patient; a presumed CVI (arrows) exists 
along with a CEV (dashed arrows) on NECT. While the septae of the 
CSP-CEV are split anteriorly (tiny arrows), the extension of the cyst 

into the suprapineal region (beneath the callosal splenium) implies the 
existence of a CVI. Alternatively, this could be a CEV with an inciden-
tal pineal cyst
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Fig. 13.18  A 20 year old with a CVI (arrows) shown on MRI T2WI 
(top left and top middle), FLAIR (top right), DWI (bottom left), coronal 
T1WI (bottom middle), and postcontrast sagittal T1WI (bottom right). 

Note an internal cerebral vein (tiny arrow) coursing along the floor of 
the CVI and that the pineal region is not involved. Also, note the third 
ventricle (*)

Fig. 13.19  A 5 month old with a CVI (arrows) as well as choroid 
plexus lipomas (tiny arrows) on MRI. Choroid plexus lipomas are often 
associated with callosal/pericallosal (interhemispheric) lipomas, which 
may be associated with callosal dysgenesis (not seen here). They also 

have T1-bright, T2-dark, and DWI-dark signal, distinguishing them 
from normal xanthogranulomas. Xanthogranulomas are more common 
in the elderly and are less frequent in children

13.1  Cavum Septum Pellucidum, Cavum Et Vergae, and Cavum Velum Interpositum



290

Fig. 13.20  Comparison case of CSP in macrocephaly-polydactyly-
polymicrogyria-hydrocephalus (MPPH) syndrome. A 1-day-old infant 
with macrocephaly (head circumference >3 standard deviations above 
normal), polymicrogyria (dashed arrows), and polydactyly (of digits), 
but without hydrocephalus (not present here and not always present in 
MPPH). Tiny arrows denote a normal cortex as opposed to the blurred 

gray-white matter junction of areas of polymicrogyria. A CSP-CEV 
(arrows) is usually present in this syndrome, as shown on axial (top left 
and top middle) and coronal (top right) T2WIs and on an axial T1WI 
(bottom left). On a sagittal T1WI (bottom right), note that the anterior 
recesses (arrowheads) of the third ventricle (*) are thin, confirming a 
lack of hydrocephalus
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Fig. 13.21  Comparison case of a third ventricular colloid cyst. A 74 
year old had a cystic mass (arrows) within the roof of the third ventricle 
(*), with dark signal on FLAIR (left) and T2WI (middle) and was bright 
on noncontrast sagittal T1WI (right). The septum pellucidum is normal 

and fused (tiny arrows). There are age-related findings of cerebral vol-
ume loss. Hydrocephalus is unlikely because the anterior recesses of the 
third ventricle are not enlarged

Fig. 13.22  Comparison case of an intraventricular arachnoid cyst. A 22 
year old with an extensive cyst (outlined by the arrows) that had bright 
signal on T2WI (top left), dark signal on coronal T1WI-IR (top middle), 
and nonenhancment on postcontrast T1WI (top right). The cyst extends 
into and displaces the third ventricle (*) and left lateral ventricle, as 

shown on coronal FLAIR (bottom left) and sagittal T1WI (bottom right). 
The septum pellucidum is fused (tiny arrows). There is age-related cere-
bral volume loss. Flow voids within the cyst (dashed arrows) suggest 
communication with the ventricles
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Fig. 13.23  Comparison case of a central neurocytoma of the septum 
pellucidum compressing the third ventricle. A 20 year old had a mass 
(arrows) with bright signal on T2WI (left) and FLAIR (left middle), 
with slightly bright signal internally on sagittal noncontrast T1WI 
(right middle). The mass is located above the third ventricle (*), and the 

septum pellucidum is replaced by tumor anteriorly while being normal 
posteriorly (tiny arrows). Postcontrast coronal T1WI (right) depicts 
slight internal enhancement and enlarged temporal horns, indicating 
hydrocephalus
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13.2	 �Subcallosal/Paraterminal 
Pseudomass on Midline Sagittal 
Images

On midline or near midline sagittal images, a pseudomass is 
occasionally visualized immediately below the rostrum of the 
corpus callosum and anterior to the third ventricle. The para-
terminal gyrus (i.e., the subcallosal gyrus) is medial and is 
located along the frontal lobe, just anterior to the lamina termi-
nalis (which constitutes the anterior wall of the third ventricle 
by extending vertically between the anterior commissure and 
the optic chiasm), behind the parolfactory area, and superior to 

the optic chiasm. Review of axial and coronal images with 
localization software will confirm that no mass is present and 
that this pseudomass often arises from volume averaging of the 
paraterminal/subcallosal gyri near the midline. A subcallosal 
pseudomass can be exacerbated by and appear even larger on 
FLAIR images because of volume averaging combined with 
CSF-flow related artifact. Also, a very thin cistern of the lamina 
terminalis (located anterior to the lamina terminalis) may leave 
room for the subcallosal gyri to appose each other. This pseu-
domass may mimic a meningioma, a craniopharyngioma, an 
optic glioma, a hypothalamic glioma, or even an aneurysm 
(Figs. 13.24, 13.25, 13.26, 13.27, 13.28, and 13.29).

Fig. 13.24  A 7 year old with a 3T MRI that was performed for devel-
opmental delay. There is a subcallosal pseudomass (*) on a midline 
sagittal T1WI (left). Axial T1WI (middle) and coronal T2WI (right) do 

not demonstrate any mass in the region of the paraterminal gyri (dashed 
arrows) on either side

Fig. 13.25  A 30-year-old patient; a 3T MRI performed for headaches 
demonstrated a subcallosal pseudomass (*) on a midline sagittal FLAIR 
image (left) caused by a combination of volume averaging of the para-
terminal gyri (dotted arrows) as well as a thin, diminutive cistern of the 

lamina terminalis (thin arrows). Axial FLAIR (left middle and right 
middle) and coronal T2WI (right) do not depict any mass in that region 
on either side. Note the anterior commissure posteriorly (−)

13.2  Subcallosal/Paraterminal Pseudomass on Midline Sagittal Images
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Fig. 13.26  A 48 year old who had a 3T MRI performed for a research 
study; this demonstrates a pseudomass in the subcallosal region (*) on 
a midline sagittal FLAIR image (left). Sagittal T1WI (middle) and 
T2WI (right) do not confirm a mass in that region. CSF is noted (thin 

arrow) within the cistern of the lamina terminalis on T2WI, proving 
that the pseudomass arises from a combination of volume averaging of 
the paraterminal gyri with CSF flow artifact

Fig. 13.27  An 18 year old in whom a 3T MRI showed a subcallosal 
pseudomass (*) on a midline sagittal FLAIR image (left), but sagittal 
T1WI (middle) and axial T2WI (right) did not confirm a mass. CSF is 
noted (thin black arrow) within a thin cistern of the lamina terminalis, 
indicating that the pseudomass is the result of volume averaging of the 

paraterminal gyri with CSF flow artifact. Note the lamina terminalis 
(thin white arrow) on sagittal T1WI at the midline; it extends between 
the anterior commissure (−) and the optic chiasm (+). Note the columns 
of the fornix (long arrows) just posteriorly
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Fig. 13.28  Comparison case of 
hypothalamic glioma. A 15 year 
old with gelastic seizures. 
Sagittal T1WI (left) and coronal 
T2WI (right) depicted a mass 
(+). Note the optic chiasm (^), 
the lamina terminalis (arrows), 
the subcallosal gyrus, and the 
paraterminal gyri (dashed 
arrows)

Fig. 13.29  Comparison case of 
optic glioma. A 23 month old 
with neurofibromatosis type 1 
had a chiasmatic mass (+) on 
sagittal T1WI (left) and coronal 
T2WI (right). Note a normal 
subcallosal pseudolesion 
superiorly (*), with the lamina 
terminalis located 
posteroinferiorly (thin arrow)

13.2  Subcallosal/Paraterminal Pseudomass on Midline Sagittal Images
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Fig. 13.30  A 28 year old with a 3T MRI performed for seizures (nega-
tive study), which demonstrated a pseudomass of the massa intermedia 
(*) on midline sagittal T1WI (left). This was confirmed to be normal on 
axial (middle) and coronal (right) T2WI. On sagittal T1WI, note the 

internal cerebral veins (thin arrows) and the body of the fornix (arrow) 
just superiorly, the third ventricle anteroinferiorly (−), and the habenula 
(dashed arrows) posteriorly

13.3	 �Massa Intermedia Pseudomass 
on Sagittal T1WI

At the midline on sagittal T1WI, the massa intermedia (i.e., 
the interthalamic adhesion or middle commissure) can 
appear as a pseudomass. This appearance can be exacer-
bated by flow-related artifacts within the third ventricle on 
multiple echo images such as spin-echo T1WI, T2WI, or 
FLAIR. The massa intermedia is a relatively large structure 
that connects the thalami on both sides directly but is com-
posed of gray matter, and for that reason many deem it inap-

propriate to refer to it as a commissure. No known neurologic 
deficit has been attributed to its absence. This pseudolesion 
is common on sagittal T1WIs and can be readily confirmed 
to be normal on corresponding axial images. The massa 
intermedia may be enlarged in some congenital abnormali-
ties of the posterior fossa such as a Chiari II malformation 
or in primary brain neoplasms such as astrocytomas. This 
pseudo-lesion can mimic nonenhancing low-grade gliomas 
but can be distinguished from them by their bright signal on 
FLAIR and by the asymmetric mass effect caused by such 
neoplasms (Figs. 13.30, 13.31, 13.32, 13.33, and 13.34).

Fig. 13.31  A 47 year old with a 3T MRI performed as part of a 
research study, which demonstrated a pseudomass of the massa inter-
media (+) on a midline sagittal T1WI (left), T2WI (middle), and FLAIR 

(right). Note the internal cerebral veins (thin arrows) just posterior to 
the massa intermedia and the third ventricle anteroinferiorly (−)

13  Midline Variants of the Septum Pellucidum, Corpus Callosum, and Massa Intermedia



297

Fig. 13.32  A 25 year old who underwent a 3T MRI performed as part 
of a research study; it demonstrated a mass intermedia pseudomass (*) 
on a midline sagittal T1WI (left), T2WI (middle), and FLAIR (right). 

This appears mass-like as a result of CSF flow artifacts in the third 
ventricle (−) on T1WI and T2WI, which disappear on FLAIR. Note the 
internal cerebral veins (arrows)

Fig. 13.33  A 27 year old who had a 3T MRI performed for headaches, 
which showed a pseudomass of the massa intermedia (*) on a midline 
sagittal T1WI (left). Coronal T2WI (middle) and axial FLAIR (right) 

did not confirm a mass and depicted the thin connection between the 
thalami. Note the internal cerebral veins (arrows) behind the massa 
intermedia

Fig. 13.34  Comparison case of low-grade glioma. An 18 year old with 
a 3T MRI that depicts a mass involving the massa intermedia (+) on a 
midline sagittal T1WI (left). Axial FLAIR (middle) and a postcontrast 

T1WI (right) confirm a mass in that region. Note the body of the fornix 
superiorly (thick arrow). A biopsy found a low-grade astrocytoma

13.3 � Massa Intermedia Pseudomass on Sagittal T1WI
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13.4	 �Callosal-Septal and Pericallosal 
Pseudolesions on Sagittal FLAIR MRI

At the midline, there can be normal linear hyperintense sig-
nal at the callosal-septal interface on thin (1–3 mm) sagittal 
FLAIR images. This signal may be related to an artifact at 
the junction of these two structures with the CSF or could 
relate to a form of ependymitis granularis. Such signal is 
typically parallel to the orientation of the lateral ventricles. 
This is important because periventricular hyperintense 
notches have been found to be relatively sensitive for detect-
ing early demyelinating lesions of multiple sclerosis on sag-
ittal FLAIR images along the inner surface or undersurface 
of the corpus callosum; such notches are oriented perpen-
dicular to the curve of the corpus callosum and lateral 
ventricles.

Thus, midline lesions may occur within the corpus callo-
sum or at the callosal-septal interface that have an irregular 
margin with the lateral ventricle, are perpendicular to the ven-
tricle, and appear nonlinear. When these occur in a parasagit-
tal or more lateral location off midline, they have been termed 
subcallosal striations. Thus, a normal subependymal hyper-
intense signal on sagittal FLAIR images is located at the 
interface between the ependyma and the CSF or at the inter-
face between the corpus callosum and the septum pellucidum 
at the midline, whereas laterally this normal signal occurs 
along the undersurface of the corpus callosum. These normal 
variations can be distinguished from lesions caused by mul-
tiple sclerosis (MS), which typically have a perpendicular 
orientation to the lateral ventricles; early lesions appear as 
striations, whereas larger, more evolved lesions have the clas-
sic appearance of Dawson fingers (Figs. 13.35, 13.36, 13.37, 
13.38, 13.39, 13.40, 13.41, 13.42, and 13.43).

Fig. 13.35  A 41 year old with normal hyperintensity (arrows) of the 
callosal-septal interface, which runs parallel to the corpus callosum on 
a midline three-dimensional acquired sagittal FLAIR image

Fig. 13.36  A 30 year old with normal subcallosal hyperintensity 
(dashed arrows) oriented parallel to the ventricles on a sagittal FLAIR 
image lateral to the corpus callosum
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Fig. 13.37  A 33 year old with normal, mild, linear hyperintense signal 
(arrows) in a parallel, nonirregular orientation relative to the lateral 
ventricles on midline 3T sagittal FLAIR images (left two images) at the 
callosal-septal interface. More laterally, at the subcallosal interfaces on 

the right (right middle) and left (right) sides, similar hyperintensities 
are visualized (dashed arrows). Multiple sclerosis lesions are typically 
oriented perpendicular to the lateral ventricles

Fig. 13.38  A 53 year old who had normal bright signal (arrows) paral-
lel to the lateral ventricles on a midline sagittal FLAIR image (left) at 
the callosal-septal interface, not seen on a sagittal T1WI (left of middle). 
More laterally, at the subcallosal interface, similar normal hyperinten-

sity is noted on the right (dashed arrows). Axial FLAIR images (right) 
do not depict any periventricular white matter abnormalities. This 
patient was not found to have demyelinating disease clinically

Fig. 13.39  A 37 year old with a 3T MRI that was performed for head-
aches (interpreted as negative) demonstrating mild, normal hyperinten-
sity anteriorly and posteriorly (arrows) on a midline sagittal FLAIR 

image (left). A midline sagittal FLAIR image repeated 1 year later at 3T 
(right) showed that the hyperintensity was less apparent

13.4 � Callosal-Septal and Pericallosal Pseudolesions on Sagittal FLAIR MRI
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Fig. 13.40  A 63 year old who underwent a 3T MRI (interpreted as 
negative) that demonstrated minimal, normal hyperintensity anteriorly 
(arrows) on a midline sagittal FLAIR image (top left) with normal axial 

FLAIR images (top right). FLAIR images of the left (bottom left) and 
right (bottom right) sides also depict minimal focal hyperintensity 
anteriorly

Fig. 13.41  A 24 year old with normal, mild hyperintense signal 
(arrows) parallel to the lateral ventricles on a midline sagittal FLAIR 
image (left) at the callosal-septal interface. More laterally, sagittal 
FLAIR images of the right (middle), and left (right) sides demonstrate 

a normal, regular contour of the subcallosal interface bilaterally (dashed 
arrows), which is probably related to ependymitis granularis. This 
patient did not have a history of demyelinating disease
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Fig. 13.42  Comparison case of a patient with early multiple sclerosis 
(MS). An 18 year old had normal bright signal at the callosal-septal 
interface (arrows) oriented parallel to the lateral ventricles on a sagittal 
FLAIR midline image (left). Just left of the midline (left middle), there 
was an MS lesion (tiny arrow) within the callosal genu. More laterally 

on the left (right middle) and right sides (far right), thin subcallosal 
striations (tiny arrows) were seen at the subcallosal interface, oriented 
perpendicular to the ventricles. Two to three other white matter lesions 
were also noted. Combined with the clinical findings, these findings 
together were indicative of early MS

Fig. 13.43  Comparison case of a patient with multiple sclerosis (MS). 
A 37 year old with worsening disease had normal hyperintense signal 
anteriorly at the callosal-septal interface (arrows) on a midline sagittal 
FLAIR image (left), but there was an irregular margin posteriorly; a 
focal lesion was noted within the splenium (tiny arrow). More laterally 

on the left (left middle) and right sides (right middle), perpendicularly 
oriented lesions (tiny arrows) were noted at the subcallosal interfaces 
that were larger than striations. Axial images (right) show larger, more 
confluent MS lesions (*)

13.4 � Callosal-Septal and Pericallosal Pseudolesions on Sagittal FLAIR MRI
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13.5	 �Callosal Isthmus

At the midline on sagittal T1WI, the callosal isthmus (i.e., 
isthmus of the corpus callosum), which is located at the 
junction of the posterior body and splenium, can normally 
appear thinned relative to the remainder of the corpus cal-
losum. The isthmus is the site of interconnecting axons 
between the two hemispheres, particularly the superior tem-
poral and parietal lobes. A normal, thin isthmus may simu-
late lesions, most notably focal atrophy of the corpus 
callosum, which can be seen in a variety of disorders, such 
as patients with cerebral palsy (typically long term follow-

ing perinatal hypoxia), demyelinating disorders (e.g., mul-
tiple sclerosis), following trauma, or even leukodystrophies. 
Notably, in a pediatric patient with a chronic history of ven-
triculostomy shunt catheterization, the corpus callosum 
may be thinned either diffusely or focally and should be dis-
tinguished from a normally thin isthmus. Correlation with 
the clinical history and detecting corresponding abnormali-
ties on FLAIR images within the adjacent periventricular 
white matter (PVWM) can identify true abnormalities of the 
posterior body and the splenium of the corpus callosum 
(Figs.  13.44, 13.45, 13.46, 13.47, 13.48, 13.49, 13.50, 
13.51, 13.52, and 13.53).

Fig. 13.44  A 49 year old with a typical normal-appearing corpus cal-
losum that lacks thinning of the isthmus Fig. 13.45  A 29 year old with a normal region of slight thinning 

located at the callosal isthmus (arrow)

Fig. 13.46  A 36 year old who underwent an MRI obtained for head-
aches (MRI was negative). There was a normal, slightly thinned callosal 
isthmus on a midline sagittal FLAIR image (arrows, left). An axial 

T2WI (right) adequately demonstrated the disparate thickness of the 
isthmus of the corpus callosum (arrows) relative to the anterior body 
(dashed arrows)
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Fig. 13.47  A 27-year-old patient; an otherwise negative MRI obtained for headaches showed a normal, moderately thinned callosal isthmus 
(arrows) on midline sagittal T1WIs (left and middle). An axial T2WI (right) did not show the thinning clearly

Fig. 13.48  A 4 year old with an otherwise negative 3T MRI obtained 
for a behavioral disorder. It depicted a normal, moderately thin callosal 
isthmus on a midline sagittal T1WI (arrows, left). An axial T1WI 

(right) through the isthmus demonstrated the disparate thickness of the 
isthmus relative to the anterior body (dashed arrows)

Fig. 13.49  A 3 year old with an otherwise negative 3T MRI obtained 
for seizures that demonstrated a normal, moderately thin callosal isth-
mus (arrows) on a midline sagittal T2WI (left). An axial T2WI through 

the level of the isthmus (right) confirmed the disparate thickness of the 
callosal isthmus relative to the anterior body (dashed arrows)

13.5  Callosal Isthmus
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Fig. 13.50  A 46 year old with an MRI obtained to rule out an aneu-
rysm (the MR angiogram was negative). There was a normal, thin cal-
losal isthmus on a midline sagittal T1WI (arrows, left). An axial FLAIR 

image (right) confirmed the disparate thickness of the isthmus (arrows) 
relative to the anterior body (dashed arrows)

Fig. 13.51  A 31 year old with an otherwise negative MRI obtained for 
headaches, which showed a normal callosal isthmus on a midline sagit-
tal T1WI (arrow, left). Coronal T2WIs through the callosal isthmus 

(middle) and anterior body (right) demonstrated the disparate thickness 
of the isthmus (arrows) relative to the anterior body (dashed arrows)
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Fig. 13.52  A 44 year old with an otherwise negative MRI obtained for 
nonspecific symptoms that demonstrated a normal isthmus on a midline 
sagittal T1WI (arrow, left). Coronal T2WI through the isthmus (middle) 

and an axial FLAIR image (right) show the disparate thickness of the 
isthmus (arrows) relative to the anterior body (dashed arrows)

Fig. 13.53  A 28 year old with a normal isthmus (arrows) shown on a 
3T MRI sagittal T1WI (left). Coronal T2WIs through the anterior body 
(middle) and isthmus (right) show the disparate thickness between the 

isthmus (arrows) and the anterior body (dashed arrows). Indentation by 
the pericallosal arteries (thin arrows) may contribute to the apparent 
thinning

13.5  Callosal Isthmus
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Fig. 13.54  A 62 year old who underwent a 3T MRI (negative) demon-
strating normal compression of the posterior genu–anterior body of the 
corpus callosum (arrows) on a sagittal midline T1WI (left). A coronal 

T2WI (middle) showed that this compression was from the right peri-
callosal artery (thin arrows). A sagittal T1WI 2 years later (right) 
showed that this was unchanged

Fig. 13.55  A 33 year old with a negative 3T MRI demonstrating nor-
mal compression of the posterior genu–anterior body of the corpus cal-
losum (arrows) on a sagittal midline T1WI (left) and FLAIR image 

(middle). This compression is from a pericallosal artery (thin arrow). A 
sagittal T1WI 6 months later (right) showed that this was unchanged

13.6	 �Callosal Vascular Indentation 
by the Anterior Cerebral Artery or Its 
Branches

On midline sagittal images, a false impression/indentation 
of the corpus callosum can occur at any site but is particu-
larly common at the posterior genu or anterior body. This is 
not a congenitally thin region, such as occurs at the callosal 
isthmus. Rather, such indentation is usually related to a 

pericallosal artery, which usually arises from an A3 seg-
ment of the anterior cerebral artery (ACA) that supplies 
most of the corpus callosum while traveling within the peri-
callosal sulcus. Thus, such an indentation can mimic a con-
genital anomaly (e.g., callosal hypogenesis) or atrophy. 
This normal variant can be seen in any age group 
(Figs.  13.54, 13.55, 13.56, 13.57, 13.58, 13.59, 13.60, 
13.61, 13.62, 13.63, 13.64, 13.65, 13.66, 13.67, 13.68, and 
13.69).
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Fig. 13.56  A 49 year old underwent an MRI (negative result) showing 
apparent compression of the anterior body of the corpus callosum 
(arrows) on T1WIs at the midline (left) and just to the right of the mid-

line (middle), simulating a congenital defect. An axial T2WI at that 
level (right) showed that this relates to compression from the right peri-
callosal artery (thin arrow)

Fig. 13.57  A 45 year old who underwent a 1.5T MRI demonstrating 
normal, mild compression of the callosal posterior genu–anterior body 
(arrows) from a pericallosal artery (thin arrow) on a sagittal midline 

T1WI (left). This was unchanged 8 years later on pre- (middle) and 
postcontrast (right) T1WIs. Note a normal callosal isthmus posteriorly 
(dotted arrows)

13.6  Callosal Vascular Indentation by the Anterior Cerebral Artery or Its Branches
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Fig. 13.59  A 69 year old with seizures. There was normal, mild com-
pression of the corpus callosum (arrow) on serial coronal T2WIs (left 
three images) by pericallosal anterior cerebral artery (ACA) branches 

(thin arrows). On a sagittal T1WI (right), this indentation may mimic 
focal callosal atrophy or gliosis. Note the normal callosal marginal 
arteries (dashed arrows)

Fig. 13.58  A 35 year old who underwent with a 3T MRI (negative) 
demonstrating mild compression (arrows) of the midposterior callosal 
body from pericallosal arteries (thin arrows) on a midline sagittal T1WI 

(left), FLAIR (middle), and coronal T2WI (right). Note the normal 
callosal-septal interface signal (arrowheads) on FLAIR, which is ori-
ented parallel to the ventricular margin
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Fig. 13.60  A 54 year old with a 3T MRI performed to evaluate for 
traumatic lesions. Top row: there is normal, moderate indentation of the 
posterior genu–anterior body of the corpus callosum (arrows) on sagit-
tal FLAIR images. Middle row: sagittal precontrast (left) and postcon-
trast (right) GE T1WI confirm that this impression is related to 

pericallosal or other distal ACA branches (thin arrows). Bottom row: 
sagittal SWIs at 2-mm (left) and 7-mm (right) thickness depict flow 
voids of the distal ACA branches (thin arrows), which cause the callosal 
indentations. A T2WI (right) shows tortuosity of the distal ACA 
branches

13.6  Callosal Vascular Indentation by the Anterior Cerebral Artery or Its Branches
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Fig. 13.61  Comparison case of atrophy from perinatal ischemia. A 3 
year old born prematurely at 29 weeks’ gestational age subsequently 
developed a spastic gait disorder. A 3T MRI depicted severe, focal atro-
phy of the posterior callosal body and isthmus (arrows) on sagittal 

T1WI (left). FLAIR images (middle and right) demonstrated multifocal 
periventricular white matter abnormalities (dotted arrows), presumed to 
be sequelae of a perinatal insult

Fig. 13.62  Comparison case of atrophy from remote perinatal isch-
emia. In a 6 year old born with a history of a perinatal insult, a 1.5T 
MRI depicted severe atrophy of the posterior callosal body and isthmus 
(arrows) on a sagittal T1WI (top left), unchanged 10 years later on a 

T1WI (top right). Axial FLAIR (bottom row) showed corresponding 
abnormalities (dotted arrows) of the ventrolateral thalami, the internal 
capsules, and the precentral subcortical white matter
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Fig. 13.63  Comparison case of Krabbe/globoid cell leukodystrophy 
(GLD). A 1 year old female had no callosal atrophy at birth on sagittal 
T1WI (left), but by 3 years of age (middle) there was severe atrophy of 
the posterior body (arrows) and to a lesser degree of the splenium (thin 

arrow). There were typical abnormalities along the path of the cortico-
spinal tracts (arrowheads) and within the deep white matter (dotted 
arrows) on FLAIR (right)

Fig. 13.64  Comparison case of multiple sclerosis (MS). A 44 year old 
with chronic MS had focal atrophy (dashed arrows) of the callosal body 
on sagittal FLAIR (left) and T1WI (middle). Note lesions of the 

callosal-septal interface at the midline, one being in the isthmus 
(arrows). An axial FLAIR image (right) further depicts the white matter 
lesions
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Fig. 13.65  Comparison case of callosal hypogenesis. A 2 year old had 
a diffusely severe hypogenetic corpus callosum, while the anterior body 
of the corpus callosum (dashed arrows) was thicker and more devel-

oped than the posterior body (arrows) and splenium, as depicted on 
sagittal (left), coronal (middle), and axial (right) T1WIs

Fig. 13.66  Comparison case of callosal hypogenesis. A 12 year old 
had hypogenesis of the posterior body and callosal splenium (arrow), 
where the anterior body (dashed arrows) was thicker and more normal, 

as shown on sagittal T1WI (left), coronal T1WI (middle), and axial 
FLAIR (right). Note the slightly enlarged lateral ventricles posteriorly

Fig. 13.67  Comparison case of remote injury. A 55 year old with 
severe isthmic atrophy (arrows) on 3T sagittal T1-FLAIR (left) and 
SWI (middle). On SWI, there were frontotemporal hemorrhages and 

isthmic hemorrhage (arrowheads), with periventricular abnormalities 
on FLAIR (right). The insults were thought to be related to an old trau-
matic or perinatal injury
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Fig. 13.68  Comparison case of atrophy. An 8 year old with cerebral 
palsy had a 3T MRI that showed focal atrophy of the callosal isthmus 
(dashed arrows) on sagittal T2WI (left), with periventricular hyperin-

tensity (dotted circles) on the left side on coronal T2WI (middle) and on 
sagittal FLAIR (right); ex vacuo dilatation of the left lateral ventricle 
was also observed

Fig. 13.69  Comparison case of iatrogenic atrophy from shunting. An 
11 month old had had a shunt catheter since birth. 3T MRI demon-
strated severe thinning and focal atrophy of the callosal body (arrows) 

on sagittal T2WI (left) and T1WI (middle). On a coronal T1WI (right), 
note the catheter with enlarged frontal horn caused by instrument-
related atrophy
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Dilated Perivascular Spaces

A perivascular space (PVS) or a Virchow-Robin space is a 
typically narrow tract that is the drainage pathway for the 
cerebral parenchyma. As there is no lymphatic system within 
the cerebrum, the PVSs drain interstitial/extracellular fluid 
peripherally outward to the subarachnoid space (SAS) but 
are thought not to communicate directly with the SAS. PVSs 
are also termed Virchow-Robin spaces, which surround 
small perforating arteries in multiple locations. They have 
also been described as potential spaces created by leptomen-
inges that penetrate the cerebral parenchyma and surround 
blood vessels. The literature suggests that tiny, normal PVSs 
may be seen in up to 80 % of the pediatric population, while 
irregular or ectatic PVSs (status cribrosum) may be noted in 
1–2 %. However, on standard imaging, slightly prominent 
PVSs are visible in 33 % of patients greater than or equal to 
65 years of age [1–6].

The most common location of these normal variant mildly 
dilated PVSs is surrounding the lenticulostriate arteries 
within the anterior perforated substance, posterior to the 
anterior commissure and inferior to the inferior aspect of the 
putamen (type I). They are also fairly common along perfo-
rating medullary vessels within the subcortical white matter 
(SCWM) and periventricular white matter (PVWM) as they 
enter the cortex (type II) and midbrain/cerebral peduncle 
(type III). Less commonly, dilated PVSs can be seen within 
the corpus callosum, thalami, dentate nuclei, subinsular 
region, and within the anterior temporal white matter or optic 
radiations. Those within the PVWM or SCWM often radiate 
peripherally. Usually, the tiny perforating vessel is not seen, 
but if it is present the uncommon finding of a perforating 
vessel confirms the diagnosis.

Innumerable tiny PVSs seen throughout the basal ganglia 
in the elderly population has been termed état criblé (trans-
lated as cribriform state or status cribrosum); this is some-
times difficult to distinguish from multifocal lacunar 
infarcts. As this cribriform imaging appearance has been 
associated with the elderly and/or vasculopaths (i.e., those 
patients with atherosclerotic disease such as hypertension, 

diabetes, or chronic smoking), it has long been questioned 
whether even a noncribriform appearance of PVSs is found 
with an increasing frequency in such vasculopathic patients 
or in the elderly. Indeed, although many consider état criblé 
to represent tiny but dilated PVSs, a high correlation has 
been shown between the presence of état criblé with the 
presence of lacunar infarcts and leukoariosis (i.e., chronic 
small vessel ischemic disease within the white matter on CT 
and MRI); this suggests an underlying vasculopathy/arteri-
opathy of small perforating vessels. Such patients have been 
shown to have an association with the presence of vascular 
dementias.

More recent literature has also demonstrated that perivas-
cular spaces are found more frequently within patients who 
are vasculopaths, particularly those with a history of hyper-
tension or carotid plaques. It has also been shown that PVSs 
in most previously described locations have an increased 
number and frequency with increasing age. Such evidence 
has suggested that the pathophysiologic processes that lead 
to atherosclerosis and vasculopathic findings (such as within 
the white matter or basal ganglia) are related to the develop-
ment of PVSs. In particular, it seems that dilated PVSs are 
especially associated with the degree of lacunar ischemic 
infarcts and white matter abnormalities on T2WI or FLAIR 
MRI.

Also notable is the fact that the cystic-appearing foci tra-
ditionally called hippocampal cysts probably represent 
PVSs, which are also normal variants and are noted with 
increased frequency with age; they are visible in up to 
40–50 % of the elderly [1–6]. This point is controversial 
because it has been traditionally thought that hippocampal 
cavities or cysts are related to the persistence of the hippo-
campal sulcus and perhaps to even incomplete hippocampal 
infolding. Interestingly, they have been noted to histologi-
cally resemble PVSs, and they do seem to occur at the site of 
the residual hippocampal sulcus remnant at the deepest por-
tion of the expected sulcus’ location, between the dentate 
gyrus and the cornus ammonis of the hippocampus. This 
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topic is covered elsewhere in this book (Sects. 12.1 and 12.2) 
along with hippocampal variants and choroidal fissure cysts. 
Thus, only a small number of corresponding images are pro-
vided in this section.

On MRI, the vast majority of dilated PVSs follow CSF sig-
nal intensity on all sequences. As stated previously, the PVSs 
represent potential spaces containing interstitial fluid similar 
to CSF, and the imaging findings reflect that. Thus, PVSs are 
expected to completely saturate (become dark) on FLAIR and 
DWI MRI and to appear bright on T2WI and on ADC maps. 
This is in contradistinction to lacunar infarcts, which by defi-
nition are smaller than 1.5 cm in size and are commonly con-
fused with or difficult to distinguish from normally dilated 
PVSs. Such lacunar infarcts typically have a lack of complete 
saturation in the manner of CSF on FLAIR (often with a 
hyperintense rim or central region) and are often not linear or 
radiating in appearance. Occasionally they may have a central 
linear vessel represented by a thin T2-dark flow void or a con-
trast-enhancing vascular structure that is best seen on MRI at 
higher field strengths (i.e., at 3T and above). Recent evidence 
has raised the possibility that PVSs may slowly dilate in vari-
ous inflammatory disorders that follow them, such as multiple 
sclerosis (MS), since they are thought to transport leukocytes/
lymphocytes as an inflammatory response. Of interest is the 
fact that the perivascular spaces in the basal ganglia usually 
have two separate layers of surrounding leptomeninges, while 
those in the SCWM extending into the cortex only have one 
such layer. However, the imaging significance of this histolo-
pathologic finding is not yet known.

In this author’s experience an exception to this rule of 
saturation of PVSs akin to the CSF are the quite common 
thin and tiny PVSs (<1–2 mm thickness) that may be easily 
seen on higher resolution T2WI, while at times they appear 
nearly completely invisible on T1WI and FLAIR MRI (i.e., 
representing the up to “80 %” of patients in whom tiny PVSs 
can be seen). Another exception is the rare giant or tumefac-
tive PVS (>1.5–2  cm). On MRI, giant PVSs are typically 
bright on T2WI, dark on T1WI, FLAIR, and DWI, do not 
have dark calcium or hemorrhage on SWI or nonenhanced 
CT (NECT), and do not enhance after intravenous contrast 
agent administration. Such a giant PVS may simulate a 

low-grade brain tumor such as a juvenile pilocytic astrocy-
toma that can even appear multiloculated or clustered. One 
reason that a giant PVS may simulate a low-grade tumor is 
that it may have surrounding T2WI or a FLAIR hyperintense 
signal (thought to represent gliosis). Additionally, although 
quite rare, giant PVSs can enlarge slowly over time and may 
even cause mass effect and hydrocephalus. Rarely, they may 
cause symptoms as they enlarge, such as cranial nerve symp-
toms (if they are located within the brainstem), seizures (if 
they are near the medial temporal lobe or subcortical), and 
ataxia, headaches, vertigo, syncope, or visual changes.

In summary, the differential diagnosis for dilated PVSs 
varies slightly, depending on their location. When in the 
basal ganglia and anterior perforated substance (type I), the 
differential diagnosis includes lacunar infarcts (described 
previously), MS (usually hyperintense on FLAIR and 
enhance in active lesions, with callosal lesions that are per-
pendicular to the lateral ventricles), vasculitis (e.g., Neuro-
Behçet syndrome, in which the lesions enhance and may be 
bright on DWI), and cryptococcal infection (usually hyperin-
tense on FLAIR in immunocompromised patients). When 
they occur within the PVWM and SCWM (type II), the dif-
ferential diagnosis includes lacunar infarcts, MS, cystic peri-
ventricular leukomalacia (multiple cysts within the PVWM 
near the trigones of lateral ventricles but showing gliosis on 
T2WI and FLAIR), and rarely mucopolysaccharidoses 
(dilated PVSs diffusely isointense to CSF with a proper clin-
ical history but possibly with associated gliosis on T2WI/
FLAIR). Dilated PVSs occurring within the midbrain and 
cerebral peduncles (type III) have the differential diagnosis 
of lacunar infarcts, multiple sclerosis, and the sequela of 
vasculitis (e.g., neuro-Behçet). When larger they may simu-
late a cystic low-grade glioma such as a juvenile pilocytic 
astrocytoma (which usually has mass effect, surrounding 
hyperintensity, and does not suppress on FLAIR). Giant 
PVSs may simulate a neuroepithelial cyst (it usually occurs 
along ventricles but in some locations can be indistinguish-
able from a PVS), an arachnoid cyst (usually occurs along 
convexities or in the cerebellopontine angle but has a signal 
similar to that of a PVS), or, as described above, low-grade 
tumors, particularly cystic primary brain neoplasms.
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Fig. 14.1  A 38 year old had a moderately dilated PVS (arrows) within the inferior left putamen on NECT. As expected, the PVS had a density 
nearly identical to that of the CSF. Note the lack of surrounding edema and mass effect

14.1	 �Dilated Perivascular Spaces: Type I

Again, the most common location of normal variant mildly 
dilated PVSs is in the general location of the lenticulostriate 
arteries within the anterior perforated substance, located 
posterior to the anterior commissure and inferior to the 
inferior aspect of the putamen. These can be single or mul-

tiple. They can be confused with vascular etiologies (e.g., 
lacunar infarcts, which do not suppress and become dark like 
CSF on FLAIR MRI) or various inflammatory (e.g., vasculi-
tis, multiple sclerosis) or infectious (e.g., cryptococcal 
meningitis) etiologies (Figs.  14.1, 14.2, 14.3, 14.4, 14.5, 
14.6, 14.7, 14.8, 14.9, and 14.10).

14.1  Dilated Perivascular Spaces: Type I
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Fig. 14.3  A 46 year old had dilated PVSs bilaterally (arrows) within 
the inferior putamina on axial NECT (top left), T2WI (top, left middle), 
FLAIR (top, right middle), and an ADC map (top right). The PVSs sup-
press with CSF on FLAIR and are bright on ADC maps. Thin-section 
(0.8  mm) balanced echo three-dimensional T2WI (bottom left) 

optimizes CSF versus a parenchymal signal. The PVSs do not enhance 
on postcontrast T1WI (bottom right), although small enhancing lenticu-
lostriate vessels (tiny arrows) are seen to perforate the PVSs; they were 
unchanged 3 years later (not shown)

Fig. 14.2  A 48 year old with a dilated PVS (arrow) within the anterior 
perforated substance inferior to the putamen

14  Dilated Perivascular Spaces
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Fig. 14.4  A 52 year old had a dilated PVS (arrows) within the inferior 
right putamen on a NECT (top left), sagittal T1WI MRI (top middle), 
postcontrast axial T1WI MRI (top right), axial T2WI (bottom left), 

FLAIR (bottom middle), and an ADC map (bottom right). As expected, 
the PVS suppresses with CSF on FLAIR and is bright on the ADC map

Fig. 14.5  A 55 year old with a dilated PVS (arrows) within the ante-
rior perforated substance/inferior putamen on a 3T axial T2WI MRI 
(left) in which a faint, tiny, perforating lenticulostriate vessel may be 
seen (tiny arrows, left). The PVS suppresses on FLAIR (middle). A 

sagittal T1WI MRI of the right side (right) also depicts the perforating 
vessel as it penetrates and passes through the dilated PVS.  Note a 
smaller, dilated PVS on the left side in a similar location

14.1  Dilated Perivascular Spaces: Type I
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Fig. 14.6  A 35 year old with a dilated PVS (arrows) on a sagittal 
T1WI (top left), axial T2WI (top middle), FLAIR (top right), SWI (bot-
tom left), DWI (bottom middle), and an ADC map (bottom right). The 

PVS surrounds a tiny lenticulostriate vessel (tiny arrows) that travels up 
into the basal ganglia. On an MRI 1 year later (not shown), the PVS was 
unchanged

Fig. 14.7  In a 35-year-old volunteer a dilated PVS (white arrows) is 
noted on a 7T scanner within the inferior right putamen on coronal (top 
row) and on axial (bottom row) T2WIs. There is a tiny vessel (tiny black 
arrows) traversing the PVS centrally, probably a lenticulostriate vessel. 

Smaller PVSs are noted in a similar contralateral location (dashed cir-
cle, bottom right). Also note an incidental right ACA A1 segment fen-
estration (dotted black arrow, bottom left)
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Fig. 14.8  A 52 year old had bilateral dilated PVSs of the posterior 
putamina/insula (arrows), also with poorly defined PVSs more anteri-
orly of the anterior perforated substance on axial T2WI (left). All PVSs 

suppress on FLAIR (middle) and are hyperintense on ADC maps 
(right). The ill-defined PVSs border on being état criblé (dashed 
circles)

Fig. 14.9  A 65 year old had a dilated PVS (arrows) of the left anterior 
perforated substance on T2WI at 3T (left) and on postcontrast T1WI 
(right); it suppresses on FLAIR (not shown). There are tiny perforating 

vessels (tiny arrows) that traverse the PVS.  Additionally, there is an 
appearance bordering on état criblé on the right (dashed circles)

Fig. 14.10  A 30 year old with an otherwise normal MRI had a dilated 
PVS (arrows) of the left inferior putamen on T2WI (top left), FLAIR 
(top middle), and magnified 3D time-of-flight (TOF) MRA reconstruc-

tions in axial (top right), coronal (bottom left), and sagittal (bottom 
right) planes. A small vessel (tiny arrows) traverses the PVS, arising 
from a lenticulostriate artery

14.1  Dilated Perivascular Spaces: Type I
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14.2	 �Extensive Type 1 Dilated Perivascular 
Spaces: État Criblé

The cribriform appearance (i.e., status cribrosum) of état 
criblé is characteristic on T2WI but may hardly be visible on 
FLAIR. It is typically associated with the elderly. The diffuse 

PVSs should suppress on FLAIR in the normal elderly, 
whereas the persistence of numerous hyperintensities on 
FLAIR suggests underlying multiple lacunar infarcts and 
severe vasculopathy (i.e., chronic small vessel ischemic dis-
ease) (Figs. 14.11, 14.12, 14.13, 14.14, 14.15, 14.16, 14.17, 
14.18, 14.19, 14.20, and 14.21).

Fig. 14.11  A 92 year old had cribriform tiny PVSs (between arrows) 
throughout the basal ganglia (état criblé), on NECT (top left) and T2WI 
MRI (top, middle, and right). The PVSs mostly suppress on FLAIR 
(bottom, left, and middle); note encephalomalacia anteriorly (tiny 
arrows). DWI shows a new acute infarct (bottom right, top image). SWI 

(bottom right, bottom image) depicts mild putaminal iron (dashed cir-
cles) without hemorrhage, which is normal in the elderly. This case 
illustrates how état criblé may coexist in the setting of vasculopathy 
and lacunar infarcts
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Fig. 14.12  A 76 year old had bilateral cribriform-appearing basal gan-
glial PVSs (i.e., état criblé between arrows) on NECT (top left), T2WI 
(top middle), FLAIR (top right), DWI (bottom left), ADC map (bottom 

middle), and coronal T1WI (bottom right). There are mild chronic small 
vessel ischemic findings/leukoariosis (*) without lacunar infarcts

Fig. 14.13  Comparison case of lacunar infarct. A 54 year old had a 
lacune (dashed arrows) identified on NECT (top left), as its density was 
greater than that of the CSF. On MRI it was dark on DWI MRI (top 
right), bright on FLAIR (bottom left), and had CSF-like signal on T2WI 

(bottom middle) with tiny PVSs posteriorly (thin arrows). There was no 
definite hemorrhage associated on SWI, where the signal appeared to 
be that of CSF (bottom right)

14.2  Extensive Type 1 Dilated Perivascular Spaces: État Criblé
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Fig. 14.14  Comparison case of lacunar infarct. A 51 year old had a 
small left putaminal lesion (thin arrows) on 1.5T MRI T2WI (top left) 
that was bright on FLAIR (top middle) and ADC map (top right). It was 

new from images that were done 9 months prior on T2WI (bottom left), 
FLAIR (bottom middle) and SWI (bottom right). Note tiny PVSs in the 
right putamen (arrows)

Fig. 14.15  Comparison case of vascular dementia, stroke, and état 
criblé. An 82 year old with dementia had a diffuse, cribriform appear-
ance of PVSs (arrows) throughout the basal ganglia, as shown on axial 
T2WI (top left), which mostly suppress on FLAIR (top middle, and 

right). Note numerous microhemorrhages (tiny arrows) on axial and 
coronal T2*WIs (bottom left and middle), with a superimposed acute 
infarct (dotted arrows) on DWI (bottom right)
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Fig. 14.16  Comparison case of leukoariosis superimposed on diffuse 
PVSs (état criblé). A 73 year old had a diffuse, cribriform appearance 
of PVSs throughout the basal ganglia (état criblé) and the subcortical 
white matter on a 0.8-mm thickness coronal T2WI (left). The PVSs are 

nearly invisible on T1WI (middle) and FLAIR (right), although exten-
sive findings of chronic small vessel ischemic disease (leukoariosis) are 
noted on FLAIR (tiny arrows)

Fig. 14.17  Comparison case of acute lacunar infarcts superimposed on 
PVSs (état criblé). A 69 year old had diffuse, PVSs (solid arrows) of the 
basal ganglia on T1WI (dashed arrows, top left) and T2WI (top middle 
and top right), but within the left putamen some did not suppress on 

FLAIR (bottom left), while two had reduced diffusion, indicating acute 
infarcts (bottom middle). A right putaminal lesion had remote gliosis on 
FLAIR, with remote microhemorrhage on SWI (tiny arrow, bottom right). 
This case illustrates how état criblé may coexist with acute lacunar infarcts

14.2  Extensive Type 1 Dilated Perivascular Spaces: État Criblé
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Fig. 14.18  Comparison case of chronic lacunar infarcts. A 59 year old 
with dementia had chronic lacunar infarcts (dotted arrows) on T2WI 
(left), with mild surrounding hyperintense signal on FLAIR (middle) 

caused by resultant gliosis. Note that on SWI (right), these lacunar 
infarcts also contain internal remote punctate microhemorrhages (thin 
arrows)

Fig. 14.19  Comparison case of cryptococcal meningitis. On a 3T 
MRI, an HIV+ 33 year old had numerous bright basal ganglia lesions 
on T2WI (left), which were also bright on FLAIR (left middle) and DWI 

(right middle). On postcontrast T1WI (right), most lesions enhanced. 
There was also abnormal enhancement of the leptomeninges (thin 
arrows)
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Fig. 14.20  Comparison case of central nervous system toxoplasmosis. 
An immunocompromised 42 year old had numerous hyperintense 
lesions throughout the basal ganglia (dotted arrows) as well as 

throughout the subcortical white matter on a 3T MRI with axial T2WI 
(left) and FLAIR (middle). On postcontrast T1WI (right), some lesions 
enhanced (thin arrows)

Fig. 14.21  Comparison case of neuro-Behçet syndrome sequela. In a 
40-year-old male with prior neuro-Behçet a focal hyperintensity was 
seen within the left basal ganglia (dotted arrows) on a 1.5T MRI with 
axial T2WI (left) and FLAIR (left middle), with faint surrounding 

enhancement on postcontrast T1WI (middle) and hemorrhage on GE 
T2*WI (right middle). An MRI 2 years prior at the time of onset of 
disease showed edema of the basal ganglia on FLAIR (right)
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14.3	 �Dilated Perivascular Spaces: Type II

PVSs within the subcortical white matter (SCWM) and deep 
periventricular white matter (PVWM) are considered type 
II. These are quite common and can be seen with increasing 
frequency the higher the field strength, resolution, and age. 
Although as yet there may not be substantial literature on this 
in children, they are not uncommon in adolescents, particu-

larly at higher field strengths. Such type II PVSs are easily 
distinguished from demyelinating lesions such as MS, even 
though their distribution may be similar by their complete 
suppression/darkening along with CSF on FLAIR with lack 
of residual hyperintensity, which is always present in MS 
lesions (Figs. 14.22, 14.23, 14.24, 14.25, 14.26, 14.27, 14.28, 
14.29, 14.30, 14.31, 14.32, 14.33, 14.34, 14.35, 14.36, 14.37, 
14.38, 14.39, 14.40, 14.41, 14.42, 14.43, and 14.44).

Fig. 14.22  A 57 year old had dilated PVSs of the temporal subcortical 
white matter bilaterally (between arrows on the right side and thin 
arrows on the left), seen as radiating foci that are hyperintense on T2WI 

(left), suppress on FLAIR (middle), and are invisible on SWI (right) and 
DWI. These were unchanged on an MRI 1 year later (not shown)

Fig. 14.23  A 62 year old had innumerable slightly dilated PVSs on a 
3T MRI with T2WIs (left and middle). The PVSs were located through-
out the temporal white matter (thin arrows, left) and frontoparietal 

white matter (arrows, middle). These appear as radiating ovoid foci that 
are hyperintense on T2WI and nearly disappear on coronal FLAIR 
(right)
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Fig. 14.24  A 48 year old had bilateral dilated PVSs within the deep 
white matter of the temporal stems (arrows) bilaterally on coronal 
T2WI (left) and sagittal T1WI (middle), with increased diffusion on an 

ADC map (right). On the T2WI, smaller PVSs with a radiating appear-
ance (tiny arrows) are visualized within the subcortical frontal white 
matter

Fig. 14.25  A 24 year old had PVSs of the parieto-occipital white matter bilaterally (between arrows) on a 3T MRI. The PVSs are radiating ovoid 
foci on coronal T2WI (left) that suppress on coronal (middle) and axial (right) FLAIR images

Fig. 14.26  A 73 year old had bilateral PVSs located within the deep temporal white matter (between arrows). The PVSs are ovoid, radiating foci 
on T2WI (left) that suppress on FLAIR (middle). They appear linear on sagittal T1WI (right)
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Fig. 14.27  A 35 year old had dilated PVSs within the posterior frontal 
and anterior parietal white matter bilaterally (arrows). They appear 
radiating and ovoid and are hyperintense on coronal T2WI (left), 

suppress on FLAIR (middle), and are nearly as dark as CSF on T1WI 
(right). Tiny PVSs are also noted within the temporal stems (tiny 
arrows)

Fig. 14.28  A 41 year old with dilated PVSs within the right frontal 
subcortical white matter (arrows) on axial (left and middle) and coronal 
(right) NECT images. The coronal reformat illustrates their linear and 

radiating appearance. There are no definite findings of chronic small 
vessel disease (i.e., leukoariosis) or lacunar infarcts, which PVSs can 
mimic
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Fig. 14.29  A 13 year old had mildly dilated PVSs throughout the sub-
cortical white matter (arrows) on 3T MRI axial T2WIs (top, left two 
images), being nearly invisible on FLAIR (bottom, left two images). These 
appear to radiate from the lateral ventricles and corpus callosum. Axial 

ADC maps (top right), FLAIR, and sagittal T1WIs (bottom right) con-
firmed their CSF-like signal. This boy had new seizures; note mildly 
hyperintense periventricular terminal zones (*), a normal variant. Notably, 
subcortical PVSs can mimic the radial bands seen in tuberous sclerosis

Fig. 14.30  A 59 year old had dilated PVSs within the right parietal 
deep white matter bilaterally (arrows) on a 7T T2WI MRI (left), seen as 
radiating, ovoid, and linear foci similar in orientation to radiating peri-

medullary veins (thin arrows) on SWI (middle). These PVSs suppress 
on 3T FLAIR images from a different magnet (right) in the same patient
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Fig. 14.31  A 62 year old had dilated PVSs within the parietal-occipi-
tal subcortical white matter bilaterally (arrows) on T2WI (left), seen as 
radiating, ovoid, and linear foci that suppress and are nearly invisible on 

FLAIR (middle), along with increased diffusion on ADC maps (right). 
Such discrete, type II PVSs can be seen in patients of nearly any age

Fig. 14.32  A 23 year old had extensive radiating hyperintensities 
throughout the deep white matter of the supraventricular white matter 
on 3T MRI T2WI (left and middle), which suppress on FLAIR (right). 

If one is solely viewing the T2WIs, the findings could resemble the 
radiating bands (abnormal migration tracts) of tuberous sclerosis. 
However, note the lack of cortical abnormalities (tubers) on FLAIR
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Fig. 14.33  The patient is an 8-year-old normal boy with a history of 
seizures. Top row: on a 3T MRI, there are bilateral dilated PVSs within 
the deep parietal white matter (arrows) on T2WI.  Note their linear 
appearance that radiates from the lateral ventricles and the lack of over-
lying cortical atrophy or gliosis. The MRI was otherwise interpreted as 

normal. Middle row: on coronal T2WI (left), the dilated PVSs within 
the deep parietal white matter (between arrows) are rather diffuse but 
suppress on a reconstructed axial 3D FLAIR image (right). Bottom 
row: on sagittal 3D T1WI (left) and 3D FLAIR (right), the dilated PVSs 
are delineated but are still not as well visualized as on the T2WIs
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Fig. 14.34  The patient is an 8-year-old otherwise normal boy with 
headaches. Top row: there are bilateral dilated PVSs within the deep 
parietal white matter (arrows) on NECT (left), and on 3T MRI with 
T1WI (middle) and T2WI (right). Middle row: the PVSs are radiating, 
ovoid, and orient perpendicular to the ventricles on DWI (left), an ADC 
map (middle), and SWI (right). Bottom row: on coronal T2WI (left), 

sagittal three-dimensional T1WI MRI (middle) and FLAIR (right), the 
signal intensity is akin to that of CSF, as the PVSs suppress on 
FLAIR. The coronal T2WI also illustrates their orientation perpendicu-
lar to the ventricles. This patient’s symptoms were deemed to be from 
migraines, with the PVSs being a normal variation
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Fig. 14.35  A 6 year old with nonspecific headaches had focally dilated 
PVSs within the right periatrial white matter (arrows) on a 3T MRI 
with axial T2WI (top left), SWI (top middle), an ADC map (top right), 
coronal T2WI (bottom left), coronal three-dimensional FLAIR (bottom 

middle), and sagittal three-dimensional FLAIR (bottom right). Because 
the foci suppress with CSF and do not have a surrounding bright signal 
on FLAIR, they are consistent with dilated PVSs. Note the lack of hem-
orrhage on SWI

Fig. 14.36  A 43 year old had an uncommon appearance of dilated 
PVSs within the corpus callosum body (arrows) on axial (left) and cor-
onal (left middle) T2WIs. These appear ovoid, linear, and suppress on 
coronal FLAIR images (right middle), being isointense to CSF on sagit-

tal T1WI (right). These can simulate the pericallosal lesions of MS; 
however, no lesions were noted elsewhere in this patient. Typically, MS 
lesions will not suppress on FLAIR unless they are black holes; but 
even black holes typically exhibit bright signal along their periphery
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Fig. 14.37  A 52 year old had a single dilated PVS (arrows) with the 
left parietal PVWM, adjacent to the lateral ventricle on NECT (left). A 
3T MRI confirmed this to be a focal PVS, as it was hyperintense on 

T2WI (middle) and suppressed on FLAIR (right). Thus PVSs located 
within the PVWM may be solitary and may simulate a small lacunar 
infarct

Fig. 14.38  A 57 year old had a single dilated PVS (arrows) within the 
right parietal PVWM adjacent to the lateral ventricle on NECT (left). 
On a 3T MRI, it was hyperintense on a coronal T2WI (left middle), sup-
pressed on axial FLAIR (right middle), and was barely visible on SWI 

(right). This is an example of how PVSs may be solitary and can mimic 
lacunar infarcts. Thin PVSs are also present on T2WI within the sub-
cortical white matter bilaterally (tiny arrows)
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Fig. 14.39  A 10 year old with headaches had a dilated PVS (arrows) 
of the left temporal lobe near the left lateral ventricle on sagittal T1WI 
(left) and coronal T2WI (middle). There was no white matter atrophy 

next to the ventricle, given the lack of hyperintensity around the PVS on 
FLAIR (right). Thus, this did not represent gliosis or leukomalacia

Fig. 14.40  Comparison case of lacunar infarct. A 76 year old had a 
focal hypodensity (arrows) of the centrum semiovale on NECT (left) 
that was hyperintense on T2WI MRI (left middle) and only partially 

suppressed on FLAIR (right middle), with high diffusivity on an ADC 
map (right). A dilated PVS of that size should entirely suppress on 
FLAIR
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Fig. 14.41  Comparison case of periventricular leukomalacia (PVL). A 
premature infant born at 34 weeks had left frontal PVWM abnormali-
ties (arrows) on a coronal ultrasound (top left) and a grade 1 germinal 
matrix hemorrhage (GMH) within the left caudothalamic groove. On an 
MRI at term equivalent age 6 weeks later, coronal T2WI (top middle) 

and axial T2WI (top right) showed cystic PVL, which is dark on FLAIR 
(bottom, left) and DWI (bottom, left middle). SWIs (bottom right 
images) depict bilateral GMH (dotted arrows) as well as hemosiderin at 
the site of PVL (thin arrow)

Fig. 14.42  Comparison case of black holes in MS. A 48 year old had 
multifocal hyperintensities surrounding a black hole (arrows) on sagit-
tal FLAIR MRI (left) that were severely dark on sagittal T1WI (middle) 

and bright on T2WI (right). These lesions are oriented perpendicular to 
the corpus callosum, which is characteristic of MS
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Fig. 14.43  Comparison case of Hurler syndrome. A 2 year old had 
dilated PVSs of the corpus callosum (arrows) and PVWM on sagittal 
T1WI (left) and on axial T2WI (left middle). The patient underwent a 
marrow transplant; the PVSs then decreased 3 years later on T2WI 
(right middle); the PVSs followed the CSF on FLAIR (right). Note the 

J-shaped sella (*) and odontoid capping (tiny arrow), which are typical 
of Hurler syndrome. The PVSs are too extensive to be normal; in 
patients with mucopolysaccharidoses, they represent deposition of 
mucopolysaccharide material

Fig. 14.44  Comparison case of dysembryoplastic neuroepithelial 
tumor (DNET). A 21 year old with seizures had a left temporal 
hypodensity (dotted arrows) on NECT (left) thought to be a PVS versus 
a low-grade cystic neoplasm. Axial FLAIR (left middle) and T2WI 

(right middle) did not confirm the cyst signal. On postcontrast T1WI 
(not shown), the lesion did not enhance. It was unchanged 2 years later 
on T2WI (right). It was later proven to be a DNET
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14.4	 �Dilated Perivascular Spaces: Type III

Dilated PVSs of the midbrain or cerebral peduncles have 
been termed type III.  As with the other types, they are 
increasingly identified in normal patients with increasing 
age, MR scanner field strength, and resolution, particularly 

on T2WI sequences. Again, a lack of suppression of punctate 
foci on FLAIR is suggestive of either vascular etiology (e.g., 
lacunar infarcts), demyelinating disease (e.g., MS), or as a 
chronic sequela of trauma (e.g., diffuse axonal injury) 
(Figs. 14.45, 14.46, 14.47, 14.48, 14.49, 14.50, 14.51, 14.52, 
14.53, and 14.54).

Fig. 14.45  A 60 year old had tiny PVSs (arrows) of the right midbrain and cerebral peduncle on axial T2WI (left), which suppress with CSF and 
are nearly invisible on FLAIR (middle). These PVSs are also barely visualized on T1WI (right)

Fig. 14.46  A 60 year old had bilateral dilated PVSs of the midbrain/
cerebral peduncles (arrows) on coronal T2 IR (left), on axial T2WI 
(middle), and on an ADC map (right). There is also a tiny PVS of the 

left cerebral peduncle (tiny arrow, left). Tiny hippocampal cysts are 
noted bilaterally (dashed arrows), which are also a normal variant
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Fig. 14.47  A 78 year old had 
bilateral dilated PVSs within the 
midbrain/cerebral peduncles 
(arrows) on coronal T2WI (left), 
which suppress on FLAIR 
(right). There is also a tiny PVS 
of the left external capsule/
temporal stem (tiny arrows)

Fig. 14.48  A 67 year old had dilated PVSs within the midbrain 
(arrows) on 3T MRI coronal T2WI (left two images), which suppress 
similar to CSF on FLAIR (right). Dilated PVSs are also noted on T2WI 

throughout the subcortical white matter and inferior putamina bilater-
ally (tiny arrows). This MRI was interpreted as normal for the patient’s 
age
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Fig. 14.49  A 62 year old had dilated PVSs within the midbrain/cere-
bral peduncles (arrows) on coronal T2WI (top left and top middle) and 
within the subcortical white matter posteriorly (tiny arrows), which 

suppress on FLAIR (top right). The PVSs are also noted on axial 
FLAIR (bottom left), axial T1WI (bottom middle), and coronal T1WI 
(bottom right)

Fig. 14.50  Comparison case of low-grade glioma. A 15 year old had a 
hyperintense abnormality (arrows) on a 3T MRI with T2WI (left) and 
FLAIR (middle); the lesion surrounded the aqueduct, involving the left 

midbrain tegmentum and tectum. It did not enhance on postcontrast 
axial T1WI (right). This lesion did not change over several years
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Fig. 14.51  Comparison case of MS plaques within the midbrain and 
dilated PVSs. A 42 year old with MS. Top row: there were dilated PVSs 
bilaterally within the midbrain and cerebral peduncles (arrows) on 
T2WI (left); the patient also had MS plaques (tiny arrows) on T2WI at 
another level (right). Middle row: The corresponding FLAIR images 

are provided at the same levels as the T2WIs, showing that the PVSs 
within the midbrain suppressed on FLAIR, while the MS plaques per-
sisted. Bottom row: a follow-up MRI obtained 2.5 years later was 
unchanged, using axial T2WIs (bottom left and middle) and axial 
FLAIR (bottom right)
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Fig. 14.52  Comparison case of chronic insult and gliosis amid dilated 
PVSs. A 35 year old boxer with upper motor neuron signs underwent an 
MRI, which showed normal dilated PVSs within the left anterior perfo-
rated substance (arrows) on T2WI (top row) that suppressed on FLAIR 

(bottom row). However, there was abnormal hyperintense signal along 
the corticospinal tracts (tiny arrows) that did not suppress on FLAIR, 
suggesting a chronic traumatic injury

Fig. 14.53  Comparison indeterminate case of an old lacunar infarct ver-
sus a dilated PVS. A 57 year old with a cystic lesion (tiny arrows) within 
the right hemipons on T2WI MRI (top left) had an état criblé appearance 
(arrows) of PVSs within the basal ganglia on T2WI at a higher level (top 
middle). The brainstem lesion was hyperintense on ADC maps (top right) 

and partially suppressed on FLAIR (bottom left and middle). There was 
also hyperintensity within the PVWM on FLAIR, indicative of chronic 
small vessel ischemic disease. SWI (bottom right) did not depict any pon-
tine hemorrhage. The right hemipons appeared to have mild atrophy; 
therefore a remote lacunar infarct was the favored diagnosis
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Fig. 14.54  Comparison case of cryptococcal meningitis with dilated 
PVSs. Top row: a 31 year old with HIV and AIDS had diffuse low atten-
uation throughout the basal ganglia on NECT (left). On T2WI (middle), 
there were diffusely markedly dilated PVSs bilaterally throughout the 
basal ganglia, which only partially suppressed on FLAIR (right). Middle 

row: Postcontrast T1WI (left) did not reveal any enhancement of the 
PVSs, which is not atypical in AIDS patients with cryptococcal infec-
tions. SWI (middle) and DWI (right) results are unremarkable. Bottom 
row: a follow-up MRI several days later was unchanged, with postcon-
trast T1WI (left), T2WI (middle), and a matching ADC map (right)
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14.5	 �Tumefactive Perivascular Spaces

Tumefactive PVSs (>1.5–2 cm) are rare. They can be difficult 
to distinguish from low-grade gliomas containing cystic com-
ponents, since huge PVSs can be surrounded by a mild signal 

on FLAIR, possibly due to gliosis. Distinguishing factors 
may be the lack of enhancement, reduced diffusion, and the 
fact that the size of the PVSs is disproportionate to the degree 
of FLAIR hyperintensity. (Usually cystic gliomas have a 
greater degree of vasogenic edema) (Figs. 14.55 and 14.56).

Fig. 14.55  A 27 year old had a NECT (top left) after a fall, in which 
there was a cyst greater than 2 cm (arrows) with CSF density located in 
the lateral left midbrain. A 3T MRI two days later showed that the cys-
tic lesion had CSF signal intensity on T2WI (top middle), FLAIR (top 

right), SWI (bottom left), T1WI (bottom middle), and DWI (bottom 
right). Note that this is not a neuroepithelial cyst, since it is not within 
the choroidal fissure (thin arrows)
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Fig. 14.56  Tumefactive (giant) dilated PVSs. A 38 year old had mild, 
chronic headaches and a reportedly stable brainstem lesion (arrows) for 
11 years (old images were not available). The PVSs are multiloculated, 
with CSF intensity on axial (top left) and coronal (top right) T2WIs and 
suppression of the majority of the spaces on FLAIR images (bottom 

left, bottom middle) but with surrounding hyperintensity that is thought 
to be related to gliosis. No enhancement was noted on T1WI (bottom 
right, top) and there was no reduced diffusion on DWI (bottom right, 
bottom). Five years later, the patient remained without related symp-
toms. Also, note an incidental scalp epidermoid cyst (tiny arrows)
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Enlargement or Asymmetry 
of the Lateral Ventricles Simulating 
Hydrocephalus

The lateral ventricles have a wide range of appearances 
that can be considered normal. There may be variations in 
size between sides or between different regions (e.g., the 
bodies may be larger than the temporal horns, or vice 
versa). Such asymmetry occurs in about 5–20 % of the pop-
ulation, depending on what is considered asymmetry and 
which portions of the ventricle are compared to the oppo-
site side. More commonly, for unknown reasons the right 
lateral ventricle is larger than the left by about a 3:1 ratio. 
This may be seen at any age, from the fetus to the elderly 
population. Such asymmetry should be considered normal 
as long as the ventricular size and configuration do not fit 
the criteria for hydrocephalus. Additionally, varying 
degrees of cerebral atrophy (and particularly adjacent white 
matter atrophy surrounding the lateral ventricles) can 
accentuate this appearance and mistakenly lead to the diag-
nosis of communicating hydrocephalus, leading to unnec-
essary shunting.

At this point, we would like to clarify that this chapter is 
focused on those appearances of the lateral ventricles that 
should not be mistaken for hydrocephalus or cysts. In this 
chapter, atrophy is considered a “don’t touch lesion,” that is, 
is not to be treated by ventriculostomy. This is not to say that 
all atrophy is normal. Indeed, a common problem occurs 
when atrophy (diffuse cerebral volume loss) that is dispro-
portionate to age is called hydrocephalus. However, that dis-
tinction has been addressed by a significant amount of 
literature over the years as to what is appropriate for age, 
which is not the primary focus of this chapter. Rather, we 
will focus on how to distinguish volume loss from hydro-
cephalus. In this regard, it helps to pay attention to adjacent 
periventricular white matter (PVWM).

Several criteria have been proposed to distinguish normal 
ventricular asymmetry from volume loss (i.e., atrophy) and 
from hydrocephalus. The most common and traditional 
method is to evaluate the size and the presence of an acute 
angle of the temporal horns; in hydrocephalus, the temporal 
horns become rounded and enlarged. Additionally, the 

anteroinferior recesses of the third ventricle, best evaluated 
on sagittal images, become widened in hydrocephalus, since 
these recesses normally have very acute angles. In particular, 
in this author’s experience, the optic recess (anterior) may be 
more sensitive than the infundibular recess (posterior) to 
becoming widened in the earlier stages of hydrocephalus. 
The size of the cerebral aqueduct should also be evaluated, 
since aqueductal stenosis is one of the more common causes 
of obstructive (noncommunicating) hydrocephalus. The 
radiologist should also evaluate for several other secondary 
findings of hydrocephalus, such as PVWM abnormality 
(hypodensity on CT, hyperintensity on FLAIR or T2WI), 
sulcal effacement, or the presence of an obstructive lesion 
(e.g., a mass, web, or hemorrhage). Notably, periventricular 
hypodensity (on CT) or hyperintensity (on MRI) may be 
present in chronic small vessel ischemic disease (i.e., 
leukoariosis), demyelinating disorders, or toxic/metabolic 
leukoencephalopathies; therefore such hypodensity/hyperin-
tensity is a nonspecific finding. Also of note is that atrophy/
volume loss usually leads to concomitant enlargement of the 
cerebral sulci along with and proportionate to the ventricular 
system; however, disproportionate atrophy of the PVWM 
relative to gray matter/cortex can occur in those same afore-
mentioned disorders. Therefore atrophy can simulate hydro-
cephalus if such insults are focused in the posterior 
periventricular regions leading to an appearance of culpo-
cephaly (enlargement of the posterior bodies or occipital 
horns of the lateral ventricles relative to the remainder of the 
ventricles).

One notable example that causes the appearance of culpo-
cephaly is periventricular leukomalacia (PVL), in which 
neonatal premature infants (or fetuses) are at a high risk of 
developing hypoxic-ischemic injury to the developing brain 
when they are born at less than 33 weeks’ gestational age as 
a result of their centrifugal blood supply at that age. (In the 
late third trimester this converts to the typical centripetal 
outside-in vascular supply.) Such infants develop and may 
continue into adulthood with white matter volume loss/thin-
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ning manifested focally in the posterior periventricular 
regions and by culpocephaly; more severe cases suffer hem-
orrhages and cystic degeneration. Culpocephaly can also 
arise from a number of congenital or developmental abnor-
malities, the most notable being corpus callosum agenesis.

The choroidal fissure is the site of attachment of the cho-
roid plexus in the lateral ventricle. The fissure communicates 
between the temporal horn and the peri-mesencephalic cis-
tern and is retro-thalamic (retro-pulvinar) as well. It can be 

asymmetrical in size and can simulate disease processes 
such as mesial temporal sclerosis or sequelae of previous 
trauma or infection. Normal asymmetry can be discerned 
from disease, as diseases usually have an abnormal signal on 
T2WI or FLAIR with volume loss/atrophy (Figs. 15.1, 15.2, 
15.3, 15.4, 15.5, 15.6, 15.7, 15.8, 15.9, 15.10, 15.11, 15.12, 
15.13, 15.14, 15.15, 15.16, 15.17, 15.18, 15.19, 15.20, 15.21, 
15.22, 15.23, 15.24, 15.25, 15.26, 15.27, 15.28, 15.29, 15.30, 
15.31, and 15.32).

Fig. 15.1  A 67 year old underwent a NECT (left and middle) that 
showed an asymmetrically prominent right lateral ventricle without 
enlargement of the trigones (arrows) or temporal horns (not shown). 
The prominence of the subarachnoid space (*) along the left frontal 

convexity was also noted, confirming that atrophy is present. The ven-
tricular asymmetry was unchanged 2 years later on a NECT (right), 
while the atrophy had mildly progressed

Fig. 15.2  A 15 year old whose NECT images demonstrated asymmet-
ric enlargement of the body of the right lateral ventricle without 
enlargement of the temporal horns (arrows). A follow-up NECT was 

not obtained. This should not be mistaken for PVL because there is no 
significant PVWM thinning or evidence of focal gliosis
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Fig. 15.3  A 25 year old’s NECT images (left and middle) demon-
strated an asymmetrically enlarged body of the right lateral ventricle 
without enlargement of the temporal horns (arrows). This was 

unchanged 1 month later on another NECT (right). Again this should 
not be mistaken for PVL because there is no significant PVWM thin-
ning or focal atrophy

Fig. 15.4  A 45 year old’s NECT images demonstrated asymmetric 
enlargement of the body of the left lateral ventricle without enlarged 
temporal horns (arrows). Again, this should not be mistaken for PVL 

because there is no significant PVWM thinning/atrophy. The asymme-
try is exacerbated by the tilting of the patient’s head within the gantry
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Fig. 15.5  A 49 year old’s initial NECT images (left and middle) dem-
onstrated asymmetric enlargement of the body of the right lateral ven-
tricle without enlarged temporal horns (arrows). This also should not be 

mistaken for PVL because there is no significant PVWM thinning. This 
was unchanged on a NECT performed 4 years later (right)

Fig. 15.6  A 59 year old whose NECT images (left and middle) demon-
strated asymmetric enlargement of the body and trigone of the left lat-
eral ventricle without enlarged anterior recess of the third ventricle 

(arrow). This should not be mistaken for PVL because there is no sig-
nificant PVWM thinning. A CECT (right) weeks later appears similar
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Fig. 15.7  A 38 year old had axial NECT (left), axial FLAIR (middle), and coronal postcontrast T1WI (right) that demonstrated normal, asym-
metric enlargement of the body of the right lateral ventricle. The PVWM does not appear to be thinned

Fig. 15.8  A 37 year old underwent coronal FLAIR (left) and T2WI 
(middle) that demonstrated asymmetric enlargement of the body of the 
right lateral ventricle without enlarged temporal horns (arrows). Axial 

FLAIR images (right) are also shown. This should not be mistaken for 
PVL because there is no significant PVWM thinning
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Fig. 15.10  A 12-year-old patient whose 3T MRI included axial T1WI 
(top left), T2WI (top middle), FLAIR (top right), coronal T1WI (bottom 
left), and sagittal T1WI (bottom right). The MRI depicts a slightly 

asymmetric and enlarged body of the left lateral ventricle. Sagittal 
T1WI confirms that the optic recess of the third ventricle (thin arrow) is 
not enlarged

Fig. 15.9  A 55-year-old patient in whom coronal T2WI (left) and axial 
FLAIR (middle) images showed asymmetric enlargement of the left lat-
eral ventricular body. On sagittal T1WI (right), the third ventricle’s 

optic recess (thin arrow) is not enlarged, confirming that there is no 
hydrocephalus. Note a normal artifactual CSF flow-related hyperinten-
sity (dotted arrow) on FLAIR
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Fig. 15.11  A 32 year old with normal, mild, and asymmetric enlarge-
ment of the body and trigone of the right lateral ventricle on NECT 
(left). On an MRI with FLAIR (middle) and coronal T1WIs (right, top, 

and bottom), the asymmetry is slightly less pronounced, and the tempo-
ral horns (arrows) and the remainder of the ventricles are within normal 
limits

Fig. 15.12  A 14 year old underwent axial T1WI (top left), T2WI (top 
middle), proton-density-weighted (top right), FLAIR (bottom left, and 
middle), and coronal T2WI (bottom right) that depicted an enlarged 
right temporal horn (arrows) that was focal and asymmetric. Note that 

the contralateral temporal horn (thin arrows) and lateral ventricular 
bodies are not enlarged. This should not be called a choroidal fissure 
(neuroepithelial cyst) since it is not within that fissure and is not round
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Fig. 15.13  A 33-year-old patient had mild asymmetric enlargement of 
the temporal horn (arrows) of the right lateral ventricle as compared 
with the left side (thin arrows) on axial NECT (left two images). On a 

coronal reformat (right), the finding is shown to be within the temporal 
horn and should not be mistaken for a choroidal fissure cyst because it 
is not within that fissure

Fig. 15.14  A 21 year old was given a coronal T2WI MRI (top left, top 
middle) that demonstrated prominence of the right temporal horn ante-
riorly (arrows) as compared to the left (thin arrows). This is clearly 
indicated to be within the ventricular system on coronal (top right) and 

axial (bottom left) FLAIR images and is therefore shown not to be a 
cyst. Sagittal T1WIs of the right (bottom middle) and left (bottom right) 
sides further depict the temporal horns
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Fig. 15.15  An 18 year old with asymmetric prominence of the right 
temporal horn (arrows) on FLAIR (top left) and T2WI (top middle) when 
compared with the left one (thin arrows). The left lateral ventricle’s fron-
tal horn (*) and body appear larger on higher images (top right); this is 

also a normal variation. The cyst-like right temporal horn is confirmed to 
be intraventricular on sagittal T1WI (bottom left) as compared to T1WIs 
of the right side (bottom middle). A midline T1WI (bottom right) shows 
no hydrocephalus, since the optic recess (dotted arrow) is normal in size

Fig. 15.16  A 54-year-old patient was considered to have atrophy sim-
ulating hydrocephalus. On a 3T MRI with axial T1WI (top left), FLAIR 
(top middle and right), and coronal T1WI (bottom left), there are 
enlarged temporal horns (arrows) and lateral ventricular bodies (top 

right). However, on midline sagittal T1WIs (bottom middle and right), 
the optic recess of the third ventricle (dotted arrows) is not enlarged. 
The PVWM is severely atrophied; such atrophy can simulate 
hydrocephalus
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Fig. 15.17  A 37 year old was seen with culpocephaly simulating 
hydrocephalus. Axial T2WIs (top left and middle) showed a small col-
loid cyst at midline where the foramina of Monro meet (thin arrows), 
and there are prominent temporal horns and mildly enlarged lateral ven-

tricular bodies (*). However, on sagittal T1WI (top right), the optic 
recess (dotted arrows) was normal. Six months later, the axial T1WI 
(bottom left), T2WI (bottom middle), and sagittal T1WI (bottom right) 
were unchanged
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Fig. 15.18  An 18-year-old patient was seen with cerebral volume loss 
that simulated hydrocephalus. Top row: axial T1WI (left) and FLAIR 
(middle and right) show enlarged temporal horns of the lateral ventri-
cles (arrows) mimicking hydrocephalus. Mild white matter abnormali-
ties were also noted on FLAIR. Middle row: However, on sagittal T1WI 
(left), the optic recess of the third ventricle (dotted arrow) is not 

enlarged. A NECT 1 year later showed no change in size (middle and 
right), with prominent sulci. Bottom row: FLAIR (left and middle) and 
T2WI (right) were then found from 9 years earlier that showed normal 
lateral ventricles. Thus, the patient had developed atrophy dispropor-
tionate to age (unknown etiology) but not hydrocephalus
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Fig. 15.19  A 65 year old with diagnosed atrophy. Axial (left) and cor-
onal (left middle) NECT show enlarged temporal horns (arrows) and 
bodies of the lateral ventricles, mimicking hydrocephalus. However, 

note the sulcal prominence and that on sagittal NECT (right middle) 
and T1WI MRI (right), the third ventricle‘s optic recess (dotted arrows) 
is not enlarged

Fig. 15.20  A 63-year-old patient whose axial (top row) and coronal 
(top right) NECT images show mildly enlarged temporal horns 
(arrows), sylvian fissures (*), and sulci, suggesting volume loss. On a 
NECT 4 years later (bottom row), the temporal horns have mildly 

enlarged, simulating hydrocephalus, along with the bodies of the lateral 
ventricles. However, sagittal reformats (bottom right) depicted a normal 
optic recess (thin arrows), confirming that there is no hydrocephalus
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Fig. 15.21  A 51 year old patient whose 1.5T MRI with T2WIs (top 
row) and FLAIR (bottom left and middle) depicted normal-sized tem-
poral horns (arrows) but mildly enlarged atria of the lateral ventricles 

(+) and scattered prominent sulci (−); these were indications of atrophy, 
not hydrocephalus. On sagittal T1WI (bottom right), the third ventricu-
lar recesses are normal (thin arrows)
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Fig. 15.22  A 58 year old who showed mild prominence of the tempo-
ral horns (arrows) on NECT (top left and middle), and on 1.5T FLAIR 
MRI (top right). The temporal horns were noted to be larger than on a 

NECT 7 years prior (bottom row), but this did not represent hydro-
cephalus because the sulci, including the sylvian fissures (*), are simi-
larly enlarged
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Fig. 15.23  A 7 year old with mild prominence of only the anterior 
temporal horns bilaterally (arrows) compared with the posterior/occipi-
tal horns (thin arrows) on axial (left and left middle) and coronal (right 

middle) 3T MRI T2WIs. On sagittal T2WI (right), note that the anterior 
recesses of the third ventricle (dotted arrows) have normal acute angles

Fig. 15.24  Comparison case of hydrocephalus from aqueductal steno-
sis. A 48 year old had mild enlargement of the temporal horns anteri-
orly (arrows) and the third ventricle (+) on serial FLAIR images (left 
three images), while on sagittal T1WI (right) the optic recess of the 

anterior third ventricle (dotted arrow) was also enlarged. Note the nor-
mal-sized infundibular recess (thin arrow) just posterior to the optic 
recess, while there is an enlarged cerebral aqueduct (−)
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Fig. 15.25  Comparison case of hydrocephalus from bacterial menin-
gitis. An 11 year old had mild to moderately enlarged temporal horns 
(arrows) and bodies of the lateral ventricles on axial FLAIR images 
(left two images). On sagittal T1WI (right middle) and FLAIR (right), 
the optic recess of the anterior third ventricle (dotted arrows) is mildly 

prominent, confirming hydrocephalus. Also, note the nonenlarged 
infundibular recess (thin arrows) of the third ventricle, while transepen-
dymal signal on FLAIR suggests a more recent development of 
hydrocephalus

Fig. 15.26  Comparison case of mild hydrocephalus. A 75 year old had 
mildly enlarged temporal horns (arrows) and bodies (*) of the lateral 
ventricles on axial NECT (left two images), while on sagittal reformats 
(right), the optic recess of the anterior third ventricle (dotted arrow) is 

also moderately enlarged. Although there is atrophy present, the 
enlargement of the third ventricle anteriorly would suggest an underly-
ing component of hydrocephalus as well
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Fig. 15.27  Comparison case of PVL. In a 3 year old, a 3T MRI showed 
mildly enlarged posterior bodies (*) of the lateral ventricles on axial 
FLAIR (top left and middle), coronal FLAIR (top right), coronal T1WI 
(bottom left), and sagittal T1WI (bottom middle and right). Note the 

hyperintense and thinned PVWM (thin arrows). Both the temporal 
horns (arrow) and optic recess (dotted arrows) appear normal, exclud-
ing hydrocephalus

Fig. 15.28  Comparison case of PVL. A 5 year old who underwent a 
3T MRI had an enlarged left lateral ventricular posterior body (*) on 
axial T1WI (top left), FLAIR (top middle), and SWI (top right), with 
thinned PVWM (thin arrows). The findings are also shown on coronal 

T1WI (bottom left), FLAIR (bottom middle), and sagittal T1WI (bottom 
right). SWI depicts a tiny germinal matrix hemorrhage (dotted circle). 
The normal optic recess (dotted arrows) excludes hydrocephalus
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Fig. 15.29  Comparison case of culpocephaly from callosal agenesis. A 
12 year old had enlarged posterior bodies (*) and temporal horns (arrows) 
of the lateral ventricles that mimic hydrocephalus on T1WI (top left and 
left middle), FLAIR (top, right middle), and T2WI (top right). Callosal 

agenesis is suggested by straightened lateral ventricles on axial images, 
and a steer horn appearance on coronal T2WI (bottom left) with Probst 
bundles (thin arrows). Midline sagittal T2WI (bottom middle) and T1WI 
(bottom right) both depict a normal optic recess (dotted arrows)
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Fig. 15.30  Comparison case of culpocephaly caused by callosal agen-
esis. A 2 day old infant had enlarged temporal horns (arrows) and cul-
pocephaly (*), which simulate hydrocephalus on T2WI (top left), and 
FLAIR (top right three images). Note the straightened lateral ventricles 

with a steer horn appearance on coronal T1WI (bottom left and middle). 
On a sagittal T1WI (bottom right), the optic recess (dotted arrow) 
appears normal, which excludes hydrocephalus
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Fig. 15.31  Comparison case of enlargement from focal atrophy. A 75 
year old had right temporal horn enlargement (arrows) caused by focal 
right temporal atrophy (thin arrows) on axial FLAIR (top left and mid-
dle). Note a normal optic recess (dotted arrow) on midline sagittal 

T1WI (top right). On sagittal T1WI of the right (bottom left) and left 
(bottom right) sides, the trigones of the lateral ventricles (*) are also 
prominent, probably the result of age-related mild global cerebral 
atrophy

Fig. 15.32  Comparison case of enlargement from focal atrophy. A 9 
year old with seizures had subtle anterior temporal horn enlargement 
(arrows) on coronal T2WI 3T MRI (left) caused by focal right hippo-

campal sclerosis (thin arrow), as shown on axial FLAIR (middle). On 
axial T2WI (right), a tiny nodular heterotopia (dotted arrow) portrays 
the seizure’s etiology
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Cerebral or Cerebellar Volume Loss 
Simulating Subdural Hematomas, 
Hygromas, and Arachnoid Cysts

Cerebral volume loss and cerebellar volume loss (i.e., atro-
phy) are usually apparent on imaging because of the promi-
nence of the subarachnoid spaces (SASs) with associated 
widening of the sulci, along with mild, progressive enlarge-
ment of the ventricles, particularly the lateral ventricles. 
Typically, white matter volume loss, particularly of the 
periventricular white matter (PVWM) also accompanies 
such findings, all of which typically progress with age. 
However, bilateral, chronic hypodense subdural hemato-
mas or hygromas (SDHs) are not uncommon in the elderly; 
in particular, patients who have been receiving long-term 
anticoagulation therapy are at risk for developing SDHs. 
Such chronic or acute SDHs are usually distinguishable 
from global volume loss (i.e., atrophy), which can even 
appear asymmetric between sides. One quite practical 
method to distinguish SDH from atrophy is to note the 
location and path of the cortical veins. With atrophy, the 
cortical veins traverse the CSF-density, hypoattenuating 
fluid, while with SDHs the vessels are pushed inward and 
compressed against the cortical surface. SDHs may also 
cause a mass effect if they are large enough. Also, any 
internal density or layering of isodense or hyperdense 
material indicates hemorrhage, typically the more recent 
acute or subacute component.

Additionally, it can be quite difficult to distinguish focal 
areas of cortical volume loss along the convexities from 
small arachnoid cysts (ACs) or small focal SDHs or epidural 
hematomas (EDHs). Mild, asymmetric volume loss may be 
present normally, while focal encephalomalacia from a 
remote injury may be superimposed on diffuse global cere-
bral volume loss, which can be a source of confusion. ACs 
are typically asymptomatic if they are not extremely large, 

and therefore this distinction is usually academic. However, 
it is important to be aware that ACs occasionally enlarge, 
particularly after trauma or with anticoagulation, which can 
at times lead to bleeding within them.

Thus, although cerebral and cerebellar volume loss with 
prominent SASs is not normal in younger patients, this is a 
“don’t touch” appearance whenever it occurs no matter what 
the cause, since volume loss or atrophy can be confused with 
SDHs, ACs, or even hydrocephalus. (Methods to distinguish 
hydrocephalus are noted in prior chapters, such as Chapter 15). 
Additionally, diffuse atrophy can be considered normal in the 
elderly if it is not disproportionate to the patient’s age. Notably, 
volume loss or atrophy affecting certain lobes more than others 
can be hallmarks in some chronic neurodegenerative disorders 
that cause dementia. The principle behind this section is distin-
guishing volume loss/atrophy from pathologic conditions that 
may acutely worsen or cause mass effects, such as SDHs, ACs, 
and hydrocephalus.

16.1	 �Cerebellar (Without Cerebral) Volume 
Loss Simulating Chronic Subdural 
Hematomas or Hygromas

Cerebellar volume loss or atrophy is usually less prominent 
than the degree of cerebral volume loss in a given patient and 
is only rarely asymmetric from side-to-side. Rarely, cerebel-
lar volume loss is disproportionate to that of the cerebrum. It 
can be difficult to discern severe cerebellar atrophy from 
bilateral subdural fluid collections such as hygromas or hema-
tomas. However, bilateral, extra-axial fluid collections in the 
posterior fossa are quite uncommon (Figs. 16.1 and 16.2).

16
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Fig. 16.1  The NECT (top row) of a 62 year old shows bilateral, promi-
nent SASs (*) along the cerebellar convexities that simulate chronic 
SDHs and are disproportionate to the SASs around the cerebrum; note 
the mildly prominent sylvian fissures. On a NECT 2 years later, the 

SASs along the cerebellar convexities and sylvian fissures progressed, 
confirming atrophy. The bilateral, prominent SASs in the middle cranial 
fossa (−) also increased, thus simulating ACs
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Fig. 16.2  A 63 year old underwent an axial NECT (left) that depicted 
fluid collections (*) along the cerebellar convexities, simulating chronic 
SDHs. However, CECT axial (left middle) and coronal (right middle) 
images show that these do not have a mass effect and that they have the 
density of CSF. The cerebellar sulci are also quite prominent relative to 

the cerebral sulci. These represent prominent SASs, as evidenced by the 
small veins (arrows) traversing them. The patient was found to be on 
chronic antiepileptic medication, which can cause disproportionate cer-
ebellar atrophy
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16.2	 �Cerebellar and Cerebral Atrophy 
Simulating Chronic Subdural 
Hematomas or Hygromas

A much more common occurrence is when cerebellar and 
cerebral atrophy are present together, typically with more 
prominent involvement of the cerebrum. Note that cerebral 
atrophy can more focally involve certain lobes or distributions 

in certain neurodegenerative disorders, some of which can 
even be asymmetric from side-to-side (e.g., the semantic vari-
ant of frontal-temporal dementia). Again, the cortical vein 
sign is typically visible on multiplanar CT with reconstruc-
tions; if necessary, CTA/CTV or MRI can be helpful (particu-
larly with FLAIR, which suppresses CSF) in confirming the 
presence or absence of veins crossing the fluid collections 
(Figs. 16.2, 16.3, 16.4, 16.5, 16.6, 16.7, 16.8, and 16.9).

Fig. 16.3  A 3T MRI of a 54 year old showed bilateral fluid collections 
(*) along the cerebellar convexities on axial T1WI (left) and FLAIR 
(left middle), which mimic chronic SDHs. Notice the lack of mass 
effect and that the signal intensity is the same as that of CSF. These 

represent prominent SASs that are also numerous along the left cerebral 
convexity on sagittal T1WI (right middle and right). This is not a prom-
inent cisterna magna, since there is no posterior fossa enlargement
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Fig. 16.4  A NECT (top row) of a 72 year old showed prominence of 
the SAS (*) along the right cerebellar convexity (top left and middle), 
simulating a chronic SDH. A repeat NECT 5 years later (top right) 
showed that the volume loss remained prominent along the right cere-
bellar convexity. Contrast-enhanced computed tomogaphy (CECT) on 
the same day (bottom left) confirmed prominent veins within the SAS 

fluid in several areas (thin arrows), consistent with atrophy. Additionally, 
there was focal atrophy along the left cerebral convexity that simulated 
an AC (bottom middle), which is also traversed by cortical veins. A 
focus of encephalomalacia/gliosis (non-CSF density) is noted (−−), as 
shown on a coronal reformat (bottom right)
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Fig. 16.5  A NECT (top row) from a 92 year old showed bilateral prom-
inence of the SAS (*) along the cerebellar convexities and orbitofrontal 
convexities (top middle), with asymmetry of the interhemispheric fissure 
(top right); together, such findings simulate bilateral chronic SDHs. 

However, note the severe volume loss of the sylvian fissures and the 
cortical veins superficial to the fluid in several areas (thin arrows), indi-
cating atrophy. Chronic SDHs would displace the cortical veins inward. 
These findings were not changed on a NECT 1 year later (bottom row)

Fig. 16.6  A NECT from a 71 year old with axial (left) and coronal 
(middle) reformats showed CSF-density collections (*) along the cere-
bellar convexities, simulating chronic SDHs, hygromas, or ACs. 

However, the cerebral sulci are prominent relative to the cerebellar 
sulci, which is due to prominent SASs (*), as noted on a higher axial 
image (right)
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Fig. 16.7  A 69 year old underwent a NECT (top left and middle) 
that demonstrated prominent SASs (*) along the cerebellar and cere-
bral convexities and within the prepontine cistern (−−), which simu-
lated chronic SDHs. CECT axial (top right) and coronal (bottom 

left) reformats depicted cortical veins (thin arrows) superficial to 
and crossing these spaces, confirming atrophy. An MRI also defined 
the cortical veins on axial T2WI and FLAIR (bottom middle and 
bottom right)

Fig. 16.8  A 58 year old had a NECT that showed prominent SASs (*) 
along the cerebral convexities simulating bilateral chronic SDHs. However, 
the SASs were also prominent along the cerebellar convexities, and there 

were visible cortical veins (thin arrows) passing through the SASs in some 
areas, along with a prominent cisterna magna (+); this is consistent with 
atrophy. Note the coronal reformats of the cerebellum (right)
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Fig. 16.9  Atrophy simulating subdural hygromas. The patient was a 
55 year old with headaches. Top row: the patient underwent a NECT, 
which demonstrated prominent SASs (*) along the cerebral convexities 
and along the right cerebellar convexity, which could simulate chronic 
SDHs. At this time these were called SDHs, although tiny cortical veins 
(thin arrows) were visualized superficial to the fluid collections on both 

sides. Middle row: on a NECT 2 years later, the atrophy was unchanged 
on coronal (left and middle) and sagittal (right) reformats, and cortical 
veins were visualized, confirming atrophy. Bottom row: an MRI 3 days 
later also depicted crossing cortical veins on axial T2WI (left images), 
FLAIR (right middle), and coronal postcontrast T1WI (right)
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16.3	 �Cerebral (Without Cerebellar) 
Atrophy Simulating Chronic Subdural 
Hematomas or Hygromas

Again, cerebral volume loss or atrophy can be present to a 
much greater degree than or even in the absence of cere-
bellar volume loss. Cerebral atrophy may not always be 

diffuse and can be more focal or regional in certain neuro-
degenerative disorders, some of which can even be 
asymmetric from side-to-side (e.g., the semantic variant of 
frontal-temporal dementia). Again, the cortical vein sign is 
typically visible on multiplanar CT with reconstructions, 
while MRI can help in difficult cases (Figs. 16.10 and 
16.11).

Fig. 16.10  A NECT (left) of an 80-year-old patient showed asymmet-
ric prominence of the SAS (*) along the left temporal convexity. Higher 
images (middle and right) showed a milder prominence of the right 
SAS as well. Such prominence of the SASs may simulate bilateral, 

chronic SDHs. Note that there are prominent cortical veins superficial 
to the fluid (thin arrows), also consistent with atrophy. Also note a focal 
beam hardening artifact that simulates SAH (dotted arrow, right)
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Fig. 16.11  Axial NECT images of a 71 year old showed prominence 
of the SASs (*) along the left cerebral convexity that was asymmetric 
and simulated a chronic SDH or AC anterior to the left temporal pole 
(top left). Note that the SAS is prominent within the left sylvian fissure 
and along the left cerebellar convexity as well. A higher axial image 

(top right) and a coronal reformat (bottom left) depicted a lesser degree 
of right-sided cerebral atrophy and indicated that cortical veins (thin 
arrows) traverse the SASs. A repeat NECT 5 years later (bottom middle 
and right) showed no change
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16.4	 �Enlarged Subarachnoid Spaces 
Simulating Cyst, Subdural, or 
Encephalomalacia

Focal enlargement of the subarachnoid spaces may simulate 
a small subdural or epidural hematoma, an AC, or 
encephalomalacia. More commonly, this occurs on CT but 

Fig. 16.12  The patient was a 67-year-old female with dizziness and 
focal SAS prominence (*) on 1.5T MRI axial T2WI (top left), T1 inver-
sion recovery (top middle), FLAIR (top right), SWI (bottom left), DWI 
(bottom middle), and sagittal T2WI (bottom right). This could simulate 

an AC or focal encephalomalacia. However, note the vascular structures 
(dotted arrows) passing through the SAS and the incidental benign 
hyperostosis frontalis (+)

occasionally can be problematic on MRI if the acquisition is 
not multiplanar. Fortunately, T2WI often depicts small, 
crossing cortical veins (Figs. 16.12, 16.13, 16.14, 16.15, 
16.16, 16.17, 16.18, 16.19, 16.20, 16.21, 16.22, 16.23, 
16.24, 16.25, 16.26, 16.27, 16.28, and 16.29).
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Fig. 16.13  Axial (left), coronal (middle), and sagittal (right) reformats 
of a NECT of a 73 year old depicted asymmetric extra-axial SAS prom-
inence along the right cerebral convexity (*) that mimicked a SDH, 

hygroma, or AC. However, the sagittal reformat (right) clearly showed 
that the cortical veins (dotted arrows) were not displaced inward

Fig. 16.14  Axial (left) and coronal (left middle) NECT images of a 65 
year old depicted asymmetric SAS prominence (*) of the right frontal 
convexity, simulating an AC, while a small vessel (arrows) simulated a 

small SDH on the coronal image. A 1.5T MRI with axial T2WI (right 
middle) and SWI (right) confirmed that vessels traversed the SAS

Fig. 16.15  A 7 year old underwent axial (left and left middle) refor-
mats of a NECT that depicted a cyst-like focus (arrow) within the right 
sylvian fissure, simulating an AC, neurocysticercosis, or other type of 

extra-axial cyst. On repeat CT images 6 months later (right middle and 
right), this was confirmed to be simply a prominent fissure relative to 
the remainder of the cerebral sulci
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Fig. 16.16  The patient was a 50 year old with headaches. Focal SAS 
prominence (*) on axial (left) and coronal (middle) reformats simulated 
an AC, an extra-axial collection, or focal encephalomalacia. However, a 

NECT 5 years later with slightly different angulation (right) confirmed 
this to be a prominent sulcus that was volume-averaged with the 
cerebrum

Fig. 16.17  A NECT of a 37-year-old patient shows cyst-like fluid (*) 
within the left middle cranial fossa anterior to the temporal pole (left), 
which mimics an AC. An axial NECT was unchanged 2 years later (left 

middle), with a coronal reconstruction (right). The SASs are prominent 
along the convexities, while a vein was noted to traverse the cyst (thin 
arrows)
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Fig. 16.18  An axial NECT (left) 
of a 68-year-old patient depicted 
a cyst-like focus along the left 
convexity (*), simulating an 
AC. However, a coronal reformat 
(right) showed this to be focal 
atrophy or a sulcus

Fig. 16.19  A 3T MR axial 
FLAIR (left) and coronal T1WI 
(right) of a 50 year old showed 
an AC-like focus (*), but the 
presence of gliosis on FLAIR 
(thin arrows) and enlargement of 
the adjacent temporal horn 
confirmed that this is atrophy
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Fig. 16.20  An 88 year old with memory loss had an axial NECT (left 
two images) that showed a prominent cyst-like collection (*) within the 
left postcentral sulcus that simulated an AC. However, sagittal refor-
mats of the left (right middle, top) and right (right middle, bottom) sides 

and coronal reformats (right) illustrated that the SASs are prominent 
bilaterally in similar locations (*) and that veins (thin arrows) traverse 
these cysts, confirming atrophy

Fig. 16.21  Comparison case: chronic SDH. In a 72 year old without 
known trauma, a NECT (left) depicted an isodense SDH (+) along the 
left cerebral convexity. On a 1.5T MRI with FLAIR (left middle) and a 
coronal T1WI (right middle), the SDH was confirmed to be subacute in 

age (bright on T2WI, FLAIR, and T1WI). Compare this to the right-
sided volume loss with SAS prominence (−). The left-sided SDH had 
resolved 30 days later on a repeat NECT (right)
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Fig. 16.22  Comparison case of posterior fossa postsurgical subdural 
collections. NECT axial (left) and coronal (left middle) reformats in a 
47 year old showed small bilateral subdural collections along the cere-
bral (+) and cerebellar (×) convexities after evacuation of a cerebellar 

hemorrhage (not shown). Repeat NECT axial (right middle) and coro-
nal (right) reformats 1 week later showed that each collection had 
enlarged with worsening midline shift

Fig. 16.23  Comparison case of chronic SDH. In a 67 year old non-
trauma patient a NECT (left) depicted an isodense SDH (+) that was 
unchanged at 3 months (left middle) and 5 months later (right middle). 

Compare this to the left-sided volume loss with SAS prominence (−) on 
a coronal reformat (right), which is from the 5-month follow-up NECT

Fig. 16.24  Comparison case of SDHs. NECT (left, left middle) in a 76 
year old who suffered head trauma. There are small, bilateral SDHs (+) 
along the frontal convexities; their low density indicates that they are 

chronic. A tiny EDH is noted along the right convexity (thin arrow). On 
a 7-month follow-up NECT (right middle and right), the fluid collec-
tions have resolved, with residual moderate diffuse cerebral volume loss
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Fig. 16.25  Comparison case of unilateral chronic subdural hematoma 
or hygroma (SDH). A NECT (left, left middle) in an 80 year old was 
normal for age. One month later, performed just after a fall, a NECT 

(right middle and right) demonstrated a small unilateral hypodense 
SDH or hygroma along the left frontal convexity (+)

Fig. 16.26  Comparison case: acute subdural hygromas from trauma. 
An initial NECT (left) was interpreted as negative in an 18 year old the 
day of the traumatic incident. However, a NECT one day later (middle 

and right) noted new, bilateral subdural hygromas (+). In this case, the 
hygromas may have arisen from a tear in the dura, through which CSF 
leaked
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Fig. 16.27  Comparison case of bilateral cerebral convexity ACs. In a 
76 year old with headaches, sagittal T1WIs showed left- (top left) and 
right-sided (top right) ACs (×) displacing cortex and adjacent vascular 
structures (thin arrows). Axial T2WI (bottom left), FLAIR (bottom left 

middle), and DWI (bottom right middle) demonstrate that the signal 
intensity is akin to CSF, but SWI (bottom right) and T2WI depict the 
displaced vasculature

Fig. 16.28  Comparison case of a convexity AC. A 46 year old asymptom-
atic patient underwent a routine post-trauma NECT otherwise (negative). 
Axial images in the brain window (left two images) demonstrated a small 

left frontal convexity AC (×) only slightly displacing the adjacent cortex. 
Bone windows (bottom right) demonstrated mild scalloping of the inner 
table of the calvarium, an infrequent but confimatory finding of an AC
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Fig. 16.29  Comparison case of a parafalcine AC.  A 69 year old 
asymptomatic patient underwent an MRI for routine follow-up of a cyst 
from an outside institution. Axial T2WI (left), inverted T1IR (left mid-

dle), FLAIR (right middle), and sagittal T2WI (right) demonstrated the 
AC (×), which displaced adjacent arteries (thin arrows)
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Dural Calcifications: Normal Locations 
and Appearances

Normal physiologic calcifications of the dura increase in fre-
quency with increasing age and are typically not of any clini-
cal significance. They are particularly common among the 
elderly and are rare in children. However, in children they 
can be related to an underlying etiology or metabolic disor-
der, while in adults they are considered abnormal only if they 
are marked and progressive. Etiologies that may lead to the 
abnormally progressing dural calcifications include underly-
ing inflammation or fibrosis such as arises from chronic sub-
dural hematoma (SDH), dural osteoma, intracranial 
hypotension, sarcoidosis, tuberculosis, hyperparathyroid-
ism, basal cell nevus syndrome (in children), chronic involve-
ment by lymphoma or plasmacytoma (or any other tumor 
that invades the dura mater), chronic renal failure, or rarely, 
nephrogenic systemic fibrosis. It should be noted that since 
extra-axial lesions can cause hyperostosis or dural calcifica-
tion as a reactive phenomenon, the presence of dural calcifi-
cations should alert the radiologist to exclude an adjacent 
mass. However, the overwhelming majority of dural calcifi-
cations are physiologic, particularly in the elderly. Such cal-
cifications may enlarge very slowly. Dural calcifications may 
also occur in conjunction with hyperostosis of the calvarial 
bones, most commonly along the vertex of the skull (espe-
cially hyperostosis frontalis) or even along the inner aspect 
of the sphenoid or temporal bones.

The order of most common to least common normal loca-
tions of dural calcifications includes the falx (anteriorly or 
posteriorly), along the petroclinoid ligament, at the tento-
rium, the retroclival region, and occasionally along the con-

vexities. Typically these are not a source of confusion on 
CT.  However, on an MRI with the absence of a CT scan, 
these calcifications occasionally cause a confusing appear-
ance of either an extra-axial tumor or hemorrhage, since their 
appearance may vary on T1WI with or without fat saturation, 
particularly in the sagittal plane near the midline (such as 
falcine calcifications). One clue that a T1-bright abnormality 
on T1WI is a dural calcification is the presence of dark signal 
on SWI or GE T2*WI that does not follow hemorrhage on 
other MR sequences. Typically, such calcifications are dark 
on T2WI as well and may be invisible or dark on FLAIR and 
both DWI and its corresponding ADC map. They may extend 
laterally along the convexities and may even surround the 
dural sinuses (which are enveloped by the leaves of the dura).

Another important point to note is that since meningio-
mas, SDHs, and surgery may cause reactive dural calcifica-
tion or hyperostosis, it can be particularly difficult to 
differentiate a focal, completely calcified meningioma (i.e., a 
“burnt-out” meningioma) that has been stable for many years 
from a focal, rounded dural calcification. The presence of 
enhancement would suggest a meningioma. Indeed, com-
pletely calcified meningiomas may be indistinguishable 
from focal dural calcifications, although dural calcifications 
should not cause mass effect or focal (asymmetric) hyperos-
tosis and should not enhance (Figs. 17.1, 17.2, 17.3, 17.4, 
17.5, 17.6, 17.7, 17.8, 17.9, 17.10, 17.11, 17.12, 17.13, 
17.14, 17.15, 17.16, 17.17, 17.18, 17.19, 17.20, 17.21, 17.22, 
17.23, 17.24, 17.25, 17.26, 17.27, 17.28, 17.29, 17.30, 17.31, 
17.32, 17.33, 17.34, 17.35, 17.36, and 17.37).
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Fig. 17.1  A 52 year old with a 
dural/falx calcification (arrows) 
that is shown at the midline on 
sagittal NECT (left). Also note a 
normal, pineal calcification (thin 
arrows). These are relatively 
invisible on sagittal SE T1WI 
MRI (right) in this case

Fig. 17.2  A 43 year old who has a small falcine calcification 
(arrow) and an incidental pineal calcification (thin arrow)

Fig. 17.3  A 22 year old with 
falcine calcifications (arrow) 
seen on NECT (left) 
extending along the superior 
sagittal sinus (right)

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.4  A 30 year old with a large, extra-axial lesion that is isoin-
tense (arrows) to gray matter as shown on a noncontrast 3T MRI with 
sagittal SE T1WI (top left), coronal T2WI (top middle), and FLAIR 
(top right). There is pseudo-enhancement on postcontrast SE T1WI 

(bottom left), mistakenly thought to be a meningioma. A NECT (bottom 
middle) confirmed a falcine calcification with dural calcifications poste-
riorly partially surrounding the superior sagittal sinus (bottom right)

Fig. 17.5  A 51-year-old patient with head trauma who underwent a negative NECT (left) that demonstrated an incidental dural calcification of the 
falx (arrows). This is dark on GE T2*WI (middle) but is invisible on SE T1WI (right)

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.6  A 35 year old who had dark dural calcifications (arrows) on 
sagittal SE T1WI (top left), axial FLAIR (top middle), T2WI (top right), 
and SWI (bottom left). On NECT, coronal soft tissue (bottom middle) 

and bone windows (bottom right) demonstrated the calcification along 
the falx as well as its lateral extension along the convexities (thin 
arrows)

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.7  A 52 year old with 
headaches. Top row: there is a 
T1-bright focus (arrow) on 
midline sagittal (top left) and 
coronal (top right) GE T1WIs 
attributable to falx calcification. 
Middle row: this is also defined 
on sagittal (middle left) and 
coronal (middle right) SWIs. 
Note that on SWI alone this 
calcification cannot be discerned 
from prominent vasculature. 
Bottom row: on axial SWI 
(bottom left) the falx calcification 
appears darker than the cortical 
vessels (dotted arrows). On 
coronal postcontrast T1WI 
(bottom right), note that the falx 
calcification does not enhance 
nearly as much as the normal 
dural venous sinuses (thin 
arrows). Thus, an extra-axial 
calcified meningioma can be 
excluded

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.8  A 68 year old had a bright anterior falx (arrows) on noncon-
trast sagittal SE T1WI (top left), which is less bright than on axial GE 
T1WI (top middle) and is dark on T2WI (top right). It is nearly invisible 
on FLAIR (bottom left) and was dark on SWI (bottom, left middle), with 

T2 blackout dark signal on an ADC map (bottom, right middle). It was 
initially thought to be a meningioma, but a subsequent postcontrast CT 
(bottom right) confirmed calcification

Fig. 17.9  A 38 year old had a large midline dural calcification (arrows) 
of the falx within the anterior interhemispheric fissure, as demonstrated 
on sagittal NECT (left), axial brain windows (middle), and bone win-

dows (right). This falcine calcification is so large that it mildly dis-
places the adjacent superior frontal lobe on both sides

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.10  A 29 year old was shown to have a tiny T1-bright focus 
(arrows) on a midline sagittal SE T1WI (top left) that probably repre-
sented a tiny falcine calcification. This was slightly larger 8 years later 

on repeat sagittal (top right) and axial (bottom left) SE T1WIs. It was 
dark on GE T2*WI (bottom middle) and slightly bright on coronal 
FLAIR (bottom right)

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.11  A 54 year old was 
shown to have small falx 
calcification anteriorly (arrows) 
on a 3T MRI sagittal SE T1WI 
(left), which was invisible on a 
GE T1WI (right) at the midline

Fig. 17.12  A 77 year old 
with scattered falx 
calcifications (arrows) on two 
sequential axial NECT 
images from the same 
examination

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.13  A 54 year old with dural calcifications along the right tem-
poral pole (arrows) in the middle cranial fossa on NECT (top row). 
Also note mild benign hyperostosis (thin arrows) along the inner aspect 
of the sphenoid’s greater wing contralaterally. On sagittal T1WI (bot-

tom left) and axial T2WI (bottom right), dural calcifications in this loca-
tion are quite dark and nearly invisible. This illustrates how dural 
calcifications may occur in conjunction with hyperostosis

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.15  A 64 year old 
was shown to have a left 
convexity calcification 
(arrows) on a NECT with 
bone windows (left), which 
was unchanged 2 years later 
(right). No underlying lesion 
was found. This was thought 
to be a chronic, reactive 
phenomenon

Fig. 17.14  A 25 year old with a 
dural calcification along the falx 
and left convexity (arrows) on 
NECT brain (left) and bone 
(right) windows. The 
configuration and patient age 
raise the question if this is from a 
prior SDH

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.16  A 22 year old with 
trauma who had an asymmetric, 
mildly hyperdense right PCL on 
NECT (top left), initially 
questioned to be an SDH. 
However, on bone window (top 
right), there was calcification 
both near the posterior clinoid 
(dashed arrows) as well as near 
the petrous apex (thin arrows), 
consistent with PCL calcification. 
This was unchanged 2 months 
later (bottom row)

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.18  An 81 year old with a calcified right PCL on NECT (top 
left), which had further calcified on a NECT 7 years later (top middle, 
with bone windows at top right); the left PCL had also further calcified 
(thin arrows). The calcifications are not visualized on T2WI MRI 

(bottom left), while on SWI (bottom middle), artifact from gas within 
the mastoids obscured the PCLs. On coronal GE T1WI (bottom right), 
the posterior clinoids (dashed arrows) are also depicted

Fig. 17.17  On an initial NECT, a 50 year old had a dense right petroclinoid ligament calcification (PCL) (arrows, top) that was thought to be a 
SDH. This was present 4 years later (bottom); by then, the left PCL (thin arrow) began to calcify

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.19  A 40 year old with 
ossified PCLs bilaterally (arrows) 
on brain windows (left) and on 
bone windows (right). This case 
demonstrates the nearly ossified 
end of the spectrum of PCL 
ligament calcification

Fig. 17.20  A 13 year old with early calcifications of the left PCL 
(arrow). This may mimic a fracture in a patient with trauma

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.21  A 73 year old had 
retroclival dural calcifications 
(arrows) on NECT, as shown on 
brain (top left) and bone (top 
right) windows. These had 
mildly increased 4 years later 
(bottom). Note that these are 
contiguous with right PCL 
calcifications (thin arrows). Mild 
tentorial calcifications are also 
present (dashed arrows)

Fig. 17.22  A 45 year old had 
retroclival dural calcifications 
(arrows) on brain windows (left) 
and bone windows (right), with 
extensive tentorial dural 
calcifications as well (dashed 
arrows)

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.23  A 77 year old was shown to have right tentorial dural calci-
fications (arrows) on NECT, with falcine calcifications (dashed arrow)

Fig. 17.24  A 75-year-old patient had bilateral, multifocal tentorial cal-
cifications (arrows) on NECT

Fig. 17.25  A 97 year old had scattered, bilateral tentorial calcifica-
tions on NECT

Fig. 17.26  A 43 year old with extensive and lobular tentorial calcifica-
tions (arrows) on NECT.  Note the PCL calcifications (thin arrows) 
anteriorly as well

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.27  A 22 year old was found to have tentorial calcifications 
(arrows) surrounding a transverse sinus. Note a falcine calcification 
(dashed arrow)

Fig. 17.28  A 77 year old with only mild tentorial calcifications 
(arrows). Also, note profound calcification of the PCL bilaterally (thin 
arrows)

Fig. 17.29  A 95 year old who had left-sided tentorial dural calcifica-
tions (arrows) on axial NECT (left), which were unchanged on axial 
(middle) and coronal (right) NECT images 1 year later. Additional 

lower dose images of the skull base from 7 years earlier (not shown) 
confirmed that these had not changed

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.30  Comparison case of interhemispheric SDH. An 84 year old 
with SDH along the falx (arrows) on axial (left and left middle) and 
coronal (right middle) NECT images also had a normal dural calcifica-

tion (thin arrows). The SDH had not been present on a NECT 10 years 
prior (right). Note an incidental arachnoid cyst (*)

Fig. 17.31  Comparison case of interhemispheric subarachnoid hem-
orrhage (SAH). A 42 year old had SAH along the falx (arrows) on serial 
NECT images. Interhemispheric SAH may be mistaken for early calci-

fication and vice versa. Also, dense venous vasculature, as in this patient 
(arrowheads), may be mistaken for hemorrhage

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.33  Comparison case of calcified meningioma. A 49 year old 
had a focal extra-axial mass (arrows) along the right frontal convexity 
on NECT brain (left) and bone (left middle) windowed images. The 

lesion enhances avidly on postcontrast axial (right middle) and coronal 
(right) T1WIs. Note a dural tail (thin arrow) extending from the mass

Fig. 17.32  Comparison case of interhemispheric SAH. A 77 year old 
had SAH along the falx (arrows) on an initial NECT (left and middle), 
along with a small epidural hemorrhage (dashed arrows). Note the 

greater density of tiny falcine dural calcifications (thin arrows). A fol-
low-up NECT 1 month later (right) was normal

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.34  Comparison case of calcified meningioma. An 82 year old 
with a history of lung cancer had an extra-axial calcification (arrows) 
on lateral (top left) and anteroposterior (top middle) plain films. On 
MRI, there was dark signal on GE T2*WI (top right) and noncontrast 

sagittal T1WI (bottom left), with mild enhancement on postcontrast 
T1WI (bottom middle). A PET-CT (bottom right) did not show elevated 
metabolic activity, confirming a benign mass

Fig. 17.35  Comparison case of basal cell nevus syndrome (Gorlin 
syndrome). A 52 year old had marked dural calcifications on NECT 
(left). Postcontrast axial (middle) and coronal (right) T1WIs showed 
dark calcium mixed with diffuse dural enhancement (arrows), menin-

giomas (dashed arrows), mandibular keratocysts (not shown), and scalp 
lesions (not shown), all features of this syndrome that occur in addition 
to profound dural calcifications

17  Dural Calcifications: Normal Locations and Appearances
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Fig. 17.36  Comparison case of neurocysticercosis. A 38 year old with 
seizures had a focal parietal calcification (arrows) that could either be 
intra- or extra-axial on axial NECT (left and left middle). A second 
right-sided parenchymal calcification was noted (thin arrows). A 3T 

MRI with SWI in coronal reformats (right middle and right) confirmed 
their parenchymal locations, and it was later found that the patient had 
been previously treated for neurocysticercosis

Fig. 17.37  Comparison case of idiopathic hypertrophic pachymenin-
gitis (inflammatory pseudotumor). A 22 year old had hyperdensity of 
the right tentorium (arrows) on a NECT (left), but the lack of a history 
of trauma as well as the degree of hyperdensity made a diagnosis of 

SDH unlikely. A 3T MRI showed dark signal on SWI (middle) and 
T2WI (not shown); the region lacked enhancement on postcontrast 
T1WI (right). The patient improved with steroid therapy

17  Dural Calcifications: Normal Locations and Appearances
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Pseudo-leptomeningeal Contrast 
Enhancement

The meninges covering the cerebrum and cerebellum consist 
of two types: the leptomeninges (thin covering, also known 
as pia mater) and the pachymeninges (tough covering, also 
known as dura mater). The vessels of the pachymeninges are 
outside of the blood-brain barrier and therefore certain com-
pounds may leak through it (particularly in reactive or post-
operative states), while the leptomeninges typically only 
exhibit enhancement with breakdown of the blood-brain bar-
rier (e.g., infectious, inflammatory, or neoplastic conditions). 
Leptomeningeal contrast enhancement is usually irregular 
and often gyriform (i.e., not smooth along the convexity of 
the brain but rather following the gyri) and extends into the 
sulci, subarachnoid space, cerebellar folia, and around the 
pons, while pachymeningeal enhancement typically appears 
smooth and occurs along the inner surface of the bony cal-
varium, along the falx, and along the tentorium.

It has been described that the leptomeninges or pachyme-
ninges may have prominent or even exuberant enhancement 
on contrast-enhanced CT (CECT) that will usually be less 
prominent on contrast-enhanced MRI following intravenous 
gadolinium administration. This section focuses on exuber-
ant vascular enhancement, which may simulate leptomenin-
geal contrast enhancement (LMCE). This phenomenon is 
particularly common in sedated pediatric patients on CECT 
and on contrast-enhanced MRI (CEMRI). However, on MRI 
this phenomenon is much more variable and depends on fac-
tors such as field strength, sequence, two-dimensional versus 
three-dimensional acquisition, slice thickness, contrast bolus 
timing, and perhaps the type of intravenous gadolinium-
based contrast agent and the concentration of that agent. 
Generally, higher field strengths such as 3T with spin-echo 
sequences and thinner slices are more likely to exhibit this 
appearance, particularly in pediatric patients undergoing 
intravenous (IV) sedation.

In general, this author’s experience is that it can be at 
times difficult to distinguish normal, robust LMCE from 
abnormal, mild LMCE based on CECT alone, especially in 
sedated pediatric patients. Thus, CEMRI is preferred to 

CECT in patients in whom meningitis, carcinomatosis, or 
other disorders of the leptomeninges are clinically suspected. 
There is debate as to whether FLAIR is more sensitive than 
CET1WI in detecting meningeal disease. Similar factors 
enter into this debate, as described above, but the literature 
suggests that overall, postcontrast two-dimensional FLAIR 
sequences may be a bit more sensitive than standard spin-
echo T1WI; however, such sequences may be less specific, 
since multiple nonpathologic factors can cause a bright sul-
cal signal on FLAIR. However, if fat suppression is added to 
T1WI, there may be increased performance of CET1WI rela-
tive to FLAIR. Furthermore, if three-dimensional and/or fat 
suppression is added to FLAIR, there may be better perfor-
mance of three-dimensional FLAIR relative to three-
dimensional gradient echo T1WI (GET1WI). To this author’s 
knowledge this has not yet been directly compared to spin 
echo T1WI (SET1WI) in evaluating for LMCE.

Some general guidelines (other than experience) may help 
discern actual from pseudo-LMCE on MRI. First, it is recom-
mended to perform both CET1WI and CEFLAIR in at least the 
axial plane if leptomeningeal disease is suspected. This enables 
a direct comparison between the two sequences and can 
increase the certainty of diagnosis. A subtle finding on CET1WI 
can become more apparent on CEFLAIR, but on the other hand 
subtle, apparent enhancement on FLAIR (such as from motion) 
may not be real. Again, CEFLAIR is likely more sensitive but 
less specific than CE SET1WI.  Second, fat suppression for 
FLAIR or T1WI can be quite helpful, as it removes bright fatty 
signal from the scalp, calvarium, or falx from the image. Also, 
a comparison with another plane is recommended, since appar-
ent LMCE may wane or become less apparent in another plane, 
particularly on coronal sections. Occasionally, subtraction 
imaging can be useful to detect or confirm LMCE as long as 
the patient is not moved out of the scanner in the interval 
between pre- and postcontrast imaging.

This author’s experience is that pseudo-LMCE usually 
represents prominent venous vasculature of the subarachnoid 
space and is particularly common in younger, sedated pediat-
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ric patients (usually <7 years old). This is relatively uncom-
mon in adults but still is anecdotal because adults less 
commonly undergo intravenous sedation. This phenomenon 
may relate to several factors that have only recently been dis-
cussed: (1) Those receiving higher concentrations or fractions 
of inspired oxygen have been shown to have pseudo-LMCE 
(however, this phenomenon has primarily been described 
with noncontrast FLAIR, not with CE T1WI). (2) In particu-
lar, IV propofol has been shown to increase the partial pres-
sure of arterial CO2 from respiratory depression, leading to 
compensatory vascular dilatation caused by vascular smooth 
muscle dilation (vascular autoregulation is preserved even 
under sedation). (3) Perhaps the leptomeninges are particu-
larly more reactive or sensitive in children compared with 
adults and that effect may be amplified by sedation. 
Unfortunately, exuberant pseudo-LMCE in young children 

may simulate meningitis and lead to a lumbar puncture. 
Therefore the radiologist should exhaust available imaging 
sequences to exclude pseudo-LMCE prior to the patient’s 
leaving the MR scanner. The most common scenario seems to 
be that a child with an unrelated diagnosis (e.g., developmen-
tal delay, autism, chronic seizures) is imaged under propofol 
sedation, making the finding of pseudo-LMCE spurious, and 
resultant lumbar punctures are negative. Our preliminary data 
suggest that the phenomenon of asymptomatic pseudo-LMCE 
is more common and occurs to a greater degree on SE T1WI 
compared with GE T1WI; preliminarily, the degree of promi-
nence of the pseudo-LMCE appears inversely proportional to 
age and weight in children who are sedated intravenously 
with propofol (Figs. 18.1, 18.2, 18.3, 18.4, 18.5, 18.6, 18.7, 
18.8, 18.9, 18.10, 18.11, 18.12, 18.13, 18.14, 18.15, 18.16, 
18.17, 18.18, 18.19, and 18.20).

Fig. 18.1  A 15 year old male with fever and headache who had pseudo-LMCE (arrows) on CECT, most likely caused by prominent vasculature. 
A lumbar puncture was negative. Note the lack of such pseudo-LMCE along the cerebellum

Fig. 18.2  A 25 year old male with new headaches. The patient had a normal NECT (left) but had exuberant pseudo-LMCE on CECT (right three 
images), most likely due to prominent vasculature. A lumbar puncture was negative

18  Pseudo-leptomeningeal Contrast Enhancement
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Fig. 18.3  A 51-year-old HIV-positive female who had headaches after trauma (normal NECT). CECT demonstrated avid pseudo-LMCE (arrows). 
Note the lack of pseudo-LMCE in the posterior fossa. A lumbar puncture was negative

Fig. 18.4  A 31 year old male with a germ cell tumor (non-intracranial) with mild pseudo-LMCE (arrows) indicated on CECT. A lumbar puncture 
was negative for subarachnoid tumor. This is most prominent in the parieto-occipital region

18  Pseudo-leptomeningeal Contrast Enhancement
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Fig. 18.5  A 57 year old male with a history of lung cancer underwent 
CECT (top row) to evaluate for metastatic disease. There was an appear-
ance of pseudo-LMCE (arrows) on CECT. However, a lumbar puncture 

was negative. A 3T MRI did not depict LMCE on postcontrast coronal 
(bottom left) or axial (bottom middle and bottom right) SE T1WIs

18  Pseudo-leptomeningeal Contrast Enhancement
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Fig. 18.6  A 9 month old male with nystagmus underwent an otherwise 
normal 3T MRI with sedation. CEMRI axial (top left and top middle) 
and coronal (top right) SE T1WIs showed pseudo-LMCE (arrows) 
simulating meningeal inflammation. However, the symptoms were not 

acute. The pseudo-LMCE was less pronounced on CEMRI GET1WIs 
(bottom left and middle). Note that on noncontrast GET1WI (bottom 
right) some vessels were already bright (dotted arrows)

18  Pseudo-leptomeningeal Contrast Enhancement
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Fig. 18.7  A 10 month old with developmental delay underwent a 3T 
MRI with IV sedation. Diffuse pseudo-LMCE was present on postcon-
trast axial SET1WIs (leftmost three images) simulating meningeal 
inflammation. Note that the pseudo-LMCE spares the posterior fossa 

(left). A 10-mm sliding MIP SWI (right) at the same level of a SET1WI 
(right middle) demonstrated that the pseudo-LMCE was present in 
regions of prominent venous vascularity

Fig. 18.8  A 10 month old male with developmental delay who under-
went a 3T MRI with sedation. CEMRI SET1WI depicted mild to mod-
erate pseudo-LMCE (arrows) simulating meningeal inflammation, but 

there were no acute symptoms. Note that this was not present along the 
cerebellum. Also, on noncontrast FLAIR (right), there was no hyperin-
tense sulcal signal
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Fig. 18.9  A 1 year old had a questionable history of a remote neonatal 
infection and lacked acute symptoms. A negative 3T MRI with IV seda-
tion showed normal vascularity (dotted arrows) on noncontrast 
GET1WI (top left) with mild pseudo-LMCE (arrows) on CEMRI 

GET1WIs obtained with fat suppression (top middle and right). SWI 
(bottom left) and subtraction images (precontrast subtracted from post-
contrast GET1WIs, bottom middle and right) also depict such 
vasculature

18  Pseudo-leptomeningeal Contrast Enhancement



420

Fig. 18.10  A 2 year old with esotropia (nonacute) had a negative 3T 
MRI with IV sedation that showed mild pseudo-LMCE (arrows) on 
postcontrast GET1WIs (left column), which was a bit more pronounced 

on fat-suppressed SE T1WIs (middle column). On SWI (right column), 
the visibility of the venous vasculature is probably attributable to 
deoxyhemoglobin

Fig. 18.11  A 4 year old with developmental delay: a negative 3T MRI 
with IV sedation showed moderate, diffuse pseudo-LMCE (arrows) on 
CEMRI SE T1WI (left) simulating meningeal inflammation, but there 

were no acute symptoms. This was less prominent on GE T1WI (mid-
dle). SWI (right) demonstrates venous structures in these locations
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Fig. 18.12  A 5 year old with chronic visual symptoms had a negative 
3T MRI under IV sedation that showed moderate pseudo-LMCE 
(arrows) on axial (top left and middle) and coronal (top right) SET1WIs. 
On 10 mm-thick sliding MIP SWIs (bottom left and middle), these sites 

indicate vasculature. Note the lack of hyperintensity within the sulci on 
noncontrast FLAIR (bottom right), which, given the lack of a clinical 
history, confirms that the findings are not caused by meningitis

Fig. 18.13  A 6 year old with nausea and vomiting underwent a 3T 
MRI with IV sedation. A CEMRI with sagittal (left) and axial (middle) 
GET1WIs showed mild sulcal enhancement (arrows), initially worri-

some for meningeal inflammation. However, on 20-mm thick SWI 
(right), these foci corresponded to vasculature. A lumbar puncture was 
negative

18  Pseudo-leptomeningeal Contrast Enhancement



422

Fig. 18.14  A 40 year old with cranial nerve XII symptoms had a nega-
tive 3T MRI (without sedation) that showed slight pseudo-LMCE 
(arrows) on CE SET1WIs (top row), which disappeared on CE 

GET1WIs (bottom row). This demonstrates how there can be subtle 
differences in the degree of vascular or leptomeningeal enhancement 
between sequences
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Fig. 18.15  A 24 year old with chronic headaches and memory loss 
had a 1.5T MRI (without sedation) with CEMRI coronal (left) and axial 
(middle) GET1WIs that showed mild pseudo-LMCE (arrows), initially 

worrisome for meningeal inflammation. However, there was no sulcal 
hyperintensity on noncontrast FLAIR (right). A lumbar puncture was 
also negative

Fig. 18.16  Comparison case of cryptoccal meningitis. A 33-year-old 
HIV+ man had diffuse LMCE on CECT (left). A 3T MRI with FLAIR 
(left middle) and DWI (not shown) showed bilateral acute periventricu-
lar and basal ganglia infarcts (dotted arrows) probably due to vascular 

inflammation. True LMCE (arrows) was noted on both postcontrast 
FLAIR (right middle) and SET1WI (right). Note the thickened appear-
ance of the enhancing leptomeninges
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Fig. 18.17  Comparison case of medulloblastoma. A 22-month-old 
female had a history of a treated medulloblastoma. A 3T CEMRI that 
implemented GET1WIs (top row) showed true LMCE and subarach-

noid spread (arrows). Only 13 days later, a repeat 3T CEMRI (bottom 
row) depicted worsening spread, along with the development of 
hydrocephalus

Fig. 18.18  Comparison case of viral (unspecified) meningitis. A 
16-year-old immunocompetent female with a severe headache had a 
normal noncontrast FLAIR at 3T (left), but postcontrast FLAIR (left 
middle) and GET1WI (right middle) confirmed true LMCE.  Note 

the mildly thickened enhancing sulci (arrows). In comparison to 
SWI results (right), the sulcal enhancement on postcontrast T1WI 
and FLAIR images is out of proportion to the dark sulcal vasculature 
on SWI
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Fig. 18.19  Comparison case of herpes simplex virus (HSV) meningi-
tis. A 39-year-old HIV+ female with a fever and altered mental status 
had normal noncontrast FLAIR at 3T (left). However, postcontrast 
FLAIR (left middle) depicted true LMCE (arrows), confirmed by 

subtraction images (right middle). The temporal lobes appeared nor-
mal. Cerebellar LMCE on coronal CE GET1WI (right) is not common 
with pseudo-LMCE. A lumbar puncture revealed HSV A lumbar punc-
ture revealed HSV via polymerase chain reaction (PCR) testing

Fig. 18.20  Comparison case of cryptococcal meningitis. A 20-year-
old HIV+ female with altered mental status had subtle LMCE (arrows) 
on 3T CE FLAIR (left). SWI (left middle) also showed that the LMCE 

was out of proportion to the vasculature within the sulci on SWI. The 
LMCE is slightly more pronounced on coronal CE GET1WI (right 
middle and right)
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Basal Ganglia: Physiologic Calcifications

Basal ganglia (BG) calcifications are a common cause of 
either confusion or misinterpretation, particularly when the 
degree of calcification is only mild or unilateral. In general, 
although there is no landmark recent literature regarding the 
incidence of idiopathic, asymptomatic BG calcifications on 
CT, the incidence is thought to be less than 2 % in the overall 
population and has been shown to increase with age. Such 
calcifications should not be present in pediatric patients in 
children under 13–15 years of age (based on scant literature, 
anecdotal reports, and this author’s experience). Notably, for 
the purposes of this section, the term BG refers to the tradi-
tional definition of those nuclei involved in voluntary motor 
initiation consisting of the globi pallidi (GP), caudate nuclei 
(CN), as well as the substantia nigra (SN) and the subtha-
lamic nuclei (STN). Also, it is important to point out that 
physiologic calcifications in the SN and the STN are much 
less common than in the other nuclei. Additionally, the den-
tate nuclei (DN) are one of the three sets of paired deep 
nuclei of the cerebellum, and physiologic calcifications are 
also not uncommon in this location in the elderly.

One particular difficulty arises when a radiologist (often a 
trainee) measures mildly hyperdense BG calcifications and 
the result is within the density range (measured in HUs) of 
acute hemorrhage, i.e., between 50 and 100 HU, although 
calcium would be expected to have a density of greater than 
120 HU. This probably occurs as a result of the speckled or 
punctate calcifications within the GP or putamen intermixed 
with normal cerebral parenchyma. Thus, the appearance, 
location, and symmetric distribution of such cases of mild 
calcification, in addition to lack of surrounding hypodense 
edema, can differentiate such calcifications from true paren-
chymal hemorrhage.

Also important is that BG calcification may be difficult to 
discern from normal BG iron (especially present within the 
globi pallidi and putaminal nuclei) when MRI is the initial 
imaging modality. Iron is nearly always T2-dark, becoming 

increasingly so with higher field strengths and dark on SWI, 
FLAIR, and DWI, while the signal of calcium is variable on 
T1WI depending on the sequence. Larger amounts of cal-
cium may have combinations or heterogeneous mixtures of 
bright and dark signals on T1WI, which may also vary with 
magnet field strength to some degree.

Metabolic (i.e., endocrine) disorders of calcium or para-
thyroid hormone metabolism are the most common nonidio-
pathic causes of profound BG calcifications. These include 
hypoparathyroidism, pseudohypoparathyroidism, pseudo-
pseudohypoparathyroidism, hyperparathyroidism, and occa-
sionally hypothyroidism. These typically exhibit calcifications 
on CTs outside of the BG as well in later stages, including the 
cerebellar folia and the gray-white matter junction of the 
cerebrum. Several congenital disorders may manifest with 
pronounced BG calcifications, but these typically show pro-
found calcifications, even at a young age. Such disorders 
include Fahr disease (familial idiopathic basal ganglia calcifi-
cation) and other, much rarer disorders, including ataxia-
telangiectasia, Cockayne syndrome, neurofibromatosis, 
tuberous sclerosis, methemoglobinopathy, Leigh disease (as 
well as other mitochondrial disorders), and lipoid proteinosis. 
Also, intrauterine exposure of congenital infectious or inflam-
matory disorders can have such an appearance, which may 
also occasionally appear symmetric, such as toxoplasmosis, 
rubella, cytomegalovirus, measles, and HIV. However, such 
congenital infectious causes typically are accompanied by 
other cerebral anomalies. Rarely, a neoplastic disorder such 
as diffuse, infiltrating astrocytoma, lymphoma, or teratoma 
(infantile) may have bilateral calcifications involving the BG, 
but typically the degree of mass effect facilitates the diagnosis 
of a neoplastic disorder. Additionally, prominent calcifica-
tions can occur in the BG bilaterally and symmetrically in the 
form of a long-term sequela of a hypoxic-ischemic insult or a 
metabolic insult such as an ingestion of extraneous or envi-
ronmental toxins. Examples of ingested or enviromental toxic 
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insults that selectively injure the BG (particularly the globi 
pallidi) can be denoted by the acronym COMA(H), which is 
an acronym based on the oft-occurring clinical presentation 
of the patient being comatose. This denotes Carbon monoxide 
poisoning (CO), Cyanide, Overdose of illicit drugs (e.g., 

Opiates), Osmotic, Manganese (selectively injures the globi 
pallidi), Methanol, Anoxia, Antifreeze (Ethylene glycol), 
Hypoxia, Hyperammonemia, and Hydrogen sulfide (Figs. 
19.1, 19.2, 19.3, 19.4, 19.5, 19.6, 19.7, 19.8, 19.9, 19.10, 19.11, 
and 19.12).

Fig. 19.1  A 63 year old was found to have bilateral prominent BG 
calcifications (arrows) that could simulate intraparenchymal hemor-
rhages (IPHs) on NECT (left), but there is a lack of surrounding 

hypodense edema. Axial SWI (middle) and T1WI (right) also depict the 
areas of calcification

Fig. 19.2  A 65 year old who had bilateral prominent BG calcifications 
(arrows) within the cerebellum near the dentate nuclei on NECT (left) 
as well as within the globi pallidi (left middle). An MRI with axial 
T1WI (right middle) and coronal T2*WI (right) also demonstrated the 

calcifications. Calcifications within the dentate nuclei are less common 
but normal in the elderly. Also, note that both pallidal calcium and iron 
are dark on T2*WI but only calcium is hyperdense on CT
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Fig. 19.3  An 85 year old with very dense GP calcifications (arrows)  
on NECT

Fig. 19.4  An 89 year old with 
physiologic calcifications of the 
dentate nuclei (thin arrows) and 
GP (arrows) on NECT
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Fig. 19.5  A 65 year old who 
was post trauma had mild, 
speckled calcifications on 
NECT. This was initially 
questioned to be hemorrhage by 
the radiology resident. However, 
there was a lack of surrounding 
edema

Fig. 19.6  A 47 year old with patchy BG calcifications (arrows)  
on NECT, initially thought to represent hemorrhage
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Fig. 19.7  An 85-year-old patient underwent NECT (left) which 
showed left side dominant BG calcifications (arrows) that were dark on 
T1WI (left middle) and dark on a magnified SWI image (right middle). 
Surrounding mildly dark signal on SWI is bright on an unfiltered phase 
map (right) owing to larger areas of paramagnetic iron deposition (−). 

On the left side, the calcium is large enough to appear dark (i.e., dia-
magnetic). Note the susceptibility artifact at air-bone interfaces on the 
phase map (*). On some scanners, calcium is dark and iron bright on the 
SWI phase maps, while others show the opposite effect because of 
polarity differences

Fig. 19.8  A 31 year old whose tests showed mild BG calcifications on 
NECT. Such subtle calcifications can be noted in adults as early as in 
their twenties
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Fig. 19.9  A 48 year old had tiny, 
bilateral BG calcifications 
(arrows) on a NECT (left), which 
were unchanged on a repeat 
NECT performed over 10 years 
later (right)

Fig. 19.10  A 59 year old with early, mild BG calcifications (arrows) 
on a NECT (left). Axial T1WI (middle) and T2WI (right) from a 3T 
MRI demonstrated a combination of a mildly bright but speckled signal 

of the globi pallidi, which was dark on T2WI. There is probably iron 
deposition as well, since the area of the T2-dark signal is larger than 
that of calcium on NECT
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Fig. 19.11  A 27 year old with faint, early, BG calcifications (arrows) 
on NECT (left) that were unchanged 1 year later (middle). A coronal 
T2WI MRI at 3T (right) showed dark signal of the globi pallidi (and to 

a lesser degree the putamina) probably also related to iron deposition, 
since the region of dark signal on T2WI is larger than that of calcium on 
NECT

Fig. 19.12  A 49 year old with bilateral very tiny BG calcifications 
(arrows) on NECT images (left and middle). On SWI MRI at 1.5T 
(right), there was a larger region of iron deposition as well, since the 

extent of the T2-dark signal on SWI is disproportionate to the degree of 
calcium on the NECT examination
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19.1	 �Basal Ganglia Calcifications: 
Unilateral or Asymmetric

Although they are less common than bilateral calcifications, 
unilateral or asymmetric calcifications of the basal ganglia 
(BG) may occur. These can be problematic in the early phase 
when there is only faint calcification that occasionally 

simulates parenchymal hemorrhage (particularly if the HU 
density is measured and is less than 100HU). The character-
istic location of these calcifications in the globi pallidi and 
their progressively increased density on NECT over time can 
identify them as calcium (Figs. 19.13, 19.14, 19.15, 19.16, 
19.17, 19.18, 19.19, 19.20, 19.21, 19.22, 19.23, 19.24, and 
19.25).

Fig. 19.13  A 28 year old with a prominent left BG calcification 
(arrows) on NECT (left) and on 3T SWI MRI (middle). Note that on 
SWI, the regions of the bilateral iron deposits (−) are much larger than 

those of the left BG calcium. Also, both the calcium and iron are nearly 
invisible on a three-dimensional magnetization prepared rapid GE 
T1WI sequence (right)

Fig. 19.14  An 80 year old had a right BG calcification (arrows) on 
NECT (left) and on a 3T MRI with FLAIR (left middle), SWI (right 
middle), and DWI (right). Note that the area of T2-dark signal on each 

sequence is larger than the calcification on CT, and observe the lack of 
calcium within the T2-dark left GP, which confirms the presence of 
bilateral pallidal iron
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Fig. 19.15  A 56 year old had a faint, unilateral left BG calcification 
(arrow) on NECT

Fig. 19.16  A 62 year old had 
moderate, unilateral right BG 
calcifications (arrows) on NECT 
without a visible area of 
calcification on the contralateral 
side

19.1  Basal Ganglia Calcifications: Unilateral or Asymmetric
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Fig. 19.17  A 62 year old had a unilateral, moderate-sized right BG calcification (arrows) on NECT with axial (left), coronal (middle), and sagittal 
(right) reformats. No calcification was noted on the opposite side

Fig. 19.18  A 71 year old who had a tiny left BG calcification (arrows) 
on NECT (left) and on a 1.5T MRI with GE T2*WI (middle). On rou-
tine T2WI (right), the calcification is not noted, as turbo spin echo 

images remove much of the susceptibility effects of calcium by multi-
ple 180° refocusing pulses (turbo factor)

Fig. 19.19  A 73 year old with a 
tiny left BG calcification 
(arrows) on a NECT with axial 
(left) and coronal (right) 
reformats. On the coronal 
reformat, the calcification 
appears a bit larger but less dense 
than on the axial image
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Fig. 19.20  Comparison case of pseudohypoparathyroidism. A 56 year 
old male had profound, diffuse BG calcifications on a NECT.  The 
degree of calcification is disproportionate to the patient’s age. 

Additionally, the calcifications are also abnormal in that they involve 
the cerebellar (left) and cerebral (right) deep white matter

Fig. 19.21  Comparison case of 
hypoparathyroidism. A 56 year 
old male had diffuse BG 
calcifications on NECT, which 
also involved the cerebral and to 
a lesser degree the cerebellar, 
subcortical, and deep white 
matter
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Fig. 19.22  Comparison case of hemorrhage. An 82 year old had a right 
BG hemorrhage that lacked surrounding edema on NECT

Fig. 19.23  Comparison case of cavernoma and developmental venous 
anomaly (DVA). A 75 year old had hyperdensity of the lateral left puta-
men (dashed arrows) on NECT (left). This hyperdensity is not physio-
logic, as it is not located within the globus pallidus and contains 

hemosiderin on GE T2*WI (middle). There is an associated DVA with 
a small vein (tiny arrow) draining the cavernoma, best visualized on 
sagittal postcontrast T1WI (right). The cavernoma faintly enhances
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Fig. 19.24  Comparison case of Fahr disease. A 52-year-old female 
had diffuse, severe BG calcifications on a NECT (top row), which also 
involved the cerebral and cerebellar subcortical and deep white matter. 
On a 3T MRI with GE T1WI (bottom left and middle), the heavily 

calcified basal ganglia are variably bright and dark in signal. On FLAIR 
images (bottom right), there is diffuse deep white matter hyperintensity, 
presumably caused by concomitant vasculopathy

Fig. 19.25  Comparison case of Cockayne syndrome. A 13-year-old 
male had severe BG calcifications and subcortical calcifications that 
were quite disproportionate to his age on a NECT (left). A 1.5T MRI 

showed moderate to severe cerebral and cerebellar atrophy on axial 
FLAIR (left middle), on T2WI (right middle), and on a coronal T2WI 
(right)
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Susceptibility-Weighted Imaging: 
Concepts, Basal Ganglia Variation  
in Age-Related Iron Deposition,  
and Artifacts

Susceptibility-weighted imaging (SWI) is a novel technique 
that has been increasingly utilized over the past several years 
to visualize vasculature, hemorrhage, and deposits of cal-
cium or metals as well as other causes of susceptiblity arti-
fact. SWI combines both magnitude and phase data in order 
to optimize, visualize (and sometimes quantify) magnetic 
susceptibility effects. The foundations for this technique 
were developed in the late 1990s, initially intended as an MR 
venographic technique (by Reichenbach and coworkers in 
1997), as it was designed to take advantage of the paramag-
netic properties of deoxygenated hemoglobin, which is 
higher concentrations within venous blood, and thus it was 
considered to be a form of blood oxygen level–dependent 
(BOLD) imaging at that time. While BOLD imaging went on 
to become the mainstay for functional MRI (fMRI) imaging, 
several later iterations and contributions were involved in the 
eventual evolution to the technique of SWI that is currently 
available today for routine implementation from the major 
MRI scanner manufacturers.

In brief, the final form of SWI, although varying slightly 
among manufacturers, essentially involves multiplying a 
T2*-based gradient echo “magnitude” image a variable num-
ber of times by a phase mask (which is obtained from high-
pass filtering of the original phase image). Notably, the 
original magnitude image is sensitive to T2* effects, as it 
typically implements a low flip angle and intermediate time 
to echo (TE), although the degree to which arterial or venous 
components are visualized depends on the selected TE; 
higher flip angles can better demonstrate regions of edema 
while still enabling visualization of the T2* effects of hemor-
rhage. Notably, one can actually set the standard gradient 
echo T2*-weighted images (GE T2*WI) available on the 
MR scanner to an identical time to repeat (TR), TE, flip 
angle, and thickness as that of an SWI sequence, but the 
resultant images are not identical to those of SWI since SWI 
implements both magnitude and phase data. In contrast, GE 
T2*WI only implements magnitude data, as illustrated in the 

following pages. As compared to routine GE T2*WI, SWI 
typically removes more unwanted background susceptibility 
effects, has a higher resolution, and can better demonstrate 
venous vasculature and microhemorrhages (MHs) than GE 
T2*WI (at least two to three times as many MHs can be visu-
alized on SWI as compared to GE T2*WI). These factors all 
improve with increasing MRI field strength, while advanced 
postprocessing methods continue to be updated to improve 
the visualized final SWI images. Additionally, as SWI is 
typically obtained as a three-dimensional acquisition, the 
data have the potential to be reconstructed quite thin and in 
nearly any plane, depending on the resolution and quality of 
the acquisition. One of the most common ways to visualize 
the SWI data involves reviewing both thinner axial plane 
data (at 1–4  mm thickness), which best depicts the MHs, 
along with a “sliding” minimum intensity projection (MinIP) 
of 10–20-mm thickness (with variable overlap), which may 
improve visualization of deoxygenated blood such as venous 
vasculature in order to visualize venous anatomy.

The “filtered” phase map that is utilized to optimize the 
SWI can be useful in distinguishing hypointense signals 
from hemorrhage or iron from calcium, manganese, and 
copper, based on the presence of a positive (bright) or nega-
tive (dark) phase, which also depends on whether the magnet 
is left-handed or right-handed. Positive phase substances on 
a left-handed system include paramagnetic substances such 
as deoxyhemoglobin, higher concentrations of deposits of 
iron nanoparticles (such as in the basal ganglia), and manga-
nese, while the negative phase is caused by diamagnetic sub-
stances such as calcium. The reverse appearances are present 
on right-handed systems. Note that the unfiltered phase map 
may be useful but can be misleading because of extensive 
artifacts from susceptibility caused by gas, air, and metal; 
unfortunately, not all vendors have filtered phase maps rou-
tinely available.

Given the excellent depiction of veins on SWI, one should 
be aware of normal venous vasculature, particularly trans-

20
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medullary/perimedullary veins oriented perpendicular to 
the bodies of the lateral ventricles in the supratentorial 
white matter as well as normal deep veins. When these 
veins are traveling perpendicular to the slice (particularly 
to the axial plane), they may simulate MH, so one must 
carefully review the thin images to follow the course of the 
smaller vessels that are invisible on routine MR imaging if 
a MH is suspected. Interestingly, in acute stroke, perimed-
ullary veins are often actually increased in prominence. In 
this regard, the normal anatomy and examples of such 
trans-/perimedullary veins are covered separately within 
this text within the vascular section under the topic of 
Susceptibility-Weighted Images: Deep Veins, Transmedullary 
Veins, and Subventricular Veins (Sect. 40.6). The focus of 
this section is rather on the concepts behind SWI, variations 
in basal ganglial appearance on SWI, and artifacts on SWI 
that simulate disease, with relevant examples.

20.1	 �Susceptibility-Weighted Imaging: 
Phase Maps

In addition to detecting MHs or occult, low-flow vascular 
lesions, SWI-generated phase maps can be useful in distin-
guishing SWI-dark signal from diamagnetic versus paramag-
netic substances. These maps (in combination with other MR 
sequences) may help to distinguish hemorrhage, iron, manga-
nese, or calcium deposits based on the presence of a negative 
(dark) or positive (bright) phase and also depending on whether 
the magnet is left-handed or right-handed (polarity). Positive 
phase substances that are bright on a left-handed system include 
paramagnetic deoxyhemoglobin (present in high concentra-
tions in deoxygenated blood) and depositions of iron nanopar-
ticles and manganese, whereas diamagnetic substances appear 
dark (e.g., calcium). The reverse appearances are visualized on 
a right-handed system (Figs. 20.1, 20.2, and 20.3).
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Fig. 20.1  A 55 year old with breast cancer in whom a left-handed 3T 
MRI was negative for metastases. Top row: 2-mm-thick SWI (left) 
depicted a draining vein (arrows) from a DVA, with as faint caput” (thin 
arrows), also shown on a 10-mm MIP (middle). The phase map (right) 
demonstrates bright signal from paramagnetic deoxygenated blood. 
Middle row: an axial postcontrast FLAIR image (left) does not demon-
strate the DVA as well as coronal postcontrast SE T1WI (middle). On 
axial NECT (right), there is a pineal calcification (dotted arrows) within 
a pineal cyst. On NECT, note the lack of calcifications within the globi 

pallidi (arrowheads). Bottom row: the pineal calcification is dark on 
both SWI (left) and phase map (middle) from diamagnetic calcium. 
There is a mostly dark signal at the periphery of the globi pallidi 
(arrowheads) on SWI, which is bright on phase maps, which excludes 
calcium (also excluded by NECT). Paramagnetic manganese is also 
excluded because of the lack of bright signal on T1WI (right). The 
bright portion of the pallidal signal is likely related to paramagnetic 
iron deposits

20.1 � Susceptibility-Weighted Imaging: Phase Maps
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Fig. 20.2  In a 51 year old pallidal calcium (arrowheads) on a NECT 
(top left) are, on a left-handed 3T MRI, located within larger areas of 
dark signal on SWI (top middle) that are bright on phase maps (top 
right) and dark on T2WI (bottom left) and DWI (bottom middle). The 

dark signal on SWI is from paramagnetic iron; smaller amounts of dia-
magnetic calcium are dark on phase maps. T1WI (bottom right) does 
not show bright pallidal signal, excluding manganese

Fig. 20.3  Example of hemosiderin (ferritin) outside of the basal gan-
glia: On a 1.5T left-handed MRI, a 28 year old had hemosiderin deposi-
tion (arrows) within a region of encephalomalacia (post-trauma) on 

SWI (left), phase map (middle), and FLAIR (right). The paramagnetic 
property of hemosiderin causes it to appear bright on phase maps

20  Susceptibility-Weighted Imaging: Concepts, Basal Ganglia Variation in Age-Related Iron Deposition, and Artifacts
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20.2	 �Susceptibility-Weighted Images: 
Normal Basal Ganglial Iron 
Deposition

On susceptibility-weighted imaging (SWI), one can visual-
ize normal stored iron deposits (nanoparticles) within the 
basal ganglia, as stated previously. Iron normally accumu-
lates with increasing age within the corpus striatum (caudate, 
putamen, and globus pallidus, collectively) in asymptomatic 
patients, although the exact mechanism for this deposition is 
unknown. Pallidal iron begins to accumulate as early as the 
first year of life and begins accumulating exponentially by 
the second to third decade, reaching its plateau or “satura-
tion” by about 35–40 years of age. Putaminal iron accumu-
lates more slowly and less exponentially, typically reaching 
its plateau around 50–60 years. In adolescence and early 
adult years, normal iron deposition also occurs within the 
substantia nigra, dentate nuclei, and red nuclei. Normal, age-
related accumulation may continue to the point where the 
signal intensity of the caudate and putamen becomes equiva-
lent to that of the globus pallidus by the eighth decade. 
However, accelerated iron deposition in various structures 
may be present in certain disorders (discussed below). Thus, 
“dark” iron on SWI is normal and expected to be present 
within the globi pallidi, dentate nuclei, red nucleus, and sub-
stantia nigra, even in late adolescents and teenagers. In gen-
eral, it is considered normal if a lesser degree of iron is 
visualized within these structures than expected for age.

Accelerated or abnormal iron concentrations can be 
found in certain disorders. For example, patients with 
Alzheimer disease and its presumed precursor, mild cogni-
tive impairment, have higher concentrations of iron than 
controls within the globi pallidi and substantia nigra and per-
haps also within the hippocampi, putamina, caudate nuclei, 
and dentate nuclei. In addition, both conditions have an 
increased frequency of cerebral MHs, which are easily 
detected on SWI (thought to be associated with β-amyloid 
deposition). Thus, while dark signal throughout the basal 
ganglia in an elderly patient can be normal, the presence of 
profoundly dark signal on SWI throughout the basal ganglia 
along with characteristic geographic locations of cerebral 
atrophy and microhemorrhages is highly suggestive of either 
Alzheimer disease or mild cognitive impairment.

Additionally, syndromes of neurodegeneration with brain 
iron accumulation (NBIA) have abnormal amounts of iron 
deposition within the basal ganglia, which appear profoundly 
dark on SWI to the point of having very dark signal even on 
spin-echo T2WI (SE T2WI.  Note that spin-echo T2WI is 
relatively insensitive to susceptibility effects compared to 
other MR sequences; therefore the presence of dark signal on 
T2WI indicates that the iron concentration is quite high). 
Notably, NBIA consists of at least nine as yet identified dis-
orders, all but two of which are recessively inherited. In this 

regard, pantothenate kinase-associated neurodegeneration is 
the most common form of NBIA, constituting nearly half of 
all NBIA patients, and it usually presents in childhood. The 
other, less common NBIA disorders include aceruloplasmin-
emia, neuroferritinopathy (the only genetically dominant 
form of NBIA identified as of yet), neuroaxonal dystrophy 
(in both infantile and adult forms), mitochondrial-membrane 
protein-associated neurodegeneration, fatty acid 
hydroxylase-associated neurodegeneration, Kufor-Rakeb 
disease, Woodhouse-Sakati syndrome, and an idiopathic 
form of NBIA.

Finally, when correcting for age, SWI may distinguish 
Parkinson disease (PD) from atypical forms of Parkinsonism 
such as progressive supranuclear palsy (PSP) and multisys-
tem atrophy (MSA), and SWI may also help distinguish PSP 
from MSA.  Based on a visual perspective, both PSP and 
MSA may have greater degrees of hypointense iron within 
the putamina, red nuclei, and dentate nuclei as compared to 
both typical PD and controls, while PSP may have a greater 
concentration of iron within the red nuclei than both PD and 
MSA. There are conflicting results as to whether the substan-
tia nigra has greater visibly detectable hypointensity on SWI 
regarding PD as compared to both atypical PD (MSP and 
PSP) and controls, although preliminary data suggest that 
PD has measurably different SWI signal in that structure. 
After correction for age, some studies suggest that typical 
PD may actually have less iron in the abovementioned struc-
tures, which may relate to the theory that the pathophysiol-
ogy of PD involves impaired iron handling with a concomitant 
decrease in ferritin (the storage protein for iron). More 
recently, detecting the lack of high signal (i.e. within 
Nigrosome 1 subregions of the posterior third of the substan-
tia nigra (SN) have been described by Schwarz et al. to have 
a high accuracy of detecting idiopathic Parkinson disease. It 
has been theorized that this decreased signal (so-called 
“swallow-tail sign”) may relate to either increased iron depo-
sition or decreased neuromelanin (leading to increased free 
iron) within these structures, but this phenomenon needs to 
be studied further.

Iron deposition may also be visualized on sequences such 
as SE T2WI, GE T2*WI, DWI, or BOLD (blood oxygen-
ation level dependent) imaging, while being visible on 
FLAIR to a lesser degree. As stated earlier in this chapter, 
SWI utilizes both magnitude and phase data via postprocess-
ing in order to optimize the visualization of parenchymal 
susceptibility effects while minimizing artifacts. Thus, while 
nano-deposits of iron may be visualized on various 
sequences, it is best to confirm iron deposition on SWI with 
filtered phase maps in order to exclude other substances. As 
stated previously, the accumulation of other substances may 
occur in the basal ganglia of normal patients, such as with 
calcium (most commonly in the globus pallidus, which is 
diamagnetic). Other substances may also accumulate in 

20.2 � Susceptibility-Weighted Images: Normal Basal Ganglial Iron Deposition
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pathologic conditions, such as with manganese (selectively 
of the globus pallidus in hepatic failure, being paramagnetic) 
or copper (in Wilson disease, often paramagnetic). Such 
deposits are easily visualized on SWI, and the type of min-
eral is identified by a combination of SWI with phase maps, 
the site of deposits, and clinical findings.

Note: unless otherwise stated, the SWI images displayed 
in this section are of 2-mm thicknes and were obtained on a 
3.0 Tesla (3 T) magnet.

20.3	 �Susceptibility-Weighted Images: 
Normal Iron Deposition at 0 to 10 
Years of Age

At the age of 0–10 years on SWI, there is very little physio-
logic iron deposition within basal ganglial structures, 
although later in that decade small amounts can be visualized 
within the globi pallidi and substantia nigra (the earliest 
structures to accumulate physiologic iron) and perhaps 
within the red nuclei (Figs. 20.4, 20.5, and 20.6).

Fig. 20.4  A 5-day-old patient who underwent a negative 3T MRI to 
evaluate for hypoxic-ischemic injury. The patient’s milestones were 
normal on clinical examinations at 1 and 2 years of age. Axial SWI 

images show no visible iron deposition. Arrowheads indicate dentate 
nuclei; dotted arrows indicate globi pallidi (GP); arrows indicate 
putamina; thin arrows indicate substantia nigra (SN)

Fig. 20.5  A developmentally normal 3 year old underwent a negative 3T MRI to evaluate for a seizure. Axial SWIs illustrate that there has not yet 
been visible deposition of iron within the dentate nuclei (arrowheads), SN (thin arrows), or GP (dotted arrows). Arrows indicate putamina
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Fig. 20.6  A 7 year old with growth deficits underwent a negative 3T 
MRI to evaluate the pituitary. Axial SWIs show no visible deposition of 
iron within the dentate nuclei (arrowheads), while there is early iron 

deposition within the SN (thin arrows) and GP (dotted arrows). Arrows 
indicate putamina

20.3 � Susceptibility-Weighted Images: Normal Iron Deposition at 0 to 10 Years of Age
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20.4	 �Susceptibility-Weighted Images: 
Normal Iron Deposition at 10 to 20 
Years of Age

At the age of 10–20 years on SWI, there should be a clearly 
visibly dark signal from iron within the globi pallidi and 

substantia nigra (typically the earliest structures to accu-
mulate physiologic iron); however, it should not be exceed-
ingly dark and not within the putamina. The red nuclei and 
perhaps even the dentate nuclei may have a very faintly 
dark signal in in this age group (Figs. 20.7, 20.8, 20.9, 
20.10, and 20.11).

Fig. 20.7  A 10 year old who underwent an otherwise negative 3T MRI for a middle ear mass. Axial SWIs show no visible iron deposition in the 
dentate nuclei (arrowheads), while there is very early deposition within the SN (thin arrows) and GP (dotted arrows) but not the putamen (arrows)

Fig. 20.8  A 12 year old with a negative 3T MRI for headaches: axial 
SWIs illustrate early iron deposition within the dentate nuclei (arrow-
heads) as well as within the SN (thin arrows) and GP (dotted arrows) 

but not the putamen (arrows). Also, note faint iron within the red nuclei 
(chevrons)
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Fig. 20.9  A 15 year old with a negative 3T MRI for headaches. Axial 
SWIs show early iron deposition within the dentate nuclei (arrow-
heads) as well as within the SN (thin arrows) and GP (dotted arrows). 

Also, note faint iron deposition within the red nuclei (chevrons). Arrows 
indicate putamina

Fig. 20.10  A 15 year old with a normal 3T MRI for headaches. There 
is mild, early iron deposition within the dentate nuclei (arrowheads), 
SN (thin arrows), and GP (dotted arrows) on axial SWIs (top row). The 

putamen (arrows) has not yet accumulated much iron. T2WIs are also 
provided (bottom row). The amount of visible iron within these struc-
tures varies mildly in this age group

20.4 � Susceptibility-Weighted Images: Normal Iron Deposition at 10 to 20 Years of Age
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Fig. 20.11  A 20 year old with a negative 3T MRI for headaches. Axial SWIs illustrate that there has been increasing iron deposition within the 
dentate nuclei (arrowheads), SN (thin arrows), and GP (dotted arrows). However, there is still a paucity of putaminal iron
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20.5	 �Susceptibility-Weighted Images: 
Normal Iron Deposition at 20 to 40 
Years of Age

At the age of 20–40 years on SWI a normal dark signal from 
iron is already quite evident within the globi pallidi, sub-
stantia nigra, and red nuclei, while a faintly dark signal may 

become evident within the putamina and dentate nuclei. 
However, the putaminal signal should not be nearly as dark 
as one within the globi pallidi (Figs. 20.12, 20.13, 20.14, 
20.15, and 20.16).

Fig. 20.12  A 25 year old who had a 3T MRI performed for headaches. 
The MRI showed an incidental cavernoma (dotted circle). On SWI, 
there was mild iron deposition within the dentate nuclei (arrowheads), 

SN (thin arrows), and GP (dotted arrows). Also, note the increasing 
deposition of iron within the red nuclei (chevrons) and further deposi-
tion within the posterolateral portions of the putamina (arrows, right)

Fig. 20.13  A 33 year old with a negative 3T MRI performed for head-
aches. A 5-mm-thickness SWI depicts increasing iron deposition within 
the dentate nuclei (arrowheads), SN (thin arrows), GP (dotted arrows), 

putamina (arrows), and red nuclei (chevrons). In particular, the putam-
ina are becoming more homogeneously dark in signal as iron begins to 
accumulate more rapidly (arrows, right)

20.5 � Susceptibility-Weighted Images: Normal Iron Deposition at 20 to 40 Years of Age
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Fig. 20.14  A 35 year old with a negative 3T MRI performed to evalu-
ate for multiple sclerosis. SWI (left) depicts iron within the dentate 
nuclei (arrowheads). The dentate nuclei can often be visualized on 

T2WI (middle) in the middle aged and elderly as a result of the T2* 
effects of iron. This dark signal from iron is usually less visible on 
FLAIR (right)

Fig. 20.15  A 39 year old with a negative 3T MRI for headaches. SWIs 
(top row) show iron deposition within the dentate nuclei (arrowheads), 
SN (thin arrows), GP (dotted arrows), putamina (arrows), and red 

nuclei (chevrons). The putamina have become darker in signal as iron 
continues to accumulate (arrows, right). These nuclei are also dark on 
DWIs (bottom row) because of the iron’s susceptibility effects
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Fig. 20.16  A 40 year old with a negative 3T MRI performed for sei-
zures. SWIs depict iron deposition within the dentate nuclei (arrow-
heads), SN (thin arrows), GP (dotted arrows), red nuclei (chevrons), 

and putamina (arrows). The putamina have darkened in signal, particu-
larly more laterally

20.5 � Susceptibility-Weighted Images: Normal Iron Deposition at 20 to 40 Years of Age
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20.6	 �Susceptibility-Weighted Images: 
Normal Iron Deposition at 40 to 60 
Years of Age

At the age of 40–60 years on SWI, a normal dark signal from 
iron is increasingly prominent within the putamina and den-
tate nuclei. However, the putaminal signal should still not be 

quite as dark as the one from the globi pallidi, although the 
lateral edges of the putamen may appear quite dark. The den-
tate nuclei may be almost as dark as the globi pallidi (Figs. 
20.17, 20.18, 20.19, 20.20, and 20.21).

Fig. 20.18  A 45 year old with a negative 3T MRI performed for altered mental status. SWIs illustrate iron deposition within the dentate nuclei 
(arrowheads), SN (thin arrows), GP (dotted arrows), putamina (arrows), and red nuclei (chevrons). The putamina are more hypointense laterally

Fig. 20.17  A 41 year old with a negative 3T MRI performed for 
altered mental status. SWIs demonstrate iron deposition within the den-
tate nuclei (arrowheads), SN (thin arrows), GP (dotted arrows), putam-

ina (arrows), and red nuclei (chevrons). The putamina are becoming 
more hypointense
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Fig. 20.19  A 54 year old; a 3T MRI demonstrates dark signal of the dentate nuclei on SWI (left), T2WI (left middle), and DWI (right middle). 
Corresponding bright signal on an unfiltered SWI phase map (right) confirms paramagnetic iron

Fig. 20.20  A 63 year old in whom 3T MRI SWI (left) and FLAIR 
(middle) depict iron throughout the lentiform nuclei, being most promi-
nent within the GP but even darker within the medially located GP 
interna (thin arrows). Iron is less prominent within the medial putamina 
(*) but is more prominent along the lateral edge of the putamina 

(arrows). Note corresponding findings on b = 0 map from DWI (right), 
which is a single echo echoplanar sequence that has T2-weighting but 
also T2* effects, as DWI is usually obtained by a single echo, gradient 
echo sequence

20.6 � Susceptibility-Weighted Images: Normal Iron Deposition at 40 to 60 Years of Age
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Fig. 20.21  A 64 year old; on a 3T MRI (negative study), SWI (top left) 
shows dark signal from iron within the putamina (arrows), with smaller 
areas of dark signal within the GP (dotted arrows). An unfiltered phase 
map (top right) shows that the smaller foci of the dark signal centrally 
within the GP are diamagnetic calcium, while the larger areas of bright 

signal within the GP (thin arrows) and putamina (arrows) are from 
paramagnetic iron. T2WI (bottom left) shows dark iron within the lenti-
form nuclei. Axial (bottom middle) and coronal (bottom right) NECT 
images confirm GP calcium
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20.7	 �Susceptibility-Weighted Images: 
Normal Iron Deposition at 60+ Years 
of Age

At the age of 60 years and older on SWI, the normal dark 
signal from iron can be quite prominent within the putamina 
and dentate nuclei and can appear as dark as in the globi 

pallidi. This can make it difficult to discern excess iron depo-
sition, such as is present in NBIA without the use of addi-
tional sequences (Figs. 20.22, 20.23, 20.24, 20.25, 20.26, 
20.27, 20.28, and 20.29).

Fig. 20.22  A 76 year old; on a 3T MRI (negative study), SWIs (top 
row) showed a dark signal from iron within the dentate nuclei (arrow-
heads), GP (dotted arrows), putamina (arrows), and red nuclei (chev-
rons). On matched noncontrast BOLD images (bottom row) utilized to 

acquire an MR perfusion study, such nuclei appear even more hypoin-
tense but suffer extensive gas-related artifacts (*) from the paranasal 
sinuses, mastoid air cells, and externally, all of which obscure the mar-
gins with the cerebrum

20.7 � Susceptibility-Weighted Images: Normal Iron Deposition at 60+ Years of Age
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Fig. 20.23  A 79 year old with a negative 1.5T MRI performed for 
seizures. On SWI (left), there is dark signal from iron deposits medially 
within the GP (dotted arrows), along with a crescent of dark signal 
along the lateral margin of the putamina. On a filtered phase map 

(right), the bright signal represents paramagnetic iron deposition. In 
contrast, note the dark signal that results from calcifications of the cho-
roid plexi (circle tip arrows), as calcium is a diamagnetic substance

Fig. 20.24  An 81 year old had a negative 3T MRI performed for 
altered mental status. An SWI (left) demonstrates iron deposition within 
the lentiform nuclei (i.e., GP [dotted arrows] and putamina [arrows]). 

T2WI (middle) shows similarly dark signal. A NECT (right) confirms 
that the dark signal is largely due to iron, as there is only a small amount 
of GP calcium bilaterally
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Fig. 20.25  A 91 year old with a negative 3T MRI performed for 
altered mental status. Top row: SWIs show iron deposition of the den-
tate nuclei (arrowheads), SN (thin arrows), and GP (dotted arrows). 
Both the GP and lentiform nuclei have become homogeneously dark 

bilaterally. Middle row: on DWI, there is dark signal throughout these 
nuclei owing to iron. Bottom row: T2WIs also depict prominent iron 
deposition within these nuclei. This case demonstrates how iron may 
appear on all three sequences

Fig. 20.26  Comparison case: Manganese (Mn) deposition within the 
GP. A 49 year old with chronic liver disease: On a 3T MRI, the GP 
(dotted arrows) appear dark on SWI (left), bright on T1WI (middle), 
and dark on T2WI (right). On a NECT (not shown), no calcium was 
noted within the GP, thus indicating paramagnetic manganese within 

the GP. As compared to the GP, the putamina (arrows) are less dark on 
SWI and less bright on T1WI, suggesting iron deposition within the GP 
rather than manganese. In liver disease, manganese selectively collects 
within the GP

20.7 � Susceptibility-Weighted Images: Normal Iron Deposition at 60+ Years of Age
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Fig. 20.27  Comparison case: acute stroke and hemosiderin. A 73 year 
old had an acute left MCA infarct (*) on 1.5T DWI MRI (top left), ADC 
map (top middle), and T2WI (top right). SWI (bottom left) also showed 
focal dark signal within the contralateral right putamen (dotted circles), 
with only scant iron deposition of the GP (dotted arrows). There was no 

infarct there on DWI. On a filtered phase map (bottom middle), the right 
putaminal abnormality exhibited bright signal because of paramagnetic 
iron from hemosiderin. On NECT (bottom right), no calcium was noted 
there
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Fig. 20.28  Comparison case of NBIA: infantile neuraxonal dystrophy 
(INAD). After being diagnosed with INAD as an infant, a 3 year old 
underwent a 3T MRI that showed abnormally dark GP (arrows) on 
T2WI (top left), FLAIR (top middle), and SWI (top right). There was 
severe cerebellar atrophy (open arrows), as noted on coronal T2WI 

(bottom left), T1WI (bottom middle), and sagittal T1WI (bottom right), 
consistent with the diagnosis of INAD. There was also probably mild 
edema within the caudate and putaminal nuclei (+), as shown on T2WI 
and FLAIR

Fig. 20.29  Comparison case of NBIA: pantothenate kinase associated 
neurodegeneration (PKAN). A 14 year old female underwent a 1.5T 
MRI that showed abnormally dark GP (arrows) and SN (thin arrows) 
on T2WI (left and left middle) and on the gradient echo b = 0 map used 
to form a DWI (right middle), which is sensitive to susceptibility 

effects. T1WI (right) appeared normal. The findings were consistent 
with abnormally accelerated deposition of iron within those structures 
for the patient’s age. Also, note subtle abnormalities within the optic 
radiations (*)

20.7 � Susceptibility-Weighted Images: Normal Iron Deposition at 60+ Years of Age
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20.8	 �Susceptibility-Weighted Images: 
Artifacts Simulating Hemorrhages

Artifacts on SWI are many, and most are similar to the causes 
of susceptibility artifact on GE T2*WI. These include phase 
wrapping (i.e., aliasing because the field of view is too small), 
poor filtering of the phase map, air-bone interface (such as 
the calvarium, mastoid air cells, or where paranasal sinuses 
meet the skull base), metal, and motion-related artifacts. 
These can particularly simulate hemorrhage or microhemor-
rhage (MH) in post-trauma cases where the region of interest 
is in close proximity to such an air-bone interface or if there 

is a large amount of gas, such as near the floor of the anterior 
cranial fossa (just above the cribriform plate), mastoid air 
cells, the temporal lobe, or at the skull base. Additionally, 
motion-related artifacts not only degrade the image but may 
also generate pseudo-abnormalities. Such motion artifacts 
vary depending on the severity of patient motion; they gener-
ally appear as hazy or patchy regions of hypointensity and 
may simulate hemorrhage. Motion artifacts presumably sim-
ulate hemorrhage because of volume averaging of normal 
darker structures such as vasculature, cerebrospinal fluid, or 
gas with normal brighter parenchyma, resulting in regions of 
“hazy” intermediate signal (Fig. 20.30).

Fig. 20.30  Phase wrapping artifact. A 7 month old with hypotonia 
underwent a 1.5T MRI. On a 2-mm-thick SWI (top left) there were two 
punctate, dark foci (arrows) that simulated MHs. However, the SWI 
suffered moderate phase-related artifact (delineated by thin arrows), 

while T2WI (top right) appeared normal. On a repeat MRI at 3T per-
formed at 12 months of age, both the SWIs (bottom left and middle) and 
T2WI (bottom right) appeared normal. The repeat MRI and the lack of 
a relevant clinical history for MH indicated that these were artifactual
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20.9	 �Susceptibility-Weighted Images: 
Artifact from Air-Bone Interfaces 
and Gas

Artifacts from air-bone interfaces and gas can be quite 
prominent on SWI and are relatively proportional to the 
degree of aeration of the aerated bone (such as mastoid air 
cells or paranasal sinus). This can extend inward to obscure 
the adjacent cerebrum or cerebellum. It can particularly 

obscure the posterior fossa, the anterior fossa just above the 
ethmoids, or the temporal lobe just above the mastoids. Fast 
(turbo) spin-echo (FSE) T2WI is the most resistant to this 
artifact and can confirm suspected abnormalities. Turbo 
FLAIR is also relatively resistant to such artifacts as a result 
of the multiple 180° pulses that follow the initial 180° radio-
frequency pulse and the second 90° pulse (Figs. 20.31, 
20.32, 20.33, 20.34, 20.35, 20.36, 20.37, 20.38, 20.39, 20.40, 
20.41, 20.42, 20.43, 20.44, and 20.45).

Fig. 20.31  Air-bone interface artifact from several locations. A 37 
year old with headaches underwent 1.5T MRI with three separate 
2-mm-thickness sequences: routine GE T2*WI (left column), modified 
GE T2*WI (middle column, with flip angle, TR, and TE identical to 
the SWI sequence) and the true three-dimensional SWI acquisition 
(right column). The modified T2*WIs suffer the presence of greater 
artifacts from phase loss (T2* affect) but are more sensitive in detect-
ing hemorrhage than standard GE T2*WIs. Top row: as expected, T2* 
effects are most noticeable on the modified GE T2*WI, being most 

prominent at air-bone interfaces such as along the petrosal surfaces of 
the cerebellopontine angles (arrows) and the cerebellar convexities 
(dotted arrows) to a lesser degree. Middle row: note artifacts from the 
anterior clinoids (thin arrows). Bottom row: the T2* effects are also 
noticeable on the modified T2*WI along the cerebral convexities bilat-
erally (circle tip arrows). Note an incidental developmental venous 
anomaly (DVA, arrowheads), which is most visible on SWI, as SWI 
best depicts deoxygenated blood within the DVA due to paramagnetic 
deoxyhemoglobin
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Fig. 20.32  Air-bone interface artifact from the mastoid air cells. A 47 
year old was found to have prominent T2* effects just above the mas-
toid air cells (*) on 1.5T MRI 3-mm-thick axial (top left) and coronal 
(top middle) SWI and on coronal T2*WI (top right), obscuring the infe-

rior temporal gyri. Also, artifact from air within the ethmoid air cells 
(arrows) obscures the orbitofrontal gyri and anterior cranial fossa on 
3-mm thick axial (bottom left) and coronal (bottom middle) SWIs; the 
artifact is less severe on coronal T2*WI (bottom right)

Fig. 20.31  (continued)
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Fig. 20.33  Air-bone interface artifact from the mastoid air cells and 
ethmoid sinuses. A 39 year old underwent a 3T MRI with 10-mm-thick 
SWI minIPs (left two images) that showed that T2* effects are most 
prominent at air-bone interfaces such as just above the mastoids (*) and 

ethmoid air cells (arrows). On SE T2WI at the same levels (right two 
images), such artifacts are not present. On SWI, such artifacts appear 
worse with greater slice thickness

Fig. 20.34  Air-bone interface artifact from the ethmoid air cells. A 57 
year old with prominent T2* effects just above the ethmoid air cells 
(arrows) on 3-mm-thick SWI at 3T (top left) but not present on SE 
T2WI (top middle) or FLAIR (top right), owing to the suppression of 

artifact from multiple echoes (turbo factor). Such artifact also affects 
DWI (bottom left). The source of artifact from the ethmoid air cells is 
illustrated on postcontrast sagittal GE T1WI (bottom middle) and on 
sagittal NECT reformats (bottom right)
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Fig. 20.35  Air-bone interface artifact from the frontal sinuses. A 49 
year old with trauma having asymmetric T2* effect from right ethmoid 
and frontal sinus gas (arrows) on 2-mm-thick SWI at 1.5T (left), which 
could simulate hemorrhage from an orbitofrontal contusion. However, 

on 12-mm-thick sliding minIP (middle), the artifact appears bilateral. 
On a SE T2WI (right), the artifact disappears owing to the relative sup-
pression of susceptibility effect by the multiple echoes (turbo factor)

Fig. 20.36  Air-bone interface artifact from anterior clinoid processes. 
A 54 year old with T2* effects bilaterally due to aerated anterior cli-
noids (thin arrows), as shown on 2-mm-thick SWI at 3T (left), which 

are present to a lesser degree on T2WI (middle). NECT (right) confirms 
the aerated clinoid processes. Also note the orbitofrontal artifact 
(arrows) caused by aeration of the ethmoid air cells

Fig. 20.37  Air-bone interface artifact from anterior clinoid processes. 
A 24 year old with T2* effects bilaterally caused by aerated anterior 
clinoids (thin arrows) as demonstrated on 2-mm-thick SWI at 3T (left 

and middle), and present to a lesser degree on GE T1WI (right). Also, 
note artifact along the temporal convexities (*), arising from aeration of 
the top of the mastoid air cells
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Fig. 20.38  Air-bone interface artifact from an anterior clinoid process. 
A 56 year old with asymmetric T2* effects from a unilaterally aerated 
right anterior clinoid process (thin arrows) on 2-mm-thick SWI at 3T 

(left) and present to a lesser degree on GE T1WI (middle). NECT 
(right) confirms the aerated right anterior clinoid process. Also, note 
artifact caused by aeration of the top of the right mastoid air cells (*)

Fig. 20.39  Air-bone interface artifact from the sphenoid sinus. A 34 
year old with T2* effects that protrude into the prepontine cistern and 
brainstem (dotted arrows) from sphenoid sinus air, as demonstrated on 
2-mm-thick SWIs at 1.5T in axial (left) and 5-mm-thick sagittal (left 

middle) planes. DWI (right middle) suffers from a similar artifact along 
the ventral brainstem. NECT (right) confirms sinus air (+), with a thin 
posterior sinus wall. Also, note the artifact arising from aeration of the 
top of the ethmoid air cells (arrow)

Fig. 20.40  Air-bone interface artifact from the sphenoid sinus. A 54 
year old with T2* effects that protrude into the prepontine cistern (dot-
ted arrows) from sphenoid sinus air, as shown on 2-mm-thick SWIs at 
3T in axial (left) and sagittal (middle) planes and not present on T2WI 

(right), which shows the sinus air (+). On SWI, the air obscures the 
basilar artery (thin arrows). Also, note artifact from aeration at the top 
of the mastoids (*) and ethmoid air cells (arrows) as well as a true pon-
tine MH (circle)
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Fig. 20.41  Air-bone interface artifact from the sphenoid sinus. An 84 
year old with T2* effects that extend into the prepontine cistern (dotted 
arrows), which arise from air within the sphenoid sinus, as demon-
strated on 2-mm-thick SWI at 1.5T (left). This artifact is present to a 

lesser degree on SE T2WI (middle) but still obscures the basilar artery 
flow void (thin arrows). NECT (right) confirms an aerated sphenoid 
sinus (+) with a thin posterior wall. Also note artifact arising from aera-
tion of the top of the mastoids (*)

Fig. 20.42  Air-bone interface artifact from a petrous apex. A 25 year 
old with T2* effects at the skull base protruding into the left side of the 
cerebellopontine angle and medulla (−) from normal left petrous apex 
aeration on 2-mm-thick SWI at 1.5T (left) and on GE T2* WI (middle). 

NECT (right) confirms the petrous apex air (−). Note that the artifact is 
greater on SWI than GE T2*WI in this case. On SWI, this could simu-
late an enlarged flow void from an aneurysm or calcifications within a 
meningioma
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Fig. 20.43  Air-bone interface artifact from the petrous apices and 
mastoids. A 24 year old with T2* effects at the skull base (−) that 
obscure the internal auditory canals bilaterally, arising from normal air 
cell aeration of the petrous apices on 2-mm-thick SWIs at 3T (left and 

middle). This artifact is much more attenuated on GE T1WI (right). On 
SWI, such an artifact can either simulate subarachnoid hemorrhage or 
can mimic flow voids from aneurysms. Such susceptibility artifacts also 
obscure adjacent normal anatomy

Fig. 20.44  Air-bone interface artifact from a petrous apex. A 49 year 
old with T2* effects at the skull base (−) that mimic a mass compress-
ing the left side of the medulla, as demonstrated on 2-mm-thick SWI at 

1.5T with axial (left) and coronal (middle) reformats; however it is not 
present on SE T2WI (right). Such artifact can simulate hemorrhage, 
flow voids from an aneurysm, or a calcified extra-axial mass
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Fig. 20.45  Comparison case of focal temporal hemorrhage simulating 
air-bone interface artifact. Top row: a 44 year old with seizures under-
went a 3T MRI to determine the cause. On SWI, focal left temporal T2* 
effect (dotted arrows) was noted just above the mastoids, initially 
thought to be air-bone interface artifact from mastoid aeration. On the 
right, note normal T2* effect from air-bone interface artifact just above 
the mastoids (−). Second row: However, on coronal T2WI (left) and 
FLAIR (right), which are relatively resistant to susceptibility artifact 

due to the multiple fast spin echo technique (i.e., turbo spin echo), the 
hemosiderin stain is evident, with centrally mildly hyperintense signal. 
Third row: On multiplanar spoiled GE T1WI, the hemosiderin stain is 
confirmed. Bottom row: On 18F-FDG PET, there is hypometabolism 
with the left temporal focus, likely further confirming that the left tem-
poral focus was the site of seizure origin. The findings likely repre-
sented a cavernoma versus being related to the patient’s remote history 
of closed head injury
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20.10	 �Susceptibility-Weighted Images: 
Artifacts from Metal Extensively 
Obscuring the Cranium

Susceptibility artifacts from metal are typically much more 
extensive and overt on SWI as compared to those from air-
bone interfaces and gas. Such artifacts can extend so far inward 
so as to not only obscure adjacent cerebrum or cerebellum but 

also can render certain regions that are nondiagnostic for inter-
pretation such as the posterior fossa and the anterior fossa just 
above the ethmoids (such as with braces or other oral or odon-
togenic implants). The degree of artifact becomes greater with 
increasing field strength. Again, FSE T2WI and turbo FLAIR 
are the more resistant sequences to this artifact but can still be 
nondiagnostic in cases with large amounts of adjacent metal 
(Figs. 20.46, 20.47, 20.48, 20.49, and 20.50).

Fig. 20.46  Metal-related artifact. A 22 year old with dental amalgam 
that caused artifact that completely obscured the skull base at the level 
of the medulla (left) and most of the cranium at the level of the bodies 
of the lateral ventricles (left middle) on axial SWI. At that same level, 

the artifact is not visualized on FLAIR (right middle), although it causes 
“pseudo-hyperintensity” of the frontal cortices (arrows). Coronal SE 
T2WI (right) shows the artifact’s source (dotted arrows)

Fig. 20.47  Metal-related artifact. A 62 year old with susceptibility 
artifact that obscures most of the left middle cranial fossa and brainstem 
on SWI (left), which is much less extensive on SE T2WI (middle). A 

NECT (right) revealed the source of artifact to be a metallic foreign 
body (i.e., a “BB” pellet) that is embedded within the left pterygoid 
musculature (dotted arrow)
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Fig. 20.48  Metal-related artifact. A 27 year old in whom an artifact entirely obscures the right skull base and most of the frontal lobe on SWI (left 
three images). A NECT (right) confirms that the source of artifact is a “BB” pellet overlying the right zygoma (dotted arrows)

Fig. 20.49  Metal-related artifact. A 13 year old with artifact from den-
tal amalgam that obscured the frontal lobes on 2-mm-thick (top left), 
magnitude (top, left middle), and 10-mm-thick (top, right middle) 
SWIs, with a corresponding phase map (top right). This mimics sub-
arachnoid hemorrhage (thin arrows) on the magnitude image, which 

does not incorporate phase data. Note the “stretching” of brain in the 
anteroposterior direction on DWI (bottom left), while FLAIR (bottom, 
left middle) and T2WI (bottom, right middle) are normal. A coronal SE 
T2WI (bottom right) depicts the artifact’s source (dotted arrows)
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Fig. 20.50  Metal-related artifact. An 8 year old with artifact from den-
tal amalgam that obscured the frontal lobes on 2-mm-thick (top left), 
magnitude (top, left middle), and 10-mm-thick (top, right middle) 
SWIs, with a phase map (top right). This mimics hemorrhage (thin 

arrows) on the magnitude image. Sagittal SE T2WIs (bottom row) show 
the source of the artifact (dotted arrows) with mild motion artifact as 
well (arrowheads). Even on SE T2WI, the posterior fossa is completely 
obscured
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20.11	 �Susceptibility-Weighted Images: 
Motion-Related Artifact

Motion-related artifact is usually evident on SWI, since it is 
most often present on other sequences. However, mild 
motion may not be as evident on SWI as other sequences 
(such as T2WI), since the finding of darker deoxygenated 
blood within venous structures can be blunted (i.e., not as 

dark as expected), which can be overlooked on SWI. Other 
findings that indicate motion, such as poor visualization of 
sulci and curved artifacts following the contour of the cra-
nium, can also suggest compromise of images caused by 
motion. It is important to note the presence of such artifacts 
because they can compromise the detection of hemorrhage, 
particularly MHs (Figs. 20.51, 20.52, 20.53, 20.54, 20.55, 
and 20.56).

Fig. 20.52  Motion-related artifact. A 64 year old with moderate-severe artifact from motion on 2-mm-thick (left) and on SE T2WI (middle) SWI 
at 1.5T. The artifact is hazy and obscures the normally dark veins (deoxygenated blood). FLAIR (right) was not affected

Fig. 20.51  Motion-related artifact. A 65 year old with diffuse, moder-
ate artifact from motion on 2-mm- (left) and 10-mm-thick (middle) 
SWIs at 1.5T as well as on SE T2WI (right). This patchy artifact pre-

sumably relates to volume averaging of parenchyma with darker veins, 
CSF, or gas and obscures normal dark veins (deoxygenated blood). 
FLAIR (not shown) was not affected
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Fig. 20.53  Motion-related artifact. A 67 year old with a severely 
degraded image on 2-mm-thick SWI (left) caused by a severe degree of 
motion-related artifact. This is mitigated to some degree on ultrafast 

HASTE-T2WI (middle) and on motion-corrected (BLADE) FLAIR 
(right) images at 3T. The trade-off is that these latter two sequences 
have a lower signal-to-noise ratio

Fig. 20.54  Motion-related artifact. A 2 year old with subtle motion-
related artifact on 2-mm-thick (left) and 10-mm-thick (middle) SWI at 
3T.  The artifact appears hazy or “blotchy” (arrows), while FLAIR 
(right) appears normal. This artifact also may be exacerbated by phase 

direction-artifact from vascular pulsation. Such an artifact can simulate 
multifocal MHs such as may occur with shear injury, or it can simulate 
prominent vasculature such as occurs with vascular malformations
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Fig. 20.56  Motion-related artifact. A 70 year old with mild to moder-
ate motion artifact on 2-mm-thick (left and left middle) SWIs at 
1.5T. The artifact appears hazy or blotchy (arrows), perhaps due to vol-

ume averaging of parenchyma with darker CSF, vasculature, or regions 
of gas. Motion artifact is noted to a lesser degree on T2WI (right mid-
dle) but disappears on FLAIR (right)

Fig. 20.55  Motion-related artifact. The patient was 12 months old with 
congenital cytalomegalovirus infection. There is subtle motion-related or 
pulsation-related artifact on 2-mm-thick (left) and 10-mm-thick (left 

middle) SWIs at 3T. The artifact appears blotchy (arrows), while T2WI 
(right middle) and FLAIR (right) are not affected. Such an artifact can 
simulate MHs or vasculature of an AVM. Note a true MH (dotted arrows)
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20.12	 �Susceptibility-Weighted Images: 
Vasculature Simulating 
Microhemorrhages

On SWI, various normal (or normal variant) vasculature 
structures can simulate MHs. These include vasculature that 
travels perpendicular to the imaging plane (which can be 
confirmed by visualization in other planes or by scrolling), 

calcifications (whether choroid plexus, dural, or of the basal 
ganglia), or artifacts (as discussed previously). Correlation 
with other planes of imaging should be performed, since 
SWI is typically obtained by a three-dimensional acquisi-
tion. One should also correlate with other routine MR imag-
ing sequences or CT (e.g., to identify calcifications) in order 
to identify the etiology of such SWI-dark foci (Figs. 20.57 
and 20.58).

Fig. 20.57  A 47 year old with seizures. Top row: a punctate hypoin-
tense focus (arrows) within the lateral right parietal lobe simulates MH 
on a 2-mm-thick axial SWI obtained at 3T. Medially, another focus also 
simulates a MH (thin arrows). There are several other foci that were 
later confirmed to be true MHs (dotted arrows). Middle row: the lateral 

focus (arrows) appears linear like a vessel on sagittal SWI (left). 
Compare these to actual MHs (dotted arrows) confirmed on both axial 
(top row) and coronal (right) 2-mm-thick SWI’s. Bottom row: the more 
medial focus is confirmed to be vasculature on coronal SWI (left) and is 
not visualized on GE T2*WI (right)
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Fig. 20.58  A 24 year old with seizures. Top row: a punctate hypoin-
tense focus (arrows) is noted within the right temporal lobe, which 
simulates a MH on 2-mm-thick SWIs obtained at 3T.  This does not 
appear to connect to a vessel. Middle row: using localization, the punc-

tate focus is shown to be a small cortical vessel on coronal (left) and 
sagittal (right) SWIs. Bottom row: that region also appears normal on 
coronal T2WI (left) and axial FLAIR (right)
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20.13	 �Susceptibility-Weighted Images: 
Choroid Plexus Simulating 
Microhemorrhages

On SWI, normal (or normal variant) choroid plexus can 
simulate MHs. These foci can be identified as choroid 
plexus based on their typical location, particularly within 

the trigones of the lateral ventricles, choroidal fissures, or 
foramina of Luschka. Occasionally, they can be problem-
atic when they are densely calcified and cause confusion if 
a CT is not available. Postcontrast MRI can help identify a 
typical configuration of choroid plexus, and NECT can 
confirm calcification, if present, in a typical location for 
choroid plexus (Figs. 20.59 and 20.60).

Fig. 20.59  A 70 year old with acute weakness. A punctate hypoin-
tense focus (arrows) was noted near the lateral brainstem on a 2-mm-
thick SWI obtained at 3T (left), simulating a MH.  However, axial 
postcontrast FLAIR (middle) depicted enhancement within the left 

foramen of Luschka owing to choroid plexus in that location; the thin 
arrow also depicts normal contralateral choroid plexus enhancement. 
Later, a NECT (right) confirmed that this was calcified choroid
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Fig. 20.60  A 40 year old with headaches had a punctate hypointense 
focus (arrows) along the medial right temporal lobe on 2-mm-thick 
axial (top left) and coronal (top middle) SWIs obtained at 1.5T. This 
simulated a remote MH. However, postcontrast axial FLAIR (top right) 

and T1WI (bottom left) showed enhancing choroid plexus within the 
choroidal fissure. Axial (bottom middle) and coronal (bottom right) 
NECT images confirmed slightly calcified choroid plexus within the 
choroidal fissure
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20.14	 �Susceptibility-Weighted Images: 
Postcontrast Appearance and the Use 
of Subtraction Imaging

One should be aware of the appearance of postcontrast 
susceptibility-weighted imaging (SWI). Gadolinium-based 
contrast agents (GBCAs) cause variable enhancement of the 
vasculature (depending on a number of factors such as the 
TE), while injury to the blood-brain barrier (BBB) leads to 
parenchymal enhancement on SWI. Briefly, on SWI, GBCAs 
can actually be visualized as a bright signal in a fashion simi-
lar to that seen on T1WI (T1 shine-through). This is typically 
due to BBB injury, breakdown, or increased permeability, 
whether from neoplasm, infarction (typically subacute 
phase), endothelial injury (e.g., endothelial injury in poste-

rior reversible encephalopathy syndrome), vascular inflam-
mation, or meningeal inflammation. This appearance on 
postcontrast SWI may be important to be aware of because 
future research may incorporate the utilization of pre- and 
postcontrast SWI in characterizing vascular anomalies such 
as arteriovenous malformations or fistulas (AVMs or AVFs), 
neoplasms such as recurrent high-grade primary brain tumors 
(e.g., glioblastomas), or in assessing perfusion/permeability 
(e.g., stroke or neoplasm). Additionally, the precontrast SWI 
may be subtracted from the postcontrast SWI in situations 
where underlying dark hemorrhage is present in order to 
detect enhancing lesions within hemorrhagic regions; for 
example, SWI subtraction may reveal recurrent tumor in 
glioblastoma multiforme (Figs. 20.61, 20.62, 20.63, 20.64, 
20.65, 20.66, 20.67, and 20.68).

Fig. 20.61  A 56 year old with an AVM. On a noncontrast 3T SWI MRI 
(left), there is subtle bright arterial signal. On a postcontrast SWI at that 
level (middle), there is signal within both the supplying arteries and 

draining veins. On another postcontrast SWI at a lower level (right), the 
large AVM nidus is shown (*)

Fig. 20.62  A 24 year old on cyclosporine, with seizures from posterior 
reversible encephalopathy syndrome (PRES). A noncontrast 3T FLAIR 
MRI (left) showed cortical/subcortical edema (arrows) of the posterior 
frontal and anterior parietal lobes near the vertex, typical of PRES. On 
noncontrast SWI (left middle), there was no MH (note: MH occurs in 

over half of PRES patients). On postcontrast SWI, (right middle), pial 
enhancement was present (thin arrows), which was confirmed on post-
contrast T1WI (right). Pial (leptomeningeal) enhancement occurs in up 
to 30–40 % of PRES cases
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Fig. 20.63  A 68 year old with SMART syndrome (stroke-like migraine 
attacks after radiation therapy). Fifteen years after cranial radiation for 
a grade 2 astrocytoma, the patient presented with severe headaches who 
had since had yearly MRIs that were negative for recurrence. A noncon-
trast 3T FLAIR MRI (top left) showed postradiation findings, while 

SWI (top middle) did not show MHs (often noted after radiation). On 
postcontrast SWI (right), there was gyral enhancement (arrows), also 
present on postcontrast T1WI (bottom left), which resolved 11 days 
later on postcontrast T1WI (bottom middle) and SWI (bottom right). 
This entity can simulate recurrent tumor or meningeal inflammation

Fig. 20.64  SWI subtraction to detect recurrent tumor. A 48 year old 
with a previous astrocytoma had enlarging nodularity at the margin of a 
prior resection (arrows) on FLAIR (top left), with new enhancement on 
postcontrast T1WI (top middle). On 16-mm-thick precontrast SWI (top 
right), hemosiderin was seen around the resection site, also shown on 

2-mm-thick SWI (bottom left). On a postcontrast SWI (bottom middle), 
nodular enhancement (arrows) is shown by subtraction (bottom right) 
of the pre- from the postcontrast SWI. This was proven to be a recurrent 
high-grade tumor
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Fig. 20.65  Comparison case of cavernoma. A 40 year old had focal 
left frontal subarachnoid hemorrhage that was initially noted on NECT 
(not shown). A CT venogram (left) demonstrated an enlarged draining 
vein (thin arrows). A subsequent catheter angiogram was negative. On 

a 1.5T MRI, postcontrast SE T1WI (middle) also depicted the enlarged 
draining vein, deep to which a cavernoma (arrows) was found on a 
2-mm-thick SWI (right)

Fig. 20.66  Comparison case of cavernomas. A 58 year old with weak-
ness had a MH (thin arrows) that was obscured on a 10-mm-thick SWI (top 
left) but was shown to be separate from medullary veins on a 2-mm-thick 
SWI (top middle) and on GE T2*WI (top right). A larger, symptomatic 

cavernoma (arrows) appeared necrotic on 2-mm SWI (bottom left) with an 
enhancing rim on postcontrast SE T1WI (bottom middle), thus simulating 
a high-grade glioma. After resection, this was proven to be a cavernoma. It 
did not recur at 5 years on postcontrast SE T1WI (bottom right)
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Fig. 20.67  Comparison case of cortical vein thrombosis. A 65 year 
old with an acute headache and left-sided weakness had loss of the right 
central sulcus (thin arrows) on NECT (top left), with an enlarged corti-
cal vein (arrows) on a CT venogram (top middle). On a 1.5T FLAIR 
MRI (top right), there was T2-dark acute subarachnoid hemorrhage 

(SAH) or venous clot, which was also dark on 1-mm- (bottom left) and 
5-mm-thick (bottom middle) SWIs. Four months later, SWI (bottom 
right) confirmed hemosiderin from SAH in that location and elsewhere 
(dotted arrows)
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Fig. 20.68  Comparison case of cavernomas (i.e., vascular dysplasias). 
A 42 year old with cranial irradiation more than 20 years prior for 
medulloblastoma had no tumor recurrence and had no lesions on GE 

T2*WI (left). However, 2-mm-thick SWI (middle) depicted multiple 
punctate, dark foci (thin arrows), with even more foci visualized on 
10-mm-thick minIPs (right)

20.14 � Susceptibility-Weighted Images: Postcontrast Appearance and the Use of Subtraction Imaging
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Slow-Flow, Asymptomatic Vascular 
Malformations: Brain Capillary 
Telangiectasias and Developmental 
Venous Anomalies

This chapter focuses on two slow-flow vascular malforma-
tions of the brain: brain capillary telangiectasias (BCTs) 
and developmental venous anomalies (DVAs). Both occur as 
incidental findings in the general population, are typically 
asymptomatic when existing as solitary lesions, and can 
occur along a spectrum of being barely visible (usually only 
on postcontrast imaging) to being quite large to the point of 
simulating symptomatic lesions such as a neoplasm (owing 
to avid enhancement and size in a BCT) or frank arteriove-
nous malformation (AVM, due to large venous flow voids in 
a DVA). Besides size, they can both occur concomitantly in 
symptomatic cases when associated with symptomatic slow-
flow vascular lesions, typically cavernomas (e.g., cavernous 
hemangiomas, cavernous malformations). Both lesions have 
dedicated, longer discussions in this chapter about the spec-
trum of their appearance on various sequences and when 
they can simulate symptomatic lesions as well as their 
appearance on more recently available MR sequences, most 
notably susceptibility-weighted imaging (SWI). Comparison 
cases are provided at the end of the chapter for both lesions, 
with a focus on cavernomas and AVMs.

21.1	 �Brain Capillary Telangiectasias

BCTs are nearly always an incidental finding on a brain MRI, 
being considered by many as a normal variation or at the 
very least as a “don’t touch” lesion. This is because they are 
benign vascular entities that angiographically demonstrate 
low flow. They are the second most frequent vascular malfor-
mations next to DVAs (also known as venous angiomas), 
accounting for about 5–15 % of brain vascular malforma-
tions. They are estimated to occur in 0.4–0.7 % of the popu-
lation, based on both autopsies and susceptibility-weighted 
imaging (SWI) MRI. However, this frequency may increase 
in the future, as BCTs can be tiny, but continually improving 
MR imaging has proceeded to identify increasingly smaller 
BCTs. Histologically, they are composed of thin-walled 

vascular spaces/capillaries that are larger in caliber than nor-
mal brain capillaries. Thus, their incidence may be increas-
ing with the increasing utilization of MR imaging, particularly 
with the development of SWI in the last several years and 
higher field strengths.

The appearance of BCTs on MRI varies with sequence 
and field strength, and as such BCTs are usually invisible on 
nonenhanced CT (NECT), while larger BCTs may be only 
barely visible if a contrast-enhanced CT (CECT) is per-
formed. On MRI, the characteristic patterns described typi-
cally include no hyperintensity (or only faint hyperintensity 
in larger lesions) on T2WI or FLAIR, near-invisibility on 
T1WI, mild hypointensity on T2* gradient-echo (T2*WI), 
faint hypointensity on DWI, and a mild or faint puff of 
enhancement on T1WI obtained postcontrast. Notably, the 
degree of enhancement within these lesions may vary with 
field strength (the greatest enhancement occurs at higher 
field strengths such as 3 T), sequence (enhancement is typi-
cally visualized better on postcontrast spin echo [SE] T1WI 
than on GE T1WI), and time delay (a longer time in the 
range of 5–10 min may improve their visibility). However, 
perhaps the best way to visualize capillary telangiectasias is 
their characteristic hazy signal loss (hypointensity) on SWI, 
particularly at higher field strengths such as 3T, thought to be 
related to the relatively high concentration of deoxyhemo-
globin in these lesions. On SWI, these lesions typically 
exhibit a homogeneous “fluffy” dark signal with poorly 
defined borders in a pattern akin to their manner of contrast 
enhancement. In some cases, linear hypointensities may be 
noted radiating from BCTs on SWI, thought related to the 
presence of draining vascular channels. A newer contrast and 
iron-based agent, ferumoxytol, may augment the signal loss 
(hypointensity) within BCTs on SWI MRI, thus increasing 
their visualization. It should also be noted that other than 
SWI, older (or more traditional) T2*-weighted gradient echo 
(GE T2*WI) or echoplanar sequences may also depict the 
faint signal of deoxygenated hemoglobin to a lesser degree, 
such as blood oxygen level–dependent images (BOLD, used 
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for functional MRI or MR perfusion source data), “b = 0” 
maps (used to create DWI images), or phase contrast MR 
images. Telangiectasias can also be visualized on CECT in 
the late arterial/early venous phase, or even on postcontrast 
time-of-flight (TOF) MRA.

The location of BCTs can be nearly anywhere within the 
brainstem or cerebral or cerebellar parenchyma, although the 
pons is by far the most common location (about 75–80 %). 
Other locations include the medulla or midbrain, the cerebel-
lum, the basal ganglia, the cerebral parenchyma (i.e., lobar), 
or the basal forebrain (e.g., substantia innominata). Notably, 
they can be missed when located in the posterior fossa 
because of adjacent gas from the sphenoid sinus, or the ten-
torial vasculature, or if they are located near the fourth ven-
tricle (due to a calcified choroid plexus or vascular flow 
voids). Visualization of SWI in multiple planes helps con-
firm the presence and location of these lesions.

BCTs almost always have an unremarkable clinical 
course and do not change over time, unless they are associ-
ated with other vascular malformations such as cavernomas 
or arteriovenous malformations/fistulae (AVMs/AVFs). 
BCTs typically do not exhibit mass effect or cause symp-
toms (<5 % have been stated to cause symptoms, but even 
this number is controversial), unless in the quite rare case 
that they are larger than 1 cm in size. Even in such a sce-
nario of a giant BCT, they are still unlikely to be symptom-
atic. However, a prominent draining vein may be identified 
in up to 30–40 % of BCTs, and 10–15 % have an associated 
DVA, whereas DVAs (also considered don’t touch lesions) 

may be associated with cavernomas (see following topic). 
Such findings have led to speculation that these three enti-
ties may be on a spectrum from typically a normal variation 
(e.g., BCTs) to don’t touch lesions (e.g., DVAs) to lesions 
that are more likely to be symptomatic (e.g., cavernomas). 
Thus, the presence of a BCT in concert with a DVA or a 
prominent draining vein should prompt a search for a caver-
noma, which often exhibits a “popcorn-like” appearance of 
a T2-dark hemosiderin ring (typically a large blotch on 
SWI) that has a variegated signal on T1WI but lacks con-
trast enhancement. DVAs are discussed separately in a fol-
lowing section (21.3).

21.1.1	 �Brain Capillary Telangiectasias: Pontine

Pontine BCTs are the most common location. As such, their 
true incidence may actually be unknown, since they are 
increasingly recognized with improving resolution and 
higher field strengths both on postcontrast T1WI as well as 
on noncontrast SWI. Occasionally, small BCTs may be rela-
tively invisible on a prior postcontrast T1WI MRI but become 
visible on a follow-up MRI simply because of timing of con-
trast. Often, these fill in over time 5–10 min after contrast 
administration on T1WI, but they may be difficult to visual-
ize on early postcontrast imaging. Larger pontine BCTs may 
simulate enhancing lesions, such as occurs with metastatic 
disease (Figs. 21.1, 21.2, 21.3, 21.4, 21.5, 21.6, 21.7, 21.8, 
21.9, 21.10, 21.11, 21.12, and 21.13).

Fig. 21.1  In a 33 year old with hyperprolactinemia, incidental faint 
enhancement within a pontine BCT (arrows) was found on 1.5T MRI 
postcontrast coronal (left) and sagittal (left middle) T1WI, being invis-

ible on noncontrast T1WI (right middle). T2WI depicts only faint 
hyperintense signal (right)
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Fig. 21.2  A 51 year old with a seizure was found to have faint enhance-
ment within a small pontine BCT (arrows) on 1.5T MRI postcontrast 
axial (left) and coronal (left middle) T1WIs, which was invisible on 

noncontrast T1WI (right middle). SWI depicts an associated faint puff 
of dark signal on SWI (right)

Fig. 21.3  A 26 year old who had a frontal tumor (not shown). Mild 
enhancement is demonstrated within a pontine BCT (arrows) on a 1.5T 
MRI with postcontrast T1WI (left). There is a puff of dark signal on GE 

T2*WI (left middle), with a normal T2WI (middle). Postcontrast axial 
(right middle) and coronal (right) T1WIs 3 years later show no change

21.1  Brain Capillary Telangiectasias
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Fig. 21.4  A 17 year old experiencing nausea had faint enhancement of 
a pontine BCT (arrows) on a 1.5T MRI with a postcontrast coronal 
GRE T1WI (left), a faint dark signal on a 2-mm-thick SWI (left middle), 

and a dilated draining vein (thin arrow). This was unchanged on SWI 3 
months later (right middle), while FLAIR remained normal (right)

Fig. 21.5  A 43 year old was examined for altered mentation. There 
was faint enhancement of a pontine BCT (arrows) on a 1.5T MRI with 
postcontrast SE T1WI (left), and a faint dark signal on GE T2*WI (left 

middle). Seven years later, the BCT was unchanged on a postcontrast 
SE T1WI (right middle) and on a GE T2*WI (right)

Fig. 21.6  A 41 year old was found to have a schwannoma (dashed 
arrows) within the right internal auditory canal. Additionally, there was 
a blush of enhancement from a pontine BCT (arrows) on a postcontrast 

T1WI (left), which was unchanged on an MRI obtained 7 years later 
(middle). SWI at that time (right) depicted “spidery” dark signal of 
deoxyhemoglobin
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Fig. 21.7  A 39 year old with hearing loss underwent a 1.5T MRI that 
included a normal-appearing precontrast T1WI (top left). There was 
faint enhancement of a ventral pontine BCT (arrows) on postcontrast 
GE T1WI (top middle) and on SE T1WI (top right). This is obscured on 

GE T2*WI (bottom left) due to gas artifact from the sphenoid sinus. 
DWI is normal (bottom middle). Postcontrast sagittal FLAIR (bottom 
right) also depicts the enhancing telangiectasia

Fig. 21.8  A 64 year old with altered mentation who had only faint 
enhancement within a BCT located at the pontomedullary junction 
(arrows) on a 1.5T MRI with postcontrast coronal (left) and axial (left 
middle) GE T1WIs. On SWI (right middle), the telangiectasia’s hypoin-

tensity was more evident. BOLD imaging (right) from MR perfusion 
data demonstrated the BCT to a lesser degree, since BOLD does not 
optimize phase data to the degree that SWI does

21.1  Brain Capillary Telangiectasias
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Fig. 21.9  A 26 year old with hearing deficits had a pontine BCT 
(arrows) on otherwise negative serial 1.5T MRIs that were obtained 
annually over 3 years; this included postcontrast axial T1WIs (top row) 

and SWIs (bottom row). The BCT mildly enhanced and was quite 
hypointense on SWI but appeared normal on T2WI/FLAIR (not shown)

Fig. 21.10  A 37 year old with altered mentation who had had either a 
diffuse, multilevel BCT or three separate BCTs at the level of the mid-
brain, mid-pons, and lower pons (arrows) on a 1.5T MRI with postcon-

trast sagittal (left) and coronal (left middle) GE T1WIs. On an SWI that 
was mildly compromised because of motion (right middle), the BCT 
had mild hypointensity. The T2WI (right) appeared normal
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Fig. 21.11  In a 48 year old with gait difficulty an otherwise normal 
1.5T MRI demonstrated only faint enhancement of a right pontine BCT 
(arrows) on postcontrast T1WI (left), with a small vascular tuft on 

SWIs (left middle and right middle). T2WI (right) and FLAIR (not 
shown) were normal. This subtle case of BCT could have been missed 
if SWI had not been obtained

Fig. 21.12  Large pontine BCT in a 58 year old with ataxia. On a 1.5T 
brain MRI, postcontrast SE T1WI (top left) depicted rather avid 
enhancement, whereas precontrast T1WI (top middle) and T2WI (top 
right) were unremarkable. On a 1.5T MRI obtained 15 years later, post-

contrast GE T1WI (bottom left) shows that the BCT is more discrete, 
while SWI (right middle) shows a darker signal than is typically seen 
within a BCT. The T2WI (bottom right) is unchanged

21.1  Brain Capillary Telangiectasias
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Fig. 21.13  A 62 year old had lung cancer without metastasis. A NECT 
(top left) was negative but a 1.5T MRI showed a 1.7 cm enhancing lesion 
(arrows) on postcontrast T1WI (top middle), with mild hyperintensity 
on T2WI (top right). This was not thought to be a metastasis because of 

the faint hyperintensity, but a follow-up MRI was recommended. On an 
MRI 1.5 years later, SWI (bottom left) showed “hazy” hypointensity of 
the BCT, and the BCT was unchanged on postcontrast T1WI (bottom 
middle), with persistent hyperintensity on T2WI (bottom right)
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21.2	 �Capillary Telangiectasias: Cerebellar 
and Medullary

Cerebellar and medullary locations of BCTs are much less 
common than pontine types. Their appearance on SWI and 
enhancement pattern on postcontrast T1WI are similar to the 

pontine BCTs, but they are often much smaller and at times 
hardly visible. Some BCTs in these locations may be large and 
focal enough to resemble an enhancing focus of metastatic 
disease or infectious etiology (e.g., tuberculoma) (Figs. 21.14 
and 21.15).

Fig. 21.14  A 55 year old with hyperesthesias had faint enhancement of 
a medullary BCT (arrows) on 1.5T MRI postcontrast axial SE T1WI 
(left), with faint low signal on SWI (left middle). The BCT is invisible 

on FLAIR (right middle) and T2WI (right) but does not simply repre-
sent flow void artifact from the vertebral artery since it is not present on 
T2WI

21.2  Capillary Telangiectasias: Cerebellar and Medullary
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Fig. 21.15  A 42 year old had newly diagnosed lung cancer, with a 1.5T 
screening MRI that showed faint enhancement within the cerebellum 
(arrows) on a postcontrast SE T1WI (top left), which was questioned to 
be a metastasis. T2WI (top middle) and FLAIR (top right) were normal, 

and there were no enhancing lesions elsewhere. Repeat postcontrast 
T1WI at 3 months (bottom left) and 6 months (bottom middle) with coro-
nal images (bottom right) showed no change in the presumed BCT. An 
untreated metastasis typically would have enlarged during that time
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21.2.1	 �Capillary Telangiectasias: Basal 
Ganglial, Capsular, Frontal Basal, 
Insular, and Thalamic

Basal ganglial, frontobasal, and thalamic BCTs are also 
quite uncommon but can be troublesome when they mimic 
pathology, depending on location, sequence, and appear-

ance. For example, as in other locations, they can simulate 
a solitary neoplasm or metastatic disease when focal and 
avidly enhancing. Another example is in the basal ganglia 
and thalami, where they may simulate a subacute infarct 
with microhemorrhage if avidly enhancing with dark signal 
on SWI (Figs.  21.16, 21.17, 21.18, 21.19, 21.20, and 
21.21).

Fig. 21.16  A 45 year old with transient unconsciousness. Found on a 
1.5T brain MRI, axial (left) and coronal (middle) postcontrast T1WIs 
was right frontal basal enhancement, while FLAIR (right) and T2WI 
(not shown) were normal. The patient requested a biopsy, since an out-

side physician told the patient that a low-grade neoplasm was probable, 
although it had been stable for 2 years. The biopsy confirmed a BCT, 
but the patient had a poor outcome because of an infarction

Fig. 21.17  A 53 year old with spinal myelitis underwent an otherwise 
negative 1.5T brain MRI that depicted a small focus of right external 
capsular enhancement (arrows) on postcontrast SE T1WI (left) and 
faint hypointensity on GE T2*WI (left middle). On MRI 2 years later, 

postcontrast SE T1WI (right middle) was stable, with hypointensity on 
SWI (right) indicative of a BCT that simulates microhemorrhage. 
FLAIR images remained normal
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Fig. 21.18  A 32 year old with headaches underwent a 1.5T brain MRI, 
which showed a small, faint focus of enhancement within the right 
thalamus that simulated a solitary neoplasm on postcontrast axial (left) 

and coronal (middle) T1WIs, without corresponding edema on coronal 
T2WI (right). SWI was not available at that time, but the findings were 
considered consistent with a BCT

Fig. 21.19  A 27 year old with dizziness; on a 1.5T MRI, there was a 
region of poorly circumscribed but a moderate degree of enhancement 
(arrows) within the left caudate head on postcontrast coronal SE T1WI 

(left) with only faint internal dark signal on GRE T2*WI (middle), 
while T2WI (right) appeared normal. No other enhancing lesions were 
noted
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Fig. 21.20  A 44 year old with a tiny sphenoidal meningioma whose 
Initial 1.5T MRI showed a small focus of left putaminal enhancement 
(arrows) on postcontrast SE T1WI (left). This was unchanged 6 years 
later on GE T1WI (left middle). The hypointensity on SWI (right mid-

dle) and normal FLAIR (right) signal were indicative of a BCT.  On 
SWI, this basal ganglial BCT could simulate a subacute infarct with 
microhemorrhage if no follow-up MRI was available

Fig. 21.21  An 11 year old with an unrelated cranial nerve VI palsy 
underwent an otherwise negative 1.5T MRI on which faint enhance-
ment was demonstrated (arrows) within the left internal capsule on 

postcontrast coronal SE T1WI (left) and on GE phase contrast images 
(middle). SWI (right) demonstrated a faint focus of signal loss consis-
tent with a BCT

21.2  Capillary Telangiectasias: Cerebellar and Medullary
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21.2.2	 �Capillary Telangiectasias: Callosal 
and Cingulate

Callosal and cingulate BCTs are rare. BCTs in these loca-
tions may mimic pathology such as demyelinating disease 

(when focally avidly enhancing), focal traumatic brain 
injury (due to a dark signal on SWI), or a neoplasm (e.g., a 
solitary enhancing lesion of metastatic disease or primary 
brain tumor) (Figs. 21.22, 21.23, and 21.24).

Fig. 21.22  A 69 year old who had visual deficits underwent an other-
wise negative 3T MRI that demonstrated a small, faint focus of enhance-
ment (arrows) within the right cingulate gyrus on postcontrast coronal 

(left) and axial (left middle) SE T1WIs. This BCT was not as well visu-
alized on postcontrast axial GE T1WIs (right middle) and was not vis-
ible on FLAIR (right)

Fig. 21.23  A 65 year old with dizziness underwent an otherwise nega-
tive 1.5T MRI that depicted a small enhancing focus (arrows) within 
the left cingulate gyrus on postcontrast axial (left), coronal (left middle), 

and sagittal (right middle) SE T1WIs. There was only very faint hypoin-
tensity on axial GE T2*WI (right). This BCT was not visible on T2WI/
FLAIR (not shown)
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Fig. 21.24  A 42-year-old post-trauma patient with two BCTs. On a 1.5T 
brain MRI, postcontrast axial (top left) and coronal (top middle) GE 
T1WIs showed focal enhancement of a BCT within the callosal splenium, 
while GE T2*WI (top right) was normal, indicating this was not a shear 

injury. Also, a second small lobar BCT was found within the right parietal 
lobe, as shown on postcontrast SE T1WI (bottom left) and SWI (bottom 
middle) but normal on FLAIR (bottom right). These were not trauma-
related hemorrhages, as they enhanced and were not punctate on SWI

21.2  Capillary Telangiectasias: Cerebellar and Medullary
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21.2.3	 �Capillary Telangiectasias: Lobar

Lobar BCTs occurring within the parenchyma of the frontal, 
occipital, parietal, or temporal lobes are also quite rare, typi-
cally located within the subcortical or deep white matter. 

BCTs in these locations may also mimic pathology such as 
demyelinating disease (when focally avidly enhancing), 
focal traumatic brain injury (due to a dark signal on SWI), or 
neoplasm (e.g., a solitary enhancing lesion of metastatic dis-
ease or a primary brain tumor) (Figs. 21.25 and 21.26).

Fig. 21.25  A 50 year old with chronic headaches underwent an other-
wise negative 1.5T brain MRI that depicted mild enhancement within 
the posterior left temporal white matter (arrows) on postcontrast SE 
T1WI (left). Over 10 years later, this was unchanged on coronal (left 

middle) and axial (right middle) postcontrast GE T1WI, while T2WI 
(not shown) was normal. On SWI (right) the blush of hypointensity 
indicated a BCT
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Fig. 21.26  A 64 year old with renal cancer whose 1.5T MRI, postcon-
trast axial GE T1WI (top left) showed a faint parietal focus of enhance-
ment with faint dark signal on coronal T2*WI (top middle), and lacking 
edema on T2WI (top right). This was called a BCT; no metastases were 
noted. Two years later, coronal postcontrast GE (bottom left) and axial 

SE (bottom middle) T1WIs were unchanged, consistent with a 
BCT.  Note that spoiled postcontrast GE T1WI (bottom right) hardly 
shows the enhancing BCT, as the contrast-to-noise ratio of GE T1WI is 
not as high as SE T1WI
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21.3	 �Developmental Venous Anomalies

As stated earlier, developmental venous anomalies (DVAs, 
also known as venous angiomas) are the most common cere-
bral vascular malformations, representing about 50–60 % of 
such lesions. They appear as a spoke-wheel or caput medusa 
of enlarged veins that drain into a larger vein; the larger vein 
eventually drains into a dural venous sinus, cortical vein, or 
another major intracranial vein. They are not to be confused 
with AVMs, since DVAs lack an arterial component (although 
some reports have claimed to identify one). Their most com-
mon location (approximately 40–60 %) is the frontal or pari-
etal lobes, but up to 30 % can be seen within the cerebellar 
hemispheres.

DVAs are estimated to occur in 0.5–2.5 % of the population 
based on both autopsies and recent studies that have imple-
mented SWI MRI. This number may increase as improved sus-
ceptibility imaging and higher field strengths are utilized. SWI 
is able to demonstrate DVAs because of the high concentration 
of paramagnetic deoxyhemoglobin in the deoxygenated (i.e., 
venous) blood within them. DVAs are considered to be low-
flow lesions that are purely venous, histologically consisting 
of thickened, hyalinized abnormally enlarged veins. The 
pathophysiology of their development is still debated, but it 
has been proposed that collateral dilated veins develop as a 
result of impaired or occluded normal cortical venous drain-
age or deep medullary venous drainage in early life. As such, 
the enlarged draining veins are considered abnormal.

Initially, DVAs were thought to have a high rate of hemor-
rhage or to portend the development of an AVM; however, 
more recent data suggest that DVAs are basically “don’t touch” 
lesions because their annual risk of hemorrhage has been 
reported to be quite low at 0.15–0.70 % based on the lack of 
symptom development at long-term follow-up in the vast 
majority. Also, these are typically “don’t touch” lesions since 
they drain normal cerebral parenchyma, and treatment or 
resection of these lesions may lead to horrible complications, 
such as venous ischemia or thrombosis. Some even consider 
DVAs to be at the extreme end of normal variation. However, 
more recent evidence based on SWI MRI suggests that these 
are actually not normal variants, since hypointense foci that 
are presumed to represent remote microhemorrhages or tiny 
cavernomas have been found in up to 62 % of DVAs! This 
percentage had previously been reported to be much lower 
(at 7 to 18 %); conversely, DVAs have been found in 8–33 % 
of patients with cavernomas. Therefore, the evidence linking 
DVAs to the higher risk cavernomas is increasing and argues 
against DVAs being true normal variations. DVAs can occa-
sionally be confused with AVMs when they are larger, par-
ticularly if only noncontrast images are available.

The appearance of the “caput medusae”, or spoke-wheel 
of radiating vessels associated with a DVA is quite consistent 

and typically cements the diagnosis of DVA on postcontrast 
imaging; the type of T1WI sequence usually does not matter 
for diagnosis (but may make a difference to visualize the 
extent) unless the lesion is quite tiny. Postcontrast FLAIR 
imaging can also help to visualize DVAs. However, an intra-
venous contrast agent is not always administered for MRIs, 
and thus on noncontrast routine MR images DVAs are only 
variably visualized as dark flow voids on T2WI, related to 
the size, extent, and flow rate of these lesions. However, the 
use of SWI on all routine noncontrast examinations may 
obviate the use of intravenous contrast material in discrimi-
nating DVAs from AVMs, since SWI is quite accurate in 
detecting DVAs. It is also important to note that white mat-
ter hyperintensity may be visualized in DVAs based on 
FLAIR or T2WI, and such hyperintensity is more common 
when there is also hypointensity (thought to be old hemor-
rhages or cavernomas) immediately surrounding the 
DVA. There is no gold standard to detect DVAs; however, 
both noncontrast SWI and postcontrast SWI can easily 
depict DVAs and discriminate them from AVMs. Catheter 
angiography was initially utilized to diagnose larger DVAs, 
but because DVAs are low flow, invasive methods are unnec-
essary in the majority of patients unless they are extensive 
or in the rare instance where their appearance overlaps that 
of an AVM.

Hence, DVAs should only be treated if there are clearly 
related symptoms such as thrombosis, or if they are quite 
large and strategically placed to cause symptoms (e.g., sei-
zures), which occurs only rarely. Also, extremely rare cases 
have been described of a holohemispheric type of DVA that 
involves the entire cerebral or cerebellar hemisphere, which 
may have associated cerebral atrophy and cause symptoms 
such as seizures. Interestingly, to the best of this author’s 
knowledge there have not been any clear descriptions of 
enlargement of a DVA progressively over time, which is in 
direct contrast to AVMs.

The most clinically important (and interesting) point 
regarding DVAs is their debatable association with the pres-
ence of cavernomas (also known as cavernous angiomas). 
The rate of their occurring together varies widely, probably 
related to whether the study quoting the number is subse-
lected from a cohort selected from solely DVAs, from 
patients with cavernomas, from a group with vascular 
lesions in general, or from autopsy data at large. As stated 
above, more recent literature has suggested that faint micro-
hemorrhages or cavernomas occur on SWI in over 60 % of 
DVAs, a frequency much higher than the traditional 7–18 %, 
while 8–33 % of cavernomas have been found to have an 
underlying DVA. This frequency of cavernomas associated 
with DVAs appears to be increasing, probably as a result of 
improved detection related to utilization of SWI, which can 
depict both the hemosiderin stain of a cavernoma as well as 
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the caput drainage appearance of a DVA.  It is currently 
thought (based on imaging and histology) that the presence 
of hemorrhage surrounding a DVA is overwhelmingly likely 
to represent a cavernoma, but the radiologist should exclude 
the uncommon possibility of thrombosis of the DVA.

As discussed in the previous topic, 10–15 % of inciden-
tal brain capillary telangiectasias (BCTs) have an associ-
ated DVA, and they may occasionally have a tiny draining 
vein but lack the caput of a DVA. This has led to specula-
tion that BCTs, DVAs, and cavernomas exist on a spectrum 
of vascular malformations; indeed, there are reports of all 
three phenomena occurring together in a patient. Notably, 
cavernomas are much less common (about 0.5 % of the 
population) than either DVAs or BCTs. Even if an asymp-
tomatic cavernoma presents in association with a DVA, the 
risk of hemorrhage per year remains quite low (just under 
1.0 % annually).

21.3.1	 �Developmental Venous Anomalies: 
Cerebellar

DVAs can occur just about anywhere within the brainstem, 
cerebrum, or cerebellar hemispheres, but they are quite com-
mon and have a characteristic appearance within the cerebel-
lum. The cerebellum is a site of DVAs in about one third of 
cases but is typically asymptomatic. The appearance of a caput 
with an enlarged draining vein is characteristic, typically best 
seen on either postcontrast T1WI or as a blush of deoxygenated 
venous structure with a single draining vein on higher resolu-
tion SWI. Larger cerebellar DVAs may simulate an arteriove-
nous malformation. Also, note the presence of a concomitant 
brain capillary telangiectasia (BCT, asymptomatic) or hemo-
siderin from a cavernoma (seen in up to one third of DVAs) on 
SWI, as cavernomas can be symptomatic and are common in 
the posterior fossa (Figs. 21.27, 21.28, 21.29, 21.30, and 21.31).

Fig. 21.27  A 49 year old with headaches and syncope underwent an 
otherwise negative 1.5T brain MRI that depicted a small draining vein 
(arrows) arising from a tuft of enhancement within the superior right 

hemicerebellum on SWI (left) and on postcontrast axial (left middle) 
and coronal (right middle) SE T1WIs. T2WI (right) appeared normal
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Fig. 21.28  A 25 year old with chronic headaches: axial NECT, GE 
T1WI, FLAIR, and T2WI (top row, respectively) did not depict a 
DVA. However, noncontrast TOF MRV (PA view, bottom left) and axial 

(bottom middle) and coronal (bottom right) GE T1WIs showed a caput 
of left cerebellar enhancement with an enlarged vein draining medially 
(arrows)

Fig. 21.29  A 48 year old with memory loss in whom an otherwise 
negative 1.5T brain MRI noted a small draining vein (arrows) within 
the left hemicerebellum on postcontrast SE T1WI (left), postcontrast 

FLAIR (left middle), 2 mm SWI (right middle), and thick 15 mm SWI 
(right). Note how thicker SWI images better illustrate the course of the 
draining vein
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Fig. 21.31  A 64 year old followed for a pituitary lesion in whom a 
1.5T brain MRI noted a moderate-sized vein (arrows) draining inferi-
orly from a caput of vessels (thin arrows) within the right hemicerebel-
lum on SWI (left) and on postcontrast axial (left middle) and sagittal 

(right middle) SE T1WIs. The caput is better visualized on postcontrast 
T1WIs in this patient, which is atypical. The DVA is not visualized on 
a 3DTOF MRA, which portrays only arterial flow (right)

Fig. 21.30  A 49 year old followed for a frontal oligodendroglioma in 
whom a 1.5T brain MRI noted a small vein (arrows) that drained medi-
ally from a caput of vessels (thin arrows) within the right hemicerebel-
lum on postcontrast SE T1WI (left) and on GE T2*WI (left middle). A 
repeat MRI 8 years later was performed with postcontrast GE T1WI 

(right middle), and on 2-mm SWI (right). Note that SWI delineates 
DVA better than GE T2*WI, probably because SWI better displays 
deoxygenated blood. Also, postcontrast SE T1WI may better portray a 
DVA than GE T1WI
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21.3.2	 �Developmental Venous Anomalies: 
Lobar

Lobar cerebral DVAs are quite common, and the overwhelm-
ing majority are incidental and asymptomatic. Most com-
monly these are in the frontal lobe, but they can occur virtually 
anywhere within the cerebrum and typically are best visualized 
on either postcontrast T1WI or as a blush of a deoxygenated 

venous structure with a single draining vein on SWI.  Faintly 
hyperintense signal on FLAIR is associated with some lobar 
DVAs. Again, larger lobar DVAs may mimic an arteriovenous 
malformation if the DVA is large. A concomitant brain capil-
lary telangiectasia (BCT, asymptomatic) or incidental (but 
abnormal) cavernoma may also be noted along with a lobar 
DVA (present simultaneously in up to one third of DVAs on 
SWI) (Figs. 21.32, 21.33, 21.34, 21.35, 21.36, and 21.37).

Fig. 21.32  A 77 year old with headaches in whom a 3T MRI with SWI 
(left) demonstrated a very large DVA that had quite a prominent drain-
ing vein (arrows) that drained a caput of smaller vessels (thin arrows). 
This enlarged vein is only partially visible on T2WI (middle) and is 

nearly invisible on FLAIR (right), which illustrates the utility of 
SWI. This sizable DVA could simulate an AVM, but no enlarged arterial 
structures were noted

Fig. 21.33  A 59 year old with an acute speech deficit underwent a 3T 
MRI with postcontrast axial (left) and sagittal (left middle) GE T1WIs 
that delineated a moderate-sized draining vein (arrows) from a DVA 

with a spoke-wheel appearance of surrounding vessels (thin arrows), 
also shown on GE T2*WI (right middle). FLAIR (right) and DWI (not 
shown) were normal

21  Slow-Flow, Asymptomatic Vascular Malformations: Brain Capillary Telangiectasias and Developmental Venous Anomalies



509

Fig. 21.35  A 50 year old with psychosis in whom a NECT (left) was called negative, while a 3T MRI demonstrated a relatively large DVA 
(arrows) on SWI (middle). On T2WI (right), the vessels contributing to the DVA are barely visualized

Fig. 21.34  A 37 year old with headaches had a 1.5T MRI with axial 
postcontrast T1WI (left) and SWI (middle) that depicted a mildly prom-
inent right temporal draining vein (arrows) from a DVA, fed by caput 

vessels (thin arrows). On FLAIR (right), there was faint hyperintense 
signal, which can be seen in some DVAs. DWI was normal (not shown)
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Fig. 21.36  A 44 year old with headaches, in whom a 1.5T MRI with 
SWI (left) demonstrated both the DVAs draining vein (arrows) and its 
associated caput (thin arrows). On postcontrast SE T1WI (middle), the 

draining vein is difficult to visualize, while on postcontrast GE T1WI 
(right) the draining vein is invisible with the caput barely visualized

Fig. 21.37  A 48 year old with vertigo, in whom a 1.5T MRI with SWI 
(left) demonstrated a DVA’s caput of hazy vessels (thin arrows), which 
was unchanged on a 1.5T MRI with SWI 1 year later (left middle). 

Sagittal reformats best depicted the draining vein (arrows), while a 
postcontrast SE T1WI (right) depicted the caput better than the draining 
vein
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Fig. 21.39  DVA: Giant draining vein simulating hemorrhage. In a 56 
year old with chronic headaches, a NECT (left) showed a focal hyper-
density (arrows) within the right temporal lobe, which was initially 
called a hemorrhage (note the lack of surrounding edema) and was 
unchanged 1 day later (not shown). On a 3T MRI, there was a giant flow 

void from a DVA draining vein (arrows) that appeared in close proxim-
ity to the middle cerebral artery (MCA) on an axial T2WI (middle). 
Coronal 3D T2WIs (right) confirmed the vein to be separate from the 
MCA (dotted arrow). Neither postcontrast imaging nor SWI were 
obtained, and therefore the caput was not visualized

Fig. 21.38  DVA: holohemispheric variant. A 47 year old had a non-
contrast neck CT (left) that showed a large vascular-appearing structure 
within the left temporal lobe that was mildly hyperdense (arrows). On 
postcontrast axial (left middle and right middle) and sagittal (right) 

images, the hyperdensity was found to be a giant DVA that involved 
nearly the entire temporal lobe, which drained innumerable tiny caput-
type vessels (thin arrows)

21.3.3	 �Developmental Venous Anomalies: 
Giant and Holohemispheric Types

Giant or holohemispheric DVAs are quite rare and can occur 
within the cerebrum or cerebellum. They are so large that the 
typical caput appearance may not be immediately apparent, 
since the enlarged draining vein and network of veins lead-
ing into that vein can be quite complex, that is, not appear to 
have the simple drainage of a typical DVA. Thus, such giant 

cerebral or cerebellar DVAs often simulate an AVM. When 
present, these are quite evident on either postcontrast CT or 
T1WI with a single draining vein, while on SWI, a simple 
pattern of numerous veins leading centrally toward a solitary 
draining vein is apparent. This can also be noted on MR 
venography (MRV). The lack of enlarged supplying arterial 
structures as well as the lack of multidirectional draining 
veins (complex pattern) distinguishes these large DVAs from 
true AVMs (Figs. 21.38, 21.39, and 21.40).

21.3  Developmental Venous Anomalies



512

Fig. 21.40  DVA: holohemispheric variant. A 4 year old with cerebral 
palsy had multiple caput veins (thin arrows) that drained into a giant 
thalamostriate vein centrally (dotted arrows) while peripherally drain-
ing into a vein (arrows) that eventually led into large cortical veins, as 
shown on postcontrast axial (left) and sagittal (left middle) T1WIs and 

on 20-mm-thick SWI (right middle) and phase contrast MRV (right). 
There were no enlarged arteries on MRA (not shown), and no nidus of 
an AVM. On FLAIR (not shown), there was left periventricular white 
matter gliosis
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21.3.4	 �Overlap Between Developmental 
Venous Anomaly and Capillary 
Telangiectasia

As DVAs and BCTs are both quite common within the cere-
brum, cerebellum, and brainstem, these two entities can occur 
together. However, there is no agreed upon rate of how fre-
quently they occur together in the asymptomatic population, 
since both entities are increasingly detected with higher reso-

lution imaging, particularly on noncontrast SWI. Preliminarily, 
it appears that it can also be difficult at times to distinguish 
one entity from the other with smaller lesions, since their 
appearances can overlap; the caput of a small DVA may 
appear similar to the blush of a BCT. This overlap in appear-
ance as well as their relatively frequent rate of occurring 
together lends credence to the theory that both slow-flow mal-
formations originate on the same spectrum of anomalies in 
normal venous development (Figs. 21.41, 21.42, and 21.43).

Fig. 21.41  A 61 year old with headaches in whom a postcontrast sag-
ittal SE T1WI at 1.5T (left) had faint enhancement (thin arrows), per-
haps the blush of a BCT versus the caput of a DVA. On sagittal (middle) 

and axial (right) SWIs, there was a small draining vein (arrows). Thus, 
components of both a small DVA and BCT might be present

Fig. 21.42  A 59 year old with weakness; a postcontrast axial SE T1WI 
at 1.5T (left) showed a faint tuft of enhancement (thin arrows), perhaps 
the blush of a BCT versus the caput of a DVA. On SWI (middle), there 

was a small draining vein (arrows), not visualized on FLAIR (right). 
Note focal right parieto-occipital encephalomalacia (dotted arrows)
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Fig. 21.43  A 17 year old with nausea in whom a 1.5T MRI demon-
strated faint enhancement of a pontine BCT (arrows) on postcontrast 
coronal GE T1WI (left) having faint dark signal on 2-mm-thick SWI 

(left middle), with a small draining vein (thin arrows), perhaps a 
DVA.  This was unchanged on SWI 3 months later (right middle). 
FLAIR was normal (right)
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21.3.5	 �Comparison Cases of Symptomatic 
Developmental Venous Anomalies

Rarely, DVAs can become symptomatic, perhaps because of 
venous ischemia. Venous ischemia can be reversible but occa-
sionally leads to frank focal venous infarction with resultant 

encephalomalacia. In the rare case in which a DVA is symp-
tomatic and results in an infarction, a focal, small area of 
encephalomalacia may be difficult to distinguish from a focal 
cortical infarction of arterial origin other than that the drain-
ing vein of a DVA from that region may still be evident on 
postcontrast T1WI or SWI (Figs. 21.44 and 21.45).

Fig. 21.44  Comparison case of DVA associated with stroke. A 53 year 
old with acute visual symptoms underwent a 3T MRI, which demon-
strated small occipital infarcts (dotted arrows) on DWI (left); within 
this region was an enlarged draining vein (arrows) from a DVA on 
2-mm-thick axial SWI (left middle), which was better defined on 3-mm 

oblique axial SWI (right middle). Postcontrast GE T1WI (right) showed 
ill-defined cortical/leptomeningeal enhancement, likely related to 
venous infarcts. The infarcts were presumed to be related to spontane-
ous thrombosis of the DVA
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Fig. 21.45  Comparison case of DVA with venous ischemia. A 65 year 
old had had a known DVA, with the draining vein (arrows) shown on a 
postcontrast SET1WI (top left) from a 1.5T MRI. Six months later, the 
patient presented with acute left facial numbness. There was edema sur-
rounding the DVA (dotted arrows) on postcontrast FLAIR (top middle) 

and SWI (top right), with mildly reduced diffusivity on DWI (bottom 
left); this was thought to be related to reversible venous ischemia. 
Noncontrast 3DTOF MRA (bottom middle) and postcontrast MRA (bot-
tom right) confirmed the lack of an arterial component. Overall, the find-
ings were thought to be related to spontaneous thrombosis of the DVA
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21.3.5.1	 �Comparison Cases: Cavernomas 
with Developmental Venous 
Anomalies and Arteriovenous 
Malformation

Finally, a few cases of concomitant DVA with cavernoma 
are demonstrated here, given their propensity to occasion-
ally occur together (perhaps again making the theory plau-
sible that slow-flow malformations originate on the same 
spectrum). An example of AVM is also provided for com-

parison with the large draining vein of a DVA.  AVMs 
(unless quite small) typically have enlargement of both 
arterial and venous supplying/draining structures as well 
as a nidus of enhancement that is visible as flow-voids on 
noncontrast imaging (such as SWI) and on postcontrast 
T1WI. Catheter angiography distinguishes such high-flow 
AVMs from the aforementioned slow-flow venous malfor-
mations in difficult cases (Figs. 21.46, 21.47, 21.48, and 
21.49).

Fig. 21.46  Comparison case of a cavernoma with a DVA. A 30 year 
old with an acute headache: On a 1.5T MRI, there was hemorrhage 
within the right middle cerebellar peduncle (dotted arrows) on SE 
T1WI (top left), FLAIR (top middle), and on postcontrast SE T1WI (top 
right), with enhancing caput vessels from an underlying DVA (thin 

arrows). On an MRI only 3 weeks later, the cavernoma had enlarged on 
postcontrast GE T1WI (bottom left). A catheter DSA at that time (AP 
view, bottom right) showed no arterial component but did note the 
DVAs draining vein (arrows)
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Fig. 21.47  Comparison case of a cavernoma with DVA. A 30 year old 
had focal hemorrhage of the left hemipons on a 1.5T MRI (dotted 
arrows) with FLAIR (top left), SWI (top middle), and coronal T1WI 
(top right). At 6 months, SWI 2-mm and 4-mm reformats (bottom left 

and middle) and postcontrast T1WI (bottom right) showed that the cav-
ernoma became entirely dark, while caput flow voids (thin arrows) 
became better visualized from the underlying DVA

Fig. 21.48  Comparison case of a cavernoma with DVA. A 28 year old 
with an abrupt-onset headache and vertigo had a left cerebellar hemor-
rhage (dotted arrows) on NECT (left), also shown on a 3T MRI with 

noncontrast T1WI (left middle). Postcontrast T1WI (right middle) and 
SWI (right) depicted caput vessels (thin arrows) from an underlying DVA
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Fig. 21.49  Comparison case of an AVM. A 28 year old had a dense 
parietal focus (*) on NECT (top, left), later confirmed to be an AVM 
nidus on CTA (top, left middle) and on a 1.5T MRI with postcontrast 
T1WI (top, right middle) and T2WI (top, right). On a right internal 

carotid catheter DSA, the middle cerebral artery was enlarged (arrows), 
with a draining vein (dotted arrows), as shown on anteroposterior (bot-
tom left) and lateral (bottom right) views
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Brain MRI Pseudolesions: 3.0 T Imaging, 
FLAIR, and Diffusion-Weighted Imaging

Fluid attenuated inversion recovery (FLAIR) imaging is con-
sidered a vital sequence for routine brain evaluation by MR 
imaging. Again, FLAIR implements an inversion time, or 
time to inversion (TI), to null the signal from cerebrospinal 
fluid (CSF), thereby enabling improved discrimination of 
structures immediately adjacent to CSF, such as the cerebral 
cortex, brainstem, periventricular white matter, or hippo-
campi. A number of artifacts can occur on FLAIR imaging 
and can simulate disease. Many of these require increasing 
awareness at higher field strengths or with the implementa-
tion of volumetric 3D acquisition.

One of the most problematic “pseudoabnormalities” is 
cerebral parenchymal hyperintensity on FLAIR, T2-weighted 
imaging (T2WI), or diffusion-weighted imaging (DWI); this 
hyperintensity occurs in certain regions more frequently than 
in other regions and is exacerbated at higher field strengths 
such as 3.0 T (3 T), though it can occur even at 1.5 T. At 3 T, 
perhaps up to three quarters of patients exhibit such “pseu-
dolesions” somewhere within the brain on FLAIR. The loca-
tions most frequently affected (in order of greatest to least 
frequency) are the periventricular white matter (PVWM) dif-
fusely, especially within the centrum semiovale just above the 
level of the lateral ventricles; the corticospinal tracts (CSTs), 
whether within the brainstem, the posterior limb of the inter-
nal capsule (PLIC), or within the corona radiata; the decussa-
tion of the superior cerebellar peduncle (DSCP); and the 
superior cerebellar peduncle (SCP). Such regions can be simi-
larly hyperintense on T2WI or DWI (as discussed in the fol-
lowing section) but are usually most prominent on 
FLAIR. Also, the cerebral cortex may show hyperintensity 
that is diffuse or is localized to certain regions; this is a normal 
(or artifactual) appearance on FLAIR/T2WI/DWI, and is most 
prevalent (in this author’s experience) in the hippocampi, 
insula, cingulate, orbitofrontal region, and parieto-occipital 
cortices. These areas can also appear hyperintense on inver-
sion recovery (IR) sequences, particularly IR T2WI in the 
coronal plane. Such cortical hyperintensity also may be dif-
fuse throughout the cerebrum or cerebellum and may simulate 

early findings of hypoxic-ischemic encephalopathy/injury 
(HIE/HII); the apparent diffusion coefficient (ADC) maps 
accompanying the DWI will lack cortical or subcortical white 
matter abnormalities in such normal cases. (Acute HIE will 
have a dark cortex on ADC maps, and subacute HIE more than 
5–7 days old will have deep white matter dark signal on ADC 
maps.) Cortical hyperintensity may appear asymmetric and 
greater in the frontal region (particularly at 3 T) than in poste-
rior regions, a difference that may be exaggerated by the fact 
that the perirolandic cortices (precentral and postcentral gyri) 
have normally darker signal at 3 T than the frontal cortices.

The reasons for parenchymal FLAIR, T2WI, and DWI 
pseudolesions are unknown. However, such pseudolesions 
seem to be noted most commonly in regions that undergo 
myelination later (e.g., the PVWM posteriorly), at the edge of or 
within regions of active myelination in children (e.g., PVWM or 
CST in infants), or in regions of high diffusion anisotropy (e.g., 
CST or DSCP). The concept of structures with normal, rela-
tively higher anisotropy causing normal hyperintensity focally 
on DWI is covered in more detail later in the subsection focused 
on DWI, along with DWI-specific artifact. The concept that 
non-free fluid (CSF is free fluid) or interstitial edema is bright 
on FLAIR or DWI would suggest that there may be subtly 
increased underlying amounts of fluid in these locations rela-
tive to other regions that are darker on FLAIR, or the bright 
signal in these regions could be related to a slightly lesser degree 
of myelination (i.e., less tightly packed axons). Alternatively, 
this phenomenon could be entirely artifactual because of a 
“dielectric resonance effect” (i.e., hyperintensity of deep struc-
tures relative to superficial structures) that occurs at higher field 
strengths. The problem with the theory of the dielectric effect is 
that cases of cortical hyperintensity are quite common, which 
is contrary to the concept that deeper structures tend to be more 
hyperintense. Thus, the cause of hyperintensities in such loca-
tions is unknown but may vary depending on the location.

Additionally, with the increasing utilization of 3D volumet-
ric imaging, particularly for FLAIR imaging, it should be 
pointed out that bright signal in the same regions mentioned 

22



524

above, particularly along the white matter tracts of the CST, 
DSCP, SCP, and the middle cerebellar peduncle (MCP), can 
become more prominent with 3D acquisitions, particularly at 
the 3 T MR field strength. The reason for such increased hyper-
intensity with 3D acquisitions of FLAIR versus 2D acquisi-
tions is unclear, but has been proposed to be related to a longer 
echo time (TE), higher turbo factors, less partial volume effects, 
or even a “diffusion sensitivity” effect that may occur at the 
lower refocusing flip angles utilized. Overall, such effects are 
thought to increase the visibility of white matter structures at 
3 T when FLAIR is obtained by a 3D volumetric acquisition.

The various common MRI artifacts that can limit inter-
pretation are not covered here, as those well-known artifacts 
can be found in separate texts and their appearance on imag-
ing is well established. Common or misleading artifacts on 
FLAIR and DWI are covered to some degree because they 
are more likely to be mistaken for disease and the available 
literature on these artifacts is less established.

22.1	 �FLAIR and DWI Pseudolesions at 3 T

22.1.1  �Cingulate, Insula, and Orbitofrontal 
Cortices

On 3 T FLAIR and DWI, perhaps the most common sites by far 
for normal, mild hyperintensity relative to other areas are the 
cingulate, insula, and orbitofrontal cortices. On FLAIR, this is 
distinguished from true pathology by the lack of swelling or 
mass effect. On DWI, there is a lack of dark signal on ADC 
maps, and no bright signal on “exponential” diffusion images 
(i.e., the T2 component is removed), indicating the absence of 
cytotoxic edema. Differential considerations include causes of 
cortical edema, such as HIE, acute hepatic or hyperammone-
mic encephalopathy (AHE, which most commonly involves 
the insula), or inflammatory or infectious involvement of corti-
ces, such as meningoencephalitis (Figs. 22.1, 22.2, 22.3, 22.4, 
22.5, 22.6, 22.7, 22.8, 22.9, 22.10, 22.11 and 22.12).

Fig. 22.1  A 22-year-old patient underwent a 3 T MRI that illustrates 
hyperintense cortices of the cingulate (arrows), insular (thin arrows), 
and orbitofrontal gyri (dashed arrows) on fluid-attenuated inversion 
recovery (FLAIR) imaging (top left and middle), coronal T2-weighted 
imaging (T2WI) (top right), and diffusion-weighted imaging (DWI) 

(bottom left). The appearance resembles cytotoxic edema, such as 
hypoxic-ischemic encephalopathy (HIE), but this is not HIE, as the gyri 
are not bright on “exponential” DWI (bottom middle), which removes 
the T2 component of DWI, and they are not dark on apparent diffusion 
coefficient (ADC) maps (bottom right)

22  Brain MRI Pseudolesions: 3.0 T Imaging, FLAIR, and Diffusion-Weighted Imaging
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Fig. 22.2  A 27-year-old underwent a 3 T MRI that shows hyperintense 
cortices of the cingulate (arrows) and insular (thin arrows) gyri, relative 
to the parieto-occipital gyri, on axial FLAIR (left), DWI (left middle), 
and coronal T2WI (right). These gyri exhibit normal signal intensity on 

ADC maps (right middle). Also note normal hyperintensity within the 
periventricular white matter (PVWM) on DWI (asterisk) and within the 
hippocampi on coronal T2WI (dotted circles), which may also simulate 
HIE

Fig. 22.3  A 37-year-old underwent a 3 T MRI that illustrates hyperin-
tense cortices of the cingulate (arrows), insular (thin arrows), and orbi-
tofrontal (dashed arrows) gyri on axial FLAIR images (top row). Only 
the insular gyri are hyperintense on DWI (bottom left). The cortices of 

these gyri are also bright on coronal FLAIR (bottom middle) and T2WI 
(bottom right). The hippocampi (dotted circles) are also relatively 
hyperintense (but normal) on the coronal images

22.1 � FLAIR and DWI Pseudolesions at 3 T
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Fig. 22.4  A 64-year-old underwent a 3  T MRI that demonstrates 
hyperintense cortices of the cingulate (arrows), insular (thin arrows), 
and orbitofrontal (dashed arrows) gyri on axial FLAIR images (left and 

middle). These gyri are also hyperintense on DWI (right). Note the nor-
mal signal intensity of the temporal and parieto-occipital gyri

Fig. 22.5  A 62-year-old underwent a 3 T MRI that illustrates hyperin-
tense cortices of the cingulate (arrows), insular (thin arrows), and orbi-
tofrontal (dashed arrows) gyri on axial (left) and coronal (left middle) 

FLAIR images. On a 2-year follow-up 1.5  T MRI with axial (right 
middle) and coronal (right) FLAIR images, these gyri appear to have 
normal signal intensity

22  Brain MRI Pseudolesions: 3.0 T Imaging, FLAIR, and Diffusion-Weighted Imaging
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Fig. 22.6  A 64-year-old underwent a 3 T MRI that shows asymmetri-
cally hyperintense left insular cortex (thin arrows) and left orbitofrontal 
gyri (dashed arrows) on FLAIR (left) and DWI (middle). Repeat 

motion-corrected PROPELLER FLAIR images (right) have inherently 
decreased signal and thus cause the hyperintensity to appear less 
prominent

Fig. 22.7  A 60-year-old with headaches underwent an otherwise normal 3 T MRI that demonstrates mildly hyperintense cortices of the orbito-
frontal gyri (arrows) on FLAIR (left and middle). A nonenhanced CT (NECT) scan (right) depicts a normal appearance

22.1 � FLAIR and DWI Pseudolesions at 3 T
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Fig. 22.8  A 19-year-old with weakness (which resolved soon after) 
had a normal 3 T MRI that illustrates diffusely hyperintense cerebellar 
and cerebral cortices on FLAIR images (top row), T2WI (bottom left), 

and DWI (bottom middle). This hyperintensity simulates diffuse corti-
cal injury of HIE, but the ADC maps appear normal (bottom right), 
indicating that HIE is not present

Fig. 22.9  A 24-year-old with headaches had a 1.5 T MRI that depicts 
mild, diffusely hyperintense cingulate (arrows) and insular (thin 
arrows) cortices on FLAIR (left and middle) and DWI (right). This case 

demonstrates how normal hyperintensity can occur even at 1.5  T, 
although to a lesser degree (and less commonly) than at 3 T

22  Brain MRI Pseudolesions: 3.0 T Imaging, FLAIR, and Diffusion-Weighted Imaging
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Fig. 22.10  Comparison case of acute hepatic encephalopathy (AHE) 
with diffuse cortical involvement: This 57-year-old with hyperammo-
nemia from hepatic failure had a 1.5 T MRI that showed diffuse cortical 
edema on FLAIR (left images) and DWI (right middle), particularly 
involving the cingulate gyri (arrows) and insula (thin arrows), with 

characteristic involvement of the thalami (dashed arrows). On FLAIR 
images 13 days later (right), there was mild residual cortical edema 
(arrows). Diffuse cortical involvement shows a relatively severe form 
of AHE, which can be fatal

Fig. 22.11  Comparison case of herpes simplex viral (HSV) encephali-
tis: This 37-year-old underwent a 3 T MRI, which demonstrated subtle, 
multifocal cortical edema on FLAIR (left) and DWI (right), particularly 

involving the cingulate gyri (arrows) and insula (thin arrows). Postcontrast 
FLAIR images (middle) demonstrated diffuse leptomeningeal enhance-
ment (dotted arrows). Serology found evidence of HSV infection

Fig. 22.12  Comparison case of hypoxic ischemic encephalopathy 
(HIE) in a 58-year-old after an overdose of sedatives. A 3  T MRI 
showed mild, diffuse cortical edema on FLAIR (left) and DWI (left 

middle). An exponential DWI (right middle) removes the T2 compo-
nent of edema and shows diffuse cortical injury from HIE, as confirmed 
by dark cortical signal diffusely on an ADC map (right)

22.1 � FLAIR and DWI Pseudolesions at 3 T
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22.1.2  �Periventricular White Matter

On 3 T FLAIR and DWI, other common sites for normal, mild 
hyperintensity are located within the periventricular white 
matter (PVWM), particularly within the corona radiata, the 
supraventricular centrum semiovale, and forceps major or 
minor. Differential considerations are vast, and include causes 
of deep white matter or subcortical edema, in addition to the 

most common cause which is chronic vasculopathic disease, 
such as the delayed (subacute) phase of HIE; acute toxic leu-
koencephalopathy (ATL), which can be due to many causes; 
postinfectious or inflammatory acute disseminated encephalo-
myelitis (ADEM); or inflammatory disorders of demyelination 
such as multiple sclerosis (MS), amyotrophic lateral sclerosis 
(ALS), or rarely demyelinating leukodystrophies (Figs. 22.13, 
22.14, 22.15, 22.16, 22.17, 22.18, 22.19 and 22.20).

Fig. 22.13  A 9-year-old with migraines had a negative 3 T MRI that 
demonstrated mild PVWM hyperintensity (asterisk) on FLAIR (top left 
and top middle), which is slightly less prominent on T2WI (top right), 
and DWI (bottom left). Although there is mild PVWM hyperintensity 
on DWI, the corresponding ADC map (bottom middle) and gradient 

echo (GE) T1WI (bottom right) are unremarkable. Note the artifactual 
hyperintensity of the parieto-occipital cortices on DWI (arrows), likely 
due to air-bone and bone-tissue interfaces with subsequent field 
inhomogeneities

22  Brain MRI Pseudolesions: 3.0 T Imaging, FLAIR, and Diffusion-Weighted Imaging
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Fig. 22.14  A 38-year-old with altered mental status had a negative 3 T 
MRI. FLAIR (left and left middle), DWI (right middle), and the ADC 
map (right) demonstrate mild, normal hyperintensity diffusely and 
bilaterally within the PVWM of the centrum semiovale (asterisk), with-

out corresponding abnormally dark signal on the ADC map (right). 
Note also the normal-variant bright frontal and cingulate cortices on 
FLAIR (arrows), which are brighter than the parieto-occipital cortices 
posteriorly

Fig. 22.15  A 37-year-old had transient weakness that resolved hours 
later. A negative 3 T MRI with FLAIR (left and left middle), DWI (right 
middle), and coronal T2WI (right) showed normal, mild hyperintensity 
within the PVWM diffusely and bilaterally, centered within the centrum 

semiovale (asterisk), without dark signal on an ADC map (not shown). 
Also, note mildly hyperintense cingulate (arrows) and frontal cortices 
on T2WI (right), which are also normal variants at 3 T

22.1 � FLAIR and DWI Pseudolesions at 3 T
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Fig. 22.16  A 19-year-old had concussive symptoms that resolved soon 
after. A negative 3 T MRI with FLAIR (left), DWI (middle), and T2WI 
(right) showed normal, subtle hyperintensity of the PVWM bilaterally 

on each sequence, centered in the centrum semiovale (asterisk). Also, 
note the normal, mildly hyperintense frontal cortices (arrows) on 
FLAIR

Fig. 22.17  A 60-year-old with altered mental status had symptoms that 
resolved within 1 day. A 3 T MRI with FLAIR (left and left middle) and 
DWI (right and right middle) showed normal, mild hyperintensity 

throughout the PVWM and within the corona radiata, extending up to 
the centrum semiovale (asterisk). Also, note the normally bright cingu-
late cortices (arrows)

22  Brain MRI Pseudolesions: 3.0 T Imaging, FLAIR, and Diffusion-Weighted Imaging
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Fig. 22.18  Comparison case of confluent lesions in multiple sclerosis 
(MS) in a 44-year-old with worsening symptoms. A 1.5 T MRI demon-
strated confluent abnormalities throughout the PVWM on axial (left 

and middle) and sagittal (right) FLAIR images. Note the irregular 
PVWM lesions that are oriented perpendicular to the ventricles, typical 
of MS

Fig. 22.19  Comparison case of acute disseminated encephalomyelitis 
(ADEM). A 58-year-old underwent a 1.5 T MRI, which demonstrated 
confluent abnormalities throughout the deep PVWM on axial FLAIR 

(left), but did not show reduced diffusivity on DWI (middle). Six 
months later, the abnormalities had entirely resolved on FLAIR (right)

22.1 � FLAIR and DWI Pseudolesions at 3 T
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Fig. 22.20  Comparison case of amyotrophic lateral sclerosis (ALS). A 
54-year-old with progressive motor weakness underwent a 3  T 
MRI. FLAIR images (left and middle) demonstrated subtle abnormal 
signal within the posterior PVWM (dotted arrows), which extended 

into the subcortical white matter of the precentral gyri (primary motor 
region). Such findings can be seen in ALS. FLAIR images obtained 5 
years later remained unchanged (right)

22  Brain MRI Pseudolesions: 3.0 T Imaging, FLAIR, and Diffusion-Weighted Imaging
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22.1.3  �Corticospinal Tracts

On 3 T FLAIR and DWI, another quite common site for nor-
mal, mild hyperintensity is within the corticospinal tracts 
(CSTs), most commonly at the level of the posterior limb of 
the internal capsule (PLIC) but possibly at any level from the 
brainstem up to the subcortical white matter and centrum 
semiovale just below the primary motor cortex of the of the 
frontal lobe. The cause is unknown, but could relate to 
increased interstitial water or a lesser degree of myelination 

(T2WI brightness)  versus a greater degree of anisotropy 
(DWI brightness). The appearance is most commonly bilat-
eral, but it may seem asymmetric or unilateral. Differential 
considerations include vascular or ischemic conditions (lacu-
nar infarction), demyelinating disorders such as multiple 
sclerosis (MS) or amyotrophic lateral sclerosis (ALS), acute 
hepatic encephalopathy (AHE), or rare demyelinating leu-
kodystrophies (Figs.  22.21, 22.22, 22.23, 22.24, 22.25, 
22.26, 22.27 and 22.28).

Fig. 22.21  A 29-year-old underwent a 3 T MRI with FLAIR (left), 
T2WI (middle), and DWI (right), which illustrate normal, mild hyper-
intensity within the CSTs (arrows). These findings were not changed 3 
years later on FLAIR (bottom left); susceptibility weighted imaging 
(SWI) was also normal (bottom middle). Note the bright signal of the 

CSTs within the PLICs, extending down to the cerebral peduncles at the 
level of the brainstem, as shown on coronal T2WI (bottom right). Also 
note normal, mildly bright signal at 3 T within the PVWM at the level 
of the corona radiata (asterisk), as well as within the hippocampi 
(arrowheads)

22.1 � FLAIR and DWI Pseudolesions at 3 T
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Fig. 22.22  A 27-year-old underwent a 3 T MRI. Axial FLAIR (left) 
demonstrates that the CSTs (arrows) are hardly bright, but the bright 
signal of the CSTs is much more prominent on a coronal FLAIR image 
(middle) and on a T2WI (right), which illustrate normal hyperintensity 

of the CSTs within the cerebral peduncles at the level of the midbrain. 
This case demonstrates how CST hyperintensity may appear more 
prominent in the coronal plane on FLAIR or T2WI

Fig. 22.23  A coronal FLAIR image (left) from a 3 T MRI in a 37-year-
old shows normal, but quite hyperintense, CSTs (arrows) within the 
cerebral peduncles and subthalamic regions; these are less intense on 
axial FLAIR (left middle) and DWI (right middle). Also note the bright 

orbitofrontal cortices (thin arrows), a normal finding at 3 T. ADC maps 
(right) do not show dark signal within the CSTs (arrows), although 
there is a curvilinear inhomogeneity artifact, likely representing 
“unfolding” artifact from parallel acquisition (curved arrows)

Fig. 22.24  A 23-year-old underwent a 1.5 T MRI. Axial FLAIR (left) 
and inversion recovery (IR) T2WI (middle) images show that the CSTs 
(arrows) are mildly bright and have a linear appearance within the cere-

bral peduncles. The CSTs also appear mildly hypointense on IR T1WI 
(right). Thus, this case demonstrates how such normal CST hyperinten-
sity may also appear linear

22  Brain MRI Pseudolesions: 3.0 T Imaging, FLAIR, and Diffusion-Weighted Imaging
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Fig. 22.25  A 19-year-old with headaches had a normal 1.5 T MRI with 
FLAIR (top left) and T2WI (top middle). There is mildly bright signal 
within the CSTs (arrows) and insula (thin arrows) bilaterally, some-
what prominent for a 1.5 T MRI, but such signal in these sites is normal. 
DWI (right) did not show such hyperintensities, and the ADC maps 

were normal (not shown). Note the mildly bright signal of the CSTs on 
sagittal FLAIR images of the right and left sides (bottom row). These 
images show how such areas of normal hyperintensity may seem prom-
inent even at 1.5 T

Fig. 22.26  Comparison case of lacunar infarct. A 17-year-old had a 
1.5  T MRI that showed a subtle CST lesion within the right PLIC 
(arrows) on FLAIR (left) and T2WI (middle). The lesion was brighter 

on DWI (right), consistent with an acute/early subacute lacunar infarct. 
Note mild, normal hyperintensity within the left CST/PLIC (dashed 
arrows)
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Fig. 22.27  Comparison case of multiple sclerosis (MS). A 36-year-old 
had a 3 T MRI that showed bilateral CST lesions (arrows) on FLAIR 
(left), T2WI (middle), and DWI (right). Other periventricular lesions 

were noted within the medial temporal lobes (arrowheads). This patient 
was known to have MS, a demyelinating disease

Fig. 22.28  Comparison case of globoid cell leukodystrophy (Krabbe 
disease). In a 3-year-old with Krabbe disease, a 3 T MRI depicted char-
acteristic bilateral CST abnormalities (arrows) within the PLICs on 

FLAIR (left) and T2WI (middle), being contiguous with subcortical 
white matter hyperintensity (asterisk). There was moderate precentral 
gyral atrophy
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22.1.4  �Decussation of the Superior Cerebellar 
Peduncle

On 3 T FLAIR and DWI, the decussation of the superior 
cerebellar peduncles (DSCP) is another fairly common site 
for mild hyperintensity, likely owing to normal high anisot-
ropy, which may be the cause of the bright signal on DWI, 
with a mildly bright signal on T2WI (“T2 shine-through,” 

perhaps due to focally prominent interstitial fluid). 
Occasionally, this signal occurs in the SCPs themselves. 
Whatever the cause of this normal signal, differential consid-
erations include vascular/ischemic conditions (lacunar 
infarction), demyelinating disorders such as MS, metabolic 
disorders such as Wernicke’s encephalopathy, or infectious 
disorders like rhombencephalitis (Figs. 22.29, 22.30, 22.31, 
22.32, 22.33, 22.34, 22.35 and 22.36).

Fig. 22.29  A 62-year-old had a 3 T MRI with axial FLAIR (left), DWI 
(left middle), and coronal T2WI (right middle), on which the decussa-
tion of the superior cerebellar peduncles (DSCP) (open arrows) 

appeared hyperintense. This finding was unchanged 2 years later on a 
coronal T2WI obtained at 3 T (right). The DSCP is a quite common site 
of normal bright signal on T2WI and FLAIR, and anisotropy on DWI

Fig. 22.30  In a 54-year-old with a 1.5 T MRI, the DSCP (open arrows) 
was hyperintense on axial T2WI (left) but had near normal signal inten-
sity on FLAIR (middle). On DWI, however, the DSCP also appeared 
quite hyperintense (right, top image), with normal signal intensity on 

the corresponding ADC map (right, bottom image). Note how the 
DSCP may appear mildly hyperintense on T2WI, FLAIR, or DWI, even 
at the lower 1.5 T field strength
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Fig. 22.31  In a 77-year-old with a 1.5  T MRI, axial FLAIR (left) 
shows that the DSCP (open arrows) appeared mildly bright, but was 
slightly dark on T2WI (middle), and unremarkable on postcontrast 
T1WI (right). These images are an example of how the DSCP may 

appear mildly hyperintense on one sequence and have normal or even 
low signal intensity on another. Again, note how the DSCP may appear 
mildly bright on an MRI, even at the lower 1.5 T field strength

Fig. 22.32  A 52-year-old volunteer with a 7 T MRI. Coronal (left) and axial (right) T2WIs illustrate a mildly hyperintense DSCP (open arrows)
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Fig. 22.33  A 37-year-old with a 3 T MRI. Coronal FLAIR (top left) 
and T2WI (top right) show mildly bright signal of the DSCP (open 
arrows), which is also mildly hyperintense on DWI (bottom left), with-
out corresponding hypointensity on the ADC map (bottom middle), or 
bright signal on FLAIR (bottom right). Additionally, there is normal 

hyperintensity within the CSTs (arrows). This case demonstrates how 
mild hyperintensity within the DSCP on FLAIR, T2WI, or DWI may 
not be apparent on all three sequences or may be present in only one 
plane or only on one sequence

Fig. 22.34  Comparison case of Wernicke encephalopathy in a 65-year-
old with confusion. On a 1.5 T MRI, periaqueductal edema (arrows) 
was noted on FLAIR (left) and T2WI (left middle), just dorsal to the 

DSCP (open arrows), which was unchanged 3 weeks later on T2WI 
(right middle). The periaqueductal gray was mildly bright on DWI (right), 
owing to “T2 shine-through”
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Fig. 22.35  Comparison case of rhombencephalitis in a 54-year-old 
with cranial nerve III-IV palsy. Periaqueductal edema (arrows) was 
present on a 1.5 T MRI with FLAIR (left and left middle). At its anterior 

extent, it involved the DSCP (open arrows) and was bright on DWI 
(right middle), perhaps owing to “T2 shine-through” (see ADC map, 
right)

Fig. 22.36  Comparison case of lacunar infarct in a 58-year-old with 
internuclear ophthalmoplegia. A 1.5  T MRI with FLAIR (left) and 
T2WI (middle) depicted a tiny lesion just right of midline, located 
within the medial longitudinal fasciculus (arrows) and just posterior to 

the DSCP (open arrows). The lesion represents an acute or early sub-
acute infarct, as it was bright on DWI (right, top) and was mildly dark 
on the ADC map (right, bottom)
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22.1.5  �Hippocampi and Amygdalae

On 3 T FLAIR and DWI, the hippocampi and amygdalae 
may have normal, mild hyperintensity that is symmetric. 
Normal signal here can be problematic, particularly when an 
MRI is ordered for epilepsy. Differential considerations are 

infection (herpes encephalitis), postictus (i.e., hippocampal 
hyperintensity secondarily after seizures), mesial temporal 
sclerosis (MTS, i.e., the primary site of seizure), low-grade 
glioma, or toxic-metabolic conditions such as carbon mon-
oxide inhalation (Figs.  22.37, 22.38, 22.39, 22.40, 22.41, 
22.42, 22.43, 22.44 and 22.45).

Fig. 22.37  A 63-year-old had a 3  T MRI with bright hippocampi 
(arrowheads) on axial (top left) and coronal (top right) FLAIR. Such 
hyperintensity mimics herpetic encephalitis, limbic encephalitis, or sei-
zure sequelae. The DSCPs (open arrows) are also bright. Two years 

later, a 1.5 T MRI showed resolution of these bright regions on axial 
(bottom left) and coronal (bottom right) FLAIR, likely due to the lower 
field strength
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Fig. 22.38  A 53-year-old had a 3 T DWI MRI (left) with bright hippocampi posteriorly (arrowheads), but corresponding low signal was lacking 
on the ADC map (right)

Fig. 22.39  A 28-year-old had a 3 T MR with axial (top left) and sagit-
tal FLAIR images of the right (top middle) and left (top right) sides, 
which depict bilaterally hyperintense hippocampi, amygdala, and supe-
rior temporal gyri (all between arrowheads). These temporal lobe areas 

remained hyperintense at 1 year on a repeat 3 T MRI, as shown on axial 
T2WI (bottom left) and on paired sagittal FLAIR images of the right 
(bottom middle) and left (bottom right) sides
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Fig. 22.40  A 27-year-old with a first-time seizure had a 3 T MRI with 
coronal FLAIR (left) and T2WI (right), which showed mildly bright 
hippocampi (arrowheads) and cortices of the parahippocampal gyri 

(dotted arrows), without atrophy. The MRI was deemed negative. The 
cingulate and insular cortices (thin arrows) were also slightly 
hyperintense

Fig. 22.41  A 37-year-old with transient ischemic symptoms under-
went a 3 T MRI that was interpreted as negative. The MRI demon-
strated normal hyperintensity of the cortices of the hippocampi 

(arrowheads) and the parahippocampal gyri (dotted arrows) on coronal 
FLAIR (left) and T2WI (right). Normal CST hyperintensity (arrows) is 
also seen

22.1 � FLAIR and DWI Pseudolesions at 3 T



546

Fig. 22.42  A 22-year-old with headaches months after trauma. An oth-
erwise normal 3  T MRI illustrates mildly hyperintense hippocampi 
(small arrowheads) and amygdalae (large arrowheads) bilaterally on 
FLAIR (left) and DWI (middle). An exponential DWI (right) removes 

the T2 component of the hyperintensity, thereby ruling out cytotoxic 
edema. This normal “pseudo-signal” within the medial temporal lobes 
is quite common at 3 T

Fig. 22.43  Comparison case of herpetic encephalitis. A 50-year-old 
with altered mental status underwent a 3 T MRI, which demonstrated 
edema of the hippocampi bilaterally (arrowheads) on axial FLAIR 

(left) and T2WI (middle), with mildly reduced diffusion on DWI (right). 
Later, serology tests confirmed the presence of herpetic encephalitis
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Fig. 22.44  Comparison case of carbon monoxide toxicity. An unre-
sponsive 27-year-old patient underwent a 1.5 T MRI, which demon-
strated edema of the hippocampi bilaterally (arrowheads) on axial 
FLAIR (left), with moderately reduced diffusion on DWI (middle) and 

edema on coronal FLAIR (right). On FLAIR and DWI, carbon monox-
ide toxicity usually presents with involvement of either the hippocampi, 
periventricular white matter, or (in severe cases) the basal ganglia

Fig. 22.45  Comparison case of mesial temporal sclerosis. A 35-year-
old with seizures underwent a 1.5 T MRI that showed subtle hyperin-
tensity and mild atrophy of the left hippocampus (arrowheads) on axial 

(left) and coronal (right) FLAIR images, which correlated with the 
EEG findings. Note the normal right hippocampus (dotted arrows)
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22.2	 �FLAIR Pseudolesions at 3 T Due to 3D 
Acquisition

On 3 T FLAIR, pseudolesions from normal, mild hyperin-
tensity may be noted in areas identical to the aforementioned 
locations, such as the DSCPs, SCPs, CSTs, cingulate corti-
ces, medial lemnisci, and insulae. These pseudolesions are 

more prominent at 3 T, but they can also be noted from 3D 
acquisition with 1.5 T magnets. Again, the cause is not well 
understood. Differential considerations are as mentioned 
previously for the individual regions. Comparison to 2D 
FLAIR proves that these pseudolesions are nonpathologic 
(Figs. 22.46, 22.47, 22.48, 22.49, 22.50 and 22.51).

Fig. 22.46  In a 53-year-old, axial reformats from a 3D FLAIR acquisi-
tion at 3 T (top row) show normal hyperintensity in various sites, being 
brighter than 2D FLAIR images from 2 years prior (bottom row). Bright 

signal is seen within the CSTs (arrows), SCPs (thin dotted arrows), 
hippocampi (arrowheads), insula (thin arrows), and cingulate gyri (dot-
ted circles)
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Fig. 22.47  An 84-year-old underwent a 3 T MRI with a 3D FLAIR 
acquisition. Axial (left) and coronal (middle and right) reformats show 
hyperintensities of the SCPs (thin dotted arrows), DSCP (open arrow), 

hippocampi (arrowheads), and cranial V cisternal segments (thin cir-
cles). Also note scattered leukoaraiosis of the periventricular white 
matter

Fig. 22.48  In a normal 16-year-old, axial reformats (left) from a 3D 
FLAIR at 3  T show normal, slightly bright medial lemnisci (long 
arrows). On coronal reformats (middle), the CSTs (arrows), insulae 

(thin arrows), substantia nigra (dotted arrows), and hippocampi (arrow-
heads) are also bright. Sagittal reformats (right) also define the substan-
tia nigra
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Fig. 22.49  A 59-year-old with headaches had a 3 T MRI with an axial 
3D FLAIR reformat (left) that depicts normal, mild hyperintensity of 
the SCPs (thin dotted arrows) and medial lemnisci (long arrows) within 

the dorsal brainstem. Only the right medial lemniscus is prominent on 
DWI (middle), but they are clearly visible bilaterally on T2WI (right)

Fig. 22.50  A 51-year-old with a 3D FLAIR acquisition at 3 T. Axial 
reformats of the FLAIR images (left and middle) demonstrate hyperin-
tensities of the inferior cerebellar peduncles (wide arrows) and of the 

medial lemnisci (long arrows) within the dorsal brainstem. The medial 
lemnisci also appear mildly hyperintense on T2WI (right)
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Fig. 22.51  Comparison between 3D and 2D FLAIR in causing cortical 
pseudolesions in images from a 6-year-old with an otherwise negative 
3  T MR for altered mentation. Top row: A 3D-reformatted coronal 
FLAIR image (left) shows bilaterally hyperintense hippocampi (arrow-
heads), and insulae and cingulate gyri (thin arrows for both). The arti-
facts are more prominent centrally and are not nearly as hyperintense on 

coronal FLAIR images from a 2D acquisition (right). Middle row: 
Axial reconstructions of the 3D FLAIR images further demonstrate the 
relatively bright hippocampi, amygdalae, cingulate gyri, and insulae. 
The distribution of such hyperintensities suggests that they may be 
related to the dielectric effect, as they are more prominent centrally. 
Bottom row: DWI appears essentially normal
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22.3	 �DWI Artifacts and Causes 
of Hyperintensity

Diffusion-weighted imaging (DWI) is considered vital for 
routine brain MRI evaluation. It is deemed necessary to eval-
uate the DWIs in tandem with the corresponding ADC maps. 
DWI may be the single MRI sequence that has had the larg-
est impact on acute stroke evaluation in the past decade, 
because of its ability to discriminate “reduced” or “restricted” 
diffusion (bright on DWI, dark on the ADC map), which 
typically represents cytotoxic edema. In the setting of acute 
stroke, this finding represents acute, irreversible cerebral 
infarction, although recently there has been recognition that 
some portion of the cytotoxic edema on DWI may be revers-
ible in infarcts, and that other reversible causes of reduced 
diffusion exist. The cause of reduced diffusion is likely to be 
related to the underlying pathophysiology. In acute infarcts, 
it is due to cellular swelling with failure of the Na+/K+ pump 
to exchange water between the intracellular and extracellular 
spaces. In high-grade tumors, high cellularity leads to dimin-
ished extracellular space, with resultant reduced diffusion 
and movement of free water within the interstitium. In 
reversible insults such as toxic leukoencephalopathies, intra-
myelinic edema (i.e., within the myelin sheath) causes 
reduced diffusion within the white matter.

Hence, all that is bright on DWI does not represent cyto-
toxic edema; there are other causes of bright signal. Bright 
signal intensity on DWI arises from several factors, in 
decreasing order of contribution: ADC value (of the tissue), 
T2 value (of tissue), b value (selected by the technologist), 
and spin density (slight contribution). Some causes of 
bright signal on DWI are artifactual, whereas others relate 
to the T2-bright signal overwhelming the ADC values to 
cause bright signal on DWI (e.g., “T2 shine-through”).

To understand these causes, a brief explanation is in order 
of how routine DWI and ADC maps are compiled, and the 
artifacts that affect them. First, the “trace” DWI that is most 
commonly used for routine image interpretation is a com-
posite of a single-shot, echoplanar gradient sensitization in 
three orthogonal directions. This approach attenuates the 
inherent anisotropy (unequal movement of water that favors 
certain directions) of cerebral structures, particularly within 
white matter, where anisotropy results from the integrity of 
myelin sheaths and the direction of fibers. A certain degree 
of anisotropy can be normal and is expected in certain 
myelinated structures; it is more pronounced in young chil-
dren because of progressing myelination. The images dis-
played on the ADC map are a calculation of the magnitude 
obtained via the matrix from these three gradients. For more 
detailed descriptions, see the articles by Schaefer et al. and 
Beauchamp et al. in the Suggested Reading.

To generate a “trace” DWI for standard image review, at 
least two acquisitions with differing b values must be 

obtained. The “b value” is the strength of the diffusion gradi-
ent, where the higher the selected b value, the greater the dif-
fusion weighting; the lower the b value, the greater the “T2 
weighting” of the DWI image. Thus, DWI has a component 
of T2 weighting, and the degree of diffusion weighting is 
determined by the maximum b value, where the minimum is 
often set to zero (i.e., b = 0 s/mm2) and the maximum in rou-
tine brain imaging is typically 1000 (i.e., b = 1000  s/mm2). 
Notably, one can visualize an abnormality that is hyperin-
tense on DWI without being dark on ADC maps, because of 
the logarithmic nature of the equation, which involves a com-
bination of the ADC values and a component of T2-bright 
contrast. Thus, the “trace” DWI is quite sensitive for identify-
ing cytotoxic edema, but it cannot be interpreted completely 
without inspecting the matching ADC map to exclude bright-
ness (on both DWI and ADC maps) from T2 shine-through 
(i.e., bright signal on DWI from vasogenic edema). Examples 
of T2 shine-through from extremely T2-bright lesions are 
seen in MS, chronic infarcts, and posterior reversible enceph-
alopathy syndrome (PRES). One way to ameliorate the 
appearance of T2 shine-through is to generate an exponential 
DWI, which removes the T2-bright component of the image, 
but doing so can decrease the sensitivity of the DWI.  An 
opposite concept is “T2 washout,” in which there may be little 
or no hyperintensity on DWI, with dark signal on the ADC 
map. This occasionally occurs in cases of severe vasogenic 
edema. A third phenomenon on DWI is “T2 blackout,” which 
is dark signal on DWI due to extremely dark foci on ADC 
maps from susceptibility effects, such as hematoma, or high 
concentrations of iron or calcium.

Normal, focal hyperintensity may occur on DWI from 
several factors. One is the relative anisotropy of certain 
myelinated structures, which can appear bright on images in 
one of the three orthogonal planes, thus overwhelming the 
signal intensity of the other two planes. This most commonly 
occurs within the posterior limb of the internal capsule 
(PLIC) or corticospinal tract (CST), the decussation of the 
superior cerebellar peduncle (DSCP), superior cerebellar 
peduncle (SCP), or less commonly, in the medial lemnisci, 
pyramidal decussation, inferior cerebellar peduncle (ICP), or 
the callosal splenium. To demonstrate this concept, some 
structures, such as the DSCP or PLIC, are quite bright on the 
two planes that are oriented orthogonal (90°) to the plane of 
that structure on DWI, and are dark on the gradient-sensitized 
images in the direction parallel to that structure. This phe-
nomenon was demonstrated in some general examples in the 
prior section along with FLAIR imaging (22.2), but further 
cases are provided here with a focus on DWI and sensitiza-
tion to its directional gradients.

There can be other causes of artifactual bright or dark sig-
nal on DWI, including susceptibility effects (from air, gas, or 
metal) and T2 blackout. Other potential causes of artifacts 
include phase ghosting, motion, and unfolding artifacts. Eddy 
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current artifacts can be induced by rapid on/off gradient 
switching during DWI acquisition; rarely, such gradients may 
even displace tissue by mechanical vibration. Most such arti-
facts are more likely to occur at higher magnetic field 
strengths (e.g., at 3 T rather than 1.5 T). Another situation that 
may mimic disease on DWI is the lack of a head coil, or one 
that is improperly calibrated.

In the following sections, examples of varying b values on 
DWI, T2 shine-through, T2 washout, T2 blackout, and vari-
ous DWI-based artifacts are illustrated. As other texts have 
dealt in detail with MRI artifacts, their appearance on routine 
MR images such as T1WI, T2WI, and FLAIR are not cov-
ered here. This section focuses on the common or misleading 
DWI artifacts, in particular those that may simulate disease.

22.3.1  �DWI: Effect of Varying b Values on CSF 
Contrast and Normal White Matter 
Anisotropy

As stated previously, the b values that refer to gradient 
strength affect the appearance of CSF on DWI. Lower b val-
ues have greater degrees of CSF hyperintensity, where the 
lowest “b = 0” map essentially is a “poor man’s” T2-weighted 
image. Standard b values for brain imaging are typically 0, 
500, and 1000 s/mm2. Higher b values above 1000 may have 
a greater sensitivity for detecting cytotoxic edema, but they 
become less specific, as greater degrees of anisotropy are 
accentuated, simulating abnormalities (Figs.  22.52, 22.53, 
22.54, 22.55, 22.56, 22.57, 22.58 and 22.59).

Fig. 22.52  A 24-year-old with a normal 1.5 T MRI. DWIs with values 
of b = 0 s/mm2 (left), and b = 1000 s/mm2 (middle) are shown. Note that 
the closer the b value is to zero, the more T2 weighting is present, 

although DWI utilizes a single-shot, gradient-echo technique. A spin 
echo T2WI in the same patient is provided for comparison (right)

Fig. 22.53  A 71-year-old with a normal 3 T MRI. DWI was obtained with b values of 0 (left), 500 (middle), and 1000 (right) s/mm2. Note that the 
closer the b value is to zero, the more the image appears to be a rudimentary T2WI, whereas at higher b values, the CSF becomes quite dark
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Fig. 22.55  An 81-year-old with a 1.5  T MRI. Top row: A b = 1000 
DWI (left) shows normal mild hyperintensity of the DSCP (arrows), 
which is increasingly visible at b values of 1500 (middle), and 2000 
(right) s/mm2. The brightness is due to intense white matter anisotropy 

at that site. Middle row: Matched ADC maps are shown for b = 1000 
(left), b = 1500 (middle), and b = 2000 (right) s/mm2. Bottom row: T2WI 
(left) and FLAIR (right) are normal, and lack the DSCP hyperintensity

Fig. 22.54  A 59-year-old with a 1.5 T MRI had DWI that utilized b 
values of 500 (left) and 1000 (middle) s/mm2. FLAIR images (right) 
show the classic T2 hyperintensities of chronic small vessel ischemic 

disease (leukoaraiosis) within the periventricular white matter (arrows), 
without an acute infarct. Note the darkening of CSF with increasing b 
value
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Fig. 22.56  Comparison case of brainstem infarct. A 66-year-old had a 
left-sided brainstem infarct (arrows) on a 1.5 T MRI, which is not well 
visualized on b = 1000 DWI (top left) or ADC map (bottom left), but is 
better visualized on DWI at b = 1500 (top middle) with its ADC map 

(bottom middle). On the b = 2000 DWI (top right) and its corresponding 
ADC map (bottom right), the infarct is more clearly visualized. This 
example illustrates the utility of DWI with higher b values

Fig. 22.57  An 80-year-old with a 1.5 T MRI. There is increasing normal 
hyperintensity (from anisotropy in the craniocaudal direction) of the left 
PLIC/CST (arrows) on DWIs with b values of 1000 (top left), 1500 (top 
middle) and 2000 (top right) s/mm2. More superiorly, this occurs within 

the right CST/PLIC on DWI at b values of 1000 (bottom left), 1500 (bot-
tom middle) and 2000 (bottom right) s/mm2. The unilateral appearance is 
from the patient’s head being tilted; brighter signal occurs when the CST 
is oriented more orthogonal relative to the “z axis” of the magnet
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Fig. 22.58  Top row: A 1-year-old with an otherwise normal 1.5 T MRI 
for developmental delay, which illustrates increasingly bright signal 
(from normal anistropy in the AP direction) of the right superior cere-
bellar peduncle (SCP) (arrows) on DWI at b values of 1000 (left), 1500 
(middle) and 2000 (right) s/mm2. Bottom row: This signal also occurs 

along the callosal splenium’s right side (transverse fiber direction) at b 
values of 1000 (left), 1500 (middle), and 2000 (right) s/mm2. The uni-
laterality may be due to head tilt relative to the scanner’s z axis and 
mimics a focal splenial lesion on the b = 2000 images
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Fig. 22.59  Comparison case of hypoxic ischemic encephalopathy 
(HIE) in a 4-year-old who suffered cardiac arrest after trauma. Top row: 
A 1.5 T MRI with DWI shows increasingly visible cortical (arrows) and 
thalamic (dashed arrows) findings of HIE at b = 1000 (left), 1500 (mid-
dle), and 2000 (right) s/mm2. Second row: The ADC maps appear almost 
normal at b = 1000 s/mm2 (left) but seem more abnormal at b = 2000 s/
mm2 (middle). FLAIR (right) also appears nearly normal. Third row: At 

a more superior level, DWI depicts increasingly visible cortical HIE 
(thin arrows) at b = 1000 (left), 1500 (middle), and 2000 (right) s/mm2. 
Bottom row: The corresponding ADC maps (left and middle) are pro-
vided for the third row’s DWIs, and confirm that the DWI findings are 
real. On FLAIR (right), the cortical/subcortical abnormalities are barely 
visible. These images illustrate how increasing the b value improves the 
visualization of cortical insults (particularly HIE) on DWI
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22.3.2  �DWI: Directional Anisotropy 
Demonstrated in Three Orthogonal 
Planes

As the “trace” DWI (the most commonly used for routine 
DWI interpretation) is a composite of a single-shot, echopla-
nar gradient sensitization in three orthogonal directions, the 
appearance of certain tracts can be bright or dark depending 
on the plane of gradient sensitization. In particular, the stron-
gest anisotropy is noted on the DWI gradient map sensitized 
orthogonal to (i.e., 90° to) the plane of acquisition. For 
example, on the craniocaudal-sensitized DWI image, the 
callosal splenium (a transverse structure) is bright, and the 

posterior limbs of the internal capsules (a craniocaudal struc-
ture) appear dark. Thus, structures in the plane of the applied 
gradient appear dark. Neuroradiologists do not routinely 
review all three maps, but rather only the composite “trace” 
image. (Its signal intensity is a cube root of the three planes’ 
signal intensities multiplied together.) This composite trace 
image essentially averages the three planes so that structures 
do not appear bright in the absence of pathology. Occasionally, 
however, strong but normal anisotropy in certain structures 
“shines through” onto the trace image and appears mildly 
bright on “trace” DWI. The following pages show examples 
of such anisotropy within several structures (Figs.  22.60, 
22.61, 22.62, 22.63, 22.64, 22.65, 22.66, 22.67 and 22.68).

Fig. 22.60  A 76-year-old with a 1.5 T MRI. Top and middle rows: 
DWIs in three orthogonal directions illustrate normal anisotropy at 
b = 1000 s/mm2. DWIs sensitized to AP (left), craniocaudal (left mid-
dle), and transverse (right middle) directions depict bright signal of the 
DSCP (arrows), the PLIC (dashed arrows), and the callosal splenium 
(thin arrows). The “trace” maps (right) are a compilation of all three 

planes. The DSCP still appears bright on the trace map, a normal varia-
tion. Note that the DSCP is not bright on the transverse image, as the 
fibers travel in that direction; this similarly is true for the callosal sple-
nium. The PLIC is dark on the craniocaudal image, as that is the direc-
tion that those fibers travel. Bottom row: Corresponding axial T2WIs 
(left) and FLAIR images (right) are provided
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Fig. 22.61  3T MRI DWI in three orthogonal directions, to illustrate 
normal anisotropy in a 24-year-old normal volunteer. A “b0” (i.e., 
b = 0  s/mm2) map appears similar to a rudimentary T2WI (left). The 
DWIs are provided for b = 1000 s/mm2, as shown in AP (left middle), 
craniocaudal (middle), and transverse (right middle) planes, with trace 

map (right). The PLIC (dashed arrows) is dark on craniocaudal images; 
the splenium (thin arrows) is dark on transverse images. These images 
illustrate how a structure appears dark on DWI sensitized to the same 
plane in which the white matter tract travels

Fig. 22.62  A 49-year-old with a 3 T MRI that demonstrates hyperin-
tensity within the PLICs bilaterally (arrows) on the regular “trace” 
DWI map (left) but without corresponding bright signal (i.e., edema) on 
the ADC map (left middle). There is also normal, bright signal within 

that location on T2WI (right middle) and FLAIR (right). This hyperin-
tensity likely results from the normal, relatively high anisotropy present 
within the tightly-packed white matter tracts of the PLIC and CSTs

22.3  DWI Artifacts and Causes of Hyperintensity



560

Fig. 22.64  A 1.5 T MRI in a 78-year-old shows unilateral hyperinten-
sity within the left PLIC/CST (arrows) on DWI (left). On initial review, 
this appeared to be a small lacunar infarct, but there was no correspond-
ing bright signal on exponential DWI (left middle), which removes 

T2-bright signal (i.e., vasogenic edema) from the image, and no edema 
on the ADC map (right middle) or FLAIR (right). This finding results 
from normal anisotropy of the CST

Fig. 22.63  A 3  T MRI in a 50-year-old illustrates hyperintensity 
within the PLICs and CSTs bilaterally (arrows) on DWI (left), but with-
out corresponding bright signal on exponential DWI (middle), which 
removes the T2-bright component of the image. There is also normal, 

bright signal within that location on T2WI (right) and FLAIR (not 
shown). This signal results from perhaps either a relatively higher 
degree of anisotropy within the CST as compared to surrounding struc-
tures, or from increased interstitial fluid
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Fig. 22.65  A 1.5  T MRI in a 49-year-old contains hyperintensity 
(arrows) within the superior cerebellar peduncle (SCP) bilaterally on 
DWI (left), but without corresponding bright signal (i.e., edema) on the 
ADC map (middle). There is normal bright signal within that location 

on T2WI (right) and FLAIR (not shown). This finding is most likely a 
result of the normal, relatively high degree of anisotropy present from 
tightly-packed fibers in that location

Fig. 22.66  A 1.5 T MRI in a 35-year-old shows hyperintensity of the 
SCPs (arrows) and their decussation (DSCP) (dotted arrows) on DWI 
(top left and top middle), but without corresponding dark signal on the 
ADC map (not shown). The hyperintensity within the DSCP could 

simulate an infarct or an inflammatory lesion (e.g., from MS). There is 
also normal, hyperintense signal within that location on coronal T2WI 
(top right), which is less bright on axial (bottom left and bottom middle) 
and coronal (bottom right) FLAIR images
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Fig. 22.67  A 38-year-old with a normal 3 T MRI. Top row: There is 
hyperintensity within the pyramidal decussation (thin arrows) on DWI 
(left), but no corresponding dark signal on the ADC map (left middle); 
3D-reformatted FLAIR (right middle) and T1WI (right) are normal. 

Bottom row: There are bright medial lemnisci (dotted arrows) on DWI 
(left), with dark signal on the ADC map (left middle). 3D FLAIR (right 
middle) and T1WI (right) appear normal

Fig. 22.68  A 54-year-old with a normal 3 T MRI. Top row: There is 
hyperintensity within the pyramidal decussation (thin arrows) on DWI 
(left), without dark signal on the ADC map (middle) or on 3D-reformatted 
FLAIR (right). There is also bright signal on DWI within the inferior 
cerebellar peduncles (ICPs) bilaterally (arrowheads). Middle row: 

There is hyperintensity within the ICPs (arrows) on DWI (left), without 
dark signal on the ADC map (middle) or on 3D FLAIR (right). Bottom 
row: There is bright signal on DWI within the medial lemnisci (dotted 
arrows) without abnormal signal on the ADC map (middle) or on 3D 
FLAIR (right)
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22.3.3  �DWI Pseudolesions: Cortical 
Hyperintensity at 3 T Mimics Hypoxic-
Ischemic Encephalopathy

As stated previously, DWI is excellent at detecting hypoxic-
ischemic encephalopathy/injury (HIE/HII), which appears as 
diffuse cortical bright signal on DWI and is dark on ADC 
maps. However, DWI occasionally (particularly at 3 T) has 
mild, diffusely bright cortical signal, likely related to either 
the effects mentioned in the section on FLAIR artifacts at 
3 T (mildly T2-bright cortical signal) or to some degree of 

subcortical white matter normal anisotropy. This normal, 
mildly bright cortical signal can occasionally simulate HIE 
or other uncommon insults to the cortex, such as acute 
hepatic encephalopathy (AHE) or encephalitis. There are 
some ways to avoid this pitfall: 1) Note the relative lack of 
dark cortical signal on ADC maps; 2) Be aware of regions 
where such bright signals typically occur (in similar loca-
tions as on FLAIR, including the orbitofrontal, cingulate, 
insular, and hippocampal cortices); 3) Note the lack of corti-
cal swelling or sulcal effacement (Figs. 22.69, 22.70, 22.71 
and 22.72).

Fig. 22.69  A 3 T MRI from a 27-year-old illustrates mild, normal corti-
cal hyperintensity in multiple locations on DWI (top left), most notably in 
the cingulate gyri and frontal poles (thin arrows) without corresponding 
dark signal on ADC maps (top right). There is also mild hyperintensity 

on FLAIR (bottom left and bottom middle), relative to the parieto-occipi-
tal gyri posteriorly. These findings could simulate multifocal HIE, but 
note the lack of cortical swelling or sulcal effacement. On a coronal 
T2WI (bottom right), the cingulate gyri are slightly hyperintense
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Fig. 22.70  A 16-year-old with headaches had a 3 T MRI that shows 
normal, multifocal cortical hyperintensity on DWI (left), FLAIR (right 
middle), and T2WI (right), particularly in the cingulate gyri and frontal 

poles (thin arrows), mimicking HIE. These areas do not appear dark on 
the ADC map (left middle), and note the lack of cortical swelling or 
sulcal effacement

Fig. 22.71  Comparison case of HIE.  In a 13-year-old, a 3  T MRI 
obtained 5 days after cardiac arrest from drowning showed multifocal 
hyperintense cortices on DWI (left), with corresponding dark signal on 
ADC maps (left middle), and with hyperintensity on FLAIR (middle). 

At 9 days after the arrest, the abnormalities involved the deep periven-
tricular white matter on DWI (right middle) and the ADC map (right), 
a phenomenon that often occurs in the subacute phase of HIE
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Fig. 22.72  Comparison case of “superscan” on DWI in HIE. A 3 T 
MRI in a 19-year-old 3 days after he hung himself showed homoge-
neously hyperintense cerebral cortices on improperly windowed DWI 
(top left), representing a so-called DWI superscan (mistakenly called 
normal by the on-call resident). Optimized windowing (top middle) 

showed profound cortical insults, confirmed by an ADC map (top 
right), with cortical edema and effacement of the sulci on T2WI (bot-
tom left) and FLAIR (bottom middle). A CT scan 1 day earlier appeared 
normal (bottom right)
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22.3.4  �DWI Pseudolesions: Periventricular 
White Matter

Pseudoabnormalities can also be noted on DWI within the 
periventricular white matter (PVWM), particularly in the 
parieto-occipital regions and forceps major, and particularly 
at 3 T. These are presumably due to normal anisotropy, as 
noted previously. They may also be synonymous with nor-

mal “terminal zones” of myelination in the posterior PVWM, 
which are common in adolescence and may persist into 
adulthood. Such pseudoabnormalities can mimic pathologies 
such as acute toxic leukoencephalopathy (ATL); acute dis-
seminated encephalomyelitis (ADEM), the subacute phase 
of HIE, following the acute, cortical phase; or progressive 
multifocal leukoencephalopathy (PML) (Figs. 22.73, 22.74, 
22.75, 22.76, 22.77 and 22.78).

Fig. 22.73  A 3 T MRI in a 27-year-old shows normal hyperintensity within the periventricular white matter (PVWM) (asterisk) bilaterally on 
DWI (left), with normal appearance on the ADC map (right middle). There is also mild hyperintensity on FLAIR (right)

Fig. 22.74  A 3 T MRI in a 65-year-old illustrates normal hyperintensity within the PVWM (asterisk) bilaterally on DWI (left), also having faint 
hyperintensity on T2WI (middle) and on FLAIR (right). An ADC map (not shown) was normal
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Fig. 22.75  A 3 T MRI in a 60-year-old shows normal hyperintensity within the PVWM (asterisk) bilaterally on DWI (left), with mild correspond-
ing hyperintensity on T2WI (middle) and on FLAIR (right). An ADC map (not shown) was normal

Fig. 22.76  Comparison case of acute toxic leukoencephalopathy (revers-
ible) from carbon monoxide toxicity. An unresponsive 20-year-old under-
went a 3 T MRI, which demonstrated diffuse abnormalities throughout the 

PVWM on DWI (left), ADC map (left middle), and FLAIR (right middle). 
Two weeks later, the abnormalities on DWI (right) had markedly 
improved, and had also nearly resolved on FLAIR (not shown)
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Fig. 22.77  Comparison case of acute toxic leukoencephalopathy from 
heroin inhalation (“chasing the dragon”). An unresponsive 24-year-old 
underwent 3 T MRI, which demonstrated diffuse abnormalities through-

out the PVWM on DWI (left) and FLAIR (middle), along with mild sulcal 
effacement. FLAIR images 1 year later (right) showed resultant severe 
global cerebral atrophy, predominantly involving the white matter

Fig. 22.78  Comparison case of subacute HIE. A 3 T MRI in a 9-month-
old infant with status epilepticus at 7 days postinsult showed confluent 
periventricular white matter abnormalities on DWI (left), ADC map 
(left middle), and FLAIR (right middle), along with diffuse cortical 

swelling on coronal T2WI (right). The presence of cortical edema on 
FLAIR differentiates HIE from acute toxic leukoencephalopathy 
(ATL), which lacks cortical edema
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22.3.5  �DWI: T2 Shine-Through Effect

“T2 shine-through” is abnormal and usually occurs when 
bright signal on DWI is extremely bright on T2WI or 
FLAIR.  The ADC contribution varies somewhat and is 
debatable. Typically, there is elevated ADC in such regions, 
although occasionally the ADC values are normal or slightly 

decreased. In the latter case, the bright signal on DWI arises 
from the overwhelming effect of T2-bright edema. T2 shine-
through appears dark on exponential DWI, which removes 
the T2-bright component of the edema. Common causes of 
this appearance include posterior reversible encephalopathy 
syndrome (PRES), MS, or peritumoral edema (Figs. 22.79, 
22.80, 22.81, 22.82 and 22.83).

Fig. 22.79  A 1.5 T MRI in a 52-year-old illustrates confluent, bright 
T2 shine-through signal (arrows) from hypertensive posterior revers-
ible encephalopathy syndrome (PRES) on DWI (top left). This signal 
arises from extremely bright vasogenic (as opposed to cytotoxic) edema 

and is confirmed by bright signal on the ADC map (top middle), which 
darkens on “exponential” DWI (top right). The “severe” extent of 
edema on FLAIR (bottom left) resolved 3 weeks later on FLAIR (bot-
tom middle) and DWI (bottom right)
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Fig. 22.80  A 21-year-old with systemic lupus had a 1.5 T MRI that 
shows T2 shine-through bright signal (arrows) from PRES-related 
vasogenic edema within the temporo-occipital regions on DWI (left). 

These regions are depicted as bright on an ADC map (middle). A 
FLAIR image (right) demonstrates the typical cortical-subcortical 
edema from PRES

Fig. 22.81  A 1.5 T MRI in a 26-year-old with MS depicts a masslike 
lesion (arrows) of T2 shine-through hyperintense signal on DWI (left) 
within the periventricular white matter. The lesion is bright on an ADC 

map (left middle) and T2WI (right middle), and enhances on postcon-
trast T1WI (right), representing active demyelination
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Fig. 22.82  In a 34-year-old with MS, a 1.5 T MRI demonstrates a right 
frontal focus of hyperintense signal (arrows) on DWI (left) from MS, 
representing T2 shine-through, based on corresponding bright signal on 

the ADC map (left middle). T2WI (right middle) and FLAIR (right) 
demonstrate the T2-hyperintense focus along with other lesions

Fig. 22.83  In a 10-year-old with PRES from methotrexate, a 3 T MRI 
shows parieto-occipital vasogenic edema with T2 shine-through signal 
(arrows) on DWI (left), ADC map (middle), and T2WI (right). There 
are also bilateral, smaller areas of cytotoxic edema medially in parasag-

ittal locations, which have mildly reduced diffusion (thin arrows) and 
are darker on the ADC map. About 15–20 % of PRES cases show focal 
regions of cytotoxic edema on DWI

22.3  DWI Artifacts and Causes of Hyperintensity



572

22.3.6  �DWI: T2 Washout Effect

“T2 washout” occurs when profoundly T2-bright and 
FLAIR-bright signal is present (i.e., comes close to CSF) on 
ADC maps and causes resultant dark signal on DWI.  It is 
abnormal and is not a normal variant, but its appearance is 
important to recognize. T2 washout appears dark on “expo-

nential” DWI, which removes the T2 component of vaso-
genic edema; typically, the ADC values are extremely high 
in such regions. Though uncommon, T2 washout occurs in 
scenarios in which edema is focally quite severe, such as 
PRES, MS, or peritumoral edema of malignancy (Figs. 22.84, 
22.85, 22.86, 22.87, 22.88 and 22.89).

Fig. 22.84  An 11-year-old with bilateral parieto-occipital edema 
(arrows) of PRES (due to cyclosporine toxicity) on nonenhanced CT 
(left). On a 3 T MRI, there is dark signal on DWI (middle) and bright 
signal on the corresponding ADC map (right). Such “T2 washout” 

relates to extremely T2-bright vasogenic edema. Areas of milder vaso-
genic edema, which cause mild T2 shine-through (thin arrows), are 
noted in the frontal lobes anteriorly and bilaterally

Fig. 22.85  A 1.5 T MRI in a 63-year-old with PRES from cyclospo-
rine. Vasogenic edema (arrows) from PRES causes left parieto-occipital 
T2-washout on DWI (left), being bright on the ADC map (middle). 

There is moderate cortical-subcortical edema on FLAIR (right). Severe 
edema from PRES extends inwards to the ventricular margins
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Fig. 22.86  A 64-year-old with a high-grade oligodendroglioma. A 3 T 
MRI showed avid contrast enhancement on T1WI (not shown), with 
dark signal from T2 washout on DWI (left), caused by peritumoral 

edema along the tumor’s posterior border. There is corresponding 
extremely bright signal in that location on an ADC map (middle) and on 
FLAIR (right)

Fig. 22.87  A 3 T MRI in a 60-year-old with PRES from rituximab 
therapy. The bright vasogenic edema (arrows) from PRES caused T2 
washout unilaterally within the left temporal and occipital lobes on 

DWI (left) and was bright on the ADC map (middle). There was severe 
subcortical edema on FLAIR (right), as the edema extended to the ven-
tricular margins
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Fig. 22.88  In a 30-year-old with PRES from eclampsia, profound 
vasogenic edema (arrows) caused left occipital T2 washout on DWI 
(top left) and the ADC map (top middle), with a moderate degree of 
cortical-subcortical edema on FLAIR (top right). Susceptibility-

weighted imaging (SWI) (bottom left) shows a microhemorrhage (dot-
ted arrow), which is present in 50–70 % of PRES cases. Leptomeningeal 
enhancement (thin arrows) on postcontrast T1WI (bottom middle) or 
FLAIR (bottom right) is present in 30–40 %

Fig. 22.89  A 55-year-old with PRES from gemcitabine. On DWI at 
1.5 T (left), there is T2 washout from vasogenic edema (arrows) within 
the left occipital region, with gyriform bright signal centrally (asterisk) 
within the larger area of edema. An exponential DWI (middle) removes 

T2-bright edema, but isointense signal on DWI remains, suggesting that 
there is mild cytotoxic edema centrally within the larger region of vaso-
genic edema, which is demonstrated on FLAIR (right)
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22.3.7  �DWI: T2 Blackout Effect

“T2 blackout” occurs when dark T2 signal causes resultant 
dark signal on the DWI, which is dark on ADC maps and on 
T2WI and FLAIR. T2 blackout will typically appear dark on 
all other MRI sequences. It can be either abnormal (e.g., 
hemorrhage) or a normal variant (e.g., age-related basal gan-

glia calcification or iron). T2 blackout can occur from com-
mon, normal, highly concentrated deposits of calcium or 
metals such as iron, but it can also occur from deposits of 
uncommon materials (such as manganese in hepatic failure), 
albeit to a lesser degree (Figs.  22.90, 22.91, 22.92, 22.93, 
22.94, 22.95, 22.96, and 22.97).

Fig. 22.90  A 1.5 T MRI in a 53-year-old that illustrates “T2 blackout” 
(arrows) from focal, acute parenchymal hemorrhage that resulted from 
PRES due to cyclosporine toxicity. The hemorrhage is dark on DWI 
(left). There was also T2-bright vasogenic edema (thin arrows) from 

PRES within the occipital regions on the ADC map (left middle) and on 
FLAIR (right middle). A CT scan from 2 days earlier (right) showed 
edema, without overt hemorrhage at that time

Fig. 22.91  A 3 T MRI in a 58-year-old shows two foci of T2 blackout 
(arrows) in acute parenchymal hemorrhages that arose from PRES. 
(The patient had received chemotherapy.) These foci are dark on DWI 

(left), SWI (middle), and FLAIR (right). There is “mild-moderate” 
cortical-subcortical vasogenic edema from PRES (thin arrows) on 
FLAIR
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Fig. 22.92  A 1.5 T MRI in a 39-year-old shows a large occipital acute 
parenchymal hematoma, the result of PRES in a chemotherapy patient. 
T2 blackout (arrows) results from the blood being acute age, dark on 

DWI (left), ADC map (middle), and T2WI (right). There is “mild-
moderate” bilateral cortical-subcortical edema on T2WI

Fig. 22.93  A 3  T MRI DWI (left) in a 48-year-old has dark signal 
within the globi pallidi owing to T2 blackout, which also appears dark 
on an ADC map (middle) and SWI (right). SWI suggests that this sus-

ceptibility artifact is probably due to iron, or less likely, calcium. In this 
patient, the blackout most likely results from prominent iron deposition 
for age
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Fig. 22.94  A 56-year-old with chronic hepatic failure had moderately 
T2-dark signal (arrows) that caused a milder degree of T2 blackout 
within the lentiform nuclei (especially the globi pallidi) on a 1.5 T MRI 
with DWI (left) and ADC map (left middle). The blackout in this patient 

is likely due to pallidal manganese deposition, based on bright signal on 
T1WI (right middle), along with mildly dark signal on SWI (right), and 
a lack of hyperdensity on CT (not shown)

Fig. 22.95  A 79-year-old with a 1.5 T MRI that shows T2 blackout 
(arrows) within the lentiform nuclei on DWI (top left), ADC map (top 
middle), T2WI (top right), and SWI (bottom left). T1WI (bottom 

middle) was normal. This finding represents age-related iron deposition 
rather than calcium, given the lack of pallidal calcium (thin arrows) on 
NECT (bottom right)
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Fig. 22.96  A 3 T MRI from a 62-year-old demonstrates a mild degree 
of T2 blackout (arrows) on DWI (left), ADC map (left middle), T2WI 
(right middle), and coronal gradient-echo T2*WI (right). The blackout 

is due to iron deposition focally within the globi pallidi, which is nor-
mal for age. In this case, the putamen laterally is not dark on the MRI 
sequences

Fig. 22.97  A 1.5 T MRI in a 48-year-old shows T2 blackout (arrows). 
It is dark on DWI (left), T2WI (left middle), and SWI (right middle), 
from accelerated deposition of pallidal iron, which is disproportionate 

for age. The presence of iron rather than calcium is clear from its loca-
tion, its dark signal on T1WI (right), and its profoundly dark appear-
ance on SWI
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22.3.8  �DWI: Susceptibility Artifacts

Susceptibility artifacts (“blooming”), perhaps the most com-
mon artifacts on DWI, can occur from several sources: 
metallic hardware (such as from craniotomy, clips, or coils), 
air-bone or gas-tissue interfaces (such as above the ethmoid 
air cells or at the junction of calvarium with air), heavily con-
centrated calcified lesions, or hemorrhage. Such artifacts are 
related to the local paramagnetic effect of the substance, 
causing frequency and phase sampling errors. These errors 
are most pronounced in the phase-encoding direction and at 
the skull base, where there is more bone than brain (as well 
as adjacent gas within the paranasal sinuses) on axial images 

through that region. When it arises from the paranasal 
sinuses, the artifact can be alleviated to some degree by 
focusing on the anatomy. For example, regarding the brain-
stem and posterior fossa, such artifact can usually be mini-
mized by acquisition in the AP direction, with a mildly 
oblique plane of axial acquisition, so the sphenoid sinus and 
brainstem are not on the same axial image. The artifact can 
also be alleviated by techniques such as multishot (rather 
than routine single-shot) echoplanar acquisition of DWI, 
line-scan DWI, or periodically rotated overlapping parallel 
lines with enhanced reconstruction (PROPELLER) imaging 
(Figs. 22.98, 22.99, 22.100, 22.101, 22.102, 22.103, 22.104, 
22.105, 22.106 and 22.107).

Fig. 22.98  A 1.5 T MRI in a 41-year-old is affected by dental amal-
gam, which causes “blooming” susceptibility artifact (arrows) on DWI 
(left). The orbitofrontal region is obscured and does not register signal 

on the ADC map (left middle). Axial T2WI and FLAIR (right middle 
and right) do not suffer such artifact because of their “multishot” 
acquisition
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Fig. 22.99  A 35-year-old had craniotomy hardware that caused “bloom-
ing” susceptibility artifact (arrows) on a 1.5 T DWI MRI (top left). The 
artifact is present to a lesser degree on single-shot T2WI (top middle) and 
is barely notable on turbo spin-echo (TSE, turbo factor of 20) T2WI (top 
right); the artifact is far less on TSE T2WI because the multiple lines used 

to fill k-space inherently correct for such artifacts to some degree. Metallic 
hardware from the craniotomy is noted within the temporal bone on CT 
(bottom left) and plain film (bottom right). Another common source of 
susceptibility artifact is noted at the floor of the anterior cranial fossa (dot-
ted arrows) owing to gas within the ethmoid air cells
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Fig. 22.100  A 65-year-old with “blooming” susceptibility artifacts 
(arrows) on 1.5 T DWI MRI (top left) from bilateral deep brain stimula-
tors (for parkinsonism) with their tips in the tops of the cerebral pedun-
cles or subthalamic regions. Though not easily visualized on the ADC 

map (top middle), these images are clearly demonstrated to represent 
susceptibility artifact on GE T2*WI (top right). The artifact is far less 
noticeable on TSE T2WI (bottom left). A sagittal T1WI (bottom right) 
depicts the left lead tip in the subthalamic region
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Fig. 22.101  A 24-year-old was postoperative for a meningioma resec-
tion near the vertex. A 1.5 T DWI MRI (left) showed alternating bright 
susceptibility artifact (arrows) with darker regions of signal dropout 
(asterisk), not present on FLAIR (left middle). There is also susceptibil-

ity artifact from the ethmoid air cells on axial DWI at the floor of the 
anterior cranial fossa (right middle), obscuring the orbitofrontal gyri. 
Sagittal T1WI (right) shows the sites of these artifacts

Fig. 22.102  A 62-year-old had focal bright signal (arrows) overlying 
the left postcentral gyrus on a 1.5 T DWI (top left), being dark on an ADC 
map (top middle). This image simulated a small cortical infarct, but on 
SWI (top right), it clearly represents susceptibility artifact. This was also 

noted on sagittal DWI (bottom left), with a second focus of similar artifact 
in the left occipital lobe (dashed arrow). FLAIR (bottom middle) depicts 
the origin of the artifact. On NECT (bottom right), it can be related to 
focal calvarial thickening or simply to the air-bone interface
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Fig. 22.103  A 3 T DWI MRI (left) in a 53-year-old has focal bright 
susceptibility artifact (arrows), which is only minimally visible on an 
ADC map (middle). On T2WI (right), the air-bone interface artifact is 

not noted, as TSE T2WI is one of the sequences most resistant to sus-
ceptibility artifacts because of the multiple echoes used to form the 
image

Fig. 22.104  A 53-year-old with alcohol intoxication had two sus-
pected punctate abnormalities (arrows) on 4  mm–thickness DWI at 
1.5 T, located within the left precentral gyrus (top left) and postcentral 
gyrus (top middle), simulating cortical infarcts. The ADC maps 
appeared normal (top right). The DWIs were repeated at 5 mm thick-

ness with slight reangling (bottom left and middle), and were called 
negative. Note other foci of susceptibility artifacts along the frontal 
convexities (dashed arrows). Coronal DWI (bottom right) confirmed 
that the suspected foci were due to susceptibility artifacts
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Fig. 22.105  In a 60-year-old with tinnitus, two punctate abnormalities 
(arrows) on coronal DWI at 1.5  T (left) simulated cortical infarcts. 
These were deemed to be due to susceptibility effects, as the ADC maps 
appeared normal (middle). Note other foci of susceptibility artifacts 

along the temporal and cerebellar convexities (dashed arrows). A nor-
mal axial FLAIR image through the left frontal focus (right) confirmed 
that the foci were susceptibility artifacts

Fig. 22.106  Comparison case of focal cortical infarct. A 44-year-old 
with acute speech difficulties underwent a 3 T MRI, which showed focal 
bright signal in the right precentral gyrus (arrows) on DWI MRI (top 
left), but it was not noticed on an ADC map (top middle) or on FLAIR 
(top right). It was mistakenly thought to represent susceptibility artifact. 

A repeat MRI the next day with slightly different positioning clearly 
depicted the cortical infarct on axial DWI (bottom left) and coronal DWI 
(bottom middle), with areas of true susceptibility effect denoted (dotted 
arrows). Repeat FLAIR images showed the infarct (bottom right), as 
edema on FLAIR becomes visible more than 8 h after symptom onset
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Fig. 22.107  Comparison case of focal cortical infarct. In a 54-year-
old with acute aphasia, a 1.5 T MRI DWI (left) showed focal bright 
cortical signal (arrows) that was not visualized on an ADC map (not 
shown) but was visible on FLAIR (left middle), and so was interpreted 
as positive. A CT perfusion exam performed earlier the same day 

depicted focal increased mean transit time abnormality in that location 
(right middle), with low cerebral blood flow (right). There was a normal 
cerebral blood volume map (not shown), which may occur with early 
infarcts less than 1.5 cm in size
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22.3.9  �DWI: Phase Ghosting Artifact

DWI phase ghosting artifact (also called “N/2 artifact” or 
“N/2 ghost”) occurs in echoplanar diffusion imaging owing 
to the acquisition technique, which is based on the reversal 
of echoes by a gradient pulse; the reversal process may 
introduce phase errors into the alternating lines of k-space. 
N/2 artifact arises from differences (phase errors) between 
the alternating even and odd lines in k-space, and usually 
relates to hardware deficiencies (such as field inhomogene-

ity, imperfect shimming, or eddy currents). Such artifact is 
exacerbated by gradient on-and-off switching and causes 
the DWI and the ADC map to have a shift of half of the 
field of view in the phase-encoding direction, usually mani-
fest as an anterior-posterior or transverse shift of a portion 
of the image, depending on acquisition. This artifact often 
requires a service visit to fix it, but it is also relieved by 
greater field homogeneity, reduction of eddy currents, and 
potentially the use of higher b values (Figs.  22.108 and 
22.109).

Fig. 22.108  In a 3 T MRI of a 71-year-old, the axial DWI (left) and 
ADC map (middle) are affected by N/2 ghost artifact. This is repre-
sented as a shift of one half of the field of view in the anterior-posterior 
(AP) direction. This shift is not present on FLAIR (right), which does 

not undergo the same degree of gradient switching, as it is not an echo-
planar sequence. There is a small lacunar infarct (thin arrows) within 
the brainstem, which is acute, as there is only faint hyperintensity on 
FLAIR
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Fig. 22.109  In a 69-year-old with a 1.5 T MRI, the axial DWI (left) 
and ADC map (middle) are affected by phase ghosting artifact (N/2 
artifact). This artifact is represented as a shift of one half of the field of 

view in the AP direction, which simulates bilateral occipital infarcts or 
cytotoxic edema on DWI (arrows). This artifact is not present on 
FLAIR (right)
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22.3.10  �DWI: Motion Artifact

On DWI, motion-related artifacts are the most common 
cause of serious image degradation. the motion can be head 
rotating (“shaking”), which can be alleviated somewhat by 
available motion correction techniques such as parallel lines 
with enhanced reconstruction (PROPELLER) imaging, but 
this increases the acquisition time. Craniocaudal (“z-axis”) 

motion is more difficult to correct and necessitates advance 
techniques. Severe motion is most often recognizable, but 
milder degrees of motion may be overlooked and may simu-
late any of numerous types of pathology. To identify whether 
motion is the cause of a suspected pseudoabnormality, it 
helps to have stalwart performing technologists who remark 
and note in the record the degree of patient motion 
(Figs. 22.110, 22.111 and 22.112).

Fig. 22.110  A 3 T MRI from an 80-year-old shows motion artifact 
causing patchy regions of both bright signal (arrows) and dark signal 
(dashed arrows) on DWI (left), with the reverse appearance on an ADC 
map (left middle). A sagittal DWI (right middle) was obtained, which 

has a similar appearance. On FLAIR (right), typical curvilinear blur-
ring artifacts from motion are more noticeable. In such situations with 
motion on DWI, it can be difficult to detect a small infarct

Fig. 22.111  In an 81-year-old with 1.5 T MRI, motion causes focal 
hyperintensity (arrows) in the right hemicerebellum on DWI (left). 
DWI (b = 0) shows blurred curvilinear artifacts from motion (left mid-

dle), with varying degrees of motion on FLAIR (right middle, right), 
but no abnormality, confirming artifact from CSF flow, venous pulsa-
tion, or head motion
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Fig. 22.112  Comparison case of lacunar infarct combined with 
motion artifact. A 71-year-old with a 3 T MRI had focal bright signal 
within the left hemipons (arrows) on DWI (top left); the image was dark 
on DWI at a level just above that (top middle). Motion artifact with 
resultant sulcal hyperintensity (thin arrows) was seen on FLAIR (top 

right), simulating meningeal disease. ADC maps (bottom left and mid-
dle) also showed perplexing signal. FLAIR images 2 weeks later con-
firmed a pontine abnormality (bottom right), whereas the prior occipital 
sulcal signal was artifactual
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22.3.11  �DWI: Unfolding Artifacts from Parallel 
Acquisition

DWI is routinely performed using a single-shot, echoplanar 
technique, which involves a relatively short amount of time 
and a good signal-to-noise ratio. Adequate images of the 
entire brain are often obtained in less than 1 min. Additionally, 
parallel imaging techniques can be utilized to minimize geo-
metrical distortions from susceptibility artifacts, particularly 

at higher field strengths. However, “unfolding artifacts” may 
result from parallel imaging if care is not taken to optimize 
the sensitivity profiles for the radiofrequency coils. Such 
artifacts can be removed by applying a saturation band across 
the causative region of susceptibility artifact, but doing so 
may lead to stray signal elsewhere in the brain (most com-
monly the globes, aerated sinuses or mastoid air cells at the 
skull base, hardware, etc.). The use of a higher b value also 
can alleviate the artifact (Figs. 22.113 and 22.114).

Fig. 22.113  80-year-old with a negative 3 T MRI demonstrating a left 
thalamic unfolding artifact (arrows) on an ADC map (left) and DWI 
(middle), worsened on “exponential” DWI (right), likely from frontal 

sinus or scalp-related susceptibility artifact (dotted arrows). The left 
thalamus appears normal on FLAIR and T2WI (not shown)

Fig. 22.114  In a 30-year-old normal patient, 3 T MRI shows parieto-
occipital unfolding artifacts (white arrows) on the ADC map (left), 
likely from the globes (black dotted arrows), as the phase direction is 

anterior to posterior on most routine DWI acquisitions. However, that 
region appears normal on DWI (middle) and on T2WI (right)
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22.3.12  �DWI: Mechanical Vibration and Eddy 
Current Artifacts

Eddy currents are electrical currents that are induced in a 
conductor (such as tissue, wires, coils, etc.) by a changing 
magnetic field. With regards to MRI, they represent mag-
netic fields that are residua of fast gradient switching. In 
echoplanar DWI MRI, this occurs following gradients being 
rapidly switched on and off and is often most profound dur-
ing routine echoplanar single-shot DWI, or on single-shot 
diffusion tensor imaging (DTI). Eddy currents cause image 
distortion by interfering with both the echoplanar imaging 
gradients and the motion-probing gradients. Stronger eddy 
currents can cause displacement of neural tissue (Lorentz 
forces), leading to focal intravoxel dephasing. Stronger gra-

dients with faster switching can even lead to mechanical 
vibration, which can further exacerbate image distortion and 
has been shown to worsen with increasing b value and pos-
sibly with patient weight. Such mechanical distortion artifact 
can theoretically occur in any intracranial location, but a 
characteristic location seems to be the superior cerebellar 
vermis, for some reason.

These artifacts often appear as foci of image distortion 
and blurring, although occasionally they may appear larger, 
multifocal, or diffuse. They may also appear as either bright 
or dark signal on DWI, with the reverse signal on an ADC 
map. Correction or prevention of such artifacts may improve 
with specialized postprocessing, precompensation, or future 
advances in gradient design and shielding (Figs.  22.115, 
22.116, 22.117, 22.118 and 22.119).

Fig. 22.115  An 80-year-old had a large area of dark artifact overlying 
the midline superior cerebellum (arrows) on DWI MRI at 3 T (left). 
This can be a characteristic location of mechanical vibration artifact, or 

the artifact could be related to residual eddy currents with Lorentz 
forces. Note bright signal on ADC maps (middle) and a normal FLAIR 
image (right)

Fig. 22.116  An 85-year-old had a small, focal region of dark artifact 
within the parieto-occiptal region on DWI MRI (left) at 3 T, thought 
related to eddy currents and Lorentz forces (arrows); it also could be 

due to mechanical vibration. There is corresponding bright signal on the 
ADC map (middle), while FLAIR appears normal in that location 
(right)
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Fig. 22.117  An 11-year-old with a large region of dark artifact from eddy currents or mechanical vibration (arrows), as shown on DWI at 3 T 
(top row), with bright signal on ADC maps (bottom row). FLAIR and T2WI were normal (not shown)

Fig. 22.118  In a 33-year-old, a focal region of dark artifact was likely due to eddy currents with Lorentz forces (arrows), as shown on an ADC 
map at 3 T (left). The region appears normal on DWI (middle) and FLAIR images (right)
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Fig. 22.119  Comparison case of infarct in PRES. A 57-year-old had a 
1.5  T DWI MRI (left) that demonstrated focal reduced diffusion 
(arrows) within a larger region of “mild” cortical edema on FLAIR 

(middle). Contralateral edema (thin arrows) is also seen. On a repeat 
FLAIR image 1 month later, the edema had improved bilaterally (right)
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22.3.13  �DWI: Susceptibility and Field 
Inhomogeneity Artifacts in Head Coil 
Absence

A head coil or “bird cage” coil is typically utilized to bring 
the coil in proximity to the tissue of interest (brain), with the 
intent of achieving greater magnetic field homogeneity and 
uniform excitation of the tissue. This results in optimum sig-
nal and the least amount of noise. Occasionally, however, a 
patient’s head cannot fit into a coil, but can fit into the stan-
dard magnet bore. The exception to this is “open” magnets, 
which vary in configuration and utility, and often use lower 
field strengths with lower signal-to-noise ratio.

The situation of cranial imaging without a dedicated head 
coil usually occurs due to the patient’s head size, a severe 

kyphosis, or worsening claustrophobia with the coil in place. 
The lack of a head coil typically necessitates the use of either 
the surrounding “whole body” coil, or some other compromise 
that will inherently lead to far less signal-noise in comparison 
to an acquisition with the appropriate head coil. Such “non-
head coil” MR image acquisitions often suffer large regions of 
field inhomogeneity and a greater degree of susceptibility arti-
facts. These artifacts may simulate large infarcts, regions of 
cytotoxic or vasogenic edema, or other pathology on DWI.

Often, patient sedation must be used to obtain images 
with a head coil, but newer MR systems may utilize solely 
the coil base just posterior to the skull, which can obtain 
images that are much better than images using only the body 
coil and lead to a reasonable compromise in patient comfort 
and signal-to-noise (Figs. 22.120 and 22.121).

Fig. 22.120  A 79-year-old with severe kyphosis could not be fit into 
the head coil for a 1.5 T MRI. Hence, the MRI was obtained without a 
head coil. DWI (top left) showed bright signal throughout the right cere-
brum, with darker signal on the left, which could simulate an acute 
middle cerebral artery infarct on DWI. On FLAIR, however (top right), 
there is also bright signal throughout the right hemisphere. ADC maps 

(bottom left) showed no corresponding dark signal of the right hemi-
sphere, thus confirming that the signal was artifactual. A CT perfusion 
examination showed normal cerebral blood volume (CBV) and time-to-
peak (TTP) images (bottom right), confirming that there were no perfu-
sion abnormalities or infarcts. (An infarct would appear low/blue on a 
CBV map, and high/red on a TTP map.)
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Fig. 22.121  A 27-year-old normal volunteer underwent DWI with no 
head coil (i.e., using a body coil) (top row), with matched ADC maps 
(second row); using only a posterior base coil (third row); and using a typi-
cal “bird cage” head coil (bottom row). Top row: Note that the lack of a 
dedicated head coil causes bright “pseudoinfarcts” (arrows). Second row: 
The ADC maps are normal in such regions, and the artifact is most promi-

nent in anterior-most locations. Third row: The use of a posterior-only base 
coil, which the head rests on directly, removes most of the pseudoinfarcts but 
there is still loss of signal in anterior-most locations such as the orbitofrontal 
regions. Bottom row: The use of a dedicated “bird cage” head coil markedly 
improves signal at all three levels shown. Even the orbitofrontal regions, a 
common site of susceptibility artifact and signal loss, are markedly improved
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Pediatric Brain: Normal Variations 
in Development, Maturation, 
and Myelination

This chapter focuses on neonates, infants, adolescents, and 
to a lesser degree, teenagers. With the advent of 3T MRI, 
norms for development and maturation of white matter 
structures have changed and evolved somewhat. Though it is 
critical to note the appropriate signal intensities within 
myelinating and maturing structures in the neonate and 
within the first 2 years of life, the focus is largely on 
T2-weight imaging (T2WI) in infants and young children 
when assessing normal development; fluid-attenuated 
inversion recovery (FLAIR) is less useful. For example, in 
neonates, T1-bright signal within the basal ganglia can be a 
source of consternation and may or may not be abnormal, 
depending on location, degree, and signal intensity relative 
to adjacent structures. Additionally, in young children, juve-
niles, and adolescents, knowledge of normal terminal zones 
of myelination is necessary to distinguish normal maturation 
from true pathology. It is also important to mention that CT 
has been used with decreasing frequency in children (partic-
ularly neonates and infants) over the past 10 years, as the 
lifetime risk of developing malignancy due to the radiation 
dose increases with decreasing age. Although newer, lower-
dose protocols that implement iterative reconstruction have 
improved the dose profile, it is important to be aware of the 
cumulative risk of CT over time to children, particularly 
those with neoplasm or malignancies, who are expected to 
undergo multiple future CT-based studies. Thus, MRI is 
increasingly becoming the method of initially diagnosing 

and following most chronic disorders or neoplasms in chil-
dren, until positron emission tomography (PET)-MRI 
becomes routinely available.

This chapter attempts to bring together current knowledge 
of normal maturation in neonates and young children, and to 
focus on those normal variations in development that can 
persist into adolescence and adulthood, with a greater focus 
on MRI and CT.  Certain variants, most notably benign 
enlargement of the subarachnoid spaces of infancy (BESSI), 
are mentioned here as normal variations or as “don’t touch 
lesions” that typically disappear by a certain age, though cor-
relation with disease later in life has not been disproven.

In this author’s opinion, it is important to use follow-up 
imaging, particularly MRI, when necessary to assess myelin-
ation and maturation. In particular, questionable cases of 
normal myelination and maturation can be difficult to assess 
on an initial MR examination, particularly when the history 
or reason for the examination is questionable or the patient is 
unsedated, or even with a technically adequate study at 
certain ages (e.g., assessing myelination at 7–11 months of 
age). Though cost to the patient is important, noncontrast 
MRI using standard MR protocols for children offers little 
risk, and 3T versus 1.5T field strengths can be useful in 
detecting subtle abnormalities. It is important to note, 
however, that in neonates, preterm infants, and young chil-
dren, 3T imaging is likely to be more sensitive than 1.5T in 
detecting abnormalities in myelination and maturation.

23
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23.1	 �Neonatal “Patchy” White Matter 
Hypoattenuation on CT

CT scans can be quite sensitive for detecting intracranial 
hemorrhage, even in a neonate, but it can demonstrate normal 
“patchy” hypoattenuation that may simulate abnormalities in 
neonates. Such patchy low attenuation is scattered through-
out the deep white matter, particularly the periventricular 
white matter (PVWM), and may involve the subcortical 
white matter (SCWM) to a lesser degree. The cause of this 
pseudoabnormality is likely related to several factors, the 
most prominent probably being that the concentration of 
water is higher in the neonatal brain, as the water concentra-
tion progressively decreases at later ages. Such hypoattenua-
tion may be problematic in that it can simulate edema from 
hypoxic-ischemic encephalopathy/injury (HIE/HII), an 
infectious etiology such as meningitis, or a developmental or 
congenital anomaly such as hypomyelination.

Thus, there is potential for overdiagnosis of white matter 
abnormalities in neonates by nonenhanced CT (NECT), and 
the presence of such pseudoabnormalities on CT in term 
neonates has a low correlation with the presence of disease 

on MRI sequences such as diffusion-weighted imaging 
(DWI), FLAIR, and T2WI. Additionally, the specificity and 
sensitivity of CT is rather low overall for detecting white 
matter abnormalities. Low attenuation on CT is abnormal 
within the basal ganglia, however, and simultaneous findings 
such as cortical edema, mass effect, effacement of the basal 
cisterns, and loss of gray-white matter differentiation are all 
suggestive of underlying edema if white matter hypoattenua-
tion is present. Thus, the presence of patchy hypoattenuation 
in the PVWM is typically normal by itself, but if there are 
such other associated abnormalities, an MRI should be 
performed.

This variant is becoming less commonly seen, as MRI has 
largely been accepted as the preferred modality in the initial 
workup of term neonates, given the awareness of the need to 
minimize radiation exposure because of its potential stochas-
tic effects later in life (such as cancer). Additionally, the pro-
gressively decreasing doses and size/weight-variable doses 
from newer CT scanners may also decrease the likelihood of 
seeing this variant, as lower doses often lead to decreased 
discrimination between gray and white matter (Figs.  23.1, 
23.2, 23.3, 23.4, 23.5, 23.6, 23.7, 23.8, 23.9 and 23.10).

23  Pediatric Brain: Normal Variations in Development, Maturation, and Myelination



599

Fig. 23.1  An 8-day-old term neonate had a nondisplaced right temporal 
skull fracture and an overlying cephalohematoma (asterisk) after being 
dropped, without intracranial hemorrhage on a nonenhanced CT (NECT) 
(top row). There were patchy, hypodense areas throughout the periventricular 

white matter (PVWM) (arrows). Two years later, a 3T MRI was normal, 
without hemorrhage or atrophy, as shown on fluid-attenuated inversion 
recover (FLAIR) (bottom left) and T2-weighted imaging (T2WI) (bottom 
middle and right). The patient’s clinical developmental was normal

Fig. 23.2  A 7-day-old term neonate underwent a NECT for perinatal 
respiratory depression. There were patchy areas of low attenuation scat-
tered throughout the PVWM (arrows) that were more prominent 
posteriorly in the parieto-occipital regions. A repeat NECT was not 

performed, but the infant’s development was normal. Note the normal 
sutural overlap posteriorly (arrowheads), due to compression from 
delivery, which typically resolves by 3–4 weeks of age

23.1  Neonatal “Patchy” White Matter Hypoattenuation on CT
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Fig. 23.3  A 13-day-old term neonate had a nondisplaced right tempo-
ral skull fracture, with a cephalohematoma (asterisk), after being 
dropped from a height, without intracranial hemorrhage on NECT (top 
row). There were patchy, hypodense regions throughout the PVWM 

(arrows). A repeat NECT several days later was normal (bottom row), 
and the infant was neurologically intact. Note that the intact overlying 
cortical gray matter, indicating that although the white matter appears 
hypoattenuated, the gray-white matter differentiation is not blunted
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Fig. 23.4  A 3-day-old term neonate with bradycardia had an otherwise 
negative NECT (top row) that showed patchy areas of hypoattenuation 
throughout the PVWM (arrows). Note the normal, slight sutural over-

lap (arrowheads). One year later, a 3T MRI with T1-weighted imaging 
(T1WI) was normal (bottom row). The infant’s neurologic development 
was normal

23.1  Neonatal “Patchy” White Matter Hypoattenuation on CT
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Fig. 23.5  A 3-day-old term neonate with decreased responsiveness had a 
coronal ultrasound (left), which was questioned to have a tiny amount of 
intraventricular hemorrhage. An otherwise negative NECT the next day 

(middle and right) showed only patchy regions of hypoattenuation through-
out the PVWM (arrows), with normal, slight sutural overlap (arrowheads). 
The infant’s clinical neurologic development was subsequently normal

Fig. 23.6  A 4-day-old term neonate with a possible hypoxic event had 
an otherwise negative NECT (top row), which showed scattered, patchy 
regions of hypoattenuation throughout the PVWM (arrows). A coronal 
ultrasound (bottom left) was also called negative. Note the intact overly-

ing cortical gray matter. A repeat NECT at 6 months of age (bottom 
middle and bottom right) showed resolution of the patchy white matter, 
and the patient’s neurologic development at that time was considered 
normal
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Fig. 23.7  A 2-day-old neonate with apnea had an otherwise negative NECT that showed only patchy hypoattenuation scattered throughout the 
PVWM (arrows). The infant’s neurologic development was subsequently normal, so no further imaging was obtained

Fig. 23.8  Comparison case of hypoxic-ischemic injury (HII). A 
3-day-old term neonate had a CT scan (left) that showed subcortical 
low attenuation with loss of cerebral sulci posteriorly, and loss of 
gray-white matter differentiation called cerebral edema. A 3T MRI 
depicted patchy perirolandic hyperintensity (arrowheads) on gradient 

echo (GE) T1WI (left middle), with multifocal areas lacking a normal 
dark cortical ribbon (arrows) on spin echo (SE) T2WI (right middle). 
Diffusion-weighted imaging (DWI) (not shown) showed abnormali-
ties in such regions, as confirmed by apparent diffusion coefficient 
(ADC) maps (right)

23.1  Neonatal “Patchy” White Matter Hypoattenuation on CT
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Fig. 23.9  Comparison case of HII. A 2-day-old term neonate had a CT 
scan (left) that showed diffuse subcortical low attenuation thought to be 
cerebral edema, with loss of sulci. A 3T MRI the next day depicted mild 
diffuse cortical edema on SE T2WI (middle), poor visualization of the 

normal posterior limb of the internal capsule (PLIC) (arrows), and 
some focal regions that lacked the normal T2-dark cortical ribbon (dot-
ted arrows). DWI was diffusely abnormal (right)

Fig. 23.10  Comparison case of reversible edema from venous steno-
sis. A 4-day-old term neonate with congenital heart disease (presur-
gery) had bilateral, subcortical low attenuation on CT (left), called 
cerebral edema (arrows). A 3T MRI with T2WI (left middle) demon-
strated focal loss of the normal T2-dark cortical “ribbon” in those loca-

tions. Postcontrast MR venography (MRV) from a sagittal view (right 
middle) depicted multifocal severe stenoses (dotted arrows) of the 
superior sagittal sinus, with venous collaterals. Two months later, the 
edema had resolved following cardiac surgery (right)
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23.2	 �Normal T1-Bright Basal Ganglia 
in Term Neonates on 3T MRI

T1-bright signal in the posterior limb of the internal capsule 
(PLIC) is entirely normal in a term neonate (i.e., >38 weeks 
gestational age), and it also may be present in the ventrolat-
eral thalami (VLT), globi pallidi (GP), posterior putamina 
(PP), and subthalamic nuclei (STN), to a lesser degree. 
Diffusion-weighted imaging (DWI) can be quite helpful, as it 
can confirm suspected findings of hypoxic-ischemic encepha-
lopathy (HIE) or injury (HII), particularly within the basal 
ganglia or cortices. DWI is useful only within the acute or 
early subacute phase of HII, however (within 7 days post-
insult), when infants suspected to have HII may immediately 
undergo either head-only or whole-body cooling for the first 
72 h to induce hypothermia, which has been shown to improve 
outcome. Thus, there is a window of only a few days in which 
to implement DWI. Also, as DWI may underestimate the final 
extent of insult, T1-weighted imaging (T1WI) and T2WI can 
also be helpful. FLAIR images are of little use in the neonate, 
except to evaluate subdural collections or tumors.

Several criteria based on MRI have been proposed to eval-
uate for the presence of HII and its extent. A detailed discus-
sion is beyond the scope of this text, but one of the scoring 
systems that showed a strong association with outcome was 
shown by Barkovich et al. in 1998 to be based largely on an 
abnormal appearance of the basal ganglia, thalami, or corti-
ces [1, 2]. In short, cortical abnormal signal is relatively eas-
ily visualized on T1WI, particularly within the perirolandic 
cortex (PRC), which will appear much brighter in HII than 
the faintly bright signal that may or may not be present in 
normal term infants. Such bright signal may also appear to 
extend from the PRC down through the corticospinal tracts 
(CST) within the corona radiata to the PLIC. A helpful find-
ing that can confirm cortical involvement by HII is that the 
cerebral cortex normally has a uniformly dark “ribbon” on 
T2WI relative to the underlying T2-bright subcortical white 
matter (SCWM), which has not yet myelinated. Thus, in HII, 
edema effaces the involved regions, and the dark layer is lost.

In the absence of abnormal cortical signal on T1WI, T2WI, 
or DWI, however, the appearance of bright signal on T1WI 
within the basal ganglia can be difficult to assess. There can be 
normal bright signal within certain basal ganglial and thalamic 
structures on T1WI, which may simultaneously appear slightly 
hypointense on T2WI.  A number of studies have described 
this appearance, and have even attempted to quantify the 
degree to which such hyperintensity is abnormal in these 
structures [3–12]. In general, although there may be mild, nor-
mal T1 hyperintensity within the VLT, the lentiform nuclei 
(the GP together with the putamen), and the PLIC/CST, the 
signal should be greater in the PLIC and CST than in the other 
structures on T1WI in normal, term infants. In HII, T1 hyper-
intensity is greater within the PP than in the adjacent PLIC, 
and is greater within the PRC than in the immediately subjacent 

corona radiata [3–5]. T1 hyperintensity within the VLT and 
the PLIC/CST also may be much greater than normal. It 
should be pointed out that T1 hyperintensity within these 
structures, particularly the STN and GP, is typically a transient 
phenomenon that usually subsides by the end of the first month 
of life. Such structures may also appear bright on susceptibil-
ity-weighted imaging (SWI), possibly owing to “T1 shine-
through” effects (which can occur on gradient echo-based 
images), in combination with the fact that there is not yet iron 
deposition within these structures in a neonate.

This assessment may be even more complex with T1WI at 
3T [11, 12]. As discussed in other sections of this text, there 
is greater T1 signal at 3T, but the T1 times between gray and 
white matter decrease, which can lead to less intracerebral 
tissue contrast on standard spin echo T1WI (SE T1WI). 
Therefore, various other methods of obtaining T1WI have 
arisen to better visualize the contrast between gray and white 
matter at 3T. These include spoiled gradient echo T1WI (GE 
T1WI), inversion recovery T1WI (IR T1WI), video inversion 
of T2WI (from whichever type of acquisition), and 3D SE 
T1WI. Preliminary data have shown that, at 3T, GE T1WI 
appears to show a greater number of “myelinated” (i.e., 
T1-bright) structures, and an apparently greater degree of 
brightness, than SE T1WI, although it has not yet been 
proven whether such structures are truly myelinated or are 
simply precursors to myelination [11, 12]. Additionally, the 
T1-brightness of the lentiform nuclei (especially the GP) 
may be more pronounced at 3T, and may appear similar in 
signal to the PLIC and CST. Although this assessment may 
be complex, it is fortunate that DWI can be more specific at 
3T in detecting HII.  In particular, although SE T1WI was 
traditionally the best sequence for assessing myelination at 
1.5T, recent evidence suggests that GE T1WI is better at 3T, 
and SE T2WI may be just as sensitive [11, 12]. This concept 
is also discussed in the following section on normal 
myelination.

It is necessary to be careful in deeming that a term neo-
nate has HII based solely on T1-bright signal within the basal 
ganglia, unless such hyperintensity is profound within the 
lentiform nuclei and PRC, is disproportionate to the signal of 
the PLIC and CST, or is quite pronounced within the VLT 
and CST. In questionable cases, it is important to search for 
other clues, such as abnormalities on DWI; lack of the nor-
mal, dark cortical ribbon on T2WI; lack of the normally 
small PLIC on T2WI; or abnormalities on SWI (such as 
hemorrhages). It is important to note that, while specific, the 
sensitivity of DWI may be lower within the first 1–2 days of 
life in term neonates, particularly within deep gray matter 
structures. This author’s experience is that the ADC maps 
must be carefully compared with the corresponding DWI 
images and T1WI and T2WI images in questionable cases of 
HII involving the basal ganglia, PLIC, and thalami 
(Figs. 23.11, 23.12, 23.13, 23.14, 23.15, 23.16, 23.17, 23.18, 
23.19, 23.20 and 23.21) [13, 14].

23.2  Normal T1-Bright Basal Ganglia in Term Neonates on 3T MRI
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Fig. 23.11  A 1-day-old term neonate with a solitary seizure and a nor-
mal 3T MRI. Top row: Spoiled GE T1WI (left) and SE T1WI (right) 
both show bright signal of the globi pallidi (GP) (double arrows) and 
posterior putamina (PP) (arrowheads)—that is, of the lentiform nuclei 
(LN)—and the ventrolateral thalami (VLT) (arrows), being brighter on 
GE T1WI. The PLIC (thin arrows) is also bright, although its proximity 
to the PP makes it difficult to discern. Note the bright habenular com-
missure (chevrons). Such normal structures usually appear brighter on 

GE T1WI, particularly at 3T. Middle row: On SE T2WI (left), the GP/
PP and VLT are mildly hypointense, but the PLIC can be discerned as a 
tiny tract. Again, the habenular commissure is visible (chevrons). 
Susceptibility-weighted imaging (SWI) shows no hemorrhage, but 
there is mild “T1 shine-through” of the GP/PP (right). Bottom row: 
FLAIR (left) is typically not useful in evaluating neonates. DWI (right) 
was normal. A 1-year follow-up neurologic exam was normal

23  Pediatric Brain: Normal Variations in Development, Maturation, and Myelination
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Fig. 23.12  A 3-day-old term neonate with a seizure had a normal 3T 
MRI, which included spoiled GE T1WIs (left two images) and SE 
T1WIs (right two images). Note the bright signal of the GP (double 
arrows), PP (arrowheads), VLT (arrows), and subthalamic nuclei 

(STN) (dotted arrows), being brighter on GE T1WI.  The habenular 
commissure (chevrons) is also bright, being normal. The infant’s 1-year 
clinical exam was normal

Fig. 23.13  A 4-day-old term neonate with a hypoxic event had a nor-
mal 3T MRI, which included spoiled GE T1WI (top left), SE T1WI (top 
middle), SE T2WI (top right), DWI (bottom left), FLAIR (bottom mid-
dle), and SWI (bottom right). Note that the LN are brighter on GE 

T1WI. On T2WI, the PLIC (thin arrows) is tiny but is visible, as is the 
normal, dark cortical ribbon. On SWI, the LN are bright, perhaps due to 
“T1 shine-through.” The 1-year clinical exam was normal

23.2  Normal T1-Bright Basal Ganglia in Term Neonates on 3T MRI
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Fig. 23.14  A 5-day-old term neonate with a possible hypoxic event at 
birth had a normal 3T MRI that included two types of spoiled GE 
T1WIs: multiplanar 3D magnetization-prepared rapid acquisition gra-
dient echo (MPRAGE) (left) and 2D fast low-angle shot (FLASH) (left 
middle), as well as SE T2WIs (right). The LN are brighter on the 

MPRAGE T1WI than on the FLASH GE T1WI, but the PLIC is difficult 
to distinguish from the PP (arrowheads). On the T2WIs, the PLIC (thin 
arrows) is tiny but is clearly visible as being separate from the LN/
PP. The 1-year clinical follow-up exam was normal

Fig. 23.15  A 7-day-old term neonate with a seizure at birth and 
respiratory depression had a normal 3T MRI that included GE T1WI 
(left and left middle). DWI (right middle) and an exponential DWI that 
removes vasogenic edema (right) both showed no basal ganglial 

cytotoxic edema. Note brightness of the posterior putamina (arrow-
heads), ventrolateral thalami (arrows), and habenular commissure 
(chevron); the PLIC is bright, but difficult to visualize. The infant’s 
follow-up neurologic examination at 1 year was normal

Fig. 23.16  A 15-day-old term neonate with respiratory depression at 
birth had a normal 3T MRI, which included spoiled GE T1WI (left), SE 
T2WI (left middle), DWI (right middle), and SWI (right). Both the sub-
thalamic nuclei (STN) (dotted arrows) and GP (double arrows) are 

bright on GE T1WI; only the STN is dark on T2WI. On SWI, there is 
bright signal within the STN and GP, likely owing to “T1 shine-
through” effect, as SWI is a gradient echo-based image. The follow-up 
clinical examination at 1 year was normal
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Fig. 23.17  A 21-day-old term neonate with poor feeding and a normal 
3T MRI. Top row: Spoiled GE T1WI shows only mildly bright signal 
within the posterior putamina (arrowheads) and VLT (arrows). Middle 
row: SE T1WI shows even less bright GP and VLT, compared with GE 
T1WI. Note a mildly bright habenular commissure (chevrons). Bottom 

row: SE T2WI shows continued dark signal within the GP and VLT. The 
PLIC (thin arrows) continues to stay bright on GET1WI and SE 
T1WI. Note the normal, dark perirolandic cortex (PRC) (open arrows) 
bilaterally, which is darker than the normally dark “ribbon” of cortices 
elsewhere

23.2  Normal T1-Bright Basal Ganglia in Term Neonates on 3T MRI
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Fig. 23.19  Comparison case of HII.  A 4-day-old term neonate with 
hypoxia and a seizure underwent a 3T MRI. The LN and VLT (arrows) 
were uniformly bright on GE T1WI (top left), with mild edema on SE 
T2WI (top, left middle). On SWI (top, right middle) the LN and VLT 
were bright due to “T1 shine-through,” with punctate hemorrhages 

laterally (dotted circles). DWI (top right) confirmed PP (arrowheads), 
thalamic, and callosal insults. GE T1WI (bottom left) and T2WI (bot-
tom middle) also showed T1-bright, T2-dark insults of the cerebellum 
and dorsal brainstem, not being bright on DWI (bottom right)

Fig. 23.18  Comparison case of hypoxic-ischemic injury (HII). 
A 4-day-old term neonate with a hypoxic event, seizure, and an abnor-
mal EEG had a abnormal 3T MRI, which included “blotchy” basal gan-
glia and globi pallidi (double arrows) that appeared too bright and 
bunched together on GE T1WI (top left) and SE T1WI (top middle). 

MR spectroscopy (top right) showed a lactate peak (bracket); it is 
inverted due to the echo time (TE) of 144 ms. SE T2WI (bottom left) 
suggested LN edema, but FLAIR (bottom, left middle) did not. DWI 
(bottom, right middle) and the ADC map (bottom right) showed insults 
of the VLT (arrows) and LN, especially the PP (arrowheads)
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Fig. 23.20  Comparison case of kernicterus. A 15-day-old term neo-
nate with hyperbilirubinemia and hypertonia had a 1.5T MRI that 
showed profoundly bright signal of the GP (double arrows) on GE 
T1WI (top left), with minimal findings on SE T2WI (top middle), per-
haps representing a milder degree of insult. The lack of findings on 

DWI (top right) likely relates to the subacute age of the insults. Coronal 
GE T1WIs (bottom left and middle) also showed the T1-bright insults 
within the GP (double arrows) and STN (dotted arrows), which are 
usually affected. The bright GP on SWI (bottom right) is thought to be 
due to T1 shine-through

Fig. 23.21  Comparison case of neurocutaneous melanosis. A 3-day-
old term neonate with seizures (without hypoxia) had a 1.5T MRI that 
showed bright signal within the amygdalae (beveled arrows) on coronal 
GE T1WI (top left and left middle) and postcontrast T1WI (top, right 
middle), being dark on SE T2WI (top right). There was also T1-bright 

signal of the cerebellar cortices (brackets), being even brighter than the 
GP (double arrows) and STN (dotted arrows), as shown on sagittal 
T1WIs (bottom row). DWI (not shown) was negative. Also, note cere-
bellar hypoplasia and an enlarged posterior fossa

23.2  Normal T1-Bright Basal Ganglia in Term Neonates on 3T MRI
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23.3	 �Normal Myelination and Variation 
in Term Neonates at 3T

The following sections display normal myelination in term 
infants with normal neurologic and developmental outcomes 
at clinical follow-up. As previously discussed, T1-bright sig-
nal may be present in term infants at birth within the poste-
rior limb of the internal capsule (PLIC), ventrolateral thalami 
(VLT), globus pallidi (GP), posterior putamina (PP), and the 
subthalamic nuclei (STN) [6–12]. White matter tracts that 
have been described to be myelinated in nearly all term 
infants or term-equivalent infants (i.e., premature infants 
imaged at a corrected postnatal gestational age of 38–42 
weeks) at 3T include the brachium of the inferior colliculus 
(BIC), decussation of the superior cerebellar peduncle 
(DSCP), and medial leminisci (ML), whether on spoiled GE 
T1WI or on SE T2WI; the PLIC should be seen in all infants 
on both sequences, but may appear rather tiny on T2WI [11, 
12]. With regards to GE T1WI, additional structures that are 
visualized as bright—that is, presumed to be “myelinated”—
in more than 90% of infants at term or term-equivalent age 
include the habenular commissure (HC), lateral leminisci 
(LL), pyramidal decussation (PD), and the superior cerebel-
lar peduncles (SCP). On SE T2WI, an additional structure 
that is visualized as dark (presumed to be myelinated) in 
nearly all infants at term or term-equivalent age is the inferior 
cerebellar peduncle (ICP). These findings are based on 
infants who were subsequently developmentally normal [11, 
12]. Although not always present, other white matter tracts 
that appear myelinated in the majority of infants at term or 

term-equivalent age include the optic tracts (OT) on both GE 
T1WI and SE T2WI. On GE T1WI, this is present in a major-
ity along the fascicle of cranial nerve V (CNV) within the 
brainstem, as well as the corticospinal tracts (CST) at the 
level of the corona radiata. Most are also myelinated within 
the HC, medial longitudinal fasciculus (MLF), PD, PLIC, 
SCP, and spinal tracts of V (STV) on SE T2WI. Table 23.1 
provides a quick reference to help in remembering these 
structures.

Therefore, the assessment of myelination in a term or 
term-equivalent infant may appear complex, but may be 
facilitated by the identification of certain structures as 
“myelinated” on GE T1WI and SE T2WI at 3T. It is recom-
mended that both sequences are assessed, at a minimum [11, 
12]. Of course, such findings should be correlated with the 
presence or absence of findings such as cytotoxic edema on 
DWI, which can show most (but not all) findings of hypoxic-
ischemic injury (HII), particularly within the basal ganglia, 
white matter tracts, or cortices. DWI is typically useful only 
within the acute or early subacute phase of HII (0–7 days 
post-insult), and it may actually underestimate the final 
extent of insult [13, 14]. FLAIR images are of quite limited 
use in the neonate evaluation, with the exception of extraax-
ial hemorrhage or neonatal meningitis, as FLAIR is better 
than noncontrast T2WI or T1WI at detecting exudate or 
hemorrhage within the subarachnoid or subdural space.

The prior topic briefly discussed several criteria to eval-
uate for the presence of HII, including an abnormal appear-
ance of the basal ganglia, thalami, or cortices on T1WI, 
DWI, and SWI, along with the oft-helpful findings of 

Table 23.1  Normal Myelination in Term Neonates at 3T

Myelination (presumed) GE T1WI SE T2WI

Present in 90–100 % of term or term-equivalent infants BIC BIC

DSCP DSCP

HC ICP

LL ML

ML PLIC (but tiny)

PD

PLIC

SCP

Present in >50 % of term or term-equivalent infants CNV HC

CST MLF

ICP OT

OT PD

PLIC

PRC

SCP

STV

BIC brachium of the inferior colliculus, CNV fascicle of cranial nerve V, CST corticospinal tracts, DSCP decussation of the superior cerebellar 
peduncle, GE T1WI gradient echo T1-weighted imaging, HC habenular commissure, ICP inferior cerebellar peduncle, LL lateral leminisci, ML 
medial leminisci, MLF medial longitudinal fasciculus, OT optic tracts, PD pyramidal decussation, PLIC posterior limb of the internal capsule, PRC 
perirolandic cortex, SCP superior cerebellar peduncles, SE T2WI spin echo T2-weight imaging, STV spinal tracts of V
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multifocal loss of the normal, uniformly dark “ribbon” on 
T2WI relative to the underlying T2-bright subcortical white 
matter (SCWM). Again, in HII, cortical abnormal signal is 
usually relatively easily visualized on T1WI if present, par-
ticularly within the perirolandic cortex (PRC), which will 
appear much brighter in HII than the faintly bright signal 
that may or may not be present in normal term infants. Such 
bright signal can extend from the PRC down through the 
CST within the corona radiata to the PLIC [9–17]. 
Therefore, this section focuses on the appearance of what is 
presumed (although not entirely proven) to be either 
myelination or a precursor of normal myelination, based on 
the presence of bright signal on GE T1WI or dark signal on 
T2WI. As infants are now commonly evaluated by 3T MR 
imaging, this section focuses on appearances at the higher 
3T field strength rather than at 1.5T; it is safe to say that 
structures that appear bright at 1.5T are even brighter at 3T 
on GE T1WI, although they may appear less bright on SE 
T1WI (owing to the closer T1 times of gray and white 
matter at 3T).

23.3.1	 �Normal Myelination in Term Neonates 
at 3T: Craniocervical Junction 
to the Mid Medulla

On 3T axial GE T1WI and SE T2WI at levels from the cra-
niocervical junction and medulla, the inferior cerebellar 
peduncle (ICP), pyramidal decussation (PD), and spinal 
tract of V (STV) are commonly seen and can be routine 
markers to indicate normal, healthy myelination. Notably, 
the PD and the decussation of the ML are either one axial 
image away from each other, or volume-averaged together 
on one axial image, so for the purposes of this text, the term 
“PD” is utilized. Other cranial nerve nuclei, such as the ves-
tibular nuclei and inferior olivary nuclei, may also be visual-
ized in most patients at these axial levels, if the slice thickness 
and sequence are optimal, but these nuclei are not focused on 
here, as they can be difficult to identify at times with cer-
tainty. 3D FLAIR acquisitions, though exquisite, are often of 
little help in assessing myelination (Figs. 23.22, 23.3, 23.4, 
23.5, 23.6 and 23.27).

Fig. 23.22  A 3-day-old term neonate had a normal 3T MRI, including 
spoiled GE T1WI (left), SE T1WI (middle) and SE T2WI (right). Note 
the mildly T1-bright and T2-dark pyramidal decussation (PD) (tiny 

arrows) and spinal tracts of V (STV) (dotted arrows). Note tiny, inferior 
olivary nuclei (lightning bolts)

Fig. 23.23  A 7-day-old term neonate had a normal 3T MRI, including 
spoiled GE T1WI (left), SE T1WI (middle) and SE T2WI (right). Note 
the mildly T1-bright and T2-dark PD (tiny arrows) and inferior 

cerebellar peduncles (ICP) (long arrows). Note a tiny, left inferior 
olivary nucleus (lightning bolt)

23.3  Normal Myelination and Variation in Term Neonates at 3T
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Fig. 23.24  A 21-day-old term neonate had a normal 3T MRI with SE 
T2WI. There were mildly dark ICP (long arrows), PD (tiny arrow), and 
right STV (dotted arrows), along with gracile fasciculi (split arrows). 

Both the anterior and posterior spinocerebellar tracts are visible 
(notched arrows), as well as the medial longitudinal fasciculus (tiny 
dotted arrow), located dorsal to the PD/ML decussation

Fig. 23.25  A 4-day-old term neonate had a normal 3T MRI with GE T1WI (left images) and SE T2WI (right images). Note the ICP (long arrows) 
and STV (dotted arrows), which are better visualized on SE T2WI. The PD (tiny arrow) is not well seen on SE T1WI (not shown) or on SE T2WI

Fig. 23.26  A 6-day-old term neonate had a normal 3T MRI with GE T1WI (left images) and SE T2WI (right images). Note the ICP (long arrows), 
PD (tiny arrows), and STV (dotted arrows). This case illustrates how lower medullary structures are often better visualized on SE T2WI
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Fig. 23.27  A 17-day-old term neonate had a normal 3T MRI with GE 
T1WI (left), 3D FLAIR axial reconstruction (middle), and SE T2WI 
(right). Note that the ICP (long arrows) and PD (tiny arrows) are faintly 
visible on both GE T1WI and SE T2WI. On axial 3D FLAIR at the 

same thickness, the PD is not visible, but the ICPs have mild, low signal 
along their inner aspects. Note a typical subdural hematoma posteriorly 
(brackets), being present in many asymptomatic neonates

23.3  Normal Myelination and Variation in Term Neonates at 3T
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23.3.2	 �Normal Myelination in Term Neonates 
at 3T: Upper Medulla to Mid Pons

On 3T axial GE T1WI and SE T2WI at levels from the upper 
medulla up to the mid pons, structures such as the ICP, LL, 
ML, and the SCP should be routinely visualized in nearly all 
term neonates (along with the dorsal pons); the CNV can be 
recognized in at least half on GE T1WI. Additionally, dark 
signal should be present within the cerebellar nodulus, 

vermis, and corpus medullare (central white matter of the 
cerebellum) in all term neonates who are subsequently devel-
opmentally normal. Again, SE T1WI is usually not as helpful 
at 3T in assessing myelination, particularly with regards to 
the subtle anatomy of the brainstem. 3D FLAIR acquisitions 
can yield high-resolution images but are usually of little help 
in assessing myelination (Figs. 23.28, 23.29, 23.30, 23.31, 
23.32, 23.33, 23.34 and 23.35).

Fig. 23.28  A 1-day-old term neonate had a normal 3T MRI with SE 
T2WIs, which demonstrate the ICP (long arrows) at two levels. Also, 
note the lateral leminisci (LL) (open arrowheads) and medial leminisci 

(ML) (arrowheads). The cerebellar nodulus and corpus medullare are 
darkening on T2WI (dotted oval)

Fig. 23.29  A 21-day-old term neonate had a normal 3T MRI with SE 
T2WIs, which demonstrate the ICP (long arrows) at two levels. Also, 
note the LL (open arrowheads), ML (arrowheads), and cranial nerve V 

fascicles (CNV) (beveled arrows). Again, note the darkening cerebellar 
nodulus and corpus medullare (dotted oval)
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Fig. 23.30  A 4-day-old term neonate had a normal 3T MRI with GE T1WI (left images) and SE T2WI (right images). Note the ICP (long arrows), 
ML (arrowheads), and CNV (beveled arrows). Note that the cerebellar nodulus and corpus medullare are “myelinating” (dotted ovals)

Fig. 23.31  A 6-day-old term neonate had a normal 3T MRI with GE 
T1WI (left and middle) and SE T2WI (right). Note the ICP (long 
arrows), LL (open arrowheads), ML (arrowheads), and CNV (beveled 

arrows). The fascicles of CNV can be followed anteriorly as the nerves 
into the cistern on both sides

Fig. 23.32  A 17-day-old term neonate had a normal 3T MRI with GE 
T1WI (left images) and SE T2WI (right images). Note the CNV (bev-
eled arrows), ICP (long arrows), and ML (arrowheads). Note the 

darkening cerebellar nodulus and corpus medullare on SE T2WI (dot-
ted oval). Also, note the asymptomatic posterior fossa subdural hema-
toma (brackets), which is present in many newborns
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Fig. 23.33  A 5-day-old term neonate had a normal 3T MRI with GE 
T1WIs. Note the ICP (long arrows), ML (arrowheads), and CNV (bev-
eled arrows). The fascicles of CNV can be followed anteriorly as the 

nerves into the cistern on both sides. Also, note the bottom of the supe-
rior cerebellar peduncles (SCP) (dashed arrows)

Fig. 23.34  A 4-day-old term neonate had a normal 3T MRI with GE 
T1WI (left), SE T1WI (middle), and SE T2WI (right). Note the CNV 
(beveled arrows), LL (open arrowheads), ML (arrowheads), and SCP 

(dashed arrows). The fascicles of CNV can be followed to the nerves 
into the cistern on both sides
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Fig. 23.35  A 3-day-old term neonate had a normal 3T MRI with GE 
T1WI (top row) and SE T2WI (bottom row). Note the CNV (beveled 
arrows), ICP (long arrows), LL (open arrowheads), ML (arrowheads), 
and PD (tiny arrows). On SE T2WI, myelination of the cerebellar floc-

culi (split arrows) as well as of the nodulus and corpus medullare (dot-
ted oval) are better visualized, while CNV and PD are better visualized 
on GE T1WI
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23.3.3	 �Normal Myelination in Term Neonates 
at 3T: Mid Pons to Mid Mesencephalon

On 3T axial GE T1WI and SE T2WI at levels from the upper 
pons through the midbrain, the BIC and DSCP are routinely 
seen as myelinated in all term neonates and term-equivalent 
infants who are subsequently normal; these can be consid-
ered routine markers to indicate normal, healthy myelina-
tion. Additionally, the SCP should be visible on in all term 

neonates on GE T1WI, and in the large majority on SE 
T2WI. Also, the optic tracts usually appear myelinated on 
both sequences, but the optic nerve anteriorly usually does 
not. Additionally, at these axial levels, other structures that 
may exhibit T1-bright and/or T2-dark myelination include 
the cerebellar vermis, medial geniculate nuclei (MGN), and 
amygdalae (Figs. 23.36, 23.37, 23.38, 23.39, 23.40, 23.41, 
23.42 and 23.43).

Fig. 23.36  A 4-day-old term neonate had a normal 3T MRI with GE 
T1WIs (top row) and SE T2WIs (bottom row). Note the brachia of the 
inferior colliculi (BIC) (wide arrows), the decussation of the SCP 
(DSCP) (double arrows), the ML (arrowheads), and the SCP (dashed 

arrows). The optic tracts (curved arrows) are myelinated in this patient, 
and are visualized as such in most term neonates. There may also be 
early myelination of the amygdalae (asterisks), better visualized on 
T2WI

Fig. 23.37  A 6-day-old term neonate had a normal 3T MRI with GE 
T1WIs (left images) and SE T2WIs (right images). The BIC/inferior 
colliculi (wide arrows), DSCP (double arrows), LL (open arrowheads), 
ML (arrowheads), and SCP (dashed arrows) all appear myelinated. 

Note “myelination” of the superior cerebellar vermis (dotted oval), and 
perhaps the amygdalae (asterisks), along with a normal, homogenously 
T1-bright pituitary (plus sign)
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Fig. 23.38  A 7-day-old term neonate had a 3T MRI with GE T1WI 
(left column) and SE T2WI (right column), on which both the BIC 
(wide arrows) and the DSCP (double arrows) should be visible in all 
term neonates, but are not well seen on SE T1WI (middle column). 

Also, note myelination of the LL (open arrowheads), ML (arrow-
heads), cerebellar vermis (dotted ovals) and amygdalae (asterisks). A 
T1-bright and T2-dark pituitary (plus sign) is normal at this age; it usu-
ally evolves into the typical adult appearance by about 6 weeks of age

Fig. 23.39  A 17-day-old term neonate had a normal 3T MRI with axial 
GE T1WIs (left images) and 3D FLAIR (right images). There is 
T1-bright myelination of the BIC (wide arrows), DSCP (double 

arrows), LL (open arrowheads), ML (arrowheads), optic tracts (curved 
arrows), and SCP (dashed arrows). FLAIR does not depict myelination 
well

Fig. 23.40  A 1-day-old term neonate had a normal 3T MRI with axial 
SE T2WIs (left images) and 2D FLAIR (right images). There is T2-dark 
myelination of the BIC (wide arrows), DSCP (double arrows), LL 

(open arrowheads), ML (arrowheads), and SCP (dashed arrows) 
Again, FLAIR does not depict myelination well
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Fig. 23.41  A 4-day-old term neonate had a normal 3T MRI with GE T1WIs (left images) and SE T2WIs (right images). The BIC/inferior colliculi 
(wide arrows), DSCP (double arrows), and optic tracts (curved arrows) appear myelinated, being bright on T1WI and dark on T2WI

Fig. 23.42  A 5-day-old term neonate had a normal 3T MRI with GE 
T1WIs (left 3 images) and SE T2WIs (right 3 images). The BIC/inferior 
colliculi (wide arrows), DSCP (double arrows), LL (open arrowheads), 
ML (arrowheads), optic tracts (curved arrows), and SCP (dashed 

arrows) all appear myelinated, along with normal “myelination” of the 
superior cerebellar vermis (dotted oval). Also, note the normal, homog-
enously T1-bright pituitary gland (plus sign)

Fig. 23.43  An 11-day-old term neonate had a normal 3T MRI with GE T1WI (left), SE T1WI (middle), and SE T2WI (right). The DSCP (double 
arrows) and optic tracts (curved arrows) appear myelinated. The myelination of these structures is not well visualized on SE T1WI
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23.3.4	 �Normal Myelination in Term Neonates 
at 3T: Basal Ganglia and Thalami

This section focuses on the presumed “myelination” of struc-
tures within or around the basal ganglia rather than on the 
T1-bright basal ganglia themselves, which can be visualized 
in normal term neonates at 3T. As stated previously, T1-bright 
signal in the posterior limb of the internal capsule (PLIC) is 
entirely normal in a term neonate (i.e., >38 weeks gestational 
age), but also may be present in the ventrolateral thalami 
(VLT), globi pallidi (GP), posterior putamina (PP), and 
subthalamic nuclei (STN). At the level of the basal ganglia, 
other structures that are myelinated in nearly all term infants 

are the hippocampal commissure (HC) and PLIC on GE 
T1WI; on SE T2WI, T2-dark myelination of both of these 
structures is usually seen, but it may not be present in all 
infants. Notably, the PLIC appears quite small and thin rela-
tive to the PLIC and CST on GE T1WI. Occasionally, on GE 
T1WI only at 3T, subtle hyperintensity may also be noted 
within the anterior commissure, presumably representing 
early myelination. Similarly, T2-dark signal is sometimes 
noted within the callosal splenium on SE T2WI, presumably 
representing early myelination; if present, this is generally a 
marker of healthy myelination (Figs.  23.44, 23.45, 23.46, 
23.47, 23.48, 23.49 and 23.50).

Fig. 23.44  A 5-day-old term neonate had a normal 3T MRI with GE 
T1WIs (left and middle) and SE T2WI (right). The habenular commis-
sure (HC) (chevron) and posterior limbs of the internal capsules (PLIC) 

(arrows) are better visualized on GE T1WI; they seem clearly myelin-
ated but appear smaller on SE T2WI. Note possible early myelination 
within the anterior commissure on GE T1WI (dotted oval)

Fig. 23.45  A 6-day-old term neonate had a normal 3T MRI with GE 
T1WI (left), SE T1WI (middle), and SE T2WI (right). The HC (chev-
rons) and PLIC (arrows) are better visualized on GE T1WI, but they 
appear myelinated on both sequences. On T1WI, the PLIC is a bit 

difficult to separate from the normal, bright PP anteriorly and VLT pos-
teriorly, but it is clearly myelinated. Note possible early myelination 
within the anterior commissure on GE T1WI and on SE T1WI (dotted 
ovals)
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Fig. 23.46  A 1-day-old term neonate had a normal 3T MRI with GE 
T1WI (left), SE T2WI (middle), and 2D FLAIR (right). The PLIC 
(arrows) is well visualized on both GE T1WI and T2WI, but not on 

FLAIR. Note the T1-bright, T2-dark VLT (notched arrows), situated 
posterior and medial to the PLIC. There may be very early myelination 
of the callosal splenium on T2WI (bracket)

Fig. 23.47  A 4-day-old term neonate had a normal 3T MRI with GE 
T1WI (left images) and SE T2WI (right images). The HC (chevrons) 
and PLIC (arrows) are better visualized on GE T1WI, but they appear 

myelinated on both sequences. Note questionable early myelination 
within the anterior commissure (dotted oval) on GE T1WI

Fig. 23.48  A different 4-day-old term neonate had a normal 3T MRI 
with GE T1WI (left), SE T2WI (left middle), SWI (middle), FLAIR 
(right middle), and DWI (right). The HC (chevrons) and PLIC (arrows) 

appear myelinated and are better visualized on GE T1WI. Note the lack 
of myelination within the callosal splenium (brackets) and anterior 
commissure (dotted ovals)
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Fig. 23.49  A 21-day-old term neonate had a normal 3T MRI with SE 
T2WIs (left and middle) and GE T1WI (right). The PLIC (arrows) is 
visualized on both sequences and appears clearly myelinated. The HC 

is not included on these images because of angling. Note possible early 
myelination within the callosal splenium on SE T2WI (brackets)

Fig. 23.50  An 11-day-old term neonate had a normal 3T MRI with 
GE T1WI (top left), SE T1WI (top middle), and SE T2WI (top right). 
The PLIC (arrows) and HC (chevrons) both appear myelinated on 
each sequence. Note that the anterior commissure does not (dotted 

ovals). A follow-up MRI at 1 year demonstrated normal myelination 
on corresponding GE T1WI (bottom left), SE T1WI (bottom middle), 
and SE T2WI (bottom right), although there was some motion on the 
examination
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23.3.5	 �Normal Myelination in Term Neonates 
at 3T: Perirolandic Cortex and Corona 
Radiata

As stated earlier, the CST within the corona radiata are visu-
alized as being myelinated (T1-bright) on GE T1WI in most 
subsequently normal term neonates at 3T, and the PRC is 
visible as being T2-dark in most. The PRC generally consists 
of the precentral gyrus (the primary motor cortex within the 
frontal lobe) anteriorly and the postcentral gyrus (the primary 

sensory cortex within the parietal lobe) posteriorly; the PRC 
surrounds the central sulcus. Again, the T2-dark cortical 
“ribbon” of the cerebral cortex should appear continuous 
throughout in the normal term neonate; regions of 
discontinuity should be viewed with suspicion in the setting 
of potential hypoxic-ischemic encephalopathy or injury 
(HIE/HII) and should be correlated with DWI and with 
findings within the basal ganglia (Figs. 23.51, 23.52, 23.53, 
23.54, 23.55 and 23.56).

Fig. 23.51  A 5-day-old term neonate had a normal 3T MRI with GE 
T1WIs (top row) and SE T2WIs (bottom row). The PLIC/corticospinal 
tracts (CSTs) (arrows) are quite bright on GE T1WI; they are less visi-
ble, but present, on SE T2WI. This finding is contiguous with T1-bright 

signal within the corona radiata (asterisk). The perirolandic cortex 
(PRC) (open arrows) is slightly bright on GE T1WI, but clearly appears 
myelinated on SE T2WI, appearing darker and thicker than the remain-
der of the cortex. Note the T2-dark cortical “ribbon” diffusely
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Fig. 23.52  A 21-day-old term neonate had a normal 3T MRI with 
GE T1WI (left column), SE T1WI (left middle column), SE T2WI 
(right middle column), and SWI (right column). The CSTs within the 
corona radiata (asterisks) are bright on GE T1WI but less so on SE 
T1WI; the dark signal is less visible on SE T2WI. There is slight “T1 

shine-through” on SWI.  The CSTs are contiguous with the white 
matter subjacent to the PRC (open arrows). The PRC is mildly bright 
on GE T1WI; it clearly appears myelinated on SE T2WI, appearing 
darker and thicker than the remainder of the cortex

Fig. 23.53  A 3-day-old term neonate had a normal 3T MRI with GE T1WI (left), SE T1WI (middle), and SE T2WI (right). The PRC (open 
arrows) appears slightly bright on GE T1WI, and slightly darker than the remainder of the cortices on SE T2WI
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Fig. 23.54  A 17-day-old term neonate had a normal 3T MRI with GE 
T1WI (left), SE T2WI (left middle), and axial reformats from a 3D 
FLAIR acquisition (right). The PRC (open arrows) is visualized as 

slightly brighter than the remainder of the cortex on GE T1WI, but 
clearly appears T2-dark (myelinated) and thicker than the remainder of 
the cortex on SE T2WI

Fig. 23.55  A 6-day-old term neonate had a normal 3T MRI with GE 
T1WI (left), SE T1WI (left middle), and SE T2WI (right). The PRC 
(open arrows) is visualized as slightly bright on GE T1WI, but clearly 

appears myelinated on SE T2WI, appearing darker and thicker than the 
remainder of the cerebral cortex. Note the T2-dark cortical “ribbon” 
diffusely

Fig. 23.56  A 4-day-old term neonate had a normal 3T MRI with GE 
T1WI (left), SE T1WI (left middle), and SE T2WIs (right middle and 
right). The PRC (open arrows) is visualized as slightly bright on GE 

T1WI, but it clearly appears myelinated on SE T2WI, appearing darker 
and thicker than the remainder of the cerebral cortex. Note the T2-dark 
cortical “ribbon” diffusely
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23.4	 �Comparison Cases of Hypoxic-
Ischemic Injury and Other Insults 
in Term Neonates

The abnormal cases shown in Figs. 23.57, 23.58, 23.59, 23.60, 
23.61, 23.62 23.63 and 23.64 should be compared with the 
appearance of T1 hyperintensity and corresponding T2 hypoin-
tensity within normally developing structures in the term neo-
nate, as well as T1-bright basal ganglia, VLT, PLIC, CST, and 
so forth. In particular, hypoxic-ischemic encephalopathy or 
injury (HIE/HII) should be suspected in the following situa-
tions: loss of the normally T2-dark cortical “ribbon” on SE 

T2WI; loss of the myelinated appearance of the PLIC on SE 
T2WI or GE T1WI; or a “blotchy” T1-bright appearance of the 
basal ganglia, VLT, PLIC, CST, or PRC on T1WI. Again, DWI 
is helpful to confirm findings, but it has been described as nor-
mal in some scenarios of confirmed insults, particularly when 
severely ill infants in the intensive care unit eventually undergo 
MRI at more than 1 week of age. The “blotchy” or “patchy” 
hyperintensity of the basal ganglia can be one of the hardest 
signs to discern. It has been suggested that bright signal within 
the PP greater than the PLIC on T1WI should raise suspicion 
for HII because the PLIC should be brighter, but this finding 
has yet to be confirmed prospectively at 3T.

Fig. 23.57  Comparison case of severe HII. A 2-day-old term neonate 
with respiratory distress had a 3T MRI. GE T1WI (left) showed loss of 
the normally T1-bright PLIC (thin arrows). The normally thin PLIC 
was also not visualized on SE T2WI (left middle), and a normal, 

T2-dark cortical “ribbon” was missing in several locations (dotted 
arrows). DWI (right middle) and an ADC map (right) confirmed HII in 
multifocal cortical regions, as well as in the VLT (arrows)

Fig. 23.58  Comparison case of severe HII. A 4-day-old term neonate 
with hypotonia following a respiratory event had a 3T MRI. GE T1WI 
(left) showed loss of the normal T1-bright central structures on the 
left, such as the basal ganglia, VLT, and PLIC, while on the right 
(bracket), these were too hyperintense, “blotchy,” and could not be 

discerned separately from each other. Note loss of the sulci (dotted 
arrows) and of the normal, T2-dark cortical “ribbon” on SE T2WIs 
(middle two images). DWI (not shown) and ADC maps (right) con-
firmed diffuse HII, worse on the left side
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Fig. 23.59  Comparison case of mild HII. A 1-day-old term neonate 
with prolonged seizures. Top row: 3T MRI with GE T1WI (left and left 
middle) showed intraventricular hemorrhage in the lateral ventricles 
(arrows), parietal edema (dotted arrows), and normal-appearing basal 

ganglia; SE T1WI was not useful (right middle and right). Bottom row: 
SE T2WI showed similar findings (left and left middle); DWI confirmed 
HII (right middle and right)
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Fig. 23.60  Comparison case of mild HII. An 8-day-old term neonate 
with birth asphyxia. Top row: On 3T MRI, the basal ganglia, PLIC, and 
VLT were normal on GE T1WI (left) and SE T1WI (left middle); SE 
T2WI (right middle) and FLAIR (right) both showed subtle edema 
within the callosal splenium (arrows) and occipital cortices (dotted 

arrows). Bottom row: DWI (left) confirmed only the splenial findings. 
At 4 months of age, a repeat 3T MRI with GE T1WI (left middle), SE 
T2WI (right middle), and FLAIR (right) showed both splenial and 
occipital atrophy. This illustrates how DWI occasionally may not show 
abnormalities (such as those in the occipital lobe in this case)
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Fig. 23.61  Comparison case of severe HII. Top row: A 3-day-old term 
neonate with respiratory failure had a coronal ultrasound (left) that 
noted cerebral edema. 3T MRI demonstrated diffuse, severe edema 
with loss of the sulci and of the normal, T2-dark cortical “ribbon,” as 
shown on coronal (middle) and axial (right) SE T2WIs. Bottom row: 

The normally T1-bright basal ganglia, VLT, and PLIC were not present 
on an axial GE T1WI (left), and the basal ganglia were also too dark on 
SE T2WI.  On DWI (middle), nearly the entire cortex and subjacent 
white matter were abnormal. Note how FLAIR (right) is underwhelm-
ing, even in the setting of severe HII

Fig. 23.62  Comparison case of moderate HII. A 2-day-old term neo-
nate delivered after fetal distress had a 3T MRI. SE T2WIs (left and left 
middle) demonstrated a normal, thin PLIC and basal ganglia, but the 
normal, T2-dark cortical “ribbon” was missing in several locations 

(dotted arrows), while the VLT (arrowheads) was too dark. DWI (not 
shown) and the ADC map (right middle and right) confirmed multifocal 
cortical HII, as well as injury of the VLT and callosal splenium (white 
arrows)
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Fig. 23.63  Comparison case of group B streptococcal meningitis. Top 
row: A 21-day-old term neonate with prolonged fevers and altered men-
tal status had coronal ultrasound images that demonstrated echogenic 
material within the subarachnoid space (arrows), which was considered 
suspicious for exudate. A 3T MRI was ordered the next day (with con-
trast, given the clinical history). Middle row: On MRI, SE T2WI (left 
three images) showed subtle blurring of the normal cortical ribbon 

(dotted arrows). Postcontrast GE T1WI (right) showed leptomeningeal 
enhancement (thin arrows), but suffered from motion. Bottom row: 
Postcontrast FLAIR (left images) better depicts the enhancement (thin 
arrows). One month later, a repeat contrast-enhanced GE T1WI (right) 
shows a new subdural empyema along the left convexity, with subjacent 
brain atrophy
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Fig. 23.64  Comparison case of hypomyelination and delayed sulca-
tion. A 4-day-old term neonate with severe hypotonia had a 1.5T MRI 
that showed a lack of the normal, bright PLICs (arrows) on GE T1WI 
(left) and SE T2WI (left middle). At higher levels, SE T2WIs demon-
strate a lack of the normally dark CSTs within the corona radiata (right 

middle), and lack of the normally dark PRC (open arrows). The sulci 
were shallow, and the gyri undersulcated, akin to those of an infant born 
at 32–33 weeks gestational age. Various tests did not identify the pre-
sumed genetic etiology
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23.5	 �Subcortical Low Signal on Diffusion-
Weighted Imaging in Neonates 
and Very Young Infants

On diffusion-weighted imaging (DWI) in the neonate, a 
transient appearance of certain regions of white matter can 
be seen in normal neonates, and can persist until about 1–2 
months of age. This characteristically dark appearance on 
DWI of the subcortical white matter (SCWM) and deep, 
periventricular white matter (PVWM) is usually noted 
within the frontal and parietal deep white matter. This 
appearance is likely related to the low signal on T1WI and 

high signal on T2WI, which are postulated to be due to the 
relatively high water content within such regions at this age, 
as demonstrated on apparent diffusion coefficient (ADC) 
maps and on prior diffusion tensor imaging (DTI) studies. 
This temporary appearance on DWI is also likely akin to the 
patchy, dark white matter appearance on CT at this age, 
which has been presumed related to the high water content. 
As the various white matter tracts myelinate and mature, the 
degree of anisotropy increases, reflecting tighter packing of 
fibers and a progressively decreasing concentration of free 
water (Figs. 23.65, 23.66, 23.67 and 23.68).

Fig. 23.65  An 8-day-old term neonate with hypotonia had a normal 
3T MRI and subsequent development. Top row: On DWI (left and left 
middle) there are patchy regions of hypointensity (arrows) that are 
bright on an ADC map (right middle) and dark on FLAIR (right), indi-
cating a higher concentration of free water. Bottom row: another MRI at 

2.5 months of age shows that the white matter and gray matter are isoin-
tense on DWI (left), “exponential” DWI (left middle), and on an ADC 
map (right middle). Note that on FLAIR (right), the white matter is now 
hyperintense relative to gray matter, which is a normal transition on 
FLAIR in infants
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Fig. 23.66  A 1-month-old term infant with difficulty breathing at birth 
(no imaging at that time) had a normal 3T MRI. On DWI (left), there 
was patchy low signal (arrows) in white matter areas that are bright on 

the ADC map (left middle) and SE T2WI (right middle), with dark sig-
nal on FLAIR (right), suggesting high water content. The patient devel-
oped normally

Fig. 23.67  A 7-day-old term infant with weakness had a normal 3T 
MRI. Top row: On DWI (left) and exponential DWI (left middle), which 
removes the T2 component of the DWI, there was asymmetric low sig-
nal (arrows) of left frontal PVWM, which was mildly bright on the 
ADC map (right middle) and SE T2WI (right). Bottom row: At 2.5 
months of age, the gray matter and white matter are isointense on DWI 

(left). At 10 months, the white matter is again slightly darkened relative 
to gray matter on DWI (left middle), but there is no white matter edema 
on an ADC map (right middle) or on T2WI (right). This higher signal 
of the cortex at birth may be due to its greater cell density on DWI (rela-
tive to white matter), while the SCWM and deep WM are still undergo-
ing myelination and may have a higher water concentration
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Fig. 23.68  A 1-month-old term infant with poor feeding and normal 
3T MRI. (No neonatal imaging was performed.) On DWI (left), there 
was unilateral, patchy low signal (arrow) in the right frontal PVWM, in 
a location that was normal on SE T2WI (left middle). At 3 months of 

age, DWI (right middle) showed gray and white matter that were isoin-
tense to each other. At 1 year of age (right), the white matter is diffusely 
mildly dark again relative to gray matter on DWI a normal appearance
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23.6	 �Normal Myelination in Infants 
and Young Children

The figures in this section illustrate the appearance of normal 
myelination and development at several age points ranging 
from 1 month to 2 years. It is quite important to be aware of 
the major milestones at these intervals, as many congenital or 
genetic inborn errors of metabolism that may be asymptom-
atic at birth or relatively invisible on neonatal MRI can become 
more apparent as the white matter matures. Additionally, other 
anomalies such as malformations of cortical development 
(including cortical dysplasias), white matter lesions, and 
sequelae of hypoxic-ischemic encephalopathy or injury can 
become more evident with normal brain maturation. Another 
reason to be aware of such milestones is that development at 
certain stages can even obscure lesions. For example, at 
approximately 8–10 months of age, the cortex and subjacent 
white matter can appear isointense to each other on T2WI. It is 
important to note that these milestones may be visualized a bit 
earlier at 3T field strength than at 1.5T.

It is helpful to be aware of a general overall pattern of 
myelination [6, 7, 15–24]. The most common rule of thumb 
has been that myelination generally progresses from poste-
rior to anterior and caudal to cephalad, based on structures 
the infant needs first:

	1.	 Caudal to Cephalad and Dorsal to Ventral
Examples: Brainstem → cerebellum; basal ganglia → cere-
bral cortex

	2.	 In a particular region, Posterior to Anterior
Examples: Dorsal brainstem → ventral brainstem; 
Occipital white matter → frontal white matter

	3.	 Myelination progresses more rapidly in systems used 
earlier in life
Examples: Brainstem: MLF, ML, ICP, SCP myelinated at 
birth → MCP later (transmits motor to cerebellum)
Examples: Cerebral white matter: calcarine (visual) and 
pre/postcentral gyri → posterior parietal, temporal, frontal 
white matter later

	4.	 Most myelination is completed by 2 years of age (except 
some PVWM and other terminal zones)

	5.	 Best times and sequences to assess myelination: T1WI: 
0–8 months; T2WI: 8–24 months

Other rules that may be helpful are described below. The 
subject of terminal zones (regions that are mildly hyperin-
tense on T2WI and myelinate later) on T2WI and FLAIR is 
discussed later, with more detailed descriptions of the 
PVWM, SCWM, and other locations. The images used in 
this chapter are from patients who were subsequently devel-
opmentally normal on clinical follow-up.

Table 23.2 is a brief compilation of particular milestones 
can be visualized with T1WI and T2WI at specific ages after 
the neonatal stage in term infants. It is not a comprehensive 
list; many more specifically named structures have been 
identified in detailed literature and texts [6, 7, 15–24]. Many 
of these structures are smaller and are not always visualized 
owing to technique (such as brainstem nuclei or tiny supra-
tentorial nuclei).
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Table 23.2  Myelination by age

Age T1WI (high signal) T2WI (low signal) Other

4–5 weeks Perirolandic gyri, deep cerebellar 
WM, optic tracts & optic chiasm

Perirolandic gyri, deep cerebellar 
WM, posterior limb of the internal 
capsule more apparent; optic tracts & 
optic chiasm

DWI: SCWM still dark vs 
cortex

2 months Patchy ↑T1 in centrum semiovale Patchy ↓T2 in centrum semiovale DWI: SCWM nears gray 
matter signal

3 months ALIC, occipital/calcarine WM; 
cerebellum being “adult-like”; SCWM 
brightening

Middle cerebellar peduncle, occipital/
calcarine WM, optic radiations, callosal 
splenium (at 3T), SCWM patchy (esp. 
at 3T), darkening of frontal and parietal 
gyri

FLAIR: bright PVWM (vs 
gray matter), dark PLIC

4 months Callosal splenium Perirolandic gyri similar to others; 
cerebral peduncles

DWI: SCWM no longer 
dark

6 months Ventral pons (3–6 mo); callosal genu Callosal splenium (1.5T); ventral 
brainstem now dark on T2; cerebral 
(6–12 mo) & cerebellar WM 
arborization (5–8 mo)

8 months Adult appearance (except anterior 
commissure & external capsule)

Callosal genu, most of ALIC, PVWM 
but “patchy” subcortical WM regions 
not yet myelinated begin to appear 
diffusely

10 months Anterior commissure WM & gray matter isointense to each 
other (8–10 mo)

12 months Anterior temporal lobe and 
orbitofrontal SCWM appear myelinated

ALIC completed (about 9–11 mo); 
cerebral WM arborization (occurs from 
6 to 12 mo)

FLAIR: isointense WM and 
gray matter

18 months Most WM completed except deep & 
anterior temporal

FLAIR: WM darkens

2 years Adult appearance except for terminal 
zones

FLAIR: WM darker

ALIC anterior limb of the internal capsule, DWI diffusion-weighted imaging, FLAIR fluid-attenuated inversion recovery, PLIC posterior limb of 
the internal capsule, PVWM periventricular white matter, SCWM subcortical white matter, WM white matter
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23.6.1	 �Normal Myelination in Infants: 
Appearance at the Age of 1–2 Months

At the age of 1–2 months, the extent of myelination is simi-
lar to that of the term infant. For example, the ventral brain-
stem remains hyperintense relative to the dorsal brainstem 
(pons and midbrain). However, those structures that are 
questionably myelinated (that is, T1-bright or T2-dark) are 
more discernibly myelinated at 4–8 weeks age, such as the 
cranial nerve V fascicle (CNV) and optic tract (OT), par-
ticularly on GE T1WI at 3T. On SE T2WI, the perirolandic 
cortex (PRC) may appear darker than adjacent frontal or 
parietal gyri; within the cerebellum, myelination of the nod-
ulus and corpus medullare should be clearly present. The 

optic chiasm (OC) and habenular commissure (HC) are 
myelinated but variably seen, usually owing to slice thick-
ness. The posterior limb of the internal capsule (PLIC) 
should be more apparent on SE T2WI. Finally, the callosal 
splenium (CS) may begin to darken at this age on SE T2WI, 
but this is an advanced finding. Later, around 6–8 weeks of 
age, the white matter begins to appear patchy on T1WI and 
T2WI within the deep, periventricular white matter (PVWM) 
of the centrum semiovale. On FLAIR, just after 2 months 
age, the white matter becomes transiently hyperintense rela-
tive to gray matter; this finding typically is no longer present 
by 10–12 months of age, but this phenomenon is not well 
described (Figs.  23.69, 23.70, 23.71, 23.72, 23.73, 23.74 
and 23.75).
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Fig. 23.69  A 4-week-old with fevers but a negative 3T MRI.  The 
patient was subsequently developmentally normal. Top row: SE T2WIs 
show darkening cerebellar white matter and nodulus (dotted ovals), 
medial leminisci (arrowheads), left CNV (beveled arrows), and inferior 
colliculi (wide arrows). The ventral brainstem overall remains hyperin-
tense. Second row: GE T1WIs do not depict the myelination of the cer-
ebellar deep white matter and nodulus as well, but the optic chiasm 
(OC) is better visualized as myelinated than on SE T2WI (box). The 

dorsal brainstem is slightly hyperintense. Third row: SE T2WIs depict 
myelinating optic tracts (curved arrows), PLICs (arrows), and DSCP 
(thin arrows). There may be early myelination of the CS (dotted 
arrows), better visualized on SE T2WI. Bottom row: GE T1WIs depict 
the myelinating optic tracts and PLICs better than SE T2WI, although 
the DSCP is not as well seen. The dark PRC (open arrows) is better 
visualized on T2WI
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Fig. 23.70  A 5-week-old with fevers and a negative 1.5T MRI. GE 
T1WIs (top row) show myelinated superior cerebellar peduncles 
(dashed arrows), optic tracts (curved arrows), PLICs (arrows), and 
centrum semiovale (asterisks), which are present but less visible on SE 

T2WIs (bottom row). SE T2WIs better depict the inferior colliculi 
(wide arrows) and DSCP (thin arrows), but these are not as dark as 
expected because the image was obtained at 1.5T
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Fig. 23.71  A 6-week-old with a normal 1.5T MRI obtained for sus-
pected retinoblastoma (X). Both spoiled GE T1WIs (top row) and SE 
T2WIs (bottom row) depict myelinated cerebellar white matter and 
nodulus (dotted ovals), inferior colliculi (wide arrows), DSCP (thin 
arrows), optic tracts (curved arrows), optic nerves (boxes), and PLICs 

(arrows). SE T2WIs show early darkening of the callosal splenium 
(dotted arrows). At this age, there is advanced myelination of the optic 
radiations (brackets). Note T2-dark amygdalae (white dashes on left 
middle image), not visible on T1WI
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Fig. 23.72  A 7-week-old with leg weakness and a negative 3T MRI of 
the brain and spine. Top row: GE T1WIs show myelinating superior 
cerebellar peduncles (dashed arrows), their decussation (thin arrows), 
medial leminisci (arrowheads), optic nerves (box), and HC (chevron). 
The PLIC is still quite bright. Second row: On SE T2WIs, note T2-dark 
signal of the same structures, as well as a darkening ventral brainstem, 
deep cerebellar white matter and nodulus (dotted oval), flocculi (^), and 
optic nerves. Also, note the T2-dark amygdalae (white dashes). Third 

row: SE T2WIs at a higher level show the darkening HC and callosal 
splenium (dotted arrows). Also, note darkening white matter within the 
centrum semiovale (asterisks). The PRC (open arrows) remains darker 
than the adjacent gyri. Bottom row: on FLAIR images, the optic radia-
tions and PVWM are beginning to appear hyperintense relative to the 
overlying cortices and to the basal ganglia. This phenomenon is tran-
sient, lasting until about 1 year of age
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Fig. 23.73  An 8-week-old with questioned trauma but a negative 3T 
MRI, who thereafter developed normally. Top row: GE T1WIs depict 
clear myelination of the optic tracts (curved arrows), DSCP (thin 
arrow), HC (chevron), and PLICs (arrows). The centrum semiovale 
continues to brighten (asterisks). Second row: SE T2WIs show evident 
myelination in the same structures; the HC and optic tracts are now 
clearly myelinated. Also, note darkening optic radiations (brackets) and 
CS (dotted arrow), better seen on SE T2WI. Third row: FLAIR images 

illustrate how the deep WM and PVWM have become hyperintense as 
compared with gray matter. This phenomenon is transient and typically 
fades later in the first year of life as the white matter matures. Bottom 
row: Six-directional diffusion tensor images were obtained to evaluate 
the fiber tracts, which were normal. Blue = craniocaudally oriented 
fibers; Green = anterior-posteriorly oriented fibers; Red = transversely 
oriented fibers
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Fig. 23.74  Comparison case of mild HII in a 5-week-old with recur-
ring apnea. Top row: GE T1WI (left images) and SE T2WI (right 
images) show “blotchy” bright signal on T1WI and dark signal on 
T2WI of the ventrolateral thalami (dotted arrows), posterior putamina, 

and PLICs (arrows), which appear somewhat blended together. Bottom 
row: DWI (left images) is negative at this stage, probably because it is 
several weeks postnatal, but abnormal signal remains on ADC maps 
(right images) within the thalami (dotted arrows)
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Fig. 23.75  Comparison case of subtle HII: A 4-week-old had benign 
enlargement of subarachnoid spaces (plus signs). GE T1WIs (top row) 
and SE T2WIs (bottom row) show normal myelination of the optic 
tracts (curved arrows), DSCP (thin arrow), and PRC (open arrows), but 

the bright signal on T1WI and dark signal on T2WI of the ventrolateral 
thalami, posterior putamina, PLICs (arrows), and corona radiata (aster-
isks) is too profound
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23.6.2	 �Normal Myelination in Infants: 
Appearance at the Age of 3–4 Months

By the age of 3–4 months, the extent of myelination is 
demonstrably quite different from the extent at 1–2 months 
in several key locations. For example, the ventral brainstem 
(pons and midbrain) typically becomes darker and nearer in 
signal intensity to the dorsal brainstem by this age on both 
GE T1WI and SE T2WI at 3T. Thus, structures such as the 
medial and lateral leminisci, cranial nerve V fascicle, and 
the superior cerebellar peduncle and its decussation become 
nearly isointense to the remainder of the brainstem on both 
sequences, and are much less discernible. On GE T1WI at 
3T, the anterior limb of the internal capsule (ALIC) and the 
callosal splenium (CS) are key structures that should appear 
“myelinated” at 3T on both sequences by age 4 months, par-
ticularly at 3T. As the white matter continues to “myelinate” 
it progresses generally posteriorly to anteriorly, which 
includes not only the corpus callosum, but also the frontal 
and parietal regions. Generally, the PVWM and SCWM tend 

to progress outwards from the PRC as well. By age 3 months, 
the adjacent frontal and parietal cortices are darkening on 
T2WI; they become the same or nearly the same signal inten-
sity as the PRC by 4 months. At 1.5T, the PVWM and SCWM 
begin to appear “patchy” by age 3 months on SE T1WI, and 
they may start appear isointense to, or difficult to discern 
from, the cortices by 3–4 months of age, although this 
appearance may occur slightly later (at 5–6 months) on GE 
T1WI or SE T1WI at 3T.

On FLAIR images at this age, the white matter typically 
appears homogeneously hyperintense within PVWM of the 
corona radiata, centrum semiovale, and optic radiations, rel-
ative to gray mattter. Again, this phenomenon is not well 
described, but it seems to abate to near the signal of cortex by 
age 10–12 months. Because of T2 hypointensity, the PLIC 
appears dark. On DWI, the PVWM-SCWM, darker than 
cortex neonatally and at 1–2 months of age, now becomes 
isointense (Figs.  23.76, 23.77, 23.78, 23.79, 23.80, 23.81 
and 23.82).
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Fig. 23.76  A 10-week-old with motor delays had a negative 3T MRI. 
Top row: GE T1WIs (left images) illustrate how the ventral pons is 
almost isointense to the dorsal pons. The optic radiations (brackets) are 
myelinating. Bright white matter of the corona radiata (asterisks) is 
extending further anteriorly and posteriorly. DWI (right) shows isoin-
tense PVWM-SCWM. Middle row: SE T2WIs (left images) also show 
that the ventral brainstem is becoming more isointense relative to the 
dorsal brainstem. The CS is darkening (dotted arrows), along with the 

corona radiata and optic radiations. The frontal and parietal cortices are 
darkening. Note hyperintense white matter on FLAIR (right). Bottom 
row: at 2.5 years of age, repeat SE T2WIs (left images) show clearly 
normal myelination in the structures noted above. The CS and optic 
radiations have myelinated normally. Note normal terminal zones of 
incomplete myelination (white double dashes). On FLAIR (right), the 
PVWM-SCWM have now become hypointense relative to gray matter
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Fig. 23.77  An 11-week-old with questioned trauma, who had a nega-
tive 3T MRI, and thereafter developed normally. Top row: GE T1WIs 
depict clear myelination of the cerebellar deep white matter and nodu-
lus (dotted oval), and flocculi (^). Note myelination of the optic radia-
tions (brackets), optic tracts (curved arrows), and optic nerves (box). 
Second row: SE T2WIs show evident myelination in the same structures 
noted on GE T1WI. In addition, note that the ventral brainstem is nearly 
isointense with the dorsal brainstem, and the optic radiations are quite 

T2-dark. Third row: GE T1Ws at higher levels demonstrate early 
myelination of the ALIC (arrowheads) and CS (dotted arrow). The 
deep PVWM of the corona radiata (asterisks) and centrum semiovale 
are becoming more diffuse and patchy. Bottom row: SE T2WIs do not 
show early myelination of the ALIC (arrowheads) as well as GE 
T1WIs. As myelination of the deep white matter spreads, the frontal 
and parietal gyri darken to the degree of the PRC (open arrows)
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Fig. 23.78  A 13-week-old with possible abusive trauma, who had a 
negative 3T MRI, and developed normally. Top row: FLAIR images 
show the hyperintense PVWM and SCWM, which regresses by 1 year 
of age. Note the dark PLIC (arrows). At 3 years of age (right), note that 
the gray matter-white matter pattern has reversed to the adult appear-
ance. Second row: SE T2WIs show PLIC myelination. The centrum 
semiovale is darkening (asterisks). The frontoparietal gyri have dark-
ened nearly to the PRC (open arrows). At 3 years of age, there is white 

matter reversal akin to an adult (right). Third row: GE T1WIs show 
myelinating PLIC-corticospinal tracts. The ALIC (arrowheads) has 
early myelination, as does the CS (dotted arrows), which are not as well 
seen on SE T2WI. The centrum semiovale (asterisks) is myelinating. 
Bottom row: Repeat GE T1WIs at 3 years of age illustrate completed 
myelination, with normal appearances of the ALIC, CS, and the cen-
trum semiovale (asterisks). Note that myelination of the anterior com-
missure (dotted box) is also completed
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Fig. 23.79  A 14-week-old with possible seizures had a negative 3T 
MRI with SE T2WIs (top row). Compared with a 3T MRI at 5 days of 
age (bottom row), the pons is now homogeneous in signal, the medial 
leminisci (arrowheads) are no longer discernible within the pons, and 

the PLIC (arrows) has become more discernible and entirely dark. The 
frontal and parietal gyri are nearly isointense to the PRC (open arrows). 
The cerebellar white matter is myelinated (dotted ovals)

Fig. 23.80  A 16-week-old with head enlargement (benign enlarge-
ment of subarachnoid spaces) had a negative 3T MRI with GE T1WIs 
(top row) and SE T2WIs (bottom row). The pons is homogeneous in 
signal. Myelination of cerebellar white matter appears complete. The 

ALICs (arrowheads) appear to be myelinating on T1WI, but are not 
well visualized on T2WI. There has been progression in myelination of 
the optic radiations (brackets), CS (dotted arrows), and centrum semi-
ovale (asterisks) on both sequences
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Fig. 23.81  Comparison case of mild hypomyelination in cobalamin C 
defect. A 14-week-old with developmental delay had a 3T MRI with 
GE T1WIs (top row) and SE T2WIs (bottom row). Although there 
appears to be maturation (i.e., myelination) of the PLICs-corticospinal 

tracts (arrows) on both sequences, the ALIC (arrowheads) and CS (dot-
ted arrows) should be myelinated by this age, and myelination has not 
spread far enough within the corona radiata

Fig. 23.82  Comparison case of megancephalic leukoencephalopathy 
with subcortical cysts (van der Knaap disease). A 14-week-old with 
motor delay had a 3T MRI with SE T2WIs (top row). Note the quite 
T2-bright edema that has been called “cysts” within the anterior tempo-
ral and high parietal lobes (asterisks), which are dark on both T1WI 

(bottom left) and FLAIR (bottom, left and right of middle). On DWI 
(bottom right), these are nearly as dark as CSF. Also, on T2WI, note that 
the callosal genu (CG) (dashed arrow) and the callosal splenium (CS) 
(dotted arrow) are relatively spared
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23.6.3	 �Normal Myelination in Infants: 
Appearance at the Age of 5–6 Months

By the age of 6 months, several keys structures should be 
clearly myelinated. Most notably, the ventral brainstem 
(pons and midbrain) has darkened to the point that the brain-
stem should appear homogeneously hypointense on SE 
T2WI. Thus, the various pontine nuclei and tracts should be 
far less discernible and nearly isointense to the remainder of 
the pons on both sequences. The callosal genu (CG) should 
be visibly myelinated on GE T1WI at 3T, and typically on 
SE T2WI as well, if performed at 3T; the CG may appear 
myelinated a bit later (at 8 months) at 1.5T. By 5–6 months, 
the callosal splenium (CS) should appear clearly myelinated 
on both sequences, particularly at 3T, as should the cerebral 
peduncles (CP). At about 5 months of age, the CS may 
appear quite bright relative to the CG on T1WI in the sagittal 
plane; this appearance is normal and at times is striking. 
Both the anterior limb of the internal capsule (ALIC) and 
external and extreme capsules (EC) should have definite 
bright signal on T1WI at both 1.5T and 3T, but they may not 
be visible on SE T2WI, whether at 1.5T or 3T. In general, at 
3T, white matter maturation on SE T2WI may be nearly 
equivalent to GE T1WI or may lead GE T1WI in some struc-
tures, whereas at 1.5T, the visualization of white matter mat-
uration on SE T2WI definitely trails both GE T1WI and SE 
T1WI.

As the myelination of the white matter continues, it pro-
gresses further anteriorly, and also peripherally into the 
SCWM from the PVWM. By 6 months, the adjacent frontal 
and parietal cortices have darkened on T2WI so that they are 
of the same signal intensity as the PRC. Notably, myelina-
tion of the SCWM commences at about 3 months of age 
(exception for motor and visual regions, which are earlier), 
and the white matter continues to myelinate in a general 
posterior-to-anterior direction, so that the anterior temporal 
white matter (ATWM) myelinates last (except for normal 
PVWM “terminal zones”) [1, 6–8]. At this age, there is usu-
ally visible myelination of the deep white matter (WM) and 
SCWM underlying the PRC and occipital regions, whereas 
the anterior frontal and parietal gyri are less mature. 
Barkovich also describes myelination extending peripherally 
in the SCWM until about 7 months of age in the occipital 
region and by 8–11 months in the frontotemporal regions. 
Thus, by this author’s experience, the PVWM and SCWM 
can appear inhomogeneous at this age, and can obscure sub-
tle abnormalities such as malformations of cortical develop-
ment, white matter insults such as focal gliosis, or mild 
hypomyelination. In such instances, it may be prudent to rec-
ommend follow-up imaging at about 1 year of age, when the 
white matter is more mature. On FLAIR, deep WM and 
PVWM of the corona radiata, centrum semiovale, and optic 
radiations remain hyperintense relative to gray matter 
(Figs.  23.83, 23.84, 23.85, 23.86, 23.87, 23.88, 23.89 and 
23.90).
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Fig. 23.83  A 5.5-month-old with a possible visual deficit had a nega-
tive 1.5T MRI with GE T1WI (top left), SE T2WI (top, left middle), and 
FLAIR (top, right middle). The ALICs (arrowheads) are maturing on 
T1WI and are only slightly dark on T2WI. The PVWM is bright on 
FLAIR; a FLAIR image 13 years later in the same patient (top, right) 

shows the PVWM reversal. On a sagittal GE T1WI at 5.5 months of age 
(bottom left), note the bright CS (dotted arrow) and dark CG (dashed 
arrow), as compared with a SE T1WI at age 13 years (bottom right). 
Also note the myelinated optic chiasm (curved arrows)
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Fig. 23.84  A 5.5-month-old with a possible seizure, who had a nega-
tive 3T MRI and thereafter developed normally. Top row: GE T1WIs 
show clear myelination of the cerebellar deep WM. Note cranial nerve 
V fascicles (beveled arrows) and myelination of the optic radiations 
(brackets), ALIC (arrowheads), and CS (dotted arrow). Second row: SE 
T2WIs illustrate the brainstem’s homogeneously dark appearance. The 
CS has undergone myelination, but the CG (dashed arrows) has not. 

The frontoparietal gyri are nearly isointense to the PRC. Third row: 3D 
acquisition axial FLAIR images illustrate how the PVWM and SCWM 
remain hyperintense. The anterior commissure can be discerned (dotted 
box, and is not yet myelinated on T1WI or T2WI. Bottom row: 3D sagit-
tal GE T1WI (left) and FLAIR (right) show T1-bright myelination of 
the CS but not the CG, causing the CG to appear bright on FLAIR but 
dark on T1WI. Note the myelinated optic chiasm (curved arrows)
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Fig. 23.85  A 5.75-month-old with a questioned developmental delay, 
who had a negative 1.5T MRI and subsequently normal development. 
In general, note progressing myelination within the centrum semiovale 
(asterisks), as the PRC and occipital deep WM and SCWM are mostly 
myelinated; the frontal and parietal WM are less mature. Top row: GE 
T1WIs illustrate that the decussation of the cerebellar peduncles (thin 
arrows) and brachia of the inferior colliculi (wide arrows) still appear 
hyperintense relative to the remainder of the midbrain on T1WI. The 
optic radiations (brackets), CS (dotted arrow), and ALIC (arrowheads) 
all appear to be myelinating. Second row: On SE T2WIs, the decussa-

tion of the superior cerebellar peduncles and brachia of the inferior col-
liculi do not stand out relative to the rest of the brainstem, as they do on 
T1WI. Note that the optic radiations and CS show slight maturation/
myelination, but to a lesser degree than on T1WI, perhaps because this 
is at 1.5T. Bottom row: On a sagittal T1WI at midline (left), note bright 
signal within the CS and posterior callosal body, whereas the CG still 
appears unmyelinated. Note the myelinated optic chiasm (curved 
arrow). Even at 1.5T field strength on FLAIR (middle and right), the 
PVWM and SCWM appear hyperintense relative to cortical gray 
matter
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Fig. 23.86  A 6-month-old with altered mental status underwent a neg-
ative 3T MRI, and thereafter developed normally. Note progressing 
myelination within the centrum semiovale (asterisks), as the PRC (open 
arrows) and occipital white matter are quite mature. Top row: GE 
T1WIs illustrate myelination of the optic radiations (brackets), CS (dot-
ted arrows) and ALIC (arrowheads). The CG (dashed arrow) is mildly 
hyperintense. The anterior commissure (dotted box) is unmyelinated. 
Second row: SE T1WIs also demonstrate myelination of the abovemen-
tioned structures, but they are much less visible on SE T1WI at 3T than 

on GE T1WI. Note clearly myelinated white matter underlying the PRC 
(open arrows). Third row: SE T2WIs also depict myelination of the 
abovementioned structures, which is slightly less visible than on GE 
T1WI, especially the optic radiations and ALIC. However, the “edge” 
of myelination is more visible on T2WI (black dashes). Bottom row: On 
a midline sagittal T1WI (left), note bright signal within the CS and pos-
terior callosal body (dotted arrows); the CG (dashed arrow) is unmy-
elinated. On SWI (middle), the ALIC and CS are slightly bright. A 
NECT (right) is normal
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Fig. 23.87  A 6-month-old with “spells” who underwent a negative 3T 
MRI and thereafter developed normally, with another normal MRI at 15 
months of age. Note progressing myelination of the centrum semiovale 
(asterisks). Top row: GE T1WIs (leftmost images) illustrate myelination of 
the optic radiations (brackets), CS (dotted arrow) and ALIC (arrowheads). 
The external capsules (crooked arrows) are maturing. Note bright white 
matter on FLAIR (right). Second row: GE T1WIs (leftmost images) at 15 
months of age show further myelination of the structures noted above. The 

centrum semiovale has darkened on FLAIR (right). The anterior commis-
sure (dotted box) has myelinated. Third row: SE T2WIs at ages 6 months 
(left two images) and 15 months (right two images) illustrate progressive 
myelination of the anterior commissure, CS, and coronal radiata, though 
the external capsule is not completed. Bottom row: On a midline sagittal 
T1WI at age 6 months (left), note bright signal of the CS and posterior cal-
losal body (dotted arrows); the CG (dashed arrow) is unmyelinated. At age 
15 months (right), the CG has myelinated and is thicker
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Fig. 23.88  Comparison case of hypomyelination in congenital peri-
sylvian polymicrogyria. A 5-month-old with motor delays had a 1.5T 
MRI with T1 FLAIR (leftmost images) and SE T2WI (right). The 
ALICs (arrowheads), CS (dotted arrow) and CG (dashed arrow) were 

poorly myelinated, whereas the PLICs (arrows) were myelinated. The 
centrum semiovale (asterisks) is poorly myelinated. The polymicrogy-
ria (thin arrows) is better visualized on SE T2WI in this patient

Fig. 23.89  Comparison case of hypomyelination in GM1 gangliosido-
sis. A 5.5-month-old with weakness had a 1.5T MRI with SE T2WIs 
(leftmost images) and FLAIR (right). The ALICs (arrowheads), CS 
(dotted arrow), and CG (dashed arrow) were unmyelinated. The PLICs 

(arrows) were small and unmyelinated. The centrum semiovale (aster-
isks) is poorly myelinated. On FLAIR, note the lack of the normal, dark 
PLIC. The thalami are darkened relative to the basal ganglia
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Fig. 23.90  Comparison case of hypomyelination in congenital muscu-
lar dystrophy (unknown type). A 6-month-old with seizures had a 1.5T 
MRI with SE T2WIs. The ALICs (arrowheads) and the CG (not shown) 
were not myelinated. The PLIC (arrows) was too small and largely 

unmyelinated. Note bilateral occipital polymicrogyria (thin arrows), 
abnormal central cerebellar WM (bolded arrows), and a lack of SCWM 
maturation deep to the PRC (open arrows)
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23.6.4	 �Normal Myelination in Infants: 
Appearance at the Age of 7–8 Months

An important concept is that by the age of 7–8 months, the 
white matter appearance on T1WI in general should appear 
nearly the same as for an adult, with the exception of small 
patches within the PVWM or SCWM in the most anterior 
temporal or frontal lobes, or in normal terminal zones (dis-
cussed later 23.6.7). In particular, on T1WI at 3T, by this 
time the SCWM should appear myelinated out to the cortex 
in the posterior occipital regions (especially the visual cor-
tex), whereas the SCWM within the most anterior portions of 
the frontal and temporal lobes may lag until 11 months, per-
haps creating an appearance of “patchy SCWM,” which is 
discussed in more detail in the next section 23.6.5. Such tiny 
regions of incomplete myelination (as well as normal termi-
nal zones) may be better visualized on T1WI if obtained at 
3T with thinner sections, particularly by a GE T1WI 3D 
acquisition that is isotropic (i.e., equal diameter of the 
acquired voxel in all three dimensions). In general, however, 
SE T2WI usually better depicts incomplete white matter 
maturation after 7 months of age, whether such regions are 
normal or not.

On GE T1WI at 3T, each of the structures mentioned in 
prior sections should again be clearly myelinated by this 
time, including the anterior limb of the internal capsule 
(ALIC), the callosal genu, and the optic radiations, though 
small regions of incompletely myelinated white matter may 
be seen in certain locations only on higher resolution or 
thinner-section (<4 mm) images. The external capsule and 
extreme capsule are difficult to discern from each other, but 
should appear myelinated on GE T1WI at 3T. Notably, one 
such structure that is often not visibly myelinated or mature 
by this point is the anterior commissure; it usually appears 
myelinated by 9–10 months on T1WI. These rules generally 
apply whether the acquisition is at 1.5T or 3T, although at 
3T, GE T1WI is preferred to assess the degree of 
myelination.

On SE T2WI, however, the appearance and degree of 
myelination may appear quite different and overall much 
less mature than that seen on T1WI, both globally and for 
particular structures, especially if it is compared with GE 
T1WI at 3T.  This difference likely relates to the dynamic 
component of PVWM and SCWM within the frontal WM 

anterior to the perirolandic regions, supraventricular WM, 
and deep temporal WM at this point, where there can be a 
fair amount of variability between patients. Therefore, this is 
an important age to be aware of critical milestones for matu-
ration. For example, by the age of 7–8 months, the ALIC 
may not appear entirely myelinated on SE T2WI, although it 
should be clearly apparent on T1WI; on T2WI, this matura-
tion may not occur until about 9–10 months. This structure 
often appears slightly darkened on SE T2WI at 3T, but it is 
usually not nearly as dark as the PLIC.  The callosal genu 
should appear to be maturing and is darkening on T2WI, 
although it may not appear as dark as the callosal splenium. 
The external or extreme capsules may now be visible as they 
start to darken as well. Regarding the PVWM of the centrum 
semiovale (just above the lateral ventricles on axial images) 
and corona radiata (on axial images near the top of the lateral 
ventricles just above the PLIC as the fibers “radiate” into the 
PVWM), such regions of PVWM may appear quite patchy 
on T2WI because of incomplete myelination, and this 
“patchy white matter” appearance is much more visible on 
T2WI than on T1WI.  Typically, the PVWM and SCWM 
appear to myelinate in a generally bidirectional fashion that 
extends both anteriorly and posteriorly from the perirolandic 
cortices (PRC) and the subjacent SCWM. This appearance 
also occurs at earlier ages, but it can vary between being 
rather pronounced versus a slow gradient of myelination 
bidirectionally from the PRC.  Similarly, by this point, the 
frontal and parietal cortices at the same level as the PRC on 
axial images should appear isointense to the PRC, even if 
their subjacent SCWM is slightly less mature. The occipital 
SCWM surrounding the visual cortex and the optic radia-
tions also should appear quite mature, with the exception of 
periatrial terminal zones immediately surrounding the lateral 
ventricles. Further anteriorly on axial images, the anterior 
temporal lobes may exhibit sparse deep WM or SCWM 
myelination and maturation.

On FLAIR, white matter within the deep WM and PVWM 
of the corona radiata, centrum semiovale, and optic radia-
tions remains hyperintense relative to gray matter, but the 
deep WM is starting to darken. White matter typically 
becomes isointense to gray matter on FLAIR at about 11–12 
months of age, after which it further darkens relative to cor-
tex (Figs. 23.91, 23.92, 23.93, 23.94 and 23.95).
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Fig. 23.91  A 7-month-old with focal, palpable hyperostosis anteriorly 
had a normal 3T MRI with GE T1WIs (left images) and SE T2WIs 
(right images). Note maturation of the CS (dotted arrows) on both 
sequences. The external capsules (curved arrows), CG (dashed arrows), 

and ALIC (arrowheads) have started to darken on T2WI, but are not 
complete. Note bright PVWM anteriorly on T2WI; the WM subjacent 
to the PRC (asterisks) appears mature (right)
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Fig. 23.92  A 7.5-month-old with a scalp lesion underwent a negative 
3T MRI, and thereafter developed normally. On these images, note the 
steep, bidirectional gradient of myelination from the white matter sub-
jacent to the PRC. Top row: A midline sagittal GE T1WI (left) and sagit-
tal SE T2WI (right) illustrate that the brightest area of myelination on 
T1WI is the callosal midbody (large dotted arrow). The CG is not as 
bright as the CS, and the CS is thickening. Second row: Axial GE 
T1WIs illustrate maturation of the optic radiations (brackets), CS (dot-

ted arrow) and ALIC (arrowheads); the CG (dashed arrow) is also 
bright, but less so. The external capsules (ECs) (crooked arrows) are 
relatively mature. Bottom row: SE T2WIs also illustrate early myelina-
tion of the ALIC and CG. The ECs are not as mature as on GE T1WI, 
and the anterior commissure has not matured (dotted box). Note that the 
deep white matter of the optic radiations and PRC (asterisks) are 
myelinated but the orbitofrontal regions are not
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Fig. 23.93  A 7.5-month-old with developmental delay with a negative 
3T MRI. SE T2WIs (left images) and FLAIR (right images) show early 
maturation of the ALIC (arrowheads), CG (dashed arrows), and ECs 
(crooked arrows), which are all mildly dark, but not as much as the CS 

(dotted arrows). The white matter deep to the PRC is rather mature, and 
is much darker than the anterior frontal or posterior parietal deep white 
matter. The orbitofrontal white matter is quite immature

Fig. 23.94  Comparison case of subacute hypoxic-ischemic injury 
(HII). A 7-month-old remained unresponsive 8 days after a prolonged 
seizure from a febrile illness. A 3T MRI demonstrated diffuse hyperin-
tensity of the cortex and basal ganglia on SE T2WIs (top, left three 
images) and on FLAIR (top, right). GE T1WIs (bottom, left two images) 

show diffuse edema and blunting of gray-white matter differentiation. 
DWI (bottom, right middle) and ADC map (bottom, right) depict a dif-
fuse deep WM and SCWM insult that is typical of the subacute phase of 
severe HII
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Fig. 23.95  Comparison case of sequela of infarction. A 7-month-old 
with right-sided weakness had a 3T MRI that showed thinning of the 
left optic radiations white matter, with overlying small, shrunken gyri 
(thin arrows) on T2WI (left) and FLAIR (left middle), as well as 

prominence of the lateral ventricular trigone. The prior MRI from age 7 
days confirmed findings of left middle cerebral artery distribution 
infarcts on T2WI (right middle) and DWI (right)
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23.6.5	 �Normal Myelination in Infants: 
Appearance at the Age of 9–10 Months

By the age of 9–10 months, the white matter appearance on 
T1WI generally is nearly that of an adult; it appears to have 
matured even within the PVWM and SCWM, although there 
is often sparing of myelination within the most anterior tem-
poral or frontal lobes, or in normal terminal zones (discussed 
later 23.6.7). In particular, by this time, the SCWM on GE 
T1WI at 3T appears myelinated out to the cortex in all but 
the most anterior portions of the frontal and temporal lobes, 
which may lag until 11–12 months. On SE T2WI, such lag-
ging may create the appearance of patchy SCWM, which can 
be seen even overlying normally myelinating and maturing 
deep WM in regions that are immediately anterior and poste-
rior to the SCWM of the perirolandic cortices, while appear-
ing entirely myelinated on T1WI. This appearance of patchy 
SCWM likely lasts until about 12 months of age. Again, in 
general, SE T2WI is usually superior for assessing white 
matter maturation after the age of 7–8 months, and for detect-
ing subtle regions of hypomyelination, because the white 
matter appears mature on T1WI by that age.

On GE T1WI at 3T, each of the structures mentioned in 
prior sections should again be clearly myelinated by this 
time, including the anterior limb of the internal capsule 
(ALIC), callosal genu (CG), external and extreme capsules 
(difficult to separate from each other on sections thicker than 
1 mm), and the optic radiations. The SCWM and deep WM 
should appear mature in all but the most anterior temporal 
and anterior and inferior frontal lobes (such as the orbito-
frontal region). The anterior commissure should be myelin-
ated/mature by this point; it usually appears myelinated by 
9–10 months on T1WI. These rules generally apply whether 
the acquisition is at 1.5T or 3T, although at 3T, GE T1WI is 
preferred to assess the degree of myelination.

Again, the appearance and degree of myelination is 
quite different and seems less mature on SE T2WI than on 
T1WI, especially using GE T1WI at 3T. The difference is 
likely related to the dynamic myelination of PVWM and 
SCWM at this time. At 9–10 months of age, within the 
frontal WM anterior to the perirolandic regions, supraven-
tricular WM, and deep temporal WM, there can be a fair 
amount of variability between patients, particularly with 
regards to the appearance of the “patchy SCWM”. Critical 

milestones to be aware of at this age are that the ALIC 
should be almost completely myelinated on SE T2WI, and 
should appear nearly as dark as the posterior limb of the 
internal capsule (PLIC). The callosal genu (CG) also 
should appear nearly as dark as the callosal splenium (CS). 
The external or extreme capsules (EC) are usually becom-
ing apparent, but typically are not nearly as dark as the 
internal capsule (whether ALIC or PLIC) on SE T2WI at 
3T, although the EC appears quite mature on GE T1WI at 
3T. Regarding the PVWM of the centrum semiovale (just 
above the lateral ventricles on axial images) and the corona 
radiata (on axial images near the top of the lateral ventri-
cles just above the PLIC as the fibers “radiate” into the 
PVWM), such regions of PVWM continue to also appear 
quite “patchy” on T2WI. This “patchy WM” appearance is 
becoming less so as the WM myelination is extending in a 
generally bidirectional fashion both anteriorly and posteri-
orly from the PRC and at the same time is becoming more 
homogeneous. By this point, the frontal and parietal corti-
ces at the same level as the PRC on axial images should 
appear isointense with the PRC, even if their subjacent 
SCWM is slightly less mature. Finally, the far anterior tem-
poral lobes and the anteriormost orbitofrontal gyri (i.e., the 
gyrus rectus and the medial, middle, and lateral orbital 
gyri) may have little deep WM or SCWM myelination at 
this time. Another interesting finding at the level of the 
brainstem is that the dorsal brainstem may start to appear 
mildly hyperintense at this age, particularly the pons and 
pontomesencephalic junction, though it appears homoge-
neous in signal on T1WI.

On FLAIR, white matter within the deep WM and PVWM 
of the corona radiata, centrum semiovale, and optic radia-
tions remains hyperintense relative to gray matter. However, 
the deep WM is starting to darken. The isointense appear-
ance of white matter and gray matter on FLAIR typically 
occurs at about 11–12 months of age, after which the white 
matter further darkens relative to cortex. However, normal 
terminal zones within the PVWM (such as within the peritri-
gonal regions) start to become apparent as mildly bright sig-
nal on FLAIR at this time. They can be mistaken for disease 
such as periventricular leukomalacia, sequela of term neo-
natal hypoxic-ischemic encephalopathy or injury, white mat-
ter disease, or hypomyelination (Figs. 23.96, 23.97, 23.98, 
23.99, 23.100, 23.101 and 23.102).
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Fig. 23.96  A 8.75-month-old with mild motor delays underwent a 
negative 3T MRI, and thereafter developed normally. In general, the 
SCWM on these images appears much more mature on GE T1WI than 
on SE T2WI. Top row: The pons is homogeneous in signal on GE T1WI 
(left), but is mildly bright dorsally (beveled arrows) on T2WI (left mid-
dle) and FLAIR (right middle). DWI (right, top) and exponential DWI 
(right, bottom) show no edema. Second row: Axial GE T1WIs illustrate 
myelination of the ALIC (arrowheads), CG (dashed arrow), CS (dotted 
arrow) and EC (crooked arrows). Note incomplete maturation of the 

anterior temporal white matter (ATWM) (dashes) and orbitofrontal 
WM (OFWM) (circles). Third row: SE T2WIs also depict progressive 
myelination of the ALIC and CG. The ECs are hardly dark, and not as 
mature as on GE T1WI. Note that white matter subjacent to the PRC 
(asterisks) is myelinated, but the orbitofrontal regions are not. Bottom 
row: FLAIR images (left two images) show that the white matter 
remains bright relative to gray matter, and the PLIC (arrows) remains 
dark. A midline sagittal T1WI (right) shows that the CG is still less 
hyperintense than the CS
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Fig. 23.97  A 9.5-month-old with abnormal movements had a negative 
3T MRI, and normal development. Sagittal GE T1WI (top, left) shows 
a mature CS (dotted arrow) and CG (dashed arrow). Axial T1WIs (top, 
right three images) show mature ALICs (arrowheads) and ECs (crooked 
arrows), which are mildly dark on SE T2WIs (bottom, right three 

images), but not as much as the CS. The WM deep to the PRC (aster-
isks) is mature and is much darker than the anterior temporal deep WM 
and SCWM (dashes). Note a mildly bright dorsal pons (beveled arrows) 
on T2WI and on FLAIR (bottom left)
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Fig. 23.98  A 9.75-month-old with growth hormone deficit had a nor-
mal pituitary MRI at 3T. A sagittal SE T2WI (top left) shows a mature 
CS (dotted arrow); the CG (dashed arrow) is slightly less T2-dark. 
Further laterally, T2WI (top middle) depicts mature WM deep to the 
PRC (asterisk), but the OFWM (circle) is far less mature. This finding 

is also shown on a T2-like b = 0 DWI (top right). Note the normal, 
“patchy” frontal SCWM (thin arrows) on sagittal and coronal T2WIs 
(bottom left). A coronal T1WI (bottom middle) is normal. There is still 
mildly bright WM on FLAIR (bottom right)
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Fig. 23.99  A 10-month-old with failure to thrive underwent a negative 
3T MRI.  In these images, the SCWM appears generally much more 
mature on GE T1WI than on SE T2WI, particularly within the OFWM 
(circles). Top row: On GE T1WI, the pontine signal is relatively homo-
geneous (beveled arrows). The anterior commissure is now mature 
(dotted box). The CS (dotted arrow), CG (dashed arrow), and EC 
(crooked arrows) are mature. Second row: SE T2WIs illustrate a mildly 

hyperintense dorsal brainstem. The ALIC is myelinated (arrowheads); 
the EC and anterior commissure are less mature. Note myelination deep 
to the PRC (asterisks), which tapers anteriorly. Bottom row: A sagittal 
GE T1WI (left) shows that the CG is still less bright than the CS. Note 
“patchy” SCWM (thin arrows) on coronal SE T2WIs (middle and 
right), being more prominent anteriorly, where the SCWM is less 
mature
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Fig. 23.100  A 10-month-old with a seizure had a negative 3T MRI, 
and developed normally. A GE T1WI (left) shows the dorsal pons (bev-
eled arrows) to be slightly dark, but better visualized as bright on SE 

T2WIs (right three images). The WM deep to the PRC (asterisks) is 
mature and is much darker than the anterior temporal SCWM (dashes) 
and orbitofrontal SCWM (circles)

Fig. 23.101  Comparison case of Hurler’s mucopolysaccharidosis. A 
9.5-month-old had abnormal deep WM and SCWM on a 3T MRI, with 
blurring of the gray-white junction (arrows) on GE T1WI (top, left), 
FLAIR (top, left middle), and SE T2WI (top, right two images). 
Typically, the posterior white matter is more mature, but the reverse is 

true in this case. Note dilated perivascular spaces (thin arrows). Also, 
on sagittal GE T1WI (bottom left) and sagittal 3D FLAIR (bottom 
right), there is a “J-shaped” contour of the bony sella (^) and odontoid 
capping (split arrows), which is typical of Hurler’s
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Fig. 23.102  Comparison case of GM2 gangliosidosis (Sandhoff’s dis-
ease). In a 10-month-old, a 3T MRI showed diffusely poor myelination 
on SE T2WIs (top row), with a severely thin corpus callosum on sagittal 
T1WI (bottom left). Note failed myelination of the ALIC (arrowheads), 
CG (dashed arrows), optic radiations (brackets), and corona radiata 

(asterisks). There are abnormalities within the cerebral peduncles (thin 
arrows) and pulvinar nuclei (small white upward arrows). At ages 13 
months (bottom middle) and 16 months (bottom right), repeat SE 
T2WIs at 3T show little progression in myelination
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23.6.6	 �Normal Myelination in Infants: 
Appearance at the Age of 11–13 
Months

By the age of 11–12 months, the white matter appearance on 
T1WI appears the same as in an adult. It has further matured 
within the PVWM and extends further peripherally into the 
SCWM. The myelination may still be immature within the 
anterior temporal WM (ATWM), orbitofrontal WM 
(OFWM), and in normal terminal zones (discussed later 
23.6.7). By this time on GE T1WI at 3T, the SCWM appears 
myelinated out to the cortex in all but the most anterior por-
tions of the frontal and temporal lobes, which should appear 
myelinated by 12–13 months (i.e., by the end of the first year 
of life). SE T2WI often still show the lagging of maturation 
within subcortical WM, and this “patchy SCWM” appear-
ance can be seen even overlying mature deep WM in the 
anteriormost frontal and temporal lobes. Such patchy SCWM 
should not be present subjacent to or immediately anterior or 
posterior to the perirolandic cortices (PRC). This appear-
ance of patchy SCWM likely lasts until about 12–13 months 
of age, but it has not been well described. In general, SE 
T2WI is usually superior in the assessment of WM matura-
tion after age 7–8 months, and it is also superior to T1WI in 
detecting WM lesions after that time.

On GE T1WI at 3T, each of the structures mentioned in 
prior sections, such as the anterior commissure, ALIC, CG, 
EC, and optic radiations, should be clearly myelinated by 
this time. There may be areas of isointense white matter (rel-
ative to gray matter) on T1WI that are analogous to the 

“patchy SCWM” on T2WI, lasting on T1WI until about 
12–13 months of age. Note that normal terminal zones pos-
terolateral to the lateral ventricular trigones may also appear 
isointense to gray matter.

On SE T2WI, the appearance and degree of myelination 
appears quite different and less mature than on T1WI, but the 
WM anterior and posterior to the perirolandic regions has 
been rapidly extending, particularly posteriorly, where even 
the SCWM of the occipital and parietal regions should be 
almost completely mature (again, with the exception of nor-
mal terminal zones). A gradient of myelination/maturity of 
the WM on axial images often remains just above the lateral 
ventricles, where the anteriormost deep WM may still appear 
slightly immature. The far anterior temporal lobes, the ante-
riormost orbitofrontal gyri (the gyrus rectus and the medial, 
middle, and lateral orbital gyri), and the subinsular WM may 
still have relatively immature deep WM or SCWM at this 
time, but it should be progressing. Finally, the dorsal brain-
stem may remain mildly bright.

On FLAIR, white matter within the deep WM and PVWM 
of the corona radiata, centrum semiovale, and optic radia-
tions starts to appear isointense to gray matter, as the white 
matter continues to darken relative to the cortex. However, 
normal terminal zones within the PVWM (e.g., within the 
peritrigonal regions) start to become even more apparent as 
mildly bright signal on FLAIR at this time, and can be mis-
taken for disease; they can simulate periventricular leukom-
alacia, sequela of hypoxic-ischemic encephalopathy or 
injury, or hypomyelination (Figs.  23.103, 23.104, 23.105, 
23.106, 23.107, 23.108, 23.109, 23.110, 23.111 and 23.112).

Fig. 23.103  A 12-month-old with a mildly enlarged head circumfer-
ence had a negative 3T MRI, and developed normally. A GE T1WI (left) 
and SE T2WIs (middle images) illustrate that the ALICs (arrowheads), 
CG (dashed arrows), EC (crooked arrows), and centrum semiovale 
white matter deep to the PRC (asterisks) are mature. Myelination of the 

supraventricular white matter has progressed anteriorly. The white mat-
ter within the centrum semiovale remains darker than the orbitofrontal 
SCWM (circles). Note that normal terminal zones are becoming visi-
ble, appearing mildly hyperintense within the periatrial WM (squares)

23  Pediatric Brain: Normal Variations in Development, Maturation, and Myelination



675

Fig. 23.104  A 12-month-old with seizures had a negative 3T MRI, and 
developed normally. On these images, the SCWM generally appears 
nearly as mature on SE T2WI as on GE T1WI, except for the anterior 
temporal lobes. Top row: Axial GE T1WIs illustrate a mature ALIC 
(arrowheads), CG (dashed arrows), and EC (crooked arrows). On T1WIs 
and T2WIs, the ATWM (dashes) and the OFWM (circles) appear more 
mature than at earlier ages. Second row: The pons (beveled arrow) is still 
mildly bright dorsally. The ALIC, CG, and EC are mature. Note the 

posterior commissure (dotted arrow). The anterior temporal and frontal 
SCWM has been maturing. Third row: 3D FLAIR images with axial 
reformats shows progressive myelination of the corona radiata (asterisks) 
deep to the PRC; with slightly less in the orbitofrontal regions. Note sub-
tle, normal periatrial terminal zones (squares). Bottom row: A midline 
sagittal GE T1WI (left) and sagittal 3D FLAIR image (right) show that 
the corpus callosum is homogeneous in signal at this point, indicating 
maturity. Note a mature anterior commissure (dotted boxes)
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Fig. 23.105  A 12.25-month-old with seizures had a negative 3T MRI, 
and developed normally. In these images, the SCWM appears nearly as 
mature on SE T2WIs as on GE T1WIs. Note a normal cavum septum 
pellucidum (plus sign). Top row: GE T1WIs show maturity of the ALIC 
(arrowheads), anterior commissure (dotted box), CG (dashed arrow), 
and EC (crooked arrows). White matter of the orbitofrontal regions 
(circles) and centrum semiovale (asterisks) appears mature. Second 

row: On SE T2WIs, the aforementioned structures appear mature, as 
does the deep WM, except for OFWM and terminal zones in the peritri-
gonal regions (squares) and subinsular regions (thin arrows). Bottom 
row: A sagittal T1WI (left) shows normal myelination of the CG and 
anterior commissure. Myelination is less visible on SE T1WI (middle). 
FLAIR (right) depicts mild hyperintensity of normal periatrial terminal 
zones (squares)
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Fig. 23.106  A 12.5-month-old with a skin lesion had a negative 3T 
MRI, and developed normally. SE T2WIs (top row) and axial 3D 
FLAIR (bottom row) illustrate that the ALICs (arrowheads), EC 
(crooked arrows), and centrum semiovale WM (asterisks) are mature. 
Myelination of the supraventricular WM, orbitofrontal SCWM (cir-
cles), and ATWM (dashes) is also nearly completed, but there are small 

focal “islands” of “patchy” SCWM that remain hyperintense in such 
regions, some being terminal zones, such as within the subinsular WM 
(thin arrows). Peritrigonal terminal zones are also becoming increas-
ingly visible (squares). The dorsal brainstem (beveled arrows) is bright 
on both sequences
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Fig. 23.107  Example of normal “patchy” islands of SCWM.  A 
12.5-month-old with a normal 3T pituitary MRI. Thin coronal SE T2WIs 
(top row) best demonstrate such islands of residual, nonmyelinated 
SCWM (thin arrows). Note that these are more prominent anteriorly in the 

frontal and temporal lobes (top left). Also, note the mature anterior com-
missure (dotted box). Axial FLAIR (bottom, left) and DWI (bottom, left 
middle) do not depict such “islands” very well, but they can be seen on an 
exponential DWI (bottom, right middle) with its ADC map (bottom, right)

Fig. 23.108  Comparison case of 3-methylglutaconic aciduria (type I). 
An 11-month-old with microcephaly (by history) had multifocal, 
abnormal deep WM and PVWM (squares) on a 3T MRI with SE T2WI 
(left) and FLAIR (left middle), while the CG, CS, ALIC, and SCWM 

regions appeared normal. A repeat MRI at 2 years of age with T2WI 
(right middle) and FLAIR (right) shows normal maturation of the 
aforementioned structures, but the periatrial PVWM abnormalities 
persisted
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Fig. 23.109  Comparison case of urea cycle disorder (UCD, ornithine 
transcarbamylase deficiency). An 11-month-old with acute encephalo-
pathic symptoms had diffuse cerebral edema on a 3T MRI with SE 
T2WI (left). On DWI (left middle) and the corresponding ADC map 
(right middle), the edema was confirmed to be cytotoxic in nature. On a 
follow-up MRI 6 days later, FLAIR (right) showed persistent diffuse 

edema, with the deep WM and PVWM much brighter than should be 
seen on FLAIR. It is not uncommon for UCDs to present with diffuse 
cortically cytotoxic edema on DWI, which can simulate hypoxic-
ischemic encephalopathy, but the injury in UCDs can be partly 
reversible

Fig. 23.110  Comparison case of hypoxic-ischemic injury (HII) from 
abusive head trauma, i.e. non-accidental trauma (AHT, i.e. NAT). An 
11-month-old had diffuse, but largely unilateral, cytotoxic edema on a 
3T MRI with SE T2WI (left), FLAIR (left middle), and DWI (right 

middle); the presence of unilateral HIE in an infant should raise the 
question of AHT. SWI (right) depicts unilateral retinal hemorrhage on 
the left side (beveled arrow), which was confirmed clinically
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Fig. 23.111  Comparison case of mucolipidosis II (I-cell disease). A 
12-month-old had delayed maturation of deep WM and SCWM on a 3T 
MRI with SE T2WIs (left three images). The ALIC (arrowheads), CG 
(dashed arrow), CS (dotted arrows), optic radiations, OFWM (circles), 
and deep WM anterior to the PRC (asterisks) are poorly myelinated. 

There is atrophy of the CG and CS, as shown on a sagittal GE T1WI 
(right). I-cell disease resembles Hurler’s; thus, note a “J-shaped” con-
tour of the bony sella (^), odontoid capping (split arrows), and tonsillar 
herniation (dotted circle)

Fig. 23.112  Comparison case of diffuse periventricular nodular het-
erotopia (PVNH) and polymicrogyria (PMG). A 12-month-old had dif-
fuse PVNH (examples shown by chevrons), on a 3T MRI with axial 
(top row) and coronal (bottom left and middle) SE T2WIs. The PVNH 
is more prominent posteriorly, likely with bilateral medial occipital 

PMG as well (brackets). Note the abnormal, scarred subjacent white 
matter from gliosis (black arrows), in contrast to normal, “patchy” 
SCWM islands of incomplete myelination (white arrows). A sagittal 
GE T1WI (bottom right) shows CS agenesis (dotted arrow), with a nor-
mal and myelinated CG (dashed arrow)
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23.6.6.1	 �Normal Myelination: Appearance 
at the Age of 14–18 Months

By the age of 13–14 months, the white matter appearance on 
T1WI appears as that of an adult, and the PVWM and SCWM 
should appear mature, even in the ATWM and 
OFWM. Residual, incompletely myelinated, normal termi-
nal zones may still be seen in periatrial regions or the optic 
radiations, but are better visualized on T2WI, and are hardly 
visible on T1WI (discussed later 23.6.7). Again, SE T2WI is 
usually superior in the assessment of WM maturation after 
7–8 months age and is also superior to T1WI in detecting 
WM lesions after that time. GE T1WI at 3T is superior to 
routine SE T1WI in the assessment of myelination, but this is 
not an important distinction at 13–14 months of age, as SE 
T2WI is preferred over T1WI in general.

On SE T2WI, the SCWM again appears almost entirely 
myelinated out to the cortex in all but the most anterior por-
tions of the frontal and temporal lobes. Even at the age of 
14–18 months, SE T2WI may still show subtle “patchy” 
islands of SCWM far anteriorly and inferiorly. The structures 
such as the anterior commissure, ALIC, CG, EC, and optic 

radiations should have been myelinated previously, so they 
will not be discussed further. The far anterior ATWM, 
OFWM, and subinsular WM (SIWM) may still have subtle 
foci of patchy” SCWM at this time, but these foci should be 
just subjacent to the cortex; they usually disappear by age 
20–24 months. In some patients, they persist as normal ter-
minal zones of hyperintensity on SE T2WI.

On FLAIR, white matter within the deep WM and PVWM 
of the corona radiata, centrum semiovale, and optic radia-
tions should have darkened relative to the more isointense 
cortex and basal ganglia. However, normal terminal zones 
within the PVWM (such as within the periatrial or peritrigo-
nal regions) may become even more apparent as mildly 
bright signal on FLAIR at this time. As discussed in the pre-
vious section, such SCWM hyperintensity can be mistaken 
for disease, most commonly periventricular leukomalacia 
but also uncommon disorders such as tuberous sclerosis 
(Figs.  23.113, 23.114, 23.115, 23.116, 23.117, 23.118, 
23.119, 23.120, 23.121, 23.122, 23.123, 23.124, 23.125 and 
23.126).
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Fig. 23.113  A 14-month-old with possible hypotonia and a negative 
3T MRI. Top row: Sagittal (left) and axial (right three images) GE 
T1WIs show that the anterior commissure (dotted boxes) is mature. 
Middle row: An axial SE T1WI (left) does not show myelination as 
well. On SE T2WIs (right three images), note that the PVWM and the 
ECs (crooked arrows) are mature, with the exception of terminal zones 

in peritrigonal (squares) and subinsular (beveled arrows) regions. 
Bottom row: A coronal GE T1WI (left) shows slightly darker signal of 
the subinsular terminal zones, relative to overlying insular cortex. On 
FLAIR (right three images), note mild hyperintensity within the termi-
nal zones
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Fig. 23.114  A 14-month-old with abnormal gait had a normal 3T MRI. On 
GE T1WIs, the anterior commissure (dotted boxes) and EC (crooked 
arrows) appear mature. Note subtle low signal in the subinsular WM 
(SIWM) (beveled arrows). Top row: GE T1WIs show maturity of the 
ALIC, anterior commissure (dotted box), CG, and EC (crooked arrows). 
The deep WM and SCWM of the orbitofrontal regions (circles) and cen-
trum semiovale (asterisks) appears mature. Second row: On axial SE 
T2WIs, note that the PVWM is relatively mature, with the exception of 

terminal zones in the periatrial (squares) and SIWM. On more superior 
images (right), the SCWM appears quite mature. Third row: Axial FLAIR 
images demonstrate mild hyperintensity of subinsular terminal zones, rela-
tive to the insular cortex. There is also hyperintensity within the periatrial 
PVWM, which can simulate periventricular leukomalacia. Bottom row: 
Axial proton density-weighted images (left and middle) illustrate hyperin-
tensity in the same regions as described above. On a sagittal GE T1WI 
(right), note the maturation/myelination of the anterior commissure
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Fig. 23.115  A 14-month-old with a febrile seizure had a normal 3T 
MRI. On SE T2WIs (top row), note hyperintensity of the deep WM 
and SCWM of the ATWM (dashes), OFWM (circles), and SIWM 
(beveled arrows). There are also hyperintense SCWM foci within the 

high anterior frontal and parietal lobes (thin arrows). Such SCWM 
“islands” of hyperintensity are more prominent farther from the peri-
rolandic gyri, and are not well visualized on FLAIR (bottom row)

Fig. 23.116  A 14-month-old with mild head enlargement (from slight 
enlargement of the subarachnoid spaces) had a 3T MRI with SE T2WIs 
(left images) that showed multiple SCWM hyperintense foci (thin 

arrows) within frontal and parietal SCWM, which are not visible on 3D 
FLAIR (right images). The PVWM (squares) is also hyperintense on 
T2WI and FLAIR
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Fig. 23.117  Top row: a 14.5-month-old with motor delays had a nor-
mal 3T MRI with coronal SE T2WIs. Note hyperintense, patchy SCWM 
foci (thin arrows), which are most prominent anteriorly and inferiorly 
in the frontal and temporal lobes. Second row: On axial SE T2WIs, note 
that the PVWM is relatively mature, with the exception of terminal 
zones in the periatrial WM (squares) and SIWM (beveled arrows). Note 

patchy ATWM (dashes) and OFWM (circles). Bottom row: On axial 
FLAIR images, note that the deep WM and SCWM are nearly isoin-
tense to cerebral cortex, with the exception of terminal zones in the 
periatrial WM (square), and peripherally immature SCWM foci (thin 
arrows)
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Fig. 23.119  A developmentally normal 15.5-month-old with “spells” 
had a normal 3T MRI.  The anterior commissure and EC (crooked 
arrows) are myelinated on axial SE T2WIs (top row) and FLAIR 
images (bottom row). There is mild hyperintensity of the SIWM 

terminal zones (beveled arrows) and subtle patchy SCWM foci else-
where (thin arrows). Note tiny periatrial terminal zones (squares) bilat-
erally on both sequences. There is also motion artifact (arrows)

Fig. 23.118  A developmentally normal 14.5-month-old with a head 
circumference that was not enlarging fast enough underwent a normal 
3T MRI with SE T2WIs (left three images) and FLAIR (right). Note 

residual SCWM hyperintensity in ATWM (dashes) and the OFWM 
(circles). Periatrial terminal zones (squares) are normal
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Fig. 23.120  A developmentally normal 16-month-old with nausea had 
a normal 3T MRI. The EC (crooked arrows) appears mature on axial 
GE T1WI (top left) and SE T2WI (top middle). FLAIR (top right) 
shows mildly hyperintense subinsular terminal zones (beveled arrows). 

Note myelination of the anterior commissure (dotted box) on sagittal 
GE T1WI (bottom left). SWI (bottom middle) and NECT (bottom right) 
show periatrial terminal zones (squares)
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Fig. 23.121  “Patchy” SCWM in a 16.5-month-old with seizures on a 
1.5T MRI. The myelination pattern was normal, but with patchy SCWM 
(thin arrows) that is most visible within the anterior and inferior frontal 
and temporal lobes, as well as within the SIWM (beveled arrows), on 
axial SE T2WI (top left). The SCWM foci are not well visualized on 

FLAIR (top, left middle) or DWI (top, right middle) in this patient. 
Coronal SE T2WIs (top right and bottom row) from anterior to poste-
rior illustrate that the posterior SCWM seems more mature, and has less 
patchy hyperintensity
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Fig. 23.122  Minimal “patchy” SCWM.  A 17.5-month-old with sei-
zures had a 3T MRI, with a normal myelination pattern on GE T1WIs 
(top row) and SE T2WIs (bottom row). There is only minimal SCWM 
hyperintensity (thin arrows), which is most visible within the anterior 

and inferior frontal and temporal poles (dashes). Note periatrial termi-
nal zones (squares). Also, note that after the age of 8 months, the ven-
tral brainstem can be mildly hyperinense relative to the dorsal 
brainstem

Fig. 23.123  Comparison case of periventricular leukomalacia (PVL) 
sequelae. A 14-month-old with motor delays had a 3T MRI. The callo-
sal isthmus (split arrow) is thinned on a sagittal T1WI (top, left). On 
axial T2WI (top, left middle) and FLAIR (top, right middle), there is 
cerebellar WM atrophy (arrows), with hemorrhage on SWI (top, right). 

T2WI (bottom, left), FLAIR (bottom, left and right middle), and SWI 
(bottom, right) images at a higher level show diffuse thinning of peri-
atrial WM (squares) and SIWM (beveled arrows), with bright gliotic 
signal. Note that normal terminal zones should not be associated with 
atrophy
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Fig. 23.124  Comparison case of callosal dysgenesis and leukomala-
cia. A 15-month-old had a 3T MRI that showed severe thinning of the 
posterior body and splenium of the corpus callosum (split arrows) on 
sagittal T1WI (top left), axial T1WI (top middle), and coronal T2WI 
(top right). There is periatrial gliosis (squares), with WM atrophy/thin-

ning, to a lesser degree near the frontal horns (arrows), also depicted on 
axial T2WIs (bottom, left three images) and FLAIR (bottom right). 
Note a focus of nodular heterotopia (chevron, bottom left). The findings 
suggest intrauterine hypoxic injury
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Fig. 23.125  Comparison case of tuberous sclerosis. A 15.5-month-old 
with seizures underwent a 3T MRI, which depicted multiple cortical 
tubers (thin arrows) on axial SE T2WIs (top, left three images), coronal 
GE T1WI (top, right), FLAIR (bottom, left three images), and axial GE 

T1WI (bottom, right). Contrast these multiple cortical tubers (which 
appear as “swollen” gyri, representing harmatomas or dysplasias) to 
normal anterior temporal “patchy” SCWM (dashes) (left, top and 
bottom)
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Fig. 23.126  Comparison case of Hurler’s mucopolysaccharidosis. A 
17-month-old had a 3T MRI that showed a “J-shaped” bony sella (^) 
with odontoid capping (split arrows) on a sagittal GE T1WI (left). On 
axial 3D SE T2WIs (top row) and 3D FLAIR (bottom row), the OFWM 

(circles), SIWM (beveled arrows), and periatrial WM (arrows) are not 
quite as myelinated as would be expected for the patient’s age. Note 
dilated perivascular spaces (thin arrows)
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23.6.6.2	 �Normal Myelination: Appearance 
at the Age of 18–24 Months

By the age of 18 months, the white matter appearance on 
T1WI has long since appeared as adult (usually by 7–8 
months), and the PVWM and SCWM should appear mature, 
even the ATWM and OFWM.  On SE T2WI, the SCWM 
should appear nearly completely myelinated out to the cor-
tex, even in the most anterior portions of the frontal and tem-
poral lobes; thus, the “patchy” regions of SCWM on SE 
T2WI may still be barely visible at this age in the most ante-
rior and inferior regions of the frontal lobes, basal forebrain, 
and temporal lobes, but they usually disappear by 21–24 
months. Thus, an adult appearance should also be present 
on SE T2WI around 21–24 months of age, except for residual 
incompletely myelinated, normal terminal zones. Such zones 
are often still visible within the optic radiations, periatrial 

WM, and sometimes the SIWM; they are better visualized on 
T2WI and hardly visible on T1WI.

FLAIR becomes increasing helpful to distinguish edema 
or gliosis within the WM, as well as to evaluate WM matu-
rity, after the age of 16–18 months. Because FLAIR images 
are essentially T2-weighted, the maturity of WM on FLAIR 
images parallels that seen on T2WI. White matter within the 
deep WM and PVWM of the corona radiata, centrum semi-
ovale, and optic radiations should have continued to darken 
relative to the more isointense cortex and basal ganglia. 
Again, normal terminal zones within the PVWM may 
become apparent as mildly bright signal on FLAIR. As dis-
cussed in the next section, such normal terminal zones may 
persist for many years, albeit to a decreasing degree with 
increasing age (Figs. 23.127, 23.128, 23.129, 23.130, 23.131, 
23.132, 23.133, 23.134, 23.135 and 23.136).

23.6  Normal Myelination in Infants and Young Children



694

Fig. 23.127  An 18-month-old with suspected developmental delays 
had a normal 3T MRI. On these images, note the periatrial terminal 
zones (squares), OFWM (circles), optic radiations (brackets), and 
SIWM (beveled arrows). Top row: On FLAIR images, there is mild 
hyperintensity within the optic radiations, periatrial-supraventricular 
WM, and SIWM.  Incompletely myelinated regions of the frontal 
SCWM (arrows) are not bright on FLAIR. Second row: On SE T2WIs, 

note that the PVWM is quite mature, with the exception of periatrial 
and SIWM terminal zones, which were also mildly bright on 
FLAIR. Note incomplete superior frontal myelination (arrows). Bottom 
row: On SE T2WIs at 24 months of age, subinsular and periatrial WM 
are less bright, indicating progressing WM maturity. The maturity of 
the optic radiations and superior frontal WM has also progressed 
(arrows)
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Fig. 23.128  An 18-month-old with “spells” had a normal 3T MRI. On 
these images, note the periatrial terminal zones (squares), OFWM (cir-
cles), ATWM (dashes), and the SIWM (beveled arrows). The appear-
ance is nearly that of an adult. Top row: On GE T1WIs, the myelination 
appearance is that of an adult, with the exception of subtle hypointen-
sity within the SIWM and ATWM.  The dorsal brainstem is slightly 
hypointense on this sequence. Second row: On SE T2WIs, the PVWM 

seems mature, except for the terminal zones and the OFWM (circles). 
Note immature anterior frontal SCWM (arrows). The dorsal brainstem 
is mildly hyperintense. Bottom row: Axial reformats of a 3D FLAIR 
acquisition show the subinsular and periatrial WM to be mildly bright. 
The persistent bright signal in these two regions simulates periventricu-
lar leukomalacia, but there is no atrophy

23.6  Normal Myelination in Infants and Young Children



696

Fig. 23.129  A 19-month-old with “altered mentation” was develop-
mentally normal and had a normal 3T MRI. On SE T2WIs (left three 
images) and FLAIR (right), note immaturity of the WM of the orbito-

frontal gyri (circles) and basal forebrain (dotted arrows), along with 
normal terminal zones within the ATWM (dashes), optic radiations 
(brackets), and SIWM (beveled arrows)

Fig. 23.130  A 20-month-old who was neurologically normal had mac-
rocephaly and benign enlargement of subarachnoid spaces (plus signs), 
with an otherwise normal 3T MRI.  On SE T2WIs, note incomplete 

SCWM maturity of the orbitofrontal (circles) and superior frontal gyri 
(arrows). The periatrial (squares) and optic radiations (brackets) termi-
nal zones are normal
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Fig. 23.131  A 21-month-old with obesity had a normal 3T MRI. On 
coronal SE T2WIs, note residual, hyperintense “patchy” SCWM (thin 
arrows) within the anterior-inferior frontal WM, superior frontal gyrus 
anteriorly, and ATWM.  Additionally, note residual bright signal 

representing immaturity within basal forebrain areas, including the 
diagonal gyrus, paraterminal gyrus, nucleus accumbens, and substantia 
innominata (dotted arrows)

Fig. 23.132  A 21.5-month-old with symptoms of rage and obesity had 
a normal 3T MRI. On coronal SE T2WI (top row and bottom left and 
middle), note tiny residual patchy SCWM hyperintensity (thin arrows) 
within the anterior-inferior frontal WM, anterior superior frontal gyri, 
and ATWM. Also, note bright signal from immaturity within the SIWM 

(beveled arrows) and basal forebrain, which includes the nuclei accum-
bens, diagonal gyri, paraterminal gyri, and substantia innominata (dot-
ted arrows). On FLAIR (bottom right), the SCWM hyperintensities are 
not visible
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Fig. 23.133  A 23.9-month-old with possible ataxia had a normal 3T 
MRI. On axial SE T2WIs (top, left three images), there were only mild 
residual periatrial terminal zones (squares), which are barely visible on 
FLAIR (top, right). Coronal SE T2WIs show that the patchy SCWM 

hyperintensity has nearly disappeared in the orbitofrontal regions (bot-
tom left) and anterior-superior frontal regions (bottom middle and 
right), but persists in the anteriormost temporal SCWM (thin arrows)

Fig. 23.134  Comparison case of metachromatic leukodystrophy 
(MLD). A 22-month-old had a 1.5T MRI that showed signal abnormali-
ties of periatrial WM (squares), OFWM (circles), and frontal PVWM 
on FLAIR (left) and T2WI (left middle), with sparing of the callosal 

splenium (arrowhead). Reduced diffusion (thin arrows) is present on 
DWI (right middle) and the ADC map (right). Splenial sparing suggests 
MLD rather than adrenoleukodystrophy (ALD)
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Fig. 23.135  Comparison case of globoid leukodystrophy (GLD, 
Krabbe disease). A 23-month-old had a 1.5T MRI that showed abnor-
mal signal and cystic leukomalacia of periatrial WM (squares), optic 
radiations (brackets), supraventricular WM (asterisks), SIWM (beveled 

arrows), and the internal capsules’ posterior limbs (dotted arrows) on 
FLAIR (left three images) and T2WI (right). The involvement of the 
posterior limbs is typical of GLD

Fig. 23.136  Comparison case of velocardiofacial syndrome (VCFS, 
22q11.2 deletion syndrome). A 23-month-old had a 3T MRI that 
showed hyperintense signal within the optic radiations (brackets), 
OFWM (circles), and supraventricular WM (asterisks) on FLAIR (left 

images) and T2WI (right images), being affected more on the left. 
Studies have demonstrated parieto-occipital and temporal atrophy, as 
well as congenital anomalies, in VCFS
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23.6.7	 �Terminal Zones After 2 Years of Age

Myelination typically progresses in a predictable fashion, 
generally from posterior to anterior while at the same time 
“radiating” towards the anterior and posterior poles from a 
central point, the perirolandic (pericentral) gyri. Typically, 
this myelination is nearly complete by the age of 18–24 
months on T2WI and FLAIR. The exception is normal, resid-
ual terminal zones, which can be visualized within the white 
matter for years after birth. The exact age at which these ter-
minal zones disappear is not known: Several sources have 
given this age as about 20–24 months; others have said 3–4 
years, and yet others have described the persistence of such 
normal terminal zones in patients as old as 20–30 years! 
Perhaps such discrepancies within the literature may relate 
to both technique and the patient cohort studied. Regarding 
technique, it is well known that subtle T2-bright phenomena, 
whether mild abnormalities or even normal anisotropy (as in 
the sections on diffusion imaging and FLAIR), can be visual-
ized at 3T but appear unremarkable at 1.5T, and periventricu-
lar findings, such as terminal zones, may be better visualized 
on certain sequences such as FLAIR or double inversion 
recovery images. Regarding patient cohort, it is possible that 
studies based on a patient cohort with clinical histories such 
as “developmental delay” or other clear neurodevelopmental 
symptoms may have a higher incidence of such terminal 
zones, or they could last longer in such patients. Many of the 
patients shown in this text have such a clinical history. 
However, preliminary data taking into account terminal 
zones and SCWM has found that the extent of myelination in 
such regions is no less in patients with congenital-metabolic 
or congenital-structural developmental delay than in con-
trols. These findings suggest that the persistence of such ter-
minal zone regions in children should not raise alarm.

Terminal zones presumably represent regions of unmy-
elinated, or incompletely mature, WM. One hypothesis states 
that this appearance relates to the increasing concentration of 
myelin (itself consisting of T1-bright cholesterol and glyco-
lipids) and decreasing concentration of water (decreasing the 
T2-bright signal) in maturing WM with increasing age. By 
this hypothesis, terminal zones persist in regions such as the 
peritrigonal regions, which are the last to myelinate. Another 
hypothesis describes that terminal zones may have a higher 
concentration of perivascular spaces than other regions of the 
cerebrum. The problem with that hypothesis is that, although 
peritrigonal regions have a higher number of perivascular 
spaces, there is as yet no evidence that these constitute the 
entirety of the T2-bright signal. Additionally, T2-bright peri-
vascular spaces nearly always darken (suppress) on FLAIR, 
whereas terminal zones may have mildly bright signal on 
FLAIR. A third hypothesis is that there is a lower concentra-
tion of myelinated fibers in such terminal zones, particularly 
the peritrigonal regions, and potentially a higher amount of 

interstitial water, which may explain both why mildly bright 
signal may persist on FLAIR, as well as why terminal zones 
may normally persist into adulthood.

The most common location of terminal zones is generally 
within the PVWM that is immediately adjacent and lateral to 
or superior to the lateral ventricles, particularly within the 
periatrial or peritrigonal regions, the last regions of the cere-
brum to “mature.” (Note: the word “myelination” may not be 
the best choice here, given that the reason for their appear-
ance is not entirely known.) Other locations are also com-
monly noted, however, including the SIWM, ATWM, optic 
radiations, and to a lesser degree, the SCWM. Another region 
that “matures” or “myelinates” much later, in this author’s 
experience (although not as late as the peritrigonal WM) is 
the basal forebrain, which includes structures such as the 
diagonal gyrus, paraterminal gyrus, nucleus accumbens, 
substantia innominata, and nucleus basalis of Meynert. 
Notably, after age 24 months, the OFWM should appear 
mature, and this is not typically considered a terminal zone. 
The ages at which such regions of normal terminal zones 
entirely disappear is controversial, but they generally become 
less and less common at older ages, being fairly uncommon 
in 18- to 20-year-olds and rather rare after that. A general 
rule is that the SIWM and SCWM terminal zones should dis-
appear by 36–48 months (3–4 years) of age, but periatrial 
and peritrigonal terminal zones can persist much longer, 
even into early adulthood.

Nevertheless, one should exercise caution when calling 
T2-bright and FLAIR-bright foci immediately adjacent to 
the lateral ventricles “normal terminal zones,” as several dis-
orders favor those locations. The most common one, and 
potentially the most difficult to distinguish from normal ter-
minal zones, is periventricular leukomalacia (PVL). In PVL, 
there is loss of PVWM; in the mildest form, it may involve 
WM thinning that can be subtle and difficult to visualize, but 
at the more severe end of the spectrum there can be cystic 
leukomalacia, hemorrhage (best visualized on SWI, 
particularly if punctate), and even overlying cortical atrophy. 
Other abnormalities that have a predilection for PVWM or 
peritrigonal WM include congenital-genetic inborn errors of 
metabolism (CIEM); tuberous sclerosis (with T2-bright 
radial lines or “streaks” of migration); trauma-induced glio-
sis from diffuse axonal injury, usually visible on DWI, 
FLAIR, or SWI within the PVWM and gray-white matter 
interface; hypoxic-ischemic encephalopathy/injury, usually 
visible on DWI in the cortex in the acute phase and within 
the PVWM in the subacute phase; acute toxic leukoencepha-
lopathy, typically having bright PVWM on DWI in the acute 
phase and potentially chronically on FLAIR; multiple 
sclerosis (rare in young children); Lyme disease (uncom-
mon); and other rare hematologic disorders, such as 
Langerhans cell histiocytosis (i.e., eosinophilic granuloma-
tosis) (Figs. 23.137, 23.138, 23.139, 23.140, 23.141, 23.142, 
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23.143, 23.144, 23.145, 23.146, 23.147, 23.148, 23.149, 
23.150, 23.151, 23.152, 23.153, 23.154, 23.155, 23.156, 
23.157, 23.158, 23.159, 23.160, 23.161, 23.162, 23.163, 

23.164, 23.165, 23.166, 23.167, 23.168, 23.169, 23.170, 
23.171, 23.172, 23.173 and 23.174.

Fig. 23.137  A 2.1-year-old with a seizure had a normal 3T MRI. On 
SE T2WIs (top row), note hyperintense, residual SIWM (beveled 
arrows), whereas the ATWM and OFWM (circles) appear mature. Also, 
note bright signal from incomplete maturity of the optic radiations 

(brackets). On 3D axial FLAIR (bottom row), these regions do not 
appear quite as hyperintense. There is bright signal on both sequences 
in the most commonly noted and typical terminal zone location, the 
peritrigonal WM (PTWM) (squares)

Fig. 23.138  A 2.5-year-old with 
a seizure had a normal 3T 
MRI. On a coronal SE T2WI 
(left), note the subtle, residual 
SIWM terminal zone (beveled 
arrows), where the external 
capsule (curved arrows) does not 
appear entirely continuous 
through the SIWM. On axial 
FLAIR (right), these terminal 
zones within the SIWM do not 
appear as hyperintense
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Fig. 23.139  A 2.25-year-old with seizures after trauma had a normal 
3T MRI. Top row: On SE T2WIs, note residual terminal zones within 
the SIWM (beveled arrows) and optic radiations (brackets). The ATWM 
and OFWM (circles) appear mature. Note normal PTWM terminal 
zones (squares) as well. Middle row: On 3D axial FLAIR images, the 
terminal zones mentioned above are slightly bright, but do not appear as 

bright as on SE T2WIs. Hyperintense signal in the typical PTWM ter-
minal zones extends up into the centrum semiovale (right). Bottom row: 
On 3D coronal FLAIR images, these terminal zone regions also appear 
slightly bright. The coronal images better demonstrate the continuity 
between terminal zones within the SIWM, optic radiations, and PTWM

Fig. 23.140  A 2.75-year-old with cerebellar symptoms had a normal 
3T MRI.  On SE T2WIs, note hyperintense, residual terminal zones 
within the SIWM (beveled arrows), whereas the OFWM (circles) 

appears almost completely mature. Also, note typical bright signal from 
immaturity of the PTWM (squares). This child subsequently developed 
normally
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Fig. 23.141  A 2.75-year-old with “skin spots” had a normal 3T 
MRI. The child’s neurodevelopment was normal. Top row: On axial GE 
T1WIs (left three images), the myelination pattern appears normal, as in 
an adult. The residual terminal zones are hardly visible. A coronal GE 
T1WI anteriorly (right) shows normal OFWM. Second row: On axial 
SE T2WIs (left three images), the myelination pattern appears normal, 
as in an adult, with the exception of mild, residual PTWM terminal 
zones (squares). A coronal SE T2WI anteriorly (right) shows normal 

OFWM (circles). Third row: On axial FLAIR images, note the mild, 
residual PTWM terminal zones. In this patient, the extent of these ter-
minal zones into the corona radiata and centrum semiovale is better 
visualized on FLAIR images than in T2WIs. Bottom row: On sagittal 
SE T2WIs of the left (left) and right (right) sides, note the mild, residual 
PTWM terminal zones. Also, note the mature OFWM anteriorly; it 
typically matures before the ATWM, SIWM, and PTWM terminal 
zones
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Fig. 23.142  A 3.0-year-old with a fever of unknown origin had a 3T 
MRI with SE T2WIs (left images) and 3D FLAIR (right images). Note 
the mild, residual PTWM terminal zones (squares), as well as the optic 

radiations (brackets) and SIWM (beveled arrows). The OFWM (circles) 
appears mature

Fig. 23.143  A 3.0-year-old with seizures had a 3T MRI with SE 
T2WIs (left images) and 2D FLAIR images (right images). There are 
mild, residual terminal zones within the PTWM, optic radiations 

(brackets), and SIWM (beveled arrows). The OFWM (circles) and the 
rest of the PVWM are mature

Fig. 23.144  A 3.0-year-old with weakness had a 3T MRI with SE T2WI (left), FLAIR (middle), and SWI (right). There are mild, residual PTWM 
terminal zones (squares), but the rest of the deep WM and PVWM are mature. Note CSF pulsation artifact (arrows)
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Fig. 23.145  A 3.5-year-old with seizures. Top row: 3T MRI coronal 
SE T2WI (left and middle) depicts subtle, patchy regions of incomplete 
maturation of SCWM (thin arrows), not visible on axial SE T2WI 

(right). Bottom row: Such SCWM terminal zones are also not visible on 
2D coronal FLAIR; note subtle, terminal zones of the PTWM (squares), 
SIWM (beveled arrows), and frontal PVWM (asterisks)

Fig. 23.146  A 3.5-year-old with seizures, illustrating terminal zones 
both on 2D FLAIR and 3D FLAIR at 3T. Top row: Axial 2D FLAIR 
images (top row) show residual terminal zones within the PTWM 

(squares) and SIWM (beveled arrows). Bottom row: CSF suppression is 
better on axial reformats of 3D FLAIR images, and lacks pulsation arti-
facts, but the SIWM terminal zones are less visible
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Fig. 23.147  A 4.0-year-old with autism. Top row: 1.5T SE T2WI (left 
images) and FLAIR (right images) showed patchy terminal zone 
regions of incomplete PTWM maturation (squares). Bottom row: A 3T 

MRI was repeated 10 years later at 14 years of age. It showed improved 
PTWM terminal zones (squares) on SE T2WI (left images) and FLAIR 
(right images)

Fig. 23.148  A 4.0-year-old with altered mentation. A 3T MRI with SE T2WI in axial (left and middle) and coronal (right) planes demonstrated 
terminal zones in the optic radiations (brackets), being normal for age. Note normal caudate tails (arrowheads)
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Fig. 23.149  A 4.0-year-old with 
visual symptoms, which soon 
resolved. A normal 3T MRI with 
axial SE T2WI with thickness of 
5 mm (top left) and 3 mm (top 
right), axial 2D FLAIR (bottom 
left), and coronal SE T2WI 
(bottom right). Note subtle 
terminal zones that are 
manifested as patchy anterior 
temporal SCWM (thin arrows) 
on T2WI, being relatively 
invisible on FLAIR

Fig. 23.150  A 4.25-year-old 
with a concussion. Normal 3T 
axial SE T2WI with 5 mm (top 
left) and 3 mm thickness (top 
right and bottom left), as well as 
3D FLAIR (bottom right). Note 
subtle terminal zones manifested 
as patchy anterior right temporal 
SCWM (thin arrows) on T2WI, 
which are hardly visible on 
FLAIR. Also, note bilateral 
SIWM terminal zones (beveled 
arrows, bottom left)
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Fig. 23.151  A 4.25-year-old with gait symptoms, with normal 3T SE 
T2WI (top left), 3D FLAIR (top middle), GE T1WI (top right), SWI 
(bottom left), DWI (bottom middle), and ADC map (bottom right). Note 

terminal zones bilaterally within the PTWM (squares) on T2WI, 
FLAIR, T1WI, and the ADC map, without corresponding abnormality 
on SWI or DWI

Fig. 23.152  A 4.5-year-old with a solitary seizure. 3T axial SE T2WI 
(top left), 3D FLAIR (top middle), and SWI (top right), coronal T2WI 
(bottom left), and FLAIR (bottom right) were all normal. Note the con-

tiguity and continuity of the terminal zones bilaterally within the optic 
radiations (brackets) on T2WI and FLAIR, without a corresponding 
abnormality on SWI
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Fig. 23.153  A 5.25-year-old with headaches. 3T MRI axial SE T2WI 
(top row) and 3D FLAIR (bottom row) were normal. Note SIWM termi-
nal zones (beveled arrows) bilaterally, being only mildly hyperintense 
on both sequences. Meanwhile, the subjacent claustrum is visible (dot-

ted arrows). This shows that SIWM terminal zones can overlap with the 
normal claustrum and in some cases may be “volume averaged” with 
the developing claustrum. Also, note mature OFWM (circles) 
anteriorly

Fig. 23.154  A 5.75-year-old with migraines. 3T SE T2WI (left), 2D 
FLAIR (middle), and SWI (right) were normal. Note terminal zones 
within the anterior temporal SCWM bilaterally (thin arrows), being 

slightly hyperintense on T2WI and not visualized on FLAIR. On SWI 
(right), there is no hemorrhage, so the condition is likely not related to 
remote trauma or other insult
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Fig. 23.155  A 6.0-year-old with nausea. Normal 3T MRI coronal 
FLAIR 3D (top row) and 2D (bottom row) acquisitions illustrate how 
the terminal zones may be contiguous bilaterally between the SIWM, 

optic radiations, and PTWM, although they are quite thin in this patient 
and are more prominent on the left. (The beveled arrows define the 
extent of the terminal zones.)

Fig. 23.156  A 6.0-year-old with altered mentation had a normal 3T 
MRI with SE T2WIs (left images) and 2D FLAIR (right images). On 
T2WI, note a focal terminal zone within the left SIWM (beveled arrow) 
that nearly overlaps with the claustrum (dotted arrow), although the 

claustrum is deep to the extreme capsule. Thus, SIWM signal can be 
“volume averaged” with claustrum to exaggerate normal, mildly bright 
terminal zones in that region. Also, note the PTWM terminal zones 
(squares)
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Fig. 23.157  A 6.5-year-old with developmental delay had a normal 3T 
MRI with SE T2WIs (left images) and 2D FLAIR (right images). Note 
terminal zones within the optic radiations (brackets), which are contig-

uous with quite subtle PTWM terminal zones (not shown). Terminal 
zones in this location can persist into late adolescence, the teenage 
years, and even into early adulthood

Fig. 23.158  A 6.75-year-old with seizures had a normal 3T MRI with 
SE T2WIs (left images) and 2D FLAIR (right images). Note terminal 
zones within the optic radiations (brackets), which are contiguous with 
subtle terminal zones within the PTWM (squares). Terminal zones in 

this location can persist even into early adult life. Also, note that the 
claustra (dotted arrows) are quite close to the SIWM (beveled arrows), 
although the SIWM appears only minimally bright in this patient
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Fig. 23.159  A 7.0-year-old with gait abnormalities had a normal 3T 
MRI with SE T2WIs (left images) and 2D FLAIR (right images). Note 
residual terminal zones within the PTWM (squares) bilaterally; the 

remainder of the PVWM and deep WM are mature. Terminal zones in 
this location can persist into early adulthood

Fig. 23.160  A 9-year-old with hyperactivity disorder had a normal 3T MRI. Axial SE T2WIs (top row) and 3D FLAIR images (bottom row) 
illustrate terminal zones within the optic radiations (brackets) and PTWM (squares), which appear to be contiguous with each other
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Fig. 23.161  A 9.5-year-old with a developmental delay had a normal 3T MRI. Axial SE T2WIs demonstrate faint, residual terminal zones within 
the optic radiations (brackets) and PTWM (squares), which appear to be contiguous with each other

Fig. 23.162  A 10-year-old with chronic headaches had a normal 1.5T 
MRI. A focal terminal zone (thin arrows) is shown within the right 
ATWM on axial SE T2WIs (top left), but is not visible on 2D FLAIR 
(top middle); on coronal T2WI (top right), a tiny right SIWM terminal 

zone is also noted. Axial SE T2WIs (bottom left) and FLAIR images 
(bottom right) depict minimal residual PTWM terminal zones 
(squares), as well as many slightly enlarged perivascular spaces in the 
periatrial WM
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Fig. 23.163  An 11-year-old with headaches had a normal 3T MRI that 
showed bilateral subtle terminal zones within the SIWM (beveled 
arrows) on axial (left) and coronal (middle) SE T2WIs. On a follow-up 

coronal SE T2WI MRI 4 years later (right), there is decreasing SIWM 
hyperintensity
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Fig. 23.164  An 11-year-old with a sleep disorder had a normal 3T 
MRI. Top row: Coronal SE T2WIs depict bilateral, subtle ATWM-
SCWM terminal zones (thin arrows), which are quite focal. There are 
also bilateral small terminal zones within the SIWM. Middle row: Axial 
SE T2WIs further demonstrate the subtle terminal zones within the 
ATWM-SCWM terminal zones and SIWM (beveled arrows). The 

PTWM and optic radiations appear entirely normal, without terminal 
zones, although there are tiny dilated perivascular spaces (right). 
Bottom row: On axial FLAIR images, the ATWM-SCWM and SIWM 
terminal zones are not visualized. Additionally, there is little to no evi-
dence of terminal zones within the PTWM posteriorly
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Fig. 23.165  A 15-year-old with headaches had a normal 3T MRI with axial FLAIR images that demonstrated bilateral, subtle terminal zones 
along the optic radiations (brackets). Also, note slight residual hyperintensity within the normal PTWM terminal zones (squares)

Fig. 23.166  An 18-year-old with headaches had a normal 3T MRI 
with SE T2WI (top row) and FLAIR images (bottom row), which dem-
onstrated bilateral, subtle terminal zones along the optic radiations 
(brackets). There is minimal residual hyperintensity of the PTWM ter-

minal zones (squares). The SIWM terminal zones (beveled arrows) are 
hardly visible, and residual bright signal there may be from normal 
claustra (top middle)
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Fig. 23.167  A 19-year-old with chronic daily headaches had a normal 
3T MRI with SE T2WI (top row) and FLAIR images (bottom row), 
which depict very subtle terminal zones within the optic radiations 

(brackets) only on the left side, and minimal hyperintensity within the 
PTWM (squares). A SIWM terminal zone may be visible only on the 
right side on T2WI, or this could simply be normal claustrum
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Fig. 23.168  A 29-year-old with nonmigraine headaches had a normal 
3T MRI with SE T2WIs (left images) and FLAIR images (right images) 
that show subtle terminal zones within the optic radiations (brackets), 

which are barely visible on FLAIR, with mild PTWM hyperintensity 
(squares). A SIWM terminal zone (beveled arrow) may be visible only 
on the left side on T2WI, which could simply be normal claustrum

Fig. 23.169  Comparison case of Langerhan’s cell histiocytosis (LCH, 
i.e., eosinophilic granulomatosis). A 5-year-old with LCH underwent 
several rounds of chemotherapy over 2 years. A 3T MRI showed hyper-
intense optic radiations (brackets), SIWM (beveled arrows) and PTWM 

(squares), with resultant atrophy throughout the PVWM. In this patient, 
either the LCH itself, the rounds of chemotherapy, or both could be 
causing the white matter abnormalities
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Fig. 23.170  Comparison case of tuberous sclerosis (TS). A 7-year-old 
had a 3T MRI that showed bright foci related to tubers/hamartomas 
throughout the SCWM on T2WI (left), 3D FLAIR (middle), and 2D 
FLAIR (right), from TS.  One focus is denoted within the SIWM 

(beveled arrows); by itself, this focus could mistakenly seem to be a 
SIWM terminal zone. Note that the SIWM tuber is more visible on 2D 
FLAIR. Also, note a subependymal giant cell astrocytoma (^)

Fig. 23.171  Comparison case of adrenoleukodystrophy (ALD). A 
5-year-old with worsening vision problems had what appear to be nor-
mal PTWM terminal zones (squares) on an initial 1.5T FLAIR image 
(left). However, subsequent yearly serial FLAIR MRIs show progres-

sive involvement of not only the PTWM but also of the callosal sple-
nium (dotted arrow) by 8 years of age (right). The teaching point is that 
terminal zones within the PTWM should lessen with time, not enlarge
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Fig. 23.172  Comparison case of periventricular leukomalacia (PVL). 
A 3-year-old with a history of prematurity and no prior MRI underwent 
a 3T MRI with SE T2WI (left three images) and FLAIR (right). The 

optic radiations and PTWM (squares) were hyperintense, with adjacent 
atrophy (dotted arrows). PVWM atrophy and hyperintensity character-
ize PVL

Fig. 23.173  Comparison case of an unknown white matter disease. A 
2.5-year-old with motor delays underwent a 3T MRI. SE T2WI (left 
images) showed bright PTWM (squares), which was disproportionate 
to that normally seen at the patient’s age. Also seen were tiny areas of 

cystic degeneration on FLAIR (right images), and mild PVWM atrophy 
(dotted arrows) on T2WI (left). As the birth history was normal, these 
findings were thought not related to PVL
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Fig. 23.174  Comparison case of diffuse axonal injury (DAI). A 
3.5-year-old had altered mentation several days after blunt head trauma, 
with abnormal foci (dotted arrows) on 3T 3D FLAIR (left two images), 

and two punctate foci of cytotoxic edema on DWI (right middle), con-
sistent with DAI. One focus was hemorrhagic, as shown on a magnified 
SWI (right)

23.6  Normal Myelination in Infants and Young Children



722

23.6.8	 �Variants that Occur Solely in Young 
Infants

Many pediatric variants on brain MRI and CT that can per-
sist into adulthood (such as cavum septum pellucidum, mega 
cisterna magna, and choroid plexus cysts) have been covered 
in previous sections. Because myelination (even of the nor-
mal terminal zones) should be completed in early adulthood, 
the preceding sections on white matter myelination and dis-
ease are focused in this pediatric section, but two variants 
occur only in young infants. These are the residual germinal 
matrix (RGM) and the T1-bright anterior pituitary in the 
young infant.

23.6.8.1	 �Residual Germinal Matrix in Preterm 
and Term Infants during the Neonatal 
Period

In both preterm and term infants, periventricular foci can be 
visualized that have increased echogenicity on ultrasound and 
are isointense to slightly bright on T1WI MRI, while being 
slightly hypointense on T2WI relative to white matter, and 
nearly isointense to cortical gray matter. These are thought to 
represent residual germinal matrix (RGM), a remnant. The 
vast majority occur immediately adjacent to the frontal horns 
of the lateral ventricles, but a few are seen more posteriorly. 
The RGM typically involutes and disappears by 1 month 
post-term age. It is important to exclude hemorrhage and gli-
osis, such as can occur with periventricular leukomalacia, 
and to exclude periventricular nodular heterotopia (PVNH) 
(Figs.  23.175, 23.176, 23.177, 23.178, 23.179, 23.180 and 
23.181).
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Fig. 23.175  Top row: A 36-week-old mildly premature infant had 
hyperechoic signal (thin arrows) along the frontal horns of the lateral 
ventricles on a coronal ultrasound (left); these areas were slightly dark 
on coronal (middle) and axial (right) SE T2WIs at 3T. This finding was 
presumed to represent residual germinal matrix (RGM), but motion on 
the axial T2WI made the RGM difficult to visualize. Middle row: On 
axial GE T1WI (left), the foci are shown to be in the typical location of 
presumed RGM, and they are nearly isointense to gray matter on 

FLAIR (left middle); no hemorrhage is noted in that location on SWI 
(right middle), while DWI appears normal (right), thus excluding 
sequelae of hypoxic-ischemic or perinatal injury. Bottom row: Sagittal 
SE T2WIs of the left side (left) and right side (right) confirm that the 
foci in question follow the contour of the lateral ventricles and are 
nearly isointense to the cortical gray matter, but minimally brighter in 
signal. Note that these presumed foci of RGM are much more visible 
anteriorly than posteriorly
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Fig. 23.176  A 36-week-old premature infant. Top row: Residual ger-
minal matrix (RGM) (thin arrows) is adjacent to the lateral ventricles’ 
frontal horns on 3T axial SE T2WI (left and middle) and DWI (right). 

Bottom row: RGM remnants are isointense to cortical gray matter on 
GE T1WI (left), but are more difficult to visualize on SE T1WI (middle) 
and the ADC map (right)

Fig. 23.177  A 40-week-old term infant had presumed RGM (thin 
arrows) on a 1.5T MRI with SE T2WIs (left and left middle), which 
were also visualized on FLAIR (right middle). DWI (not shown) and a 

corresponding ADC map (not shown) appeared normal. A coronal ultra-
sound image (right) showed mildly hyperechoic signal in that location
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Fig. 23.178  Comparison case of noncavitary white matter injury. Top 
row: A 7-day-old term infant with respiratory difficulty had a 3T MRI 
that showed bright foci of WM injury (dotted arrows) on GE T1WI 
(left), which were isointense on T2WI (left middle) and FLAIR (right 
middle) and slightly dark on an ADC map (right, normal DWI). Bottom 

row: A repeat MRI 10 months later appeared normal on the same 
sequences; note the lack of hemorrhage on SWI (right), as well as nor-
mal PTWM terminal zones (squares). Such punctate, T1-bright foci of 
WM injury may resolve on follow-up MRI

Fig. 23.179  Comparison case of hypoxic white matter injury. After 
cardiac arrest, a 9-day-old term infant had a 3T MRI that showed non-
hemorrhagic periatrial foci (dotted arrows) on GE T1WI (left) and SE 

T2WI (left middle), found to be cytotoxic edema on DWI (right middle) 
and an ADC map (right). Note the callosal splenium injury (split 
arrows)
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Fig. 23.180  Comparison case of early sequelae of PVL. A 4-week-old 
premature infant had a 3T MRI at term-equivalent age that showed 
PVWM foci (dotted arrows) along the periatrial and frontal horns on 

GE T1WI (left), SE T2WI (left middle), FLAIR (right middle) and SWI 
(right). Note PVWM hemorrhages, related to PVL, on SWI
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Fig. 23.181  Comparison case of tiny periventricular nodular heteroto-
pia (PVNH). A 7-day-old infant born at 37 weeks gestational age had 
respiratory depression. An ultrasound and a 3T MRI were both 
requested. The ultrasound was interpreted as normal. Top row: Coronal 
ultrasound (left) appears relatively normal. On the 3T MRI, sagittal GE 
T1WIs of the right (middle) and left (right) sides demonstrated tiny 
nodular foci (dotted arrows) adjacent to the frontal horns of the lateral 
ventricles. The sulcal pattern is slightly less than expected at 37–38 
weeks, appearing like a 35- to 36-week-old. Middle row: Axial GE 
T1WI (left), FLAIR (left middle), GE T2*WI (right middle), and DWI 

(right) images confirmed the tiny foci (dotted arrows) adjacent to the 
frontal horns. As these foci do not exhibit hemorrhage on T2*WI and do 
not have T1-bright signal, theye are not likely to represent WM injury, 
but are likely to represent tiny PVNH. Bottom row: Axial SE T2WIs 
confirmed the bilateral tiny foci (dotted arrows) adjacent to the frontal 
horns. These are not contiguous with, nor are they in a typical location 
for, residual germinal matrix, which can also be located near the frontal 
horns. Note normal residual germinal matrix slightly more anteriorly 
and inferiorly (arrows)
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23.6.8.2	 �Normal Anterior Pituitary 
Hyperintensity in the Neonate 
and Early Infancy

The pituitary gland in the neonate may appear uniformly 
hyperintense on T1WI, owing to bright signal in the anterior 
pituitary, which lasts up to 6–7 weeks postnatal age. 
Although not entirely proven, it has been postulated that this 
appearance relates to histologic changes in the anterior lobe 
arising from the effect of high maternal estrogen levels; after 
the 25th week of gestation, prolactin-containing cells 

increase in the anterior pituitary and are numerous in the 
third-trimester fetus and neonate. These cells progressively 
decrease in number after birth and remain low in number 
during early childhood. Notably, such T1 hyperintensity of 
the anterior lobe will subside by 6–7 weeks after birth even 
in a premature infant, presumably owing to the lack of effects 
from maternal estrogen; differential considerations include 
pituitary hemorrhage or adenoma, which are very unlikely 
in a neonate or young infant (Figs. 23.182, 23.183, 23.184, 
23.185, 23.186, 23.187 and 23.188).

Fig. 23.182  A 32-week-old premature infant had an entirely bright 
pituitary (arrow) on a sagittal GE T1WI

Fig. 23.183  A 5-day-old term infant had a uniformly bright pituitary gland (arrows) on a 3T sagittal GE T1WI (left). At 3.5 months of age (right), 
the anterior lobe (dotted arrow) is no longer bright, but the posterior lobe (arrowhead) remains so
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Fig. 23.184  An 8-day-old term infant with weakness had a uniformly 
bright pituitary gland (arrow) on a 3T MRI with sagittal GE T1WI 
(left). A follow-up 3T sagittal GE T1WI at age 2.5 months (right) shows 

that the anterior lobe of the gland (dotted arrow) is no longer hyperin-
tense, but the posterior lobe (arrowhead) remains hyperintense

Fig. 23.185  A 9-day-old term infant with weakness had an entirely 
bright pituitary (arrow) on a 3T MRI with sagittal GE T1WI (left). A 
follow-up 3T sagittal GE T1WI at age 7 months (right) shows that the 

anterior pituitary (dotted arrow) is no longer hyperintense, but the pos-
terior lobe (arrowhead) remains hyperintense
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Fig. 23.187  A term 9-day-old had a uniformly hyperintense pituitary 
gland (arrows) on a 3T MRI with a 3D GE T1WI acquisition that was 
reconstructed in axial (left) and sagittal (right middle) planes. Note that 
the bright signal is not related to hemorrhage, as the gland is not dark on 

SWI (left middle). On a sagittal reformat from a 3D FLAIR image 
(right), the gland appears isointense. Note the optic chiasm superiorly 
(curved arrows)

Fig. 23.186  A term 7-day-old had a uniformly bright pituitary (arrow) 
on a 3T sagittal GE T1WI (left). At 4 weeks (middle), the anterior lobe 
(dotted arrow) has mildly darkened, and can be discerned from the pos-

terior lobe (arrowhead). By the age of 10 months (right), the anterior 
lobe appears isointense, and the posterior lobe remains bright
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Fig. 23.188  A term 5.5-week-old had a mildly bright anterior lobe of 
the pituitary (dotted arrows) relative to the posterior lobe (arrowheads) 
on 3T GE T1WIs with sagittal (left) and axial (middle) reformats. On 

T2WI (right), the gland is uniformly isointense. This borderline bright 
signal is likely due to the fact that this age is around the time when the 
anterior lobe darkens
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23.6.9	 �Benign Enlargement 
of the Subarachnoid Spaces of Infancy

The condition known as benign enlargement of the sub-
arachnoid spaces of infancy (BESSI) has been called by 
many names, including benign prominence of the subarach-
noid space of infancy, benign subarachnoid space enlarge-
ment, external hydrocephalus, extraventricular 
hydrocephalus, extra-axial collections of infancy, benign 
subdural effusions, benign extracerebral fluid collections, 
and pseudohydrocephalus megacephaly. All of these names 
refer to an entity of unknown etiology that is characterized 
by a rapidly enlarging head circumference in an otherwise 
normal infant with normal mental status and normal neuro-
logic development. The rapid head enlargement typically 
normalizes between the ages of 13 and 24 months. The term 
“external hydrocephalus” may be particularly confusing, as 
it has not yet been clearly proven whether such a condition 
exists that leads to rapid enlargement of the extra-axial 
spaces and subsequent compression of the brain. This ques-
tion was first raised by Dandy et al. in 1918. More recently, 
Barkovich has stressed that the term “benign enlargement of 
the subarachnoid spaces” should apply to such macroce-
phalic, but otherwise normal, infants.

The imaging appearance typically consists of enlarged 
subarachnoid space (SAS) along the frontal convexities, 
sometimes also affecting the parietal and temporal convexi-
ties, and often the sylvian fissures. These findings typically 
diminish, and eventually resolve, as the enlarging head cir-
cumference normalizes between the ages of 13 and 24 
months. On CT and MRI, the prominent SAS follows CSF in 
density and signal intensity, being dark on CT, dark on T1WI, 
bright on T2WI, and suppressed with CSF on FLAIR. Cortical 
veins can often be discerned traversing the enlarged SAS, in 
a manner similarly described in the previous sections to dis-
cern volume loss (atrophy); such bridging veins confirm that 
these images show BESSI, and not subdural hematomas or 
hygromas (SDHs). These veins can be visualized and con-
firmed to be within the SAS on T2WI, SWI, postcontrast 
T1WI, MR angiography, or MR venography. Slight ventricu-
lar enlargement, may also be seen, but without frank hydro-
cephalus. The veins may also be peripheral to the cortices, 
and located just deep to the calvarium. In contrast, SDHs 
compress the cortical veins against the cortex or into the 
cerebral sulci.

Perhaps the confusing multitude of names for this rather 
benign condition inhibits its recognition among both 
radiologists and clinicians, and commonly leads to further 
unnecessary workups. This appearance should be distinguished 
from chronic SDHs (whether hematoma or hygroma), which 
may occur following trauma or in patients with disorders of 
coagulation, and it also should be distinguished from infec-
tious subdural effusions. In patients with nonaccidental trauma 
(NAT), there are often other findings on whole body plain film 
examination, concomitant brain findings on MRI or CT (e.g., 
brain or retinal hemorrhages on SWI, hypoxic-ischemic injury, 
or skull fractures), and the chronic SDHs often are complex 
with layering or membranes. It should also be noted that SDHs 
may occur in patients with BESSI, occurring either spontane-
ously or as a result of NAT or accidental trauma.

Some descriptions in the literature have suggested that 
uncommon or rare conditions may present with BESSI as the 
initial brain finding, where the brain parenchyma and ven-
tricles otherwise appear normal. Such conditions include the 
mucopolysaccharidoses, achondroplasia, and a number of 
congenital-genetic inborn errors of metabolism. It is uncer-
tain whether BESSI reflects the disease state in such disor-
ders or is simply an incidental finding. The clinician should 
perform an adequate neurologic and neurodevelopmental 
examination and examine the family history to exclude the 
presence of such disorders. Overall, congenital-metabolic 
disorders are quite uncommon and are usually identified by 
other imaging features or by clinical or family history. 
Hence, the clinician should view any development of neuro-
logic symptoms or failure to meet neurodevelopmental mile-
stones with suspicion in a patient with BESSI.

In summary, the presence of BESSI in infants less than 1 
year of age is benign and asymptomatic, although the clini-
cian may note a dramatic increase in head size. As this condi-
tion typically resolves by 2 years of age, some state that it is 
not entirely normal, it is agreed upon that BESSI should be 
considered at least a “don’t touch” appearance when it is 
detected. The presence or development of neurologic symp-
toms or neurodevelopmental delay regarding age-related 
milestones should be viewed with suspicion for an underlying 
condition, and BESSI should not be present after 2 years of 
age. If imaging abnormalities other than BESSI are present, 
then the condition may not be benign (Figs. 23.189, 23.190, 
23.191, 23.192, 23.193, 23.194, 23.195, 23.196, 23.197, 
23.198, 23.199, 23.200, 23.201, 23.202, 23.203 and 23.204).
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Fig. 23.190  An 8-week-old with “irritability” had BESSI on an 
NECT (top left), with enlarged SASs within the sylvian fissures and 
along the frontal convexities. An otherwise negative 1.5T MRI 
included axial T1WI (top middle), T2WI (top right), FLAIR (bottom 

left), SWI (bottom middle), and sagittal T2WI (bottom right). Note 
cortical veins (thin arrows) traversing the SASs. Follow-up imaging 
was not obtained. The patient’s subsequent development was normal

Fig. 23.189  A 6-week-old evaluated for trauma had benign enlargement 
of the subarachnoid spaces of infancy (BESSI) on an otherwise negative 
NECT, with bilaterally enlarged subarachnoid spaces (SASs) within the 

sylvian fissures and along the frontal convexities. The interhemispheric 
fissures (dotted arrows) are also prominent. Note small cortical veins 
(thin arrows) traversing the SASs. A follow-up CT scan was not obtained
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Fig. 23.191  An 11-week-old with BESSI. Top row: Ultrasound in a 
macrocephalic, developmentally normal infant showed what were 
thought to be enlarged SASs (asterisks), but further imaging was 
requested to exclude subdural hematomas or hygromas (SDHs) and 
hydrocephalus. Second row: Axial NECT images (left and left middle) 
and a 3T MRI with axial T2WI (right middle) and DWI (right) con-
firmed enlarged SASs. Note the small cortical veins (thin arrows) tra-

versing the SASs. DWI was negative. Third row: axial FLAIR images 
(left and left middle) confirmed that the enlarged SASs suppressed with 
CSF.  SWI (right middle and right) confirmed cortical veins (thin 
arrows) traversing the SASs. Bottom row: Coronal T2WI (left) and 
T1WI (middle) also depicted the small cortical veins, which are further 
illustrated on postcontrast T1WI (right)
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Fig. 23.192  On NECT, a 3-month-old with macrocephaly had 
enlarged SASs of the frontal convexities and sylvian fissures, which 
were traversed by small cortical veins (thin arrows). There was also 

mild right parieto-occipital calvarial flattening (brackets), representing 
mild benign positional plagiocephaly, as the sutures were patent

Fig. 23.193  A 3-month-old with macrocephaly had enlarged SASs of the frontal convexities and of the sylvian fissures on axial NECT (left two 
images). Both the axial images and coronal reformats (right) demonstrate that small cortical veins (thin arrows) traverse the enlarged SASs
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Fig. 23.195  A 4-month-old with macrocephaly had enlarged SASs of 
the frontal convexities and sylvian fissures bilaterally on coronal ultra-
sound images (top row). The SASs were traversed by small cortical 

veins (thin arrows). An NECT (bottom row) was ordered soon after to 
exclude the presence of SDHs, and the findings of BESSI were then 
confirmed

Fig. 23.194  A 3-month-old with macrocephaly had a milder degree of BESSI on NECT, having enlarged SASs predominantly within the sylvian 
fissures, whereas the SASs overlying the frontal convexities were only slightly prominent. Note cortical veins (thin arrows) traversing the SASs

23  Pediatric Brain: Normal Variations in Development, Maturation, and Myelination



737

Fig. 23.196  A 6-month-old with macrocephaly had enlarged SASs of the frontal convexities and sylvian fissures bilaterally on NECT. The SASs 
were traversed by small, peripherally located cortical veins (thin arrows)

Fig. 23.197  A 7-month-old with trauma also was noted to have mac-
rocephaly. NECT showed enlarged SASs of the frontal convexities, 
which were crossed by small cortical veins (thin arrows). The 0.8-mm 

thin-section images (top row) depict such tiny cortical veins better than 
the thicker 2.5-mm images (bottom row)
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Fig. 23.198  A developmentally normal 10-month-old with macro-
cephaly underwent a 1.5T MRI. The SASs were moderately enlarged 
along the frontal convexities, and were crossed by multiple small 

cortical veins (thin arrows) on axial T2WI (left), FLAIR (middle), and 
coronal postcontrast T1WI (right). The SASs suppressed with CSF on 
FLAIR
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Fig. 23.199  A 10-year follow-up of BESSI. Top row: NECT (left and 
middle) in a developmentally normal, macrocephalic 7-month-old 
showed extra-axial space prominence (asterisks), but with density 
greater than that of CSF, perhaps artifactual, owing to combined motion 
and volume averaging. An MRI with sagittal T1WI (right) was obtained 
to exclude SDHs. Middle row: At 7 months of age, axial FLAIR T2WI 

(left), proton-density (left middle), and FLAIR (right) confirmed that 
the enlarged SASs suppressed with CSF, and depicted the cortical veins 
(thin arrows) crossing the SASs. Bottom row: On a 10-year repeat MRI, 
that was interpreted as normal T2WI (left and middle) and FLAIR 
(right) confirmed resolution of BESSI
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Fig. 23.200  Comparison case of subdural hygromas. NECT (left) in a 
macrocephalic 20-month-old with no history of trauma showed bilat-
eral subdural collections (plus signs) along the convexities; cortical 
veins were displaced inwards (thin arrows). On a 3T MRI, these collec-

tions followed CSF on all sequences, including T2WI (not shown), 
FLAIR (middle), and SWI (right). One must exercise caution on 
FLAIR, as pulsation artifacts may mimic cortical veins (dotted arrow)

Fig. 23.201  Comparison case of subdural hygromas. NECT axial (top 
left) and coronal (top middle) reformats in a 14-month-old with no his-
tory of trauma show bilateral subdural collections (plus signs) along the 
convexities, which displace cortical veins inwards (thin arrows). On 3T 

MRI, these collections follow CSF on axial T1WI (top right), sagittal 
(bottom left) and coronal (bottom middle) T2WI, and suppress along 
with CSF on FLAIR (bottom right)
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Fig. 23.202  Comparison case of subdural hematomas or hygromas in 
nonaccidental trauma (NAT). On 3T MRI, a 4-month-old with a history 
of NAT had bilateral collections (plus signs) on T2WI (top left), SWI 

(top middle), coronal GE T2*WI (top right), T1WI (bottom left), 
FLAIR (bottom middle), and DWI (bottom right), which did not sup-
press on FLAIR. Note the cortical veins displaced inwards (thin arrows)

Fig. 23.203  Comparison case of chronic SDHs. In a 5-month-old, 
NECT (left) shows bilateral SDHs (plus signs) of the frontal convexi-
ties; hypodensity implies that these are chronic. The right SDH has 
acute hemorrhagic foci (dotted arrows). On a 3T MRI, the SDHs did 

not suppress with CSF on FLAIR (left middle). T2WI (right middle) 
and SWI (right) show cortical veins displaced inwards (thin arrows). A 
nonaccidental trauma workup was deemed negative
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Fig. 23.204  Comparison case of enlarged SASs in mucopolysacchari-
dosis. In a 19-month-old, a T2WI MRI (left) showed mildly prominent 
SASs of the frontal convexities, with cortical veins (thin arrows) tra-
versing them. On sagittal T1WI (middle), there was a nearly J-shaped 

sella (dotted arrow) and odontoid capping (between arrows), consistent 
with Hurler syndrome. On a T2WI MRI 5 years later (right), the SASs 
remained mildly prominent
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Skull: Introduction

The Skull section of this book is intended to address normal 
variations and do not touch lesions of the calvarium or struc-
tures that traverse the calvarium. Very little recent literature 
or texts have focused solely on the skull. Perhaps this is 
because the majority of variations are benign. As such, there 
are only a few recent works that address the normal sutures 
and their variants that occur as a neonate, infant, and young 
child, which may occasionally persist into adolescence and 
adulthood. Uncommonly, these sutures may not entirely fuse 
or may asymmetrically fuse in older children and adults and 
thus may mimic fractures.

Besides normal variants of the cranial sutures, there are 
many variations in the skull base and cranial foramina that 
may also simulate pathology, such as lytic neoplasms or ero-
sions. Such enlarged foramina (such as parietal foramina) are 
most commonly not related to congenital or metabolic disor-
ders, although in rare cases severely enlarged foramina may 
occur in certain disorders. Additionally, enlargement of such 
foramina can simulate erosions from an adjacent neoplasm.

Additionally, most vascular channels such as venous 
lakes, emissary veins, and uncommon arterial channels are 
readily recognizable. However, an uncommon or rare asym-
metrically enlarged vascular channel can be problematic and 
simulate a neoplasm. Perhaps even more problematic are 
low-flow vascular lesions such as cavernous hemangiomas 

(cavernomas) of the calvarium, which can enhance and can 
have an ambiguous appearance when quite large.

There are also many variations in the degree of aeration 
(such as regarding the paranasal sinuses and mastoids), scle-
rosis (such as enostoses/exostoses), and fatty deposition 
within the calvarium (such as with calvarial arrested pneu-
matization of sinuses, lipomas, and hemangiomas) that can 
either be normal variations or “don’t touch” lesions. To this 
author’s knowledge, there are also scant existing references 
in this regard, and this section of the book is dedicated to also 
being a compilation of such uncommon variants. Some of 
these may be obvious to a radiologist as being benign, but it 
is still helpful to be able to correctly identify the variant to 
dissuade a referring physician who is inclined to send a 
patient to surgery.

Thus, the author acknowledges that this section has limi-
tations, given the relatively new and sparingly addressed 
prior literature on such calvarial variants. Perhaps each of the 
following chapters of skull variations provides enough of a 
spectrum to generate future publications for some of the 
problematic variants described herein. Three-dimensional 
reconstructions of nonenhanced CT (NECT) are included for 
many of the variations when it would seem beneficial, such 
as when reviewing pediatric sutures in the setting of trauma 
to exclude fracture.
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Pediatric Skull: Normal Pediatric 
Sutures on Computed Tomography

Knowledge of normal suture lines is necessary to recognize 
abnormalities and normal variants in pediatric patients and 
even later in adults. The typical, normally patent sutures that 
can be seen in children under 6 months of age are shown in 

Fig. 25.1. The following pages describe normal anatomy of 
the sutures of the skull base, basiocciput, and orbitofrontal 
region that can simulate fractures or other disease in children 
and less commonly in adults.

25
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Fig. 25.1  A 4 month old with various sutures and foramina on axial 
NECT. A.I.O.S anterior intra-occipital synchondrosis; Cor coronal; 
Fr-Sph fronto-sphenoidal; I.O.S. intra-occipital synchondrosis; Lam 
lambdoidal; O-M occipito-mastoidal; P.I.O.S. posterior petro-occipital 

synchondrosis; P.O.S. petro-occipital synchondrosis; S.O.S. spheno-
occipital synchondrosis; Sph-Eth spheno-ethmoidal; Sph-Sq spheno-
squamosal; Sq Squamosal; Zyg-Fr zygomatico-frontal

25  Pediatric Skull: Normal Pediatric Sutures on Computed Tomography
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25.1	 �Pediatric Skull Base: Intraoccipital 
Sutures and Kerckring Ossicle

The following data describe the fusion of the anterior intra-
occipital synchondrosis (AIOS), posterior petro-occipital 
synchondrosis (PIOS), and supraoccipital foramen/

Kerckring ossicle. Incomplete fusion (or scans obtained dur-
ing fusion) can simulate fracture defects, pseudoforamina, 
or even appear as ossicles. The AIOS can have a normal 
“cruciate” appearance during its formation and persist as 
pseudoforamina or tiny clefts (Figs. 25.2, 25.3, 25.4, 25.5, 
25.6, 25.7 and 25.8).

Fig. 25.2  A normal 2 week old. White arrows indicate AIOS; black 
arrows indicate PIOS

Fig. 25.3  A normal 2 month old. Black arrows indicate PIOS

Fig. 25.4  A normal 2 month old. K indicates Kerckring ossicle in the 
supraoccipital foramen

Fig. 25.5  A normal 1 year old with a cruciate AIOS (white arrows)

25.1  Pediatric Skull Base: Intraoccipital Sutures and Kerckring Ossicle
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Fig. 25.6  A normal 2 year old with unfused AIOS (white arrows) and 
PIOS (black arrows)

Fig. 25.7  A normal 27 year old with bilateral AIOS pseudoforamina 
(white arrows)

Fig. 25.8  A normal 50 year old with a posterior AIOS pseudoforamen 
(white arrow)

25  Pediatric Skull: Normal Pediatric Sutures on Computed Tomography
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25.2	 �Pediatric Skull Base: Intraoccipital, 
Petrooccipital, and Occipitomastoid 
Sutures

Sutural development and fusion at the posterior skull base: 
The anterior/posterior intra-occipital synchondroses usu-
ally fuse in early childhood, starting at about 1–2 years, and 

they are usually completed by 7–10 years. The spheno-
occipital synchondrosis usually fuses around the time of 
puberty or shortly thereafter. The petro-occipital, sphenope-
trosal, and occipitomastoid (OM) sutures usually do not com-
plete fusion until the late teens and may not fuse even in 
adults (Figs. 25.9, 25.10, 25.11 and 25.12).

Fig. 25.9  A normal 3 month old with an MPR slab (8-mm thickness) 
from a NECT. White arrows indicate AIOS; black arrows indicate 
PIOS; arrowheads indicate petro-occipital synchrondosis; black dotted 
arrows indicate the occipitomastoid suture

Fig. 25.10  A normal 1 year old with an MPR slab (11-mm thickness) 
from a NECT. White arrows indicate AIOS; black arrows indicate 
PIOS; arrowheads indicate petro-occipital synchrondosis; dotted white 
arrow indicates condylar canal; dotted black arrows indicate occipito-
mastoid sutures; K indicates Kerckring ossicle

Fig. 25.11  A normal 3 month old with a three-dimensional recon-
struction (inferior view) from a NECT. White arrows indicate AIOS; 
black arrows indicate PIOS; arrowheads indicate petro-occipital syn-
chrondosis; white dotted circles indicate mastoid fontanelles; White 
dotted arrow indicates condylar canal

Fig. 25.12  A normal 9 year old. White arrows indicate AIOS; dotted 
black arrows indicate occipitomastoid sutures

25.2 � Pediatric Skull Base: Intraoccipital, Petrooccipital, and Occipitomastoid Sutures
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25.3	 �Intraoccipital Suture Intrasutural 
Bone Normal Variant

Occasionally, the AIOS can persist for a while longer in 
infants or young children, even unilaterally, and may simu-
late a fracture. In this case, an “AIOS bone” persists, which 

should probably be considered a temporary intrasutural 
bone. This can cause confusion if the work-up is for trauma 
and when the child lays nonsymmetrically (or “cockeyed”) 
in the scanner, as the unilaterality and asymmetry can sim-
ulate a fracture (Fig. 25.13).

Fig. 25.13  A 13 month old with a work-up for nonaccidental trauma. 
Spiral CT (top left) demonstrated asymmetric lines in the region of the 
left occipital condyle (white arrows), with the patient lying obliquely in 
the scanner. However, on thicker MPR views that were corrected for the 

positioning (top middle and top right), the right AIOS was found to be 
fused, while intrasutural bones were noted on the left. This was best 
illustrated by three-dimensional images (bottom row, views from 
superiorly)

25  Pediatric Skull: Normal Pediatric Sutures on Computed Tomography
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25.4	 �Kerckring Ossicle and Posterior 
Intraoccipital Suture Incomplete 
Fusion Persisting 
as “Pseudoforamina” or Clefts

Kerckring ossicle (at the top of the PIOS/supraoccipital syn-
chondrosis) usually fuses within the first month of life, 
although persistence may lead to various ossicles or clefts 
even in teens and adults. Such an ossicle sometimes occurs 
within the Kerckring center of the supraoccipital region. 
Typically, a Kerckring ossicle consolidates with the remain-
der of the occipital bone just before birth or within the first 

6–12 months of life. However, these can simulate a fracture 
when they persist later. Although the PIOS typically fuses 
within the first 2 years of age, it also may persist partially 
unilaterally or bilaterally and thus can be confused with frac-
tures in the setting of trauma.

Also, a focal site of cartilaginous inclusion may persist at 
the site of Kerckring ossicle/supraoccipital synchondrosis, 
resulting in a defect of varying size and appear as a pseudo-
foramen (no arteries, veins, or nerves pass through). This 
pseudoforamen can occasionally simulate a fracture 
(Figs. 25.14, 25.15, 25.16, 25.17, 25.18, 25.19, 25.20, 25.21, 
25.22, 25.23 and 25.24).

Fig. 25.14  A normal 4 month old with a Kerckring ossicle (white 
arrow). Black arrows indicate PIOS

Fig. 25.15  A normal 5 month old with a Kerckring ossicle (white 
arrow). Black arrows indicate PIOS

25.4  Kerckring Ossicle and Posterior Intraoccipital Suture Incomplete Fusion Persisting as “Pseudoforamina” or Clefts
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Fig. 25.18  A normal 5 month old with a partially fused Kerckring 
ossicle (white arrows). Black arrows indicate PIOS

Fig. 25.19  A 2.5  year old with bilateral nearly fused PIOSs (black 
arrows); the Kerckring ossicle has entirely fused

Fig. 25.16  A normal 5 month old with normal Kerckring clefts (white 
arrow). Black arrows indicate PIOS

Fig. 25.17  A normal 5 month old with trauma and a cleft simulating a 
fracture. White arrow indicates the expected site of a prior Kerckring 
ossicle; black arrows indicate PIOS

25  Pediatric Skull: Normal Pediatric Sutures on Computed Tomography
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Fig. 25.20  A normal 11 year old with a posterior midline defect. 
White arrow indicates the expected site of a prior Kerckring ossicle

Fig. 25.21  A normal 80 year old with a posterior midline “pseudofo-
ramen.” White arrow indicates the expected site of a prior Kerckring 
ossicle

Fig. 25.22  A normal 63 year old with bilateral defects posteriorly. 
White arrow indicates the expected site of a prior Kerckring ossicle

Fig. 25.23  A normal 64 year old with bilateral visual deficits and 
bilateral pseudoforamina. White arrow indicates site of prior Kerckring 
ossicle, the fusion of which likely led to these pseudoforamina

Fig. 25.24  A normal 63 year old with a single defect at the expected 
site of a prior Kerckring ossicle, the fusion of which likely led to this 
pseudoforamen (white arrow)

25.4  Kerckring Ossicle and Posterior Intraoccipital Suture Incomplete Fusion Persisting as “Pseudoforamina” or Clefts
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Fig. 25.26  A 44 year old with the typical, symmetric appearance of 
the occipitomastoidal sutures bilaterally (white arrows)

Fig. 25.27  An 80 year old with asymmetric occipitomastoidal sutures; 
the left suture (arrow) is unfused relative to the right suture (white arrow)

Fig. 25.25  A 3 month old with positional asymmetry that simulates a 
defect (white arrow)

25.4.1	 �Occipito-Mastoid Suture: Variations 
in Fusion and Asymmetry

The OM suture is probably one of the most common sutures 
at the skull base, along with the spheno-occipital synchon-
drosis (SOS), to simulate a fracture. It can fuse symmetri-

cally, asymmetrically, or persist to varying degrees even in 
the elderly. Additionally, this suture can commonly transmit 
an emissary vein between the dural sinuses and scalp, which 
can also simulate a fracture (Figs. 25.25, 25.26, 25.27, 25.28 
and 25.29).

25  Pediatric Skull: Normal Pediatric Sutures on Computed Tomography
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Fig. 25.28  Comparison case: a 3 year old with a fracture (black 
arrows) in contrast to a normal occipitomastoidal suture (white arrows). 

On a three-dimensional posterior view (right), note the fracture line’s 
straighter configuration

Fig. 25.29  An 11 year old with an asymmetric right 
occipitomastoidal suture (white arrows) and a patent SOS 
(black arrow)

25.4  Kerckring Ossicle and Posterior Intraoccipital Suture Incomplete Fusion Persisting as “Pseudoforamina” or Clefts
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Fig. 25.30  A 10 day old infant. On axial NECT bone windows (left), 
the mendosal sutures (black arrows) appear faint and simulate a frac-
ture, while thicker MPR slabs (middle) show that these are bilateral 

unfused sutures. Additionally, a three-dimensional reconstruction pos-
terior view (right) confirms the normal bilateral appearance of the 
sutures. Also, note the normal mastoid fontanelles (asterisk)

Fig. 25.31  A 3 day old neonate. There are bilateral mendosal sutures 
(black arrows), as depicted on three-dimensional reconstructions from 
a NECT, with posterior (left) and LPO (right) views. Also, note normal 

mastoid fontanelles (asterisk) as well as the lambdoid (white arrows), 
OM (dashed white arrows), squamosal (dashed black arrows), and pos-
terior intraoccipital (thin white arrows) sutures

25.4.2	 �Mendosal Sutures in Young Infants

Mendosal sutures are not typically seen unless the patient is 
imaged by a CT scan before 1–2 months age, at which point 
they also may have already fused. The suture runs from the 
mastoid fontanelle postero-supero-medially. The lambdoid, 

squamosal, occipitomastoid, and posterior intraoccipital 
sutures are also demonstrated here in two patients who were 
both less than 10 days old and were both evaluated for trauma 
because of being dropped (presumed accidental). Both 
NECTs were negative for fracture (Figs. 25.30 and 25.31).

25  Pediatric Skull: Normal Pediatric Sutures on Computed Tomography
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25.4.3	 �Sutures: Fronto-Ethmoidal, Spheno-
Ethmoidal, Fronto-Sphenoidal, 
Zygomatico-Sphenoidal, 
and Zygomatico-Frontal Sutures

These sutures may cause confusion in infants with trauma, par-
ticularly when the patient is tilted and appears asymmetric, thus 
simulating a fracture. These sutures can be made to appear 
symmetric by constructing thicker MPR images. In particular, 

the sphenoethmoidal suture and the frontosphenoidal suture 
can appear jagged and asymmetric. The adjacent zygomatico-
frontal and zygomaticosphenoidal sutures can also simulate 
orbital or frontal fractures. These sutures begin fusion at several 
months of age but may persist to some degree until about 10 
years of age and occasionally can even be found in adults. The 
sphenosquamosal and squamosal sutures are also noted at simi-
lar time periods, along with the sphenoid fontanelle (Figs. 25.32, 
25.33, 25.34, 25.35, 25.36, 25.37, 25.38, 25.39 and 25.40).

Fig. 25.32  A 3 month old with trauma (note left facial and scalp swell-
ing) but lacking a fracture on NECT axial 2 mm (left) and 7 mm MPR 
(right) images. Note the sphenoethmoidal (dashed white arrows), fron-
tosphenoidal (solid white arrows), zygomaticofrontal (white arrow-

heads), zygomaticosphenoidal (dotted white arrows), and 
sphenosquamosal (black arrowheads) sutures as well as the squamosal 
suture (black plus sign) and the sphenoid fontanelles (asterisk) (the 
right sphenoid fontanelle contains an intrasutural bone)

Fig. 25.33  A 10 day old with trauma and a negative CT with axial (left 
two images) and coronal (right) reformats. Note the sphenoethmoidal 
(dashed white arrows), frontoethmoidal (dotted black arrows),  

zygomaticosphenoidal (dotted white arrows), and sutures as well as the 
sphenoid fontanelles (asterisk)

25.4  Kerckring Ossicle and Posterior Intraoccipital Suture Incomplete Fusion Persisting as “Pseudoforamina” or Clefts
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Fig. 25.34  An 18 month old with trauma having early fusion of the 
sphenoethmoidal suture (dashed white arrows). Note the zygomatico-
sphenoidal sutures (dotted white arrows)

Fig. 25.35  A 3 year old with trauma having a partly fused zygomatico-
sphenoidal (dotted white arrows) suture

Fig. 25.36  A 9 year old with fused sphenoethmoidal (dashed white 
arrows) sutures and a rudimentary sphenoid sinus. Note the zygomati-
cosphenoidal sutures (dotted white arrow)

Fig. 25.37  A 22 year old with trauma having fused zygomaticosphe-
noidal (dotted white arrows) and frontosphenoidal (solid white arrows) 
sutures

25  Pediatric Skull: Normal Pediatric Sutures on Computed Tomography
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Fig. 25.38  A 40 year old with trauma having a nonfused sphenoeth-
moidal (dashed white arrows) suture and a mostly fused zygomatico-
frontal (white arrowheads) sutures. Both of these non-fused sutures 
could simulate fractures

Fig. 25.39  A 9 year old with trauma having fusion of the sphenoeth-
moidal (dashed white arrows), zygomaticofrontal (white arrowheads), 
and zygomaticosphenoidal (dotted white arrows) sutures (no fracture 
seen)

Fig. 25.40  A 52 year old with trauma (no fracture) having nearly fused 
sphenoethmoidal (dashed white arrows) and frontosphenoidal (solid 
white arrows) sutures

25.4  Kerckring Ossicle and Posterior Intraoccipital Suture Incomplete Fusion Persisting as “Pseudoforamina” or Clefts
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25.4.4	 �Zygomatico-Frontal and Spheno-
Ethmoidal Sutures Versus Fractures

Following fusion, the sphenoid and ethmoid sinuses aerate, 
with minimal bone between them at the sphenoethmoidal 
suture. Again, the sphenoethmoidal suture may rarely remain 

partially patent in adults and occasionally may simulate a 
skull base fracture in the clinical setting of trauma. Note that 
the zygomaticofrontal and zygomaticosphenoidal sutures 
often are incompletely fused in adults, which can also 
simulate fractures but appear more typical of normal suture 
lines (Figs. 25.41 and 25.42).

Fig. 25.41  A 22 year old with trauma. After axial NECT was per-
formed (left), three-dimensional reconstructions with left lateral (mid-
dle) and RAO (right) views confirmed that the sphenoethmoidal 
(dashed arrows), zygomaticofrontal (arrowheads) and zygomatico-

sphenoidal (dotted arrows) sutures were normal and incompletely 
fused; however, there was also a true right zygomatic fracture (zebra 
arrows)

Fig. 25.42  Comparison case: A 23 year old with trauma, with axial 
(left) and sagittal (middle) reformats from a CTA. Note normal, incom-
pletely fused zygomaticofrontal sutures bilaterally (arrowheads) but 
with a diastatic fracture line crossing the midline (zebra arrows) along 
the sphenoethmoidal suture. Note also how the fracture lines often 

follow a path of least resistance (i.e., suture lines). Pneumocephalus 
(black plus sign) is noted as well as a fracture along the spheno-occipi-
tal synchondrosis posteriorly (shaded arrow, middle image). Note an 
air-fluid level in the sphenoid sinus from that fracture, also depicted on 
a three-dimensional reconstruction (right, superior view)

25  Pediatric Skull: Normal Pediatric Sutures on Computed Tomography
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25.4.5	 �Sphenoid Fontanelle, 
Frontosphenoidal Suture, 
and Sphenosquamosal Suture

The frontosphenoidal and sphenosquamosal sutures begin 
fusion at only a few months of age but may persist to a minor 
degree up to 5–10 years of age. The three-dimensional 
images in Figs. 25.43, 25.44 and 25.45 are each lateral views 
of the skull.

Fig. 25.43  A 3 month old with normal frontosphenoidal (black arrow) 
and sphenoid fontanelle (asterisk). Plus sign indicates squamosal suture Fig. 25.44  A 1 year old with partially fused frontosphenoidal (black 

arrow) and sphenosquamosal sutures (white arrow). Asterisk indicates 
sphenoid fontanelle; plus sign indicates squamosal suture

25.4  Kerckring Ossicle and Posterior Intraoccipital Suture Incomplete Fusion Persisting as “Pseudoforamina” or Clefts
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Fig. 25.45  A 3 month old with left orbital and scalp swelling. The CT 
(top left) raised the question of fractures (white arrow). The patient had 
been obliquely positioned; axial (top right), sagittal MPR (bottom left), 
and three-dimensional reconstruction (bottom right, lateral view) 
images showed that these were simply symmetric frontosphenoidal 

(black arrows), sphenosquamosal (white arrows), and squamosal 
sutures (plus signs). Note the normal sphenoid fontanelles (asterisk). 
On the three-dimensional images, note the “stair-step” artifacts from 
the incremental scan technique

25  Pediatric Skull: Normal Pediatric Sutures on Computed Tomography
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25.4.6	 �Prominent Mastoid Fontanelle

The mastoid fontanelle can present some problems when 
evaluating infants, particularly when their heads are lying 
obliquely in the scanner. Furthermore, the obliquity may 

make it very difficult to evaluate a patient of this age because 
the adjacent squamosal and occipitomastoid sutures are not 
yet fused at less than 1 year of age, and the fontanelle can thus 
be confused with a diastatic fracture (Figs. 25.46 and 25.47).

Fig. 25.46  A 3 month old with trauma. The NECT was negative for 
fracture. White arrows indicate OM suture; black asterisks indicate 
sphenoid fontanelle; black arrows indicate squamosal suture. Note a 
normal wormian bone (black dashed arrow) in a mastoid fontanelle 

(white asterisks) on the three-dimensional images. Shown are three-
dimensional left lateral (left) and RPO (middle) reconstructions as well 
as axial (right) NECT images

Fig. 25.47  A 3 month old with left scalp swelling from trauma. The 
patient was lying obliquely within the scanner. The left mastoid fonta-
nelle (white asterisks) was problematic and was called a fracture by the 

resident radiologist, but the three-dimensional lateral views (right) 
excluded a fracture. White arrow indicates OM suture; black arrows 
indicate squamosal suture

25.4  Kerckring Ossicle and Posterior Intraoccipital Suture Incomplete Fusion Persisting as “Pseudoforamina” or Clefts
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Skull Base Foramina: Normal Variations 
and Developmental Defects

This chapter is devoted to the normal variations in foramina at 
the skull base. Because these foramina can simulate fractures, 
lytic lesions, and cephaloceles based on their location, one can 
recognize the importance of being familiar with these variants. 
Although these foramina can be particularly prominent and 
problematic in younger children, their persistence in adults can 
cause confusion. Therefore the intent and methodology utilized 
here are to follow the normal anatomy and staying power of 
these variants from the pediatric to adult ages. A number of 
other skull base foramina are not covered in this text; those that 
are not mentioned either are not typically confused with other 
abnormalities or do not have significant asymmetry (e.g., opti-
cal canal, superior orbital fissure, carotid canal).

Our description is anatomic starting from the anterior 
(ethmoid) to the base of the sphenoid to the basiocciput 
foramina, followed by the cranial nerve foramina of the mid-
dle cranial fossa and posterior fossa. The variations above 
the skull base and of the cranial sutures above the skull base 
are presented later in the text. Please note that vascular vari-
ants (e.g., emissary veins) are covered separately, although 
some of these variants, such as the emissary vein of the fora-
men of Vesalius, overlap and may be mentioned separately 
elsewhere in the text.

26.1	 �Foramen Cecum

The foramen cecum is an embryonic remnant of a dural 
diverticulum and is a space where the dura briefly connects 
between the anterior cranial fossa and prenasally, even 
extending to the tip of the nose at one point. Thereafter the 
dura recedes, remaining intracranial. The prenasal space 
later disappears with fusion of the adjacent bones, although 
a tiny normal foramen cecum is present in many individu-
als between the nasal process of the frontal bone anteriorly 
and the crista galli posteriorly. This foramen is normal as 
long as no T1- or T2-bright (cephalocele or dermoid) mass 
is present. The foramen should be less than 3  mm at 5 
years of age but may be larger in younger children.

Also, the foramen cecum may occasionally contain a tiny, 
imperceptible vein or dura, although usually only fibrous or 
mesenchymal tissue remains. The foramen’s location and 
identity can be confirmed by multiplanar as well as three-
dimensional (3D) reconstructions. When it is larger, this 
foramen can be confused with pathologic conditions such as 
cephalocele (skull base defect), meningioma (erosive mass), 
or esthesioneuroblastoma (erosive mass). (Figs. 26.1, 26.2, 
26.3, 26.4 26.5, 26.6, and 26.7).

26
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Fig. 26.1  An 11 month old with a sizeable but normal foramen cecum on axial CT (left), 24 mm MPR (middle) and 3D superior view (right)

Fig. 26.2  A 1 year old with a foramen cecum (arrows) on CT (left), on 
axial FLAIR (middle), and on coronal T1WI (right) MRI. Also noted is 

an intraethmoidal defect posteriorly (black arrows). Note the T1-bright 
signal within the crista galli (dashed arrow)

Fig. 26.3  A 73 year old with a tiny foramen Fig. 26.4  A 4 year old with a sizeable foramen

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Fig. 26.5  A 4 year old with a patent foramen cecum on axial NECT (left), with sagittal MPR (middle) and 3D reconstruction (right, superior view) 
images

Fig. 26.6  A 17 year old with a tiny foramen cecum

26.1  Foramen Cecum
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Fig. 26.7  A 52 year old with a 
tiny foramen cecum on axial 
(left) and 3D reconstruction 
(right, superior view) images

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.2	 �Interplanum Ethmoidal Defect

Interplanum ethmoidal defects (IED) are gaps that normally 
temporarily occur between the anterior aspect of the jugum 
(posteriorly), the orbito-/presphenoid on the sides and the 
ethmoid anteriorly. These usually disappear within the first 
few years of life: the presphenoid fuses at the midline and the 

ethmoids and sphenoids continue to aerate. No nerves or vas-
cular structures or pathology is typically associated with this 
normal variant.

Unless otherwise noted, the images provided are axial 
nonenhanced CT (NECT) (Figs. 26.8, 26.9, 26.10, 26.11, 
and 26.12). 

Fig. 26.8  A 3 month old with a small IED situated between the anterior aspect of the sphenoid jugum (J) and the ethmoid bones (E) on axial (left), 
coronal (middle), and oblique coronal (right) NECT reconstructions

Fig. 26.9  A 1 year old with a larger IED (white arrows) on NECT 
(left) and a corresponding defect on MRI with coronal (middle) and 
sagittal (right) T1WI. The IED is located between the sphenoid jugum 

(J) and the ethmoid bones. An incidental foramen cecum is noted ante-
riorly (black arrow)

26.2  Interplanum Ethmoidal Defect
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Fig. 26.10  A 5 month old with an IED on axial NECT

Fig. 26.11  A 4 year old with an IED between the orbitisphenoid and 
ethmoids on coronal reformats

Fig. 26.12  A 52 year old with an IED between the ethmoid sphenoid 
sinuses on NECT

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.3	 �Rostro-orbital Pseudoforamen

The rostro-orbital pseudoforamen (ROPF) is typically a 
bilateral defect along the lateral aspect of the presphenoid 
between the body of the anterior presphenoid and the orbito-
sphenoid. These often disappear within the first few years of 

life, although they may rarely persist in teens and early 
adults. No known nerves or vascular structures are 
transmitted.

Unless otherwise noted, the images provided are axial 
nonenhanced CT (NECT) (Figs. 26.13,  26.14, 26.15, 26.16, 
26.17, 26.18, 26.19, 26.20, and 26.21).

Fig. 26.13  A 1 month old with bilateral ROPFs on axial NECT

Fig. 26.14  A 3 month old with bilateral ROPF on coronal MPRs from 
NECT

Fig. 26.15  A 4 month old with tiny, bilateral ROPFs on axial NECT

Fig. 26.16  A 7 month old with bilateral asymmetric ROPFs on axial 
NECT

26.3  Rostro-orbital Pseudoforamen
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Fig. 26.17  A 9 month old with bilateral ROPFs on axial NECT

Fig. 26.18  An 18 month old with tiny bilateral ROPFs on axial NECT

Fig. 26.19  An 18 month old with tiny bilateral ROPFs on axial NECT

Fig. 26.20  An 8 year old with tiny bilateral ROPFs on axial NECT

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.4	 �Anterior Foramen of Presphenoid

The anterior foramen (AF) is a defect of the presphenoid, 
usually noted in the first few months of life and containing 
cartilage. It is in the middle of the presphenoid. The term 
foramen may not be entirely appropriate because no nerves 
or vessels are known to pass through. Although initially a 
lucent and somewhat linear or triangular cartilaginous defect, 
it becomes rounded over the next 2–3 months and can persist 
in later infancy and early adolescence as linear or triangular 
sclerosis, particularly at its superior aspect. The posterior 
foramen (PF), also known as the craniopharyngeal canal, is 
just posterior between the middle and postsphenoid. Also 
noted in some cases are intralateromedial lines/defects 
(ILMDs) laterally. Some of the following cases are in patients 
who are older than the time of expected fusion of the AF. In 
each of the following cases, note that the AF is anterior to 
both the spheno-occipital synchondrosis and the PF. Included 
are examples of the AF from infancy onward, which only 
rarely persists in adults since it typically fuses in infancy.

Unless otherwise noted, the images provided are axial 
nonenhanced CT (NECT) (Figs 26.22, 26.23, 26.24, 26.25, 
26.26, 26.27, 26.28, 26.29, and 26.30).

Fig. 26.21  An 18 year old with bilateral faint ROPFs on axial NECT

Fig. 26.22  A 1 month old with a large, unfused and triangular configu-
ration of the AF (white arrow). Note the sphenooccipital synchondrosis 
(SOS) (dashed lines)

26.4  Anterior Foramen of Presphenoid
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Fig. 26.23  A 1 month old with a small focal AF (white arrow) in the 
middle of the presphenoid. Note the sphenooccipital synchondrosis 
(dashed lines) and intralateromedial defects laterally (ILMD’s), (thin 
arrows)

Fig. 26.24  A 7 week old with trauma but no fracture. Note a small AF 
(white arrow). Black arrow indicates posterior foramen (PF, craniopha-
ryngeal canal). Thin arrows indicate intralateromedial defects (ILMDs)

Fig. 26.25  A 3 month old with a triangular defect from an incompletely 
unfused AF (white arrow). Black arrow indicates PF, craniopharyngeal 
canal. Dashed lines indicate sphenooccipital synchondrosis (SOS)

Fig. 26.26  A 1 year old with a residual, faint AF (white arrow) lucency 
on an axial 7-mm-thick MPR from NECT

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Fig. 26.27  A 5 month old with trauma but no fracture. A tiny AF 
(white arrow) can be seen anteriorly. Black arrow indicates PF, cranio-
pharyngeal canal. Thin arrows indicate ILMDs

Fig. 26.28  A 1 year old with a triangular, faintly sclerotic AF (white arrow) 
that is mostly fused. Black arrow indicates PF, craniopharyngeal canal

Fig. 26.29  A 6 year old with a tiny AF (white arrow) anterior to both 
the SOS and the sclerosis of the PF/CPC

Fig. 26.30  A 30 year old with a residual tiny defect of the AF (white 
arrow) long after fusion

26.4  Anterior Foramen of Presphenoid
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26.5	 �Posterior Foramen of the Sphenoid 
(also Known as the Craniopharyngeal 
Canal)

The craniopharyngeal canal (CPC) has many names, such as 
the trans-sphenoidal canal, posterior sphenoidal foramen 
(PF), hypophyseal canal, or the basipharyngeal canal. This 
bony canal transmits the Rathke pouch as it migrates rostrally 
to join with the infundibulum of the hypothalamus to form the 
pituitary (usually completed by 6–10 weeks’ gestational age). 
Arrest of this migrational process can lead to the adenohy-
pophysis’ remaining below the bony sella, encephaloceles, 
and various other masses (craniopharyngiomas, hamartomas) 
or cysts (Rathke cleft cysts, dermoids, epidermoids). However, 
incidental, asymptomatic persistence of the canal (some 
sources state it is less than 2 mm in size) can be present in 

about 1 % of the population. The PF/CPC should be directly 
inferior to the sella, anterior to the spheno-occipital synchon-
drosis, and posterior to the anterior foramen.

The cases herein demonstrate that a normal PF, later 
known as a CPC, may persist and be seen in any age group. 
Both CT and MRI can demonstrate that a CPC is directly 
caudal to the bony sella and pituitary stalk and that the canal 
can theoretically communicate between the floor of the bony 
sella and the nasopharynx. Although the canal can be patent 
but asymptomatic, in a small segment of the population a 
mass, cyst, or encephalocele should be excluded when these 
are larger than 2–3 mm.

Unless otherwise noted, the images provided are axial 
nonenhanced CT (NECT) (Figs. 26.31, 26.32, 26.33, 26.34, 
26.35, 26.36, and 26.37).

Fig. 26.31  A 10 day old with a tiny PF (white arrow) and a tiny AF 
(black arrow) on axial NECT. Note the patent SOS (dashed arrows) 
posteriorly

Fig. 26.32  A 1 month old with a tiny PF (white arrow) and a tiny AF 
(black arrow) on axial NECT. Note the patent SOS (dashed arrows) 
posteriorly

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Fig. 26.33  A 5 month old with a tiny PF (white arrow) and a tiny AF 
(black arrow) on axial NECT. Note the patent SOS (dashed arrows) 
posteriorly.

Fig. 26.34  A 5 month old with a mostly fused PF (white arrow) on 
MPR and a widely patent SOS (dashed arrows) posteriorly. The AF 
(black arrows) is patent

Fig. 26.35  A 6 year old with a coronal T2WI MRI that shows the pat-
ent extent of a PF/CPC (arrows)

Fig. 26.36  A 20 year old with a residual patent PF (arrow) on 
axial NECT. The SOS has fused

26.5  Posterior Foramen of the Sphenoid (also Known as the Craniopharyngeal Canal)
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Fig. 26.37  A 50 year old with a patent PF (CPC) that is visible on 
axial (left), coronal (middle), and sagittal (right) images reconstructed 

from a CT angiogram. Note the fused SOS situated posteriorly

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.6	 �Intralateromedial Defects 
of the Postsphenoid

ILMDs are related to the lateral site of fusion of the post-
sphenoid. They are typically noticed on axial nonenhanced 
(NECT). In infants, small lines are seen at this site of 
fusion, usually disappearing in the first year of life. 
However, small, faint lines or even pseudoforamina may be 

present later in childhood, adolescence, or rarely in adults; 
they should not be mistaken for fractures and do not trans-
mit nerves or vasculature. The AF (intrapresphenoidal) is 
also demonstrated in several examples because it is often 
present in the same time period as the ILMDs, typically 
within the first 6 months of life.

Unless otherwise noted, the images provided are axial 
NECT (Figs. 26.38, 26.39, 26.40, 26.41, 26.42, and 26.43).

Fig. 26.38  A 3 day old with tiny ILMDs (arrows) bilaterally. Black 
arrow indicates AF

Fig. 26.39  A 1 month old with tiny ILMDs (arrows) bilaterally. Black 
arrow indicates AF. Tiny arrow indicates PF

26.6  Intralateromedial Defects of the Postsphenoid
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Fig. 26.40  A 5 month old with faint ILMDs (arrows) bilaterally. Black 
arrow indicates AF. Tiny arrow indicates PF

Fig. 26.41  A 45 year old with a unilateral left ILMD (arrow) persist-
ing as a tiny pseudoforamen

Fig. 26.42  A 49 year old with a unilateral left ILMD (arrow) persist-
ing as small pseudoforamen

Fig. 26.43  A 57 year old with a faint residual tiny left ILMD (arrow) 
pseudoforamen

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.7	 �Intrapostsphenoidal Pseudoforamen

The intrapostphenoidal pseudoforamen (IPSP, termed by 
Madeleine and coauthors) refers to a cartilaginous inclusion 
occurring at or near the spheno-occipital synchondrosis 
(SOS). This foramen is occasionally seen in adults upon or 
near fusion of the SOS and is typically noted on axial NECT 
images. This can be confused with a craniopharyngeal canal 
(i.e., posterior sphenoidal foramen); however, the IPSP does 
not communicate with the sella or pharynx. Seeing a 
foramen-like defect along or abutting the SOS (the CPC is 
anterior to the SOS) is the best way to discern this pseudofo-
ramen. Unless otherwise noted, the images provided are 
axial nonenhanced CT (NECT) (Figs. 26.44, 26.45, 26.46, 
26.47, 26.48, 26.49, and 26.50).

Fig. 26.44  A 9 month old with a postsphenoidal cleft (black arrow) 
and an IPSP (white arrow)

Fig. 26.45  A 12 year old with a tiny IPSP (arrow) and a marginally 
patent SOS (thin arrows)

Fig. 26.46  In a 15 year old the SOS (thin arrows) is fusing and an 
early IPSP (arrow) has formed

26.7  Intrapostsphenoidal Pseudoforamen
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Fig. 26.47  An 18 year old with a tiny IPSP (arrow)

Fig. 26.48  A 51 year old with a tiny midline defect that represents a 
residual IPSP (arrow)

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Fig. 26.49  A 48 year old with a tiny midline defect from a 
residual IPSP (arrow)

Fig. 26.50  A 37 year old with a pseudoforamen from an IPSP (arrow) 
noted along the SOS on the middle image; however it is not noted on 
axial CT images below (left) or above (right) that level. This demon-

strates how the IPSP is a pseudoforamen that does not communicate 
above or below

26.7  Intrapostsphenoidal Pseudoforamen
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26.8	 �Postsphenoidal Cleft

The postsphenoidal clefts (PSCs) and the anterior basioc-
cipital clefts (ABOCs) occur together in a majority of 
patients along the anterior and posterior aspects of the 
SOS. These clefts are common in childhood, when there is 
significant bone turnover, possibly lytic or blastic activity 
adjacent to the SOS, and are common between several 
months of age even into the late teens. Note that the PSCs are 

along the posterior aspect of the sphenoid, while the ABOCs 
are along the anterior aspect of the occipital bone. Both the 
PSCs and the ABOCs can have a cruciate appearance. Other 
variants seen in the cases below include the occipitomastoid 
suture (OMS) and a tiny CPC in one case.

Unless otherwise noted, the images provided are axial 
nonenhanced CT (NECT) (Figs. 26.51, 26.52, 26.53, 26.54, 
and 26.55).

Fig. 26.51  An 18 month old with trauma but no fracture and a small 
PSC (arrow)

Fig. 26.52  A 9 year old with trauma but no fracture and a tiny PSC 
(arrow). Gray arrow indicates SOS

Fig. 26.53  A 1 year old with a PSC (arrow), anterior basioccipital 
cleft (ABOC) (black arrow), OMS (dotted white arrows), and a true 
occipital fracture (asterisk)

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Fig. 26.54  A 9 month old with 
trauma but no fracture. Note the 
PSC, CPC, and SOS on axial 
(left) and coronal (right) NECT 
reformats; the PSC mimics a 
fracture on coronal MPR’s

Fig. 26.55  A 37 year old with a tiny, tubular defect (arrows) at the top of the expected SOS but posterior to the expected location of the CPC on 
axial (left), sagittal (middle), and coronal (right) NECT reconstructions. This favors being a PSC remnant

26.8  Postsphenoidal Cleft



790

26.9	 �Spheno-Occipital Synchondrosis

The SOS usually begins fusion about 6–8 years of age, and in 
the large majority of children (>95 %) completes fusion 
between 15 and 18 years of age. However, residual defects 
may be visualized in up to two thirds of patients and may be 
seen as faint areas of sclerosis or lucency in adults. These 
defects include small cleft-like defects, small ossified bodies 
within the cartilage-filled space yet to be ossified, or scle-
rotic lines, even in the later adult ages.

The figures in this section illustrate the SOS at various 
stages from birth to later in infancy, with examples also 
provided from later in life. The examples illustrate progres-
sive sclerosis and fusion of the SOS from infancy to late 
childhood, early teens, adulthood, and even in the elderly. 
Note that the sclerosis denoting fusion of the SOS begins 
centrally, which can appear irregular as fusion commences. 
As the SOS progressively fuses, the surrounding and inter-

nal sclerosis ensues. Although fusion is typically com-
pleted or nearly completed by the ages of 18–21 years, 
varying degrees of residual sclerosis or faint defects can be 
noted and can persist even in the elderly. In trauma, this can 
simulate fractures or diastasis in any of these age groups, 
particularly during fusion. Thus, a true fracture can often 
be distinguished from a normal SOS by reformatting the 
axial sequences. However, one should be wary of true frac-
tures that can extend along the SOS as a path of least resis-
tance, particularly in older children or teens in whom the 
SOS is partially fused. It is recommended to look for frac-
tures laterally with pneumocephalus extending along the 
carotid canal or for fluid in the adjacent sphenoid sinus or 
mastoid air cells.

Unless otherwise noted, the images provided are from 
axial nonenhanced CT (NECT) (Figs. 26.56, 26.57, 26.58, 
26.59, 26.60, 26.61, 26.62, 26.63, 26.64, 26.65, 26.66, 26.67, 
26.68, and 26.69).

Fig. 26.56  A 1 day old with a widely patent SOS on axial (top) and 
sagittal (bottom) 5-mm-thickness reformats from NECT (arrow)

Fig. 26.57  A 1 month old with a typical SOS (arrow)

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Fig. 26.58  A 3 month old whose body is tilted within the CT scanner. 
Note an irregular SOS (arrow)

Fig. 26.59  A 1 year old with a normal patent SOS on a sagittal refor-
mat from NECT

Fig. 26.60  A 4 year old with a patent SOS (arrows) noted on a sagittal 
MPR from NECT

Fig. 26.61  A 9 year old with an irregular SOS (arrows) as well as a 
PSC (dashed arrow)

Fig. 26.62  An 8 year old with early ossification of the SOS (arrow) 
with internal ossicle-like sclerosis centrally on axial (left) and sagittal 
(right) MPRs from NECT

26.9  Spheno-Occipital Synchondrosis
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Fig. 26.63  An 11 year old with a sclerotic and irregular SOS (arrows) 
as the SOS is beginning to fuse

Fig. 26.64  An 11 year old with a sclerotic focus noted centrally near 
the midline of the SOS (arrow) while the SOS is partially fused

Fig. 26.65  An 18 year old with a sclerotic SOS (arrow) that is recently 
and nearly completely fused, as shown on axial NECT (left) and on a 
sagittal T1-weighted MRI (right) obtained at 3 T

Fig. 26.66  A 45 year old with faint sclerosis of the SOS

Fig. 26.67  A 71 year old with a tiny, hardly patent SOS (arrows) on 
axial NECT (left), which is best visualized on sagittal MPR (right)

26  Skull Base Foramina: Normal Variations and Developmental Defects



793

26.10	 �Anterior Basioccipital Clefts

ABOC and postsphenoidal clefts occur together in a majority 
of patients. These clefts are common in childhood when 
there is significant bone turnover, possibly related to lytic/
blastic activity adjacent to the SOS. There is no known syn-
chondrosis along the anterior basiocciput’s midline, support-
ing the theory that these clefts are related to absorption/
resorption of bone and turnover adjacent to the active 
SOS. Therefore, particularly in ages between 3 months and 
15 years (when there is active turnover in this region) jagged, 
irregular, or even a sclerotic and ossicular appearance in this 
location is within normal limits, although careful inspection 
should be performed in cases of trauma (all our cases were 
evaluated for trauma) to check if a fracture line crosses the 
SOS and other portions of the sphenoid and temporal bones. 
Also, correlation with the presence of pneumocephalus or 
debris in the mastoids or middle ear is helpful.

Unless otherwise noted, the images provided are from 
axial nonenhanced CT (NECT) (Figs. 26.70, 26.71, 26.72,  
and 26.73).

Fig. 26.68  A 74 year old with a residual sclerotic line from a fused 
SOS (arrows) shown on axial (left) and sagittal (right) MPRs

Fig. 26.69  A 79 year old with a line of faint sclerosis from SOS fusion 
(arrow)

Fig. 26.70  A 5 month old with two tiny defects from ABOCs (arrow)

26.10  Anterior Basioccipital Clefts
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Fig. 26.71  A 3 year old with an ossicle-like ABOC (arrow)

Fig. 26.72  A 6 year old with a tiny ABOC defect (arrow)

Fig. 26.73  A 6 month old who had trauma from a nondisplaced occip-
ital fracture (dotted arrows). The ABOC (white arrows) is normal; a 
fracture line in that location would likely extend anteriorly into the 

ethmoids or laterally into the petrous apices. Another faint line (yellow 
arrows) was thought not to represent a fracture. Also, 3D images (supe-
rior view, right) did not depict a fracture

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.11	 �Parasagittal Defects of the 
Basiocciput (Basioticum Variant)

Parasagittal tubular defects (arrows) may be an uncommon 
form of incomplete fusion of the posterior parachordal 
centers and the adjacent occipital sclerotomes and are usually 

located just off of the midline. These may appear tubular or 
faint and can be bilateral. On sagittal or coronal reconstruc-
tions, they are usually linear and vertically oriented.

Unless otherwise noted, the images provided are from 
axial nonenhanced CT (NECT) (Figs. 26.74, 26.75, 26.76, 
26.77, and 26.78).

Fig. 26.74  An 11 year old with a tiny, tubular parasagittal defect 
(white arrow). Anteriorly, the spheno-occipital synchondrosis is patent 
(black arrow)

Fig. 26.75  An 11 year old with an off-midline tubular parasagittal 
defect (arrow)

Fig. 26.76  A 76 year old in whom a tiny parasagittal defect (arrows) 
mimics a clival fracture

Fig. 26.77  A 25 year old with a small tubularparasagittal defect 
(arrow)

26.11  Parasagittal Defects of the Basiocciput (Basioticum Variant)
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Fig. 26.78  A 36 year old with bilateral tubular parasagittal defects on axial (left), coronal (middle), and sagittal (right) NECT reconstructions. 
Note the sphenovomerine suture (dotted arrows)

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.12	 �Canalis Basilaris Medianus

The canalis basilaris medianus (CBM) is present in less than 
2 % of the population and is a channel that is thought to be a 
notochordal remnant at its superior extent. The CBM is pro-
posed to result from incomplete fusion of ossification centers 
around this remnant. It persists in varying degrees, being 
incomplete or complete, which can range among the basioc-

ciput, the inferior aspect of the bony sella, and persist on the 
pharyngeal surface of the basiocciput as the foveola pharyn-
gica (FP). As long as no meningocele or mass is contained 
within (a rare occurrence), the CBM is an asymptomatic nor-
mal variant. Note that it is located inferoposterior to the SOS.

Unless otherwise noted, the images provided are from 
axial nonenhanced CT (NECT) (Figs. 26.79, 26.80, 26.81, 
26.82, 26.83, 26.84, 26.85, 26.86, and 26.87).

Fig. 26.80  A 46 year old with a CBM (arrow) at the top of a sagittal 
reformat from a cervical NECT

Fig. 26.81  A 12 year old with a CBM (arrow) and a patent SOS 
(dashed arrows)

Fig. 26.79  A 9 month old with a CBM (white arrow) and an FP (black 
arrow)

Fig. 26.82  A 15 year old in whom axial (left) and sagittal (right) refor-
matted NECT MPRs depict the superior aspect of incomplete noto-
chordal fusion, with a FP anteriorly (arrows)

26.12  Canalis Basilaris Medianus
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Fig. 26.84  A 50 year old with an incidental CBM (arrows) that was noted on coronal MPR (middle) and 3D reconstructions (right, from anteri-
orly) from axial NECT (left)

Fig. 26.83  A 23 year old with a tiny CBM and a big FP on axial (top) 
and sagittal (bottom) NECT reformats

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Fig. 26.85  Top row: A 23 year old with axial NECT (left) and T2WI (middle) and FLAIR MRI (right), which show bright signal within a FP from 
a CBM. Bottom row: on sagittal T1WI (left), STIR (middle), and T2WI (right), the FP/CBM extends through to the dura (thin arrows)

26.12  Canalis Basilaris Medianus
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Fig. 26.86  A 25 year old with a large FP of a CBM on axial (top) 
and sagittal (bottom) MPRs

Fig. 26.87  A 57 year old 
with axial T2WI (left) and 
postcontrast T1WI (right) 
MR images that show a CBM 
and FP (arrows); there is 
bright signal and enhancing 
tissue within the CBM/FP, 
perhaps the result of mucosal 
tissue within the defect
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26.13	 �Basioccipital Raphe

The basioccipital raphe has been described as a small, mid-
line, medial faint defect (raphe) of the basiocciput, occurring 
in about 5–10 % of the population. Although it has primarily 
been described primarily in infants, faint defects in the same 
location in a number of adults have been seen. These may be 
difficult to differentiate from a persistent CBM, another 

midline normal variant. The cause of this appearance is not 
entirely known, but this variant has been postulated to relate 
to possible prenatal fusion of parachordal centers. In some 
patients this could simulate a fracture.

Unless otherwise noted, the images provided are from 
axial nonenhanced CT (NECT) (Figs. 26.88, 26.89, 26.90, 
26.91, 26.92, and  26.93).

Fig. 26.88  A 5 month old with a thin BOR (arrow)

Fig. 26.89  A 24 year old with a thin BOR (arrow)

Fig. 26.90  A 46 year old with a thin BOR (arrow)

Fig. 26.91  A 26 year old with a tiny BOR (arrow)

26.13  Basioccipital Raphe
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26.14	 �Normal Asymmetry or Prominence 
of Skull Base Foramina: Jugular 
and Hypoglossal

There can be normal mild asymmetry of skull base foramina 
without a mass being present as a result of several factors. 
These can simulate a mass that would correspond to travers-
ing cranial nerves, such as with a schwannoma. One of the 
most common causes of normal foraminal enlargement (as 
mentioned within Chapters 40.1 and 40.2 within the Vascular 
section of this book that further discuss emissary veins and 
foraminal enlargement) is unilateral prominence of normal 
venous structures such as internal jugular veins (jugular fora-
men) or emissary veins (often the hypoglossal foramen); 
another simulated cause is asymmetric alignment of the 
patient in the axial plane. The most common foramina to 
demonstrate asymmetry are the jugular foramen, condylar 
canal, hypoglossal, internal auditory canal, and the foramen 
ovale (based on this author’s experience). There may be 
asymmetry of other foramina that are usually not “in-plane” 
on axial head CT images; these are less common and often 
incidental findings. With asymmetric foramina, there is no 
scalloping or irregular cortical margin such as is typically 
seen with more aggressive masses (e.g., chondrosarcomas or 
chordomas); however, normal asymmetry of these foramina 
may be difficult to discern from slower growing masses such 
as in neurofibromatosis type 2, in which schwannomas or 
meningiomas can slowly enlarge (Figs. 26.94 and  26.95).

Fig. 26.92  A 51 year old with a faint BOR (arrow)

Fig. 26.93  A 59 year old with a faint BOR (arrow)

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Fig. 26.94  Top row: on NECT, a 
65 year old has an asymmetric 
prominence of the left 
hypoglossal canal (arrows) and 
right jugular foramen (dashed 
arrows). Axial T2WI MRI 
(bottom left) shows bright signal 
in both locations. Postcontrast 
coronal T1WI (bottom right) 
shows enhancement of the right 
IJV (dashed arrows). Thus, 
prominent venous structures are 
present in both locations

26.14  Normal Asymmetry or Prominence of Skull Base Foramina: Jugular and Hypoglossal
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Fig. 26.95  A 36 year old with asymmetric hypoglossal canals 
(arrows). The right side connects to an emissary vein (asterisk)  
via the posterior condylar canal

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.15	 �Jugular Diverticulum (Also Known 
as “High-Riding Jugular Bulb”  
or Dehiscence)

A prominent jugular diverticulum (also called a high-riding 
jugular bulb) may simulate an erosive or expansile mass 
such as a cholesteatoma, epidermoid cyst, glomus tumor, or 
schwannoma. This appearance can be symmetric or asym-
metric. Typically, this is called “high-riding” if it extends 
cephalad up above the bottom of the middle ear, sometimes 
even up to the level of the internal auditory canal. There is 
usually a thin rim of cortical bone present between the bulb 
and the middle ear, which distinguishes this entity from 
dehiscence of the jugular bulb. Although it is a normal vari-

ant, it may predispose to dehiscence of the bulb and hemor-
rhage from severe otomastoiditis or as a complication of 
surgery or trauma due to the proximity of the vein to the 
middle ear.

Although jugular dehiscence can arise from a middle 
ear mass, the most common form is a congenital extremely 
thin or absent plate of bone between the jugular foramen 
and the middle ear (a very thin bony plate is present in up 
to 10–15 % of the population). As with the high-riding jug-
ular or jugular diverticulum, the knowledge of this anatomy 
is pertinent prior to surgery or after skull base trauma or 
infection. This normal variant is typically suspected on 
axial CT, although it is best confirmed on sagittal or coro-
nal reconstructionss (Figs. 26.96 and 26.97).

Fig. 26.96  A 66 year old with 
bilateral prominent jugular 
diverticula (asterisks) that are 
separated from the middle ears 
by a thin margin of cortical bone 
(arrows) but without frank 
dehiscence. Axial (top row) and 
coronal (bottom row) NECT 
images are provided

26.15  Jugular Diverticulum (Also Known as “High-Riding Jugular Bulb” or Dehiscence) 
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Fig. 26.97  A 71 year old with a unilateral left jugular diverticula 
(asterisks) that is separated from the middle ear by a thin margin of 
bone but has a focal area of dehiscence (arrows). This is demonstrated 

on sagittal (top right) and coronal (bottom left) MPRs from NECT. A 
3D cut-away reformat (superior view, bottom right) illustrates the 
asymmetric jugular foramina

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.16	 �Comparison Cases: Masses 
of the Hypoglossal and Jugular 
Foramina

Below are examples of both aggressive and slow-growing 
masses causing enlargement of the hypoglossal and jugular 
foramina. The distinction between normal foraminal asym-

metry and mass-related enlargement is less problematic with 
the hypoglossal and jugular foramina relative to the internal 
auditory canal (IAC), as these two foramina are not as com-
monly bilaterally and symmetrically involved by disease  
as the IAC (an example is with neurofibromatosis type 2) 
(Figs. 26.98, 26.99, and 26.100).

Fig. 26.98  Comparison case: a glomus jugulare enlarges the foramen with irregular edges and enhances with contrast (arrows)

26.16  Comparison Cases: Masses of the Hypoglossal and Jugular Foramina
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Fig. 26.99  Comparison case: a plexiform neurofibroma smoothly 
expands the left hypoglossal foramen in a patient with 
neurofibromatosis type 1

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Fig. 26.100  Comparison case: a chondrosarcoma in the left jugular foramen (arrows) anteriorly involves the carotid canal and the lateral clivus 
(dashed arrows)

26.16  Comparison Cases: Masses of the Hypoglossal and Jugular Foramina
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26.17	 �Normal Asymmetry or Prominence 
of Skull Base Foramina: Bulbous 
Internal Auditory Canals

The internal auditory canals (IACs) may also be slightly 
asymmetric or have a bulbous appearance, which could 
simulate schwannomas. Aggressive lesions (such as metas-
tases) have irregular scalloping of the bone outlining the 

foramen, and it can be difficult to discern mild, normal 
bulbous ectasia of the IAC from slow growing, smaller, 
extra-axial lesions such as schwannomas. Hence, if the 
patient has symptoms of vertigo or deafness, these lesions 
cannot be excluded on the basis of CT alone, and an MRI 
of the skull base may be necessary (Figs. 26.101, 26.102, 
26.103, 26.104, and 26.105).

Fig. 26.101  A 24 year old 
with a normal bulbous 
appearance of the IACs on 
CT that is not as evident on 
T2WI MRI (right)

Fig. 26.102  A 12 year old with bulbous IACs on coronal T2WI 
(above) and postcontrast T1WI (below)

Fig. 26.103  A 68 year old with a bulbous-appearing left IAC. Note the 
fourth ventricular hemorrhage (dashed circle)

26  Skull Base Foramina: Normal Variations and Developmental Defects
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26.18	 �Normal Asymmetry or Prominence 
of Skull Base Foramina: Asymmetric 
Foramen Ovale

The foramen ovale may also have normal asymmetry, 
whether it is related to the plane of the slice (artifactual) or 
caused by actual asymmetry. Venous plexi can be transmitted 
through the foramen. The main consideration is to exclude a 
mass or erosions associated with enlargement of the bony 
margins of the foramen (Figs. 26.106 and 107).

Fig. 26.104  A 79 year old with bulbous-appearing IACs on NECT 
(arrows)

Fig. 26.105  Comparison case: There is a nearly symmetric IAC 
enlargement from schwannomas bilaterally in neurofibromatosis type 2 
(arrows)

26.18  Normal Asymmetry or Prominence of Skull Base Foramina: Asymmetric Foramen Ovale
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Fig. 26.106  A 43 year old with normal, asymmetric (left greater than 
right) foramen ovale (arrows) without a mass. This asymmetry was not 
likely related to the plane of slice selection, as confirmed by coronal 

(top row: middle and right) and by 3D VR images (superior view, bot-
tom). The patient presented with stroke; note an occluded right middle 
cerebral artery (dashed arrow)

Fig. 26.107  A 32 year old with mild asymmetry of the foramen ovale 
(left). In this patient, the asymmetry was likely related to the selected 
axial plane of the slice. For example, on axial images, the right foramen 

ovale appears slightly larger, whereas on coronals (right) the left seems 
larger. Note the scout localizer’s transverse plane on the coronal image

26  Skull Base Foramina: Normal Variations and Developmental Defects
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Normal Variations and Developmental 
Anatomy of the Calvarial Sutures 
and Fontanelles Above the Skull Base

This section focuses on the variations in sutural anatomy 
and development of the calvarium above the skull base that 
can mimic disease or cause confusion, particularly in the 
setting of blunt trauma. This includes the major cranial 
sutures, the anterior and posterior fontanelles in infants 
and young children, asymmetric or atypical configurations 
of the skull that may occur with suture closure, and normal 
foramina (such as emissary foramina) that can occur within 
the upper calvarium. The persistence of these sutures and 
fontanelles and their normal variations in adults can poten-
tially cause difficulty in interpretation. Other variations can 
occasionally be problematic to identify on standard axial 
NECT images, such as normal intrasutural bones, posi-
tional plagiocephaly, and bathrocephaly. In such instances, 
three-dimensional (3D) volume-rendered (VR) reconstruc-
tions from thin axial NECT can readily identify such nor-
mal variations. For this reason, many pediatric 
neuroradiologists have advocated that thin (≤1-mm thick-
ness) axial NECT images with bone windows should be 
standard for reviewing infants and young children with 
trauma, and that three-dimensional reconstructions should 

accompany them. As stated in prior chapters, the persis-
tence of normal sutures can often be distinguished from 
fractures based on reviewing the 3D reconstructions of the 
cranium that are usually quite easy to produce on standard 
CT vendors’ consoles. Also, if there is solely a question of 
fracture, extremely low-dose protocols can be obtained 
combined with iterative reconstruction to delineate such 
fractures, potentially using one third to one tenth of a stan-
dard axial NECT radiation dose to the head. Another point 
regarding NECT 3D reconstructions is that spiral (rather 
than sequential) acquisitions are optimal as source data, 
since sequential acquisitions can suffer from “stair-step” 
artifacts when reconstructed into 3D. Spiral scans also take 
less time to scan but often have a mildly higher dose for the 
same slice thickness, thereby decreasing motion effects to 
some degree.

The following sections are described anatomically from 
anteriorly to posteriorly. Again, vascular channels and emis-
sary foramina in the skull base and upper calvarium are cov-
ered in detail in other sections. Unless otherwise noted, the 
images provided are axial nonenhanced CT (NECT).

27
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27.1	 �Anterior Fontanelle and Metopic 
Suture

The anterior fontanelle (AF) is the largest fontanelle at birth 
and typically lasts the longest but has a wide range of normal 
age of closure: the extremes (highest and lowest fifth percen-
tile) are at 4 and 26 months, with a median closure time of 
about 13–16 months of age but with a wide degree of vari-
ability [1–9]. This fontanelle is bordered by the metopic 
suture (MS, anteriorly), coronal suture (laterally on both 
sides), and the sagittal suture (posteriorly). Meanwhile, the 
sagittal and coronal sutures rapidly narrow within the first 
month and thereafter gradually but significantly narrow; these 
can persist to some degree in adults, but this subject is cov-
ered later in this chapter [1–9]. Hence, the MS lies at a four-
way junction between the two frontal and two parietal bones, 
where premature closure of the fontanelle can arise from vari-
ous disorders of craniosynostosis (it is important to check the 
plain films of the extremities), trisomies 13 or 18, or skeletal 
dysplasias (e.g., osteopetrosis) and other metabolic abnor-
malities. Delayed closure of the anterior fontanelle or an 
enlarged fontanelle may arise from hydrocephalus, trisomies 
13 or 18, metabolic disorders (such as hypothyroidism) or 
vitamin deficiencies (such as rickets), to name a few.

In newborns, the AF is normally prominent with metopic 
suture patency in children less than 2 years of age but it may 
close anywhere from 3 months to 3 years. The MS may 
occasionally be seen in older children on NECT, although it 
is nearly always fused (based on plain films of the skull) in 
children 3 years or earlier, and a residual bone within the 
MS is rarely present. As the MS begins to fuse, it occasion-
ally simulates a fracture with its sclerotic or faint linear 

appearance when it later persists to some degree. Hence, 
residual minimal patency or sclerosis of the MS can persist 
throughout life, based on CT. This should not be confused 
with a fracture, even in the setting of trauma. However, the-
oretically, diastasis of this suture could occur in trauma, via 
the path of least resistance phenomenon. Therefore, it is rec-
ommended to correlate the presence of this suture with the 
presence of soft-tissue swelling or other fractures and to 
make sure that the edges of the MS are closely apposed.

It is also important to note that the AF, coronal sutures, 
and MS can appear asymmetric, particular when the patient 
head is turning or in motion. The cases illustrated here are 
images of the above-named structures demonstrating fusion 
and asymmetry within the neonatal period, the first year of 
life in infancy, the second year of life, and rarely into adoles-
cence and adulthood.

Finally, a residual bone within or along the posterior 
edge of the AF (i.e., the bregmatic fontanelle) has been 
termed an os bregmaticum, referring to the location. There 
is debate as to whether or not this is directly related to the 
AF. Regardless, a residual intrasutural (wormian) bone may 
be detected in the expected location of the AF in older chil-
dren and adults, although the AF usually fuses within the 
first few years of life. This can be best depicted by a CT 
scan with 3D reconstructions. Notably, in contrast, there 
can abnormal intrasutural bone that occasionally occurs 
from sagittal craniosynostosis or chronic shunted hydro-
cephalus, but this occurs along the course of the sagittal 
suture and should be posterior to the expected location of 
the AF (Figs. 27.1, 27.2, 27.3, 27.4, 27.5, 27.6, 27.7, 27.8, 
27.9, 27.10, 27.11, 27.12, 27.13, 27.14, 27.15, 27.16, 27.17, 
27.18, 27.19, 27.20, 27.21, and 27.22).

Fig. 27.1  A 20 day old whose images showed irregular edges of the MS (double arrows), while the AF (*) and PF (thin arrow) are both patent. 
Also note the sphenoid (dotted arrows) and mastoid (+) fontanelles

27  Normal Variations and Developmental Anatomy of the Calvarial Sutures and Fontanelles Above the Skull Base
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Fig. 27.2  A 3 day old with patency of the MS (arrows), AF (*), mas-
toid fontanelle (+), and posterior fontanelle (thin arrow) on axial 7-mm 
MPR (left), 20-mm MPR (middle), and 3D reconstruction in the 

anteroposterior view (right). Note the sphenoid fontanelles (dotted 
arrows). Also note a horizontal line (double arrows) across the axial 
MPR image from an streak artifact

Fig. 27.3  A 6 day old with patency of the AF (*), posterior fontanelle (thin arrow), mastoid fontanelle (+), sphenoid fontanelle (dotted arrows), 
and MS (arrows) on axial CT (left and middle) and on gradient-echo T1WI MRI (right)

Fig. 27.4  A 1 month old with an unfused but narrowed MS (arrows) and patent AF (*), along with a patent sphenoethmoidal suture (thin arrows) 
on axial (left) and coronal 4-mm (middle) MPR, as well as on 3D VR reformats (AP view, right)
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Fig. 27.5  A 1 month old with a half-fused MS on 3D VR CT  
(AP-superior oblique view) and a patent AF (asterisk)

Fig. 27.6  A 3 month old with a small patent MS. There is also patency of both the AF (asterisk) and the PF (thin arrow)

27  Normal Variations and Developmental Anatomy of the Calvarial Sutures and Fontanelles Above the Skull Base
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Fig. 27.7  A 3 month old; a 3D VR CT reconstruction demonstrates 
both the AF (*) and MS (arrows)

Fig. 27.8  A 5 month old with AF asymmetry (*) that is likely at least partially related to positioning. However, mild normal asymmetry of the AF 
can occasionally occur

27.1  Anterior Fontanelle and Metopic Suture
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Fig. 27.9  A 5 month old with a small, patent MS (arrow) on axial 
NECT

Fig. 27.10  An 8 month old with a mostly fused, sclerotic MS (arrow) and a small AF (*). Note that the coronal suture is entirely patent

27  Normal Variations and Developmental Anatomy of the Calvarial Sutures and Fontanelles Above the Skull Base
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Fig. 27.11  A 9 month old with an asymmetric, small AF (*) and a short, residual portion of the MS (arrows). Note the sagittal suture (black 
arrow) on a 3D VR CT (right, anterior view)

Fig. 27.12  An 11 month old with a partially fused MS (black arrows and dashed circle) on an 0.7-mm coronal MPR (left), axial 20-mm MPR 
(middle), and a 3D VR CT (right, left anterior oblique [LAO] view). There is an entirely patent AF (asterisks)

Fig. 27.13  A 1 year old with a normal fused MS that is slightly raised

27.1  Anterior Fontanelle and Metopic Suture
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Fig. 27.14  A 1 year old with a fused MS and a patent AF on axial NECT (left) and 3D reformat (right, anterior view)

Fig. 27.15  An 18 month old in whom the MS fused and has a nearly 
closed AF

27  Normal Variations and Developmental Anatomy of the Calvarial Sutures and Fontanelles Above the Skull Base
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Fig. 27.16  Comparison case: A 7 month old with premature MS fusion causing trigonencephaly (arrows) with a patent AF

Fig. 27.17  A 58 year old: an os bregmaticum is located at the junction of the AF with the partly fused sagittal suture and thus represents a residual 
intrasutural bone in this asymptomatic adult

27.1  Anterior Fontanelle and Metopic Suture
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Fig. 27.18  A 7 year old: multiple intrasutural bones (white arrows) are 
depicted on a superior view of a 20-mm thickness MPR (left) and on a 
3D VR CT (right, oblique PA view). One of the intrasutural bones is an 

os bregmaticum (black arrows), which lies along the sagittal suture’s 
anterior margin

Fig. 27.19  A 49 year old with a nearly completely fused but very faint residual MS

Fig. 27.20  A 67 year old with a largely fused and sclerotic-appearing MS

27  Normal Variations and Developmental Anatomy of the Calvarial Sutures and Fontanelles Above the Skull Base
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Fig. 27.21  A 23 year old with residual MS and a coronal suture

Fig. 27.22  A 60 year old with a MS that has almost entirely fused

27.1  Anterior Fontanelle and Metopic Suture
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27.2	 �Squamosal Suture and Petrosquamosal 
Fissure Persistence

The squamosal suture can occasionally persist in adults and 
simulate a fracture. This persistence may be unilateral or 
bilateral. An adjacent fissure that communicates with the 
squamosal suture is the petrosquamosal fissure, which can 
also mimic a fracture. This fissure is best noted in younger 
children along the superior aspect of the squamosal portion 
of the temporal bone, extending inferiorly from the posterior 
margin of the squamosal suture. This dilemma is usually 
solved by (1) evaluating for adjacent soft tissue swelling, (2) 
determining if this linear defect communicates with the 

coronal (anteriorly) and lambdoid (posteriorly) sutures if 
patent, and (3) the reconstruction of 3D images.

Additional cases are also demonstrated here of patent 
squamosal sutures and petrosquamosal fissures in adults. 
Their persistence may be unilateral or bilateral and may be 
difficult to connect with other sutures, since they may have 
already fused. Hence the importance of being familiar with 
their typical locations in children and their possible persis-
tence in adults. These variants in suture and fissure closure 
can at times be problematic in adults when they simulate 
temporal fractures or sutural diastasis; in such cases, 3D 
volume-rendered (VR) reconstructions can be quite helpful 
(Figs. 27.23, 27.24, 27.25, 27.26, 27.27, 27.28, and 27.29).

Fig. 27.23  A 5 month old: a normal infant’s skull is provided to demonstrate the squamosal sutures (solid white arrows) in relation to the petro-
squamosal fissure (dotted white arrows) for this age. Also note the coronal (black arrows) and lambdoid (dotted black arrows) sutures

Fig. 27.24  In this 7 month old 3D VR reconstructions from a spiral CT 
demonstrated bilateral patent squamosal sutures (solid white arrows), pet-
rosquamosal fissures (dotted arrows), and wormian bones (pink arrows) 

within the fissure on the right, on 3D VR CT right posterior oblique (RPO) 
(left), and on left posterior oblique (LPO) (right) projections. Note the 
mastoid fontanelles (+) and the occipitomastoid sutures (−)

27  Normal Variations and Developmental Anatomy of the Calvarial Sutures and Fontanelles Above the Skull Base
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Fig. 27.25  In a 40 year old a persistent petrosquamosal fissure was noted (dotted arrows) on thin slices from a temporal bone CT, being more 
prominent on the left side but also present on the right to a lesser degree

Fig. 27.26  In this 20 year old a fracture was initially suspected on NECT (arrows, left) but was later confirmed by 3D VR images to be the right 
squamosal suture on right lateral (top right) and left lateral (bottom right) views. The left squamosal suture had apparently previously fused

27.2  Squamosal Suture and Petrosquamosal Fissure Persistence
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Fig. 27.27  In this 46 year old bilateral patent petrosquamosal fissures (dashed arrows, top row) were noted, along with patent squamosal sutures 
(solid arrows, bottom row) on a NECT that was negative for a fracture

27  Normal Variations and Developmental Anatomy of the Calvarial Sutures and Fontanelles Above the Skull Base
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Fig. 27.28  A 55 year old had bilateral persistent petrosquamosal fissures (dashed arrows) on axial NECT images performed to evaluate blunt 
head trauma

Fig. 27.29  Comparison case: A depressed fracture that contained gas 
and extended into the squamosal suture causing diastasis (arrowheads) 
on axial CT (left) was found in a 5 year old. This illustrates how 

fractures favor the path of least resistance. Note a normal, partly fused 
contralateral suture (arrows) on 3D VR CT right (middle) and left 
(right) lateral views
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27.3	 �Posterior Fontanelle: Appearance 
in Newborns and Persistence Later 
in Life

The posterior fontanelle (PF) usually fuses before 6 
months of age but varies in appearance. It can be entirely 
patent in the first few months or can develop a bone within 
it immediately; the bone may persist for several years 
before completely fusing with the adjacent sagittal and 
lambdoid sutures. The fontanelle and the bone within 
have many names, such as the apical bone, os apicis, pre-
interparietal bone, or the bone of the PF. This bone can 
have irregular, linear defects that can simulate fractures. 
The intrasutural bone within the posterior fontanelle could 
also be considered intrafonticular (i.e., within the fonta-

nelle) rather than intrasutural, which is likely a purely 
academic distinction.

Thus, the following images provide examples of how the 
PF and the bone it variably contains within have continued 
irregularity, variability, and fusion within the first 6–7 months 
of age. Although a fusing bone is often present at 5–6 months 
of age, this may also be very irregular and simulate fractures 
on axial images, necessitating 3D reconstruction. Beyond 
the first year of life, the bone within the PF may persist, and 
adjacent intrasutural bones are also common in younger chil-
dren. Also, irregularity of the edges of the fused PF may per-
sist even in older children and adults and should not be 
misconstrued as fractures (Figs. 27.30, 27.31, 27.32, 27.33, 
27.34, 27.35, 27.36, 27.37, 27.38, 27.39, 27.40, 27.41, 27.42, 
27.43, 27.44, 27.45, 27.46, and 27.47).

Fig. 27.30  A 3 day old with PF (white arrows) and an adjacent infe-
rior defect on axial and sagittal (top right) MPRs. Note the normal neo-
natal overlap of the coronal and lambdoid sutures (tiny arrows). Also 

note the mendosal sutures (black arrows) on 3D VR CT posteroanterior 
views (bottom middle and right)
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Fig. 27.31  A 4 day old with a normal linear defect of the PF bone that 
has a delta-like appearance on NECT (left). Note the normal overlap-
ping sutures in a newborn on 3D VR posterior views (middle and right) 

obtained from a sequential acquisition. This type of acquisition accounts 
for the horizontal stair-step artifacts

Fig. 27.32  A 6 day old (no trauma) with a PF bony defect (os apicis, 
arrows) having irregular edges (thin arrows) and normal marrow inho-
mogeneity (dotted arrows). Note the mild scaphocephalic contour with 

mild sutural overlap. Such overlap usually resolves over first 2 to 3 
weeks of life

27.3  Posterior Fontanelle: Appearance in Newborns and Persistence Later in Life
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Fig. 27.33  A 1 month old post-trauma child showing an irregular mar-
gin of the PF (thin arrows) and an oblique defect (arrows) on NECT 
(left); this does not represent a fracture because fracture lines are absent 

in the adjacent bones. However, there is a true right parietal fracture 
(black arrow). Note a normal intrasutural bone (dotted circle) on 3D 
VR RAO (middle) and LAO (right) views

Fig. 27.34  A 3 month old with a normal defect in the PF bone (i.e., apical bone or os apices; arrows). However, note the true right parietal fracture 
and adjacent scalp swelling (black arrows)
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Fig. 27.35  Top row: NECT in a 6 month old evaluated for nonacciden-
tal trauma with a jagged intrasutural defect, initially thought to be a 
fracture (which is usually straighter; note a lack of scalp swelling). 

Bottom row: 3D VR posteroanterior views (bottom row) confirm this to 
be an intrasutural bone

27.3  Posterior Fontanelle: Appearance in Newborns and Persistence Later in Life
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Fig. 27.36  An 11 month old with a normal intrasutural (intrafonticular) bone within the PF, also called a preinterparietal bone, apical bone, or an 
os apicis. A 3D VR posteroanterior view is provided (right)

Fig. 27.37  A 3 month old with a small, patent PF (arrow) and AF (asterisk). 3D VR CT RPO (middle), and posterior/PA (right) views are also 
provided
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Fig. 27.38  A 3 month old with a tiny residual line from a fused PF

Fig. 27.39  A 4 month old with a patent PF

Fig. 27.40  A 5 month old with a fused PF

Fig. 27.41  A 5 month old with a small bone within the PF

27.3  Posterior Fontanelle: Appearance in Newborns and Persistence Later in Life
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Fig. 27.42  A 7 month old with an irregular bone within the PF as well as other intrasutural bones on axial NECT (left) and 3D VR CT postero-
anterior view (right). Note the motion artifact (dotted arrows)

Fig. 27.43  A 2.5 year old with multiple intrasutural bones, including bones within the PF and lambdoid sutures on axial (left, and on 3D VR CT 
posteroanterior (middle) and LPO (right) views
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Fig. 27.44  A 3 year old with a fusing bone within the PF

Fig. 27.45  A 14 year old with a tiny residual bone within the PF

Fig. 27.46  A 26 year old in whom lines at sites of the PF and lambdoid 
sutures (dotted arrows) are thin
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Fig. 27.47  A 46 year old with irregular, lucent lines in the expected locations of the PF or its bony remnant (arrows). Note the remnants of the 
top of the lambdoid sutures (dotted arrows)
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27.4	 �Persistent Coronal, Lambdoid, 
and Sagittal Sutures in Adults

Although it may appear that the cranial sutures (coronal, 
lambdoid, and sagittal) are fused by early adulthood, a 
relative degree of minimal detectable patency of the suture 
lines (based on CT) is actually quite common regarding 
these sutures, even in the elderly. The cranial sutures may 

even remain more visible regionally in one portion of the 
suture or on one side compared to another location or side. 
Although complete ossification without detectable suture 
lines does occur in the majority by age 50 years, a mildly 
patent suture in a middle-aged or even elderly patient does 
not indicate a remote or acute fracture. These incompletely 
fused sutures may be potentially confused with diastatic 
fractures (Figs. 27.48, 27.49, and 27.50).

Fig. 27.48  A 45 year old in whom axial NECT images demonstrate a nearly fused coronal suture (dashed arrows) as well as a mildly patent sagit-
tal suture (solid arrows). The lambdoid suture fusion is complete, and thus the suture is not visualized

27.4  Persistent Coronal, Lambdoid, and Sagittal Sutures in Adults
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Fig. 27.49  A 38 year old in whom a NECT demonstrates almost entirely fused coronal and sagittal sutures (dashed arrows) with minimally 
detectable suture lines of the lambdoid sutures bilaterally (solid arrows)
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Fig. 27.50  Top row: in a 36 year 
old, axial 4-mm NECT images 
depict mild patency of the 
sagittal suture anteriorly 
(arrows). Bottom row: this is 
confirmed on a sequentially-
acquired 3D VR CT (note the 
step artifact), which also shows 
that the coronal suture (dotted 
arrows) is minimally patent

27.4  Persistent Coronal, Lambdoid, and Sagittal Sutures in Adults
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27.5	 �Pediatric and Adult Skull: Intrasutural 
Bones

Intrasutural (wormian) bones are commonly seen on skull 
radiographs and CTs in infants and young children. These 
are normal variants in the large majority, particularly when 
isolated, but they are rarely associated with skeletal dyspla-
sias. These are most common in the lambdoid sutures and 
less common in the coronal and sagittal sutures. It has been 
suggested that multiplicity (>10), larger size (>6 to 7 mm), 
and a mosaic arrangement suggest an underlying dysplasia. 
Technically, intrasutural bones within the fontanelles are 
termed intrafonticular. In addition to typical intrasutural 
bones, figures shown in this section will include other less 
common normal variants of intrasutural or intrafonticular 
bones, such as the os bregmaticum, interparietal bone, and 
os inca.

While such intrasutural (or sutural) bones are most com-
monly present in young children, they can be present at any 
age, even in the elderly. Since these intrasutural bones fuse 
later in adulthood, the presence of extra suture on CT may 
cause some questioning about the patient’s normal calvarial 
anatomy. Hence, portions of these sutures may persist as 
odd or irregular lines on axial CT images. Three-dimensional 
VR images in multiple projections can help to resolve this 
problem when there is a question of “trauma” or “fracture” 
based on axial images. Spiral acquisitions are preferred 
because they can be reconstructed into 3D images with less 
stair-step artifact than the sequential scans, although with a 
mildly (approximately 10–30 %) increased dose. They are 
two to three times faster if a similar collimation and slice 
thickness are used; the faster spiral acquisition also miti-
gates motion (Figs. 27.51, 27.52, 27.53, 27.54, 27.55, 27.56, 
27.57, 27.58, and 27.59).

Fig. 27.51  A 6 month old with an intrasutural bone midway along the 
squamosal suture as shown on a 3D VR RPO view Fig. 27.52  A 1 year old with two denoted sutural bones, the upper 

being an os apicis, as shown on 3D VR posterior view
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Fig. 27.53  A 2.5 year old with multiple intrasutural bones, including 
within the lambdoid, squamosal, and petro-occipital sutures. Note 
an  intrafonticular bone (also known as an os apicis, apical bone, 

preinterparietal bone) within a fused PF. Shown are a 3D VR posterior 
view (left) and left lateral view (right)

Fig. 27.54  In a 3 month old an intrafonticular sutural bone within the sphenoid fontanelle (arrows) is shown on axial 5-mm MPR (left) and on a 
3D VR CT right lateral view (right)

27.5  Pediatric and Adult Skull: Intrasutural Bones



844

Fig. 27.55  In a 70 year old bilateral intrasutural bones are seen within 
the lambdoid sutures and on axial (top row) and right (bottom left) and 
left (bottom right) 3D VR lateral views, which can persist as normal 

variants in adults (arrows), since the irregularities can be bilateral. The 
lack of fusion may simulate fractures

Fig. 27.56  A 3 year old with multiple wormian bones. A tripartite 
interparietal bone is present (asterisks) on axial CT (left) and on 3D VR 
posterior views (middle and right). This is an uncommon variant of 

what was classically (and perhaps incorrectly) termed the os incus. The 
arrows denote multiple intrasutural bones
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Fig. 27.57  A 7 year old with multiple intrasutural (wormian) bones 
(arrows). An intrasutural bone (also termed the os bregmaticum) lies in 
the sagittal suture’s anterior margin (black arrows), as denoted on a 3D 

20-mm thickness superior view (left) and on a left anterosuperior 
oblique view (right)

Fig. 27.58  A 57 year old with faint lines (arrows) noted on a 3-mm NECT (left) and on thicker 6-mm MPR images (middle); these were found 
to be residua of the fused interparietal bone (also termed an os incus), as outlined on a 3D reformat (posterior view, right)

27.5  Pediatric and Adult Skull: Intrasutural Bones
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Fig. 27.59  Comparison case: a 2 month old with sagittal synostosis 
(arrows) on axial NECT (left) and a 3D VR superior view (right). There 
is an abnormal anterior fontanelle bone (*) extending into the sagittal 
suture, with scaphocephaly. Rarely, a normal anterior fontanelle may 

contain a wormian bone, but causes of hydrocephalus or synostosis 
should be excluded because these can also lead to an abnormal bone 
formation in this location
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27.6	 �Overlapping Sutures 
and Scaphocephaly of Newborns, 
Children, and Adults

Overlapping sutures or ridging occurs in newborns from 
molding as the baby passes through the birth canal. These 
typically disappear within the first 2 weeks of life. However, 
they should be closely evaluated for the rare fracture that can 
occur (<1/10,000 births) from instrumental or even rarer 
from spontaneous delivery. A temporary scaphocephalic 
configuration of the skull is common with passage through 
the birth canal, normally resolving along with the overlap. 
The normal sutural overlap can be distinguished from true 
fractures via thin sections and by utilizing 3D reconstruc-
tions if necessary.

The lower sutures (such as the sphenosquamosal) can also 
exhibit normal overlap. True fractures are asymmetric, 

straight/linear, and usually have associated scalp swelling, 
while scalp swelling also commonly occurs without fracture 
as a cephalohematoma related to delivery.

A certain amount of scaphocephalic appearance can be 
constitutional, whereby the skull is somewhat elongated 
but without abnormally fused sutures (i.e., craniosynosto-
sis). The included patients were otherwise asymptomatic 
but were found to have an incidentally scaphocephalic 
(oval-shaped and elongated) configuration of the skull. It is 
important to note the age of the patient; in early childhood 
the sagittal suture should not be fused, while in older 
patients an otherwise normally developed adult most likely 
does not suffer from craniosynostosis. Also, a mosaic 
pattern of wormian bones is characteristic of craniosynos-
tosis (Figs.27.60, 27.61, 27.62, 27.63, 27.64, 27.65, 27.66, 
and 27.67).

Fig. 27.60  A 4-day-old infant with overlapping lambdoid sutures without evidence of fracture or intracranial hemorrhage. Note a normal defect 
in a PF bone (black arrow)
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Fig. 27.61  A 3 day old with overlapping sutures on NECT without fracture or cerebral hemorrhage on axial (left) and sagittal (middle) views and 
on a 3D VR lateral view (right)

Fig. 27.62  A 6 day old with lambdoid suture overlap and a mildly 
scaphocephalic contour

Fig. 27.63  A 9 day old with only mild right sphenosquamosal suture 
overlap
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Fig. 27.64  Comparison case: An 11 day old with resolving sutural overlap (arrows) but also with a true fracture following delivery (dashed 
arrows). Note mild scaphocephaly and a normal defect within the PF (black arrow)

27.6  Overlapping Sutures and Scaphocephaly of Newborns, Children, and Adults
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Fig. 27.65  In a 19 month old a NECT was ordered to evaluate for 
craniosynostosis (suspected sagittal suture fusion) due to a scaphoce-
phalic shape. However, 3D reconstructions (top row) illustrated that the 
cranial sutures were patent as expected for age, with patent sagittal 

(black arrows), coronal, and lambdoid sutures. On axial images (bottom 
row), note normal metopic suture closure (white arrow), while the 
sagittal suture is patent (black arrows), as expected for age
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Fig. 27.66  In a 62 year old a CT scan was ordered to evaluate for hemorrhage after trauma in a previously asymptomatic patient. Note the scapho-
cephalic shape. There was no intracranial hemorrhage or fracture. No congenital-genetic history was present

Fig. 27.67  Comparison case: A 5 month old with craniosynostosis on 
axial NECT (top row), along with 3D VR images in posterior (bottom 
left) and superior (bottom right) views. Note scaphocephaly, with fusion 

of the sagittal suture (black arrows), a patent MS (white arrows), and a 
diffuse mosaic pattern of intrasutural bones (dashed arrows); this pat-
tern is characteristic of craniosynostosis

27.6  Overlapping Sutures and Scaphocephaly of Newborns, Children, and Adults
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27.7	 �Positional Flattening (Plagiocephaly) 
of the Parieto-occipital Skull 
in Infants

Positional flattening can occur of the parieto-occipital skull 
in infants and is related to long-term oblique positioning (for 
days to weeks) of a supine infant. Most commonly, the infant 
lies in an oblique position for a prolonged period, causing a 
mild, posterior positional plagiocephaly that is only poten-
tially problematic if chronic. This conditionally usually 
resolves by 1 year of age; most cases spontaneously resolve 
or can be treated by counter positioning, although contro-
versy exists about the use of orthotic helmets or surgery in 
the most severe cases. The differential includes lambdoid 
synostosis, which is rather uncommon and accounts for a 
small minority (<5 %) of all cases with the clinical appear-

ance of parieto-occipital plagiocephaly. The cases shown 
involve flattening in otherwise normal infants without clini-
cal or radiographic evidence of craniosynostosis.

The parieto-occipital flattening can be bilateral or can 
appear somewhat unilateral. Since this flattening can 
appear prominent, the sutures should be carefully evalu-
ated to exclude craniosynostosis if there is clinical con-
cern. Usually these cases are not scanned by CT when the 
clinical history is correlated with the occipitofrontal cir-
cumference (OFC). However, if such a patient does 
undergo CT, one should exclude the presence of bony ridg-
ing or sutural fusion that is typically visualized with 
craniosynostosis. Again, 3D VR reconstructions can at 
times be helpful to depict the focal plagiocephaly and con-
firm that the overall calvarial configuration is otherwise 
normal elsewhere (Figs. 27.68, 27.69, 27.70, and 27.71).
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Fig. 27.68  A 5 month old with posterior flattening (positional plagiocephaly) on axial NECT (top row) and on 3D VR inside-out view (bottom 
left) and an anteroposterior view (bottom right)

27.7  Positional Flattening (Plagiocephaly) of the Parieto-occipital Skull in Infants
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Fig. 27.69  A 2 month old showed flattening on axial T2WI (top) and 
T1WI (bottom) MRI
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Fig. 27.70  A 6 month old: on axial NECT (top row) and on bilateral 
3D reconstruction lateral views (bottom row) there is right parietal-
occipital flattening but without synostosis, as lambdoid (white arrows), 

coronal, squamosal, and occipitomastoid sutures are patent. Note that 
normal variant occipital foramina are also present bilaterally (black 
arrows)

Fig. 27.71  Comparison case: a 5 month old had plagiocephaly on axial NECT (left) and on 3D reconstructions with anteroposterior (middle) and 
superior (right) views. This was related to isolated, unilateral right lambdoid suture synostosis; note a patent left lambdoid suture (arrowheads)

27.7  Positional Flattening (Plagiocephaly) of the Parieto-occipital Skull in Infants
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27.8	 �Bathrocephaly

A step-like bony protrusion of the posterior skull is termed 
bathrocephaly, which arises from the squamous portions of 
the occipital bone projecting past and between the two 
parietal bones. This may appear as an indentation of the 
suture and is most commonly an incidental finding in early 
infancy or neonates that soon resolves. While it is usually not 
very prominent in late infancy or early childhood, a mild 
degree of bathrocephaly may persist as a normal variant even 
into adulthood. This should be distinguished from the 
uncommon severe bathrocephaly, which typically occurs 

from early fusion of the posterior portion of the sagittal 
suture.

In adults, mild residual bathrocephaly may also occur as a 
normal variation of an outward, convex appearance of the 
occipital bone relative to the parietal bone. This occurs in the 
setting of an otherwise unremarkable skull. Examples of 
adults with this appearance where bathrocephaly occurs at 
the lambdoidal suture and the junction of the lambdoid with 
the sagittal suture are included. Occasionally in adults there 
may appear to be indentation of the lambdoidal suture (Figs. 
27.72, 27.73, 27.74, and 27.75).

Fig. 27.72  In a 2 week old bathrocephaly was noted on scout films from the NECT (top left), with a step-off of the occipital bone protruding past 
the parietal bones, as shown on axial (bottom left) and on 3D VR images with right lateral (top right) and left lateral (bottom right) views
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Fig. 27.73  A 16-year-old female patient was concerned about a dent 
she felt in her skull. While normal lambdoidal sutural fusion (arrows) 
was noted on axial CT (left), bathrocephaly was noted on multiple 3D 

reconstructions of the skull (right three images). Note the degree of 
indentation of the lambdoidal suture, which can be one feature of 
bathrocephaly

Fig. 27.74  A 29 year old with mild bathrocephaly and mild protrusion 
of the occipital bone past the adjacent parietal bones with step-off 
(arrows), as depicted on axial sequential NECT images (left and mid-

dle), and on a 3D VR lateral view (right). The step-like artifacts on the 
3D reconstruction were obtained from reconstruction of a sequential 
CT acquisition

Fig. 27.75  In a 61 year old a mild, normal bathrocephaly was present 
with protrusion of the occipital bone between both parietal bones, 
resulting in a step-like appearance of the occiput (arrows). This is 

demonstrated on axial (left) and on 3D reconstructed (from sequential 
acquisition) oblique left lateral (middle) and direct lateral (right) views. 
Note the squamosal suture (dotted arrows)

27.8  Bathrocephaly
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Emissary Veins, Vascular-Containing 
Foramina, and Vascular Depressions 
of the Skull

Emissary veins are channels of communication between the 
venous sinuses of the dura mater and the veins of the diploe 
and scalp. The skull base is the most common site of these 
veins, although they can be seen elsewhere as well. One of 
the more common sites is through or adjacent to the occipi-
tomastoid suture (mastoid emissary vein). Other common 
locations include the condyle (condylar emissary vein), 
occiput (occipital emissary vein), foramen of Vesalius (sphe-
noidal emissary vein), and the parietal skull through the pari-
etal foramina (parietal emissary vein). These can be 
unilateral, bilateral, or asymmetric.

Vascular-containing foramina include the relatively com-
mon parietal foramina and the uncommon occipital foram-
ina, which may contain tiny communicating arteries or 
veins between the inner table of the skull or dura and the 
scalp. These also can be considered to transmit emissary 
veins, although there is debate as to whether these foramina 
always contain venous structures versus less commonly 
transmitting arteries. Parietal and occipital foramina have 
been described as containing emissary veins or occasionally 
arterial structures on histopathologic dissections, but these 
are not necessarily visualized on radiologic examinations. 
Therefore there is essentially probably no great difference 
between emissary venous foramina and various unnamed 
vascular-containing foramina, since both may be tiny and 
the vascular structure contained within may be too small to 
demonstrate radiologically.

Calvarial depressions (containing vasculature), intradi-
ploic venous plexi (i.e., venous lakes), and pacchionian 
(arachnoid) granulations have similar appearances and may 
be interrelated but can be differentiated. Vascular calvarial 
depressions are related to cortical veins within the subarach-
noid spaces or less commonly to arterial grooves on the inner 
surface of the skull. These may appear similar to pacchionian/
arachnoid granulations (CSF-filled ingrowths of the arachnoid 
membranes into the dural venous sinuses or calvarium) on 
noncontrast CT, although on postcontrast CT these vascular 
depressions enhance with contrast media. MRI demonstrates 

CSF signal intensity within arachnoid granulations on 
T2WI.  Intradiploic veins or venous lakes are prominent 
venous channels within the calvarium that may simulate a lytic 
lesion on CT, have a variable appearance on noncontrast MRI, 
and enhance with contrast. However, there may be some con-
fusion among these entities because some texts have grouped 
venous lakes, pacchionian granulations, and calvarial depres-
sions together; this grouping is not necessarily incorrect but it 
does not account for the slightly different imaging appear-
ances among them as we have attempted to do here. Intradiploic 
veins are discussed in this section, while both vascular depres-
sions and pacchionan granulations are not discussed at length; 
they are focused on in a later section titled “Don’t Touch 
Lesions of the Skull (Chapter 30).”

Unless otherwise stated, the following images are axial 
nonenhanced CT (NECT). Notably, three-dimensional (3D) 
volume-rendered (VR) reconstructions can help discern 
many of these variants by depicting their relationship to the 
skull and skull base. Occasionally, CT angiography (CTA) or 
CT venography (CTV) may be necessary to confirm the 
presence of traversing vasculature.

28.1	 �Vascular Channels Through the 
Orbital Roof Simulating Fracture

Linear or curvilinear vascular channels are commonly pres-
ent through the orbital roof. They are only of significance 
when they imitate fractures. The majority of cases can be 
discerned by evaluating for a sclerotic margin (vascular 
channel), connecting these with other vascular channels and 
evaluating for associated findings of true fractures such as 
soft-tissue swelling, other fractures, or orbital emphysema. 
These can be particularly problematic in pediatric patients 
under 7–10 years of age in whom the prominence of the fore-
head overhanging the face and the lack of pneumatization of 
the frontal sinus predispose to orbital roof fractures (consid-
ered skull fractures) as well as to intracranial injury.

28
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By scrolling through axial images, one can usually dis-
cern vascular channels from true fractures. However, in the 
pediatric patient there can be significant difficulty in this 
delineation, since “ping-pong” fractures (akin to greenstick 
fractures of extremities) can occasionally occur that only 
partially travel through one table (either inner or outer) of the 

calvarium and are not through-and-through, as is typical of 
skull fractures in adults. Thin hairline fractures can also 
occur in children that may eventually travel across and only 
slightly widen cranial sutures. Usually there is associated 
soft-tissue swelling in such cases (Figs.  28.1, 28.2, 28.3, 
28.4, 28.5, and 28.6).

Fig. 28.1  A 20 year old with a vascular channel (arrows) through the right orbital roof as seen on routine axial NECT images. This was later 
confirmed as a vascular channel on multiplanar axial (left), oblique axial (middle), and sagittal (right) MPR images

Fig. 28.2  A 74 year old who had vascular channels through the right orbital roof (arrows, left). These were unchanged from 2 years earlier 
(arrows, right) in a patient who had suffered only minimal trauma

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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Fig. 28.3  A 12 year old in whom a vascular channel through the left orbital roof (arrows) was initially called a fracture, but it crossed midline (via 
the sphenoethmoidal suture) into the right orbital roof

Fig. 28.4  A 43 year old with 
right orbital asymmetric 
connected channels (arrows) that 
do not continue through the 
cortex or superiorly. Note a 
mastoid emissary foramen (thin 
arrow)

28.1  Vascular Channels Through the Orbital Roof Simulating Fracture
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Fig. 28.5  Comparison case: A 24 year old with a fracture of the orbital 
roof (arrows). Also note lateral orbital and zygomatic fractures (*)

Fig. 28.6  Comparison case: A 9 year old with a fracture (arrows) of 
the orbital roof (involving the frontal bone and sphenoid greater wing) 
with moderate scalp swelling (asterisks). This was confirmed to be a 

fracture by scrolling through axial images and noting that the orbital 
roof defect continued superiorly as a right frontal bone fracture

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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28.2	 �Foramen of Vesalius 
and the Sphenoidal Emissary Vein

The foramen of Vesalius is located in the greater wing of 
the sphenoid bone, situated anteromedial to the foramen 
ovale. It varies in size but is usually tiny. The foramen 
(which transmits the sphenoidal emissary vein) is present 
in 30–50 % of people and is unilateral in 20–25 % of all 
skulls. It can simulate a fracture when viewed in the nonax-

ial plane on NECT, particularly in the reformatted coronal 
or sagittal planes.

In the following examples, note the thin sclerosis sur-
rounding the foramen of Vesalius as well as the characteristic 
location anteromedial to the larger foramen ovale and fora-
men spinosum. This sclerotic rim is absent in fractures. Also, 
note the normal sutural articulation of the greater wing of the 
sphenoid with the bottom of the temporal bone at the level of 
the mandibular fossa (Figs. 28.7, 28.8, and 28.9).

Fig. 28.7  A 34 year old with a tiny foramen of Vesalius (white arrows) 
on axial (top), coronal (middle), and sagittal (bottom) CT reformats. 
The foramen ovale (black arrow) and spinosum (black dashed arrow) 
are also shown, with a true fracture through the right temporomandibu-
lar joint/mandible (dashed white arrow). The foramen of Vesalius may 
simulate a fracture (middle), but note the subtle sclerosis around the 
foramen, which true fractures lack

Fig. 28.8  A 3 month old with a unilateral left foramen of Vesalius 
(arrows). Note the foramen ovale (black arrows), foramen spinosum 
(dashed black arrows), and normal sutural articulation of the greater 
wing of the sphenoid with the temporal bone (dashed white arrows)

Fig. 28.9  Above/below: A 53 year old with bilateral foramina of Vesalius 
(arrows). Note the surrounding thin rim of sclerosis

28.2  Foramen of Vesalius and the Sphenoidal Emissary Vein
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28.3	 �Hypoglossal Canal Asymmetry 
and Emissary Veins

The hypoglossal canal transmits cranial nerve XII through 
the skull base. This canal may have significant asymmetry 
and may transmit emissary veins or vascular channels 
between the dural sinuses and the internal jugular veins. 
Also, there may be asymmetry in size as well as internal CSF 
intensity within these canals on MRI. Care must be taken to 
evaluate for soft-tissue signal prior to contrast, followed by 

enhancement; occasionally, a condylar schwannoma or 
metastases may present as a T2-hyperintense mass followed 
by enhancement. This may be problematic if either CT or 
MRI is the only study performed. Hence, correlation of these 
two modalities may be helpful in this scenario. While the 
hypoglossal canal can enhance within owing to the presence 
of an emissary vein, other variations include several linear, 
interconnected veins or a network of veins. The canal may 
also appear filled with CSF (Figs. 28.10, 28.11, 28.12, and 
28.13).

Fig. 28.10  A 47 year old with asymmetric hypoglossal canals (arrows) 
on axial (top) and coronal (bottom) reconstructions. Note normal adja-
cent condylar canals posteriorly (black arrows) as well as an asymmet-
ric right, greater than left, caliber of the jugular foramina (*)

Fig. 28.11  A 71 year old: regarding the hypoglossal canals (arrows), a CSF-filled right canal is noted on postcontrast CT (left) with bright signal 
within from the CSF on axial T2WI MRI (right). Note an enhancing venous plexus within the left hypoglossal canal and jugular foramen (*)

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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Fig. 28.12  A 24 year old with a venous plexus network extending throughout the hypoglossal canals bilaterally (arrows) seen on axial (left) and 
coronal (middle and right) NECT reconstructions

Fig. 28.13  A 45 year old with an asymmetric, CSF-filled right hypoglossal canal (arrows) on axial T2WI MRI (left) with coronal reformats from 
a 3D T2WI acquisition (right two images). Note cranial nerves X (thin arrows) and XII (dotted arrows)

28.3  Hypoglossal Canal Asymmetry and Emissary Veins
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28.4	 �Condylar Canal (Posterior) Emissary 
Veins

The condylar emissary veins pass through the condylar 
canal (also called the posterior condylar canal) usually just 
posterior to the occipital condyles. This vein can be unilat-
eral or bilateral and variably travels between the transverse 
or sigmoid sinuses downward into the upper cervical 

region, usually toward the deep veins of the upper neck 
(often the suboccipital venous plexus). When it occurs, this 
vein is bilateral in about 50 % of the population, unilateral 
in about 33 %, and absent bilaterally in about 25 %. Note 
that many of the condylar canals presented here have a 
tubular appearance with sclerotic margins that is typical of 
larger emissary foramina (Figs.  28.14, 28.15, 28.16, and 
28.17).

Fig. 28.14  A 3 month old in whom both condylar canals (arrows) 
appear tubular

Fig. 28.15  A 26 year old with asymmetry of the condylar canals 
(arrows)

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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Fig. 28.16  A 36 year old with multiple large condylar canals (arrows) 
that appear tubular

Fig. 28.17  A 45 year old: on postcontrast CT, the bilateral condylar veins (grey arrows) drain into the jugular foramina/veins (asterisks), which 
faintly opacify with contrast. Note the hypoglossal canals (black arrows)

28.4  Condylar Canal (Posterior) Emissary Veins
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28.5	 �Mastoid Emissary Veins Adjacent  
to or Through the Occipitomastoid 
Suture

The mastoid emissary vein is common and is usually visible 
in most adults. This vein runs through the mastoid foramen, 
connecting the transverse/sigmoid sinuses with the scalp’s pos-

terior auricular vein or occipital veins and ultimately with the 
vertebral venous plexus. Note that the mastoid canal/foramen is 
typically just lateral to the occipitomastoid (OM) suture or may 
appear to be partially situated within the suture. When present, 
this vein is bilateral in 50–90 % of the population (controver-
sial), unilateral in 10–33 %, and is only occasionally bilaterally 
absent in 1–25 % (Figs. 28.18, 28.19, 28.20, and 28.21).

Fig. 28.18  A 36 year old with a unilateral right emissary vein (arrow) 
that passes through the right OM suture

Fig. 28.19  A 30 year old with a unilateral left emissary vein (arrow) 
that travels through the OM suture

Fig. 28.20  A 53 year old: bilateral emissary veins (white arrows) pass 
next to but not through the OM sutures (black arrows)

Fig. 28.21  A 20 year old: a unilateral left emissary vein (white arrow) 
passes lateral to the left OM suture (black arrow)

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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28.6	 �Occipital Foramina

Much less common than the parietal foramina, visible (on 
CT or cadavers) occipital foramina are normal variants that 
are present in less than 1 % of the population. These may 
variably connect the transverse sinus, torcular, or occipital 
sinus (if present) with venous plexi that travel within the 
occipital scalp. However, it is unclear how often these 

foramina transmit vessels, and in young children the sur-
rounding occipital bone may be very thin and simulate vas-
cular foramina. These may be unilateral or bilateral or can 
occasionally have the appearance of multiple foramina, 
which often regress or fuse closed with increasing age. As 
with many other normal variants, these can be troublesome 
in pediatric patients being evaluated by CT for trauma 
(Figs. 28.22 and 28.23).

Fig. 28.22  A 6 month old lying obliquely in the CT scanner with 
curious occipital defects identified after head trauma (?). Axial 
images (3.5  mm) (left and middle) depict the occipital foramina 

(arrows), also shown on a 3D VR posterior view (right). Note a nor-
mal intrasutural bone (dotted arrow)

Fig. 28.23  A 5 month old with a thin occipital bone and multiple small foramina (arrows) noted on axial NECT post-trauma (left); the NECT was 
negative for fracture. Also, note a tiny posterior fontanelle bone (dashed arrows) on 3D posterior (middle) and inside (right) views

28.6 � Occipital Foramina



870

28.7	 �Parietal Foramina

The parietal foramina are located parasagittally, usually 
within 1–2 cm off the midline and about 2 cm superior to the 
lambdoid suture. Depending on whether or not these are con-
sidered visible on CT versus on histopathologic dissection 
(this gives rise to variable numbers in the literature), they are 
present in 10–60 % of people. Those that are entirely consid-
ered normal variations are typically less than 5 mm in size 
and are often present bilaterally; most commonly they appear 
as bilateral vascular channels. The larger than 5–7  mm 
foramina (large or giant foramina) are much less common 
(<1 %), and although they are usually asymptomatic, they are 

thought to have autosomal dominant inheritance and are 
sometimes associated with other intracranial abnormalities. 
The foramen either transmits an emissary vein to the scalp or, 
according to other sources, there is a tiny transcranial arterial 
communication between the meninges and the scalp. Another 
note regarding the parietal foramina is that they are probably 
present in a majority of patients as tiny defects or focal areas 
of sclerosis. They can be asymmetric from side-to-side. 
Occasionally, they are confused with lytic lesions of the skull 
or even mistakenly called burr holes when asymmetric. 
Again, the location and size usually confirm that they are 
normal variants (Figs.  28.24, 28.25, 28.26, 28.27, 28.28, 
28.29, 28.30, 28.31, 28.32, 28.33, and 28.34).

Fig. 28.24  A 56 year old with bilateral parietal foramina (arrows) on bone (left) and soft-tissue (right) windows

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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Fig. 28.25  An 8 year old in whom on bone (left) and soft tissue (right) windows parietal foramina (arrows) contain enhancing vessels

Fig. 28.26  A 57 year old: with parietal foramina, occasionally a midline defect (black dashed arrows) occurs with incomplete bony fusion. Note 
the foramina on a 3D VR superior view (right)

28.7 � Parietal Foramina
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Fig. 28.27  A 30 year old with tiny bilateral parietal foramina that are 
similar to vascular channels

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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Fig. 28.28  An 80 year old with bilateral depressions of the parietal 
bones (arrows) but no history of trauma or surgery. NECT demon-
strated a symmetric appearance, which would be unlikely with old frac-
tures. Therefore these most likely represent bony fusions across what 

were once large parietal foramina. Top row: axial NECT images. Middle 
row: coronal reformats from NECT as well as 3D VR posterosuperior 
and anterior views. Bottom row: 3D VR posteroanterior and oblique 
views

28.7 � Parietal Foramina
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Fig. 28.29  A 20 year old with a tiny, unilateral parietal foramen pres-
ent at the right vertex

Fig. 28.30  An 18 year old with asymmetric parietal foramina on axial 
(left) and 3D VR posterior view (right) images (note: the top of the head 
was not covered). Note a stair-step artifact from sequential CT 
acquisition

Fig. 28.31  A 30 year old with the most common appearance of tiny, 
bilateral foramina

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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Fig. 28.32  A 32 year old: a NECT depicts symmetric, bilateral parietal foramina on axial (left), coronal (middle), and 3D VR (right, superior 
view) images

Fig. 28.33  A 52 year old with tiny parietal foramina or vascular 
channels

28.7 � Parietal Foramina
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Fig. 28.34  Comparison case: In a 15 month old with trigonencephaly (arrow), 3D CT reformats with posteroanterior (left) and anteroposterior 
(right) views show severely enlarged parietal foramina that connect to enlarged lambdoid sutures inferolaterally (*)

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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28.8	 �Diploic Veins (Venous Lakes)

Diploic/intradiploic veins can be formidable to confirm 
because of their varied appearance as well as their propensity 
to simulate lytic metastases. They are probably most easily 
identified on skull radiography or CT as connecting vascular 
channels that may appear discontinuous at times. They can 
be problematic in distinguishing from pathology if they are 
enlarged, ovoid, and unilateral; they can also be problematic 
on a presenting MRI. Their appearance on CT typically is as 
described: vascular channels can be noted that may appear 
irregular and of varying caliber but can usually be 
demonstrated as connected and linear at some point if slice 
thicknesses are thin enough. On MRI, their appearance var-
ies prior to contrast, probably because of the speed of flow 
within the channel; relatively fast flow may appear dark and 
not well visualized on spin-echo and FLAIR imaging, 

whereas slower flow may appear iso- or even slightly hyper-
intense. This can cause some confusion when a lack of 
hyperintensity is visualized on noncontrast MR images fol-
lowed by enhancement after contrast administration; estab-
lishment of enhancing, connecting channels identifies these 
as normal variants.

MPR and 3D reconstructed images from NECT may also 
aid in distinguishing these normal variants from true lytic 
lesions by demonstrating the vascular channels after using 
cut-away views. Again, an appearance of linear, connecting, 
tubular, or serpiginous enhancement confirms this normal 
variation or don’t touch lesion. Occasionally, abnormalities 
such as arteriovenous malformations (AVMs) may have 
enlarged arteries or veins crossing through the cranium, but 
these should supply or drain into and from enlarged vascula-
ture within or outside the cranial vault (Figs. 28.35, 28.36, 
28.37, 28.38, 28.39, and 28.40).

Fig. 28.35  A 57 year old: on noncontrast fat-suppressed FLAIR (top left), a focus enhances after IV contrast on both axial and coronal T1WI (top 
middle and right). This venous channel (bottom) is confirmed on CT by scrolling axial images (bottom) to verify a linear, connected appearance

28.8  Diploic Veins (Venous Lakes)
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Fig. 28.36  A 52 year old: an ovoid-enhancing focus (arrows) on post-
contrast T1WI (top middle) was not visualized on either fat-suppressed 
T2WI (top right) or FLAIR (bottom left). Scout lines (top row) con-
firmed the location. CT depicted a prominent vascular channel (bottom 

right) via scrolling through the images to demonstrate a linear, con-
nected appearance. Note a diploic vein on the opposite side (dashed 
arrows), which connected to the left superficial middle cerebral vein (*)

Fig. 28.37  An 85 year old: a diploic vein on CT (left) was mildly isointense to gray matter on T2WI (middle) and exhibited mild enhancement on 
postcontrast T1WI (right). Also on T2WI the patient has cribriform-appearing basal ganglia from dilated perivascular spaces (état criblé)

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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Fig. 28.38  A 38 year old with a questionable lytic lesion of the left 
frontal skull noted during a metastatic work-up. It was well circum-
scribed on axial NECT 2.5-mm (top left and middle) and 4- mm (top 
right) reconstructions. However, thicker 6.5-mm axial MPR images 

(bottom left; note stair-step artifact from sequential acquisition) and 3D 
cut-away sections in an axial oblique plain (bottom right) through 
midlesion confirmed it to be an (intra-) diploic vein

Fig. 28.39  A 37 year old with trauma: a large (intra-) diploic vein (arrows) was noted on a CT with soft tissue (left) and bone (middle) windows. 
This channel connected the cranial vault to the upper cervical veins. Coronal reformats (right) show a sclerotic rim, confirming its benignity

28.8  Diploic Veins (Venous Lakes)
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Fig. 28.40  A 75 year old with melanoma; NECT and MRI were per-
formed to rule out metastases. Top row: a lytic-appearing focus within 
the right parietal bone on NECT (left) is bright on FLAIR (middle) but 

dark on T2WI (right). Bottom row: this enhances on postcontrast axial 
(left) and coronal (right) T1WI in a tubular fashion. Note a right parietal 
lobe metastasis (black arrow)

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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28.9	 �Other Emissary Veins or Linear 
Vascular Channels Simulating 
Fractures

It may be difficult to discern whether smaller vascular chan-
nels are emissary veins versus diploic veins (i.e., venous 
lakes), although this distinction is probably not of great sig-
nificance. The more pertinent distinction is between such 
vascular channels and true fractures. Emissary veins and 
intradiploic veins may also be seen in several other less com-
mon locations. One of the most common of the uncommon 
locations of emissary veins is around the midline of the 
occiput; however, virtually any bone of the skull can transmit 
emissary or diploic veins. Emissary veins usually exhibit a 
smooth and tubular contour as opposed to the jagged appear-
ance of fractures. Linear vascular channels also uncommonly 
traverse bony structures in other locations, even in areas not 
close to the scalp (e.g., the petrous apices) and sometimes 
communicate with vessels in the dura or with other channels 
within the calvarium. These thin channels are usually not as 

linear or as jagged as true fractures. The presence of a dense, 
sclerotic margin (not always seen) solidifies the recognition 
of these channels.

Again, 3D imaging can help in uncertain fractures when 
evaluating a linear defect above the skull base. However, this 
does not exclude the uncommon hairline fracture that does 
not completely traverse both the inner and outer tables of the 
skull (more common in pediatric patients). At the skull base, 
this can be difficult to diagnose, and knowledge of the nor-
mal sutures is vital. Fortunately, such spurious linear chan-
nels are not common at the bottom of the skull base.

Also shown are further examples of thin lucencies that 
could be confused with hairline fractures. An important 
means of differentiation is by scrolling through thin axial 
images to determine whether the faint lucency is tubular and 
not linear or jagged. Also, focal areas of dilatation or linear 
contrast enhancement can indicate a diploic vein. Again, a 
typical location or a tubular or sclerotic rim communication 
between the dura and scalp indicates an emissary vein 
(Figs. 28.41, 28.42, 28.43, 28.44, 28.45, 28.46, and 28.47).

Fig. 28.41  A 45 year old with an off-midline emissary vein that was initially questioned to represent a fracture by a radiology resident. Note that 
the images below (left) and above (right) that level are negative. It is plausible that this small channel represents a sort of occipital emissary vein

28.9  Other Emissary Veins or Linear Vascular Channels Simulating Fractures
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Fig. 28.42  A 36 year old: a midline vascular channel passes through the occipital bone and was not visualized on images above/below that level

Fig. 28.43  A 44 year old with a tiny channel that only partially tra-
verses the occipital bone before returning to travel intracranially along 
dura mater

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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Fig. 28.45  A 32 year old with a vascular channel that does not pass through the outer cortical margin of the skull on NECT. On the topmost image 
(right), a focal dilatation suggests that this is a diploic vein

Fig. 28.44  A 38 year old: after trauma, a vascular channel initially thought by the resident to be a fracture does not continue through to the cortical 
surface

28.9  Other Emissary Veins or Linear Vascular Channels Simulating Fractures
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Fig. 28.46  A 31 year old: a vascular channel crosses the right petrous 
apex, and thus simulates a transverse temporal bone fracture

Fig. 28.47  An 81 year old: a thin, linear defect with adjacent scalp swelling, simulating a hairline fracture, did not pass through the outer cortex. 
A tubular contour on the top image (right) confirmed this to be a vascular channel

28  Emissary Veins, Vascular-Containing Foramina, and Vascular Depressions of the Skull
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Normal Variations in Calvarial Contour, 
Irregular Ossification/Aeration, 
and Inward/Outward Projections/
Protuberances

This subsection focuses on perceived abnormalities of 
osseous overgrowth or prominent protuberances that are 
within normal limits or are not atypical in certain age 
groups (e.g., benign hyperostosis frontalis in middle-aged 
females) [1–8]. This also includes perceived abnormalities 
of calvarial contour or multifocal irregularities in adults 
that may simulate disease. Many disease states that cause 
diffuse bony overgrowth are not covered here except as an 
occasional comparison case, since there can be a myriad 
causes/diseases for this appearance that range from malig-
nant neoplastic (e.g., diffuse metastatic disease), benign 
(e.g., fibrous dysplasia), or metabolic (e.g., Paget disease 
or thalassemia).

This subsection also focuses on perceived abnormali-
ties that result from bony projections when they are aer-
ated or contain fat (e.g., the petrous apices) [1–8]. Many 
of these variants may be more of a source of confusion 
when seen on MRI compared to an initial presentation on 
CT (e.g., aerated clinoid processes and fatty petrous api-
ces). Many skull abnormalities that are seen on MRI may 
be recognized more easily by sequences that incorporate 
fat suppression (FS) (e.g., fatty petrous apices). Hence, 
the intent is to address both CT and MRI appearances 
when appropriate. When in doubt, if the patient has had 
MR imaging and a normal variant versus pathology is in 
question, CT can easily exclude the presence of pathology 
in many scenarios, such as if calcification/ossification or 
aeration is suspected.

Focal areas of nonexpansile sclerosis can be present that 
may be normal or abnormal, but since small osteomas and 
sclerotic metastases (such as prostate metastases) can occa-
sionally appear very similar to normal areas of sclerosis in the 
calvarium, this imaging differentiation is not attempted here, 
since it is this author’s opinion that it may be difficult to dis-
cern. Hence, multifocal areas of sclerosis should be looked at 
in the clinical setting of suspected metastatic disease.

29.1	 �Convolutional Markings

As the normal brain grows with age, it can create normal 
indentations on the inner table of the skull termed convolu-
tional markings. These are most prominent and commonly 
noticed in the period of fastest growth, usually over 3 years 
but under 9–10 years of age, although they can be seen even 
in adulthood. This normal variant should not be confused 
with lacunar skull (also known as luckenschadel or craniola-
cunae), which is a dysplasia of the membranous bones of the 
skull in various disorders such as Chiari malformations asso-
ciated with cephaloceles or myelomeningoceles. These usu-
ally are present in patients less than 1–2 years of age and 
may disappear thereafter; however, convolutional markings 
should not be confused with a “silver-beaten” or “copper-
beaten” skull, which are the chronic sequelae of increased 
intracranial pressure (i.e., hydrocephalus) (Figs. 29.1, 29.2, 
29.3, 29.4, 29.5, and 29.6).

29
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Fig. 29.1  A 32 year old with residual convolutional markings without evidence or history of hydrocephalus

Fig. 29.2  A 12 year old with prominent convolutional markings and a normal-appearing underlying cerebrum on FLAIR MRI (right)

Fig. 29.3  A 6 year old with prominent convolutional markings who did not have hydrocephalus or a structural abnormality

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.4  Comparison case: an 
8 month old with a Chiari II 
malformation and a ventricular 
shunt. There is a copper-beaten 
skull appearance at 6 years of 
age that is related to prior 
hydrocephalus

Fig. 29.5  Comparison case: a  
5 year old has a beaten-metal 
appearance of the skull that is 
related to a shunted Chiari II 
malformation

29.1  Convolutional Markings
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29.2	 �Cristal Galli on T1-Weighted MRI

The T1-bright signal of fatty marrow within a prominent 
crista galli (of the ethmoid bone) is an often noticed find-
ing on MRI, specifically on sagittal or coronal T1WI. This 
is entirely normal and only causes a problem if it is con-
sidered for further work-up. If any doubts remain about the 
MRI appearance, a spiral nonenhanced CT scan (NECT) 
with multiplanar reconstruction can easily confirm the 
typical location. This can often suppress (become dark) on 
fat-saturated imaging owing to fatty marrow. Interestingly, 
even in the presence of fatty marrow, the crista galli may 
appear somewhat dense on NECT.  However, extra-axial 
T1-brightness can also occur from calcifications, whether 
they are related to normal falx or prominent dural calcifica-
tions, or even from extra-axial lesions such as meningiomas. 
Hence, knowledge of normal anatomy and a characteristic 
appearance enable quick recognition of this normal structure.

The crista galli can be bright not only on T1WI but also 
on turbo spin-echo FLAIR or T2WI MRI, which can be con-
firmed with FS.  Care should be taken not to interpret this 
finding on non-FS postcontrast T1WI as an extra-axial lesion 
such as a meningioma in questionable cases until fat-
saturated images or NECT is available for confirmation 
(Figs. 29.7, 29.8, 29.9, 29.10, and 29.11).

Fig. 29.6  Comparison case: craniosynostosis, scaphocephaly, and 
hydrocephalus are present on a CT in a 3 month old (top). The 
honeycomb-lacunar skull (craniolacunae) became more prominent at  
9 months (bottom)

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.8  A 5 year old with a 
T1-bright crista galli (left) that 
suppresses (darkens) on FS FLAIR 
(right) owing to the presence of 
internal fatty marrow

Fig. 29.7  A 14 year old with a bright crista galli on sagittal precontrast (left) and postcontrast T1WI (middle) that appears dark on axial FS T2WI 
(right)

29.2 � Cristal Galli on T1-Weighted MRI
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Fig. 29.10  A 65 year old with a 
T1-bright crista galli on axial 
non-FS FLAIR (top left) and on 
sagittal postcontrast T1WI  
(top right) that became dark on 
axial FS FLAIR (bottom left) due 
to fatty marrow. This was dense 
on coronal CT (bottom right)

Fig. 29.9  A 34 year old with a T1-bright crista galli (arrow). Note an 
incidental falx calcification (thin arrow)

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.11  A 71 year old with a bright crista galli on gradient echo T1WI (left) that was dark on FS T2WI (middle). On NECT (right) also note 
aeration of the petrous apices and dorsum sella (thin arrows)

29.2 � Cristal Galli on T1-Weighted MRI
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29.3	 �Hyperostosis Frontalis Interna

Hyperostosis frontalis interna (HFI) is characterized by 
benign overgrowth of the inner table of the frontal bone. 
Although this had classically been described as part of vari-
ous syndromes, it is idiopathic, usually asymptomatic (only 
very rarely causing symptoms via mass effect on the frontal 
lobes), and may be present in up to 10–20 % of females over 
35–40 years age; 90–95 % of those affected are females 
from any culture or ethnicity, although males may also be 
affected [1–5, 9–17]. Hypotheses for this appearance are 
many and include increased leptin levels; also related are 
chronically increased estrogen stimulation and greater lon-
gevity (as HFI has become more prevalent in the past 100 
years). A basis for an endocrine imbalance is that males 
with hormonal irregularities have been described to develop 
HFI [9–17].

The CT appearance can be irregular but is typically bilat-
eral, symmetric, and following the expected signal of bone 
on MRI.  This can slowly progress over time and at times 
appear rather pronounced to the point of partially “filling in” 
the volume loss of the cranial vault as the patient ages. 

Rarely, the cranium is involved diffusely; this is termed 
hyperostosis calvaria diffusa (HCD).

The hyperostosis can also be confluent with the falx cere-
bri. HCD is much less common and typically involves the 
bones in a contiguous fashion. After the frontal bone, the 
sphenoid, temporal, parietal, and occipital bones are 
involved. Typically, however, the frontal bones are the most 
affected part of the calvarium in HCD.

HFI should not be confused with metabolic abnormalities 
that thicken the calvarium diffusely such as anemias, thalas-
semias, congenital disorders of bone overgrowth, or multifo-
cal disorders such as Paget disease or fibrous dysplasia. On 
MRI, HFI appears as a typical marrow signal, that is, it 
appears bright on T1WI and becomes dark with FS.  HFI 
does not enhance after contrast administration, thus differen-
tiating it from both fibrous dysplasia and Paget disease, both 
of which usually enhance avidly and diffusely due to vascu-
larity. In particular, HCD can occasionally be confused with 
Paget disease, although the latter typically has bony over-
growth that enhances avidly on postcontrast imaging and 
involves most of the calvarium (Figs.  29.12, 29.13, 29.14, 
29.15, 29.16, 29.17, 29.18, 29.19, 29.20, and 29.21).

Fig. 29.12  A 52-year-old female 
with HFI on NECT with axial  
and coronal reconstructions

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.13  A 64-year-old male with HFI

Fig. 29.14  A 59-year-old female 
with HFI that progressed over  
5 years between initial (left)  
and follow-up (right) NECT 
examinations

29.3 � Hyperostosis Frontalis Interna
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Fig. 29.15  An 81-year-old female with early/mild HCD

Fig. 29.16  A 79-year-old female with HFI on T1- (left) and T2-inversion recovery (middle) and non-FS FLAIR (right) MRI

Fig. 29.17  An 80-year-old female with HFI that is contiguous with the falx cerebri (arrows)

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.18  An 80-year-old female with asymptomatic HCD noted on 
a NECT from 1997 (top left and middle). Note temporal bone hyperos-
tosis on a 1.5T noncontrast T1WI MRI (top right). The hyperostosis 

had progressed on NECT 10 years later (bottom left and middle). Note 
suppression of bright fatty marrow on the later T1WI MRI, which uti-
lized FS (FS, bottom right)

Fig. 29.19  Comparison case of fibrous dysplasia: In a 29-year-old 
female various areas of thickened, mixed lytic and ground-glass cal-
varium were noted on NECT in axial (left) and coronal (right three 

images) planes. While the sphenoid, occipital, temporal, and parietal 
bones are affected bilaterally, the sparing of some locations is typical of 
this disorder and not of Paget disease

29.3 � Hyperostosis Frontalis Interna
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Fig. 29.20  Comparison case of Paget disease: In a 90-year-old female 
with a negative cancer work-up a diffusely enlarged and thickened skull 
with heterogeneous marrow was noted on 3T noncontrast sagittal T1WI 

(left), axial FS T2WI (left middle), and SWI (right middle). On axial 
postcontrast T1WI (right), the marrow diffusely enhances, typical of 
Paget disease

Fig. 29.21  Comparison case of osteopetrosis: In a 17-year-old female 
a diffusely thickened and hyperdense skull was noted on axial NECT 
(left images). A CT venogram (right middle) showed diminutive jugular 

foramina bilaterally (arrows), left greater than right, which was con-
firmed on three-dimensional VR venographic left posterior oblique 
images with bone segmented away (right)

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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29.4	 �Enostoses and Exostoses 
of the Calvarium

In musculoskeletal (MSK) radiology, the term enostosis has 
often been considered synonymous with bone island, while 
an exostosis has been considered to be synonymous with a 
bony or cartilaginous outgrowth such as an osteoma or osteo-
chondroma. There can be confusion in reading divergent neu-
roradiologic literature in which some have perhaps mistakenly 
designated enostoses as protruding inward and exostoses as 
protruding outward. This terminology should be avoided 
because an enostosis (i.e., bone island) in pathology is con-
sidered a focus of concentrated, compact bone within cancel-
lous bone (some consider this to be a form of hamartoma), 
while an exostosis is either an osteoma from a bony protru-
sion of membranous bone or rarely has cartilaginous ele-
ments such as osteochondroma. Thus, the variety within the 
literature as to actually what histopathology is present when a 
benign sclerotic lesion of the skull is encountered is cumber-
some with fewer available larger case studies within the neu-
roradiologic literature [18–30]. To add to the confusion, some 
consider that sclerotic lesions cannot be true enostoses 
because they do not occur within the cancellous bones of the 
skull. Others believe that sclerotic-appearing foci of the skull 
that protrude should all be considered osteomas (i.e., lacking 
cartilaginous elements). Finally, further confusion occurs 
because some report an exostosis to refer solely to osteomas, 
while others consider extoses to refer only to osteochondro-
mas. Such opinions are probably extreme and difficult to 
prove because most neuroimaging reports either do not indi-
cate pathology or are anecdotal case reports [18–30].

In the author’s experience, each of the above-mentioned 
observations has elements of truth to a degree but they are 
problematic if used by themselves. Some general guidelines 
may help describe and delineate the most likely histology of 
such lesions based on well-described appearances of such 
sclerotic lesions of the long bones [18–30]. First, true enos-
toses (bone islands) are rather uncommon in the calvarium 
but do occur rarely since they can be present anywhere 
within the skeleton, and there is cancellous bone present 
throughout the calvarium. They can occur along the skull’s 
inner or outer table (usually frontal) or centrally within the 
calvarium and can be considered as focal areas of hyperosto-
sis without bony expansion or surrounding hypoattenuation 
or protrusion outward or inward. Rarely, these have a charac-
teristic thorny radiation, an appearance more typical else-
where in the skeleton. Enostoses are usually solitary and 
asymptomatic but their appearance can be confirmed by their 
being cold on nuclear medicine scintigraphy. This is not nec-
essary or cost effective in most cases unless the patient has a 
clinical history that necessitates to exclude metastatic dis-
ease. On MRI, enostoses are usually dark, nonprotruding 

structures; the susceptibility artifact on T2*WI and the lack 
of enhancement are clues that the structure is bone, while CT 
confirms an enostosis.

In contrast, exostoses are typically inward or outward pro-
truding, may be pedunculated, and arise from membranous 
bone [18–30]. They are typically either osteomas (mature 
bony overgrowth) or osteochondromas (benign cartilagious 
elements). Again, rather than using the designation of some 
neuroradiology literature that has mistakenly termed solely 
protrusions outward from the outer table as exostoses via 
MSK radiologic criteria, protrusion either inward or outward 
can be termed an exostosis, which typically represents either 
an osteoma or a osteochondroma. Notably, other processes 
such as calcified (“burnt-out”) meningiomas, remote inflam-
matory or infectious insults, postsurgical calcifications, or 
sequelae of subdural hematomas can appear to be extra-
axial, densely calcified, and can seem to arise from the skull’s 
inner table. By noting findings such as bony overgrowth 
(osteomas) or a cap of enhancement (osteochondromas), 
these lesions can be distinguished from each other. On post-
contrast T1WI MRI, the rare osteochondroma has an enhanc-
ing cartilaginous cap, which is suspicious for malignant 
degeneration if it is greater than 1.5 cm in thickness; if it is 
less than 1.5 cm at detection, a follow-up in 1 year is proba-
bly prudent. Another rare appearance is that of a heteroge-
neously enhancing base with diffuse cartilaginous elements 
rather than a cap, similar to the appearance of a 
chondrosarcoma.

Whether it is an osteoma or osteochondroma, an exostosis 
can occasionally cause confusion on T2WI by appearing dark 
and simulating flow voids of aneurysms or calcified extra-
axial lesions such as meningiomas. On nuclear medicine scin-
tigraphy, osteochondromas have elevated uptake only in the 
active growth phase and then normalize relative to other 
bones over time, whereas osteomas have no increased uptake 
[18–30]. If the type of exostosis is unclear, following it over 
time such as at 1 year with either NECT or MRI is a prudent 
approach once a lesion is confirmed to be calvarial in nature.

Notably, there can be an overlap in appearance between 
enostoses and sessile exostoses, which has probably contrib-
uted to some of the confusion [18–30]. However, in either 
scenario such nonprotruding sclerotic foci should be “don’t 
touch” lesions. Protruding exostoses, whether inward or out-
ward, can be pedunculated and can rarely cause symptoms, 
particularly if they abut a cranial nerve. While osteochondro-
mas are considered extremely rare in the calvarium, they 
may be present or multiple in the rare case of Gardner syn-
drome (polyposis with multiple hereditary exostoses). In this 
syndrome one should watch for the rare presence of an 
enhancing cartilaginous cap if an exostosis is present on a 
brain MRI. This author has also noted several cases in which 
benign hyperostosis frontalis occurs concomitantly with an 

29.4  Enostoses and Exostoses of the Calvarium
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exostosis, which is interesting but likely of no clinical 
significance.

Also notable is that osteoid osteomas are also in the dif-
ferential diagnosis; they typically have a centrally dense 
appearance surrounded by a hypoattenuating ring. These can 

be symptomatic and have an elevated uptake on nuclear med-
icine scintigraphy. They are not considered a “don’t touch” 
lesion because of potential symptoms (Figs.  29.22, 29.23, 
29.24, 29.25, 29.26, 29.27, 29.28, 29.29, 29.30, 29.31, 29.32, 
29.33, 29.34, 29.35, 29.36, and 29.37).

Fig. 29.22  A 36-year-old female 
with a small exostosis (arrows) 
present along the inner table of the 
greater wing of the left sphenoid on 
CT (left). It was unchanged 4 years 
later (right), probably representing 
an osteoma

Fig. 29.23  An 89 year old: Top row: NECT (left) depicts a large exos-
tosis (arrows) of the inner table of the frontal skull that is dark on T2WI 
(left middle), SWI (right middle), and T1WI after contrast (right). 

Bottom row: 5 years later it was unchanged on axial and coronal NECT, 
probably representing an osteoma

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.24  A 62-year-old male  
who felt a frontal scalp “lump.” 
NECT (left) showed a protruding 
exostosis (arrows) suggestive of  
an osteoma. The osteoma was 
unchanged 1 year later (right)

Fig. 29.25  A 63-year-old male with a skull enostosis or bone island 
(arrow)

Fig. 29.26  A 40 year old with a very tiny exostosis, most likely an 
osteoma

29.4  Enostoses and Exostoses of the Calvarium
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Fig. 29.27  A 48 year old with 
an outward-protruding exostosis 
(arrows) on NECT, probably  
an osteoma

Fig. 29.28  A 35-year-old male with a small pedunculated exostosis 
probably representing an osteoma

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.29  A 67-year-old 
patient. Top row: an exostosis on 
NECT (left) that did not enhance 
on TWI MRI (right), suggesting 
an osteoma. Bottom row: Also 
note left-sided hyperostosis 
frontalis on NECT (left) and 
fat-suppressed FLAIR (right)

Fig. 29.30  A 66-year-old female 
with a right frontal exostosis 
(arrows) and hyperostosis frontalis 
bilaterally (tiny arrows) as well as 
incidental mild normal bathro-
cephaly (dashed arrows). This 
case again demonstrates that 
hyperostosis frontalis can simulate 
(or cause?) osteomas

29.4  Enostoses and Exostoses of the Calvarium
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Fig. 29.31  A 49 year old with an exostosis (arrows) that protrudes from the calvarium on NECT (left), noncontrast axial T1WI (middle), and 
coronal postcontrast T1WI with FS (right). The lack of enhancement of a cartilaginous cap indicates an osteoma

Fig. 29.32  A 60 year old with a focal exostosis that causes inward 
ridging over the right spheno-squamosal suture (left, white arrow); this 
likely represents an osteoma. A three-dimensional VR image (right, 

inner superior view) confirms the exostosis (pink arrow). Also present 
on the right side is a tiny area of hyperostosis along the petrous apex 
(left, dashed arrow)

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.33  A 52-year-old patient. Top row: a focus of dark signal 
within the left cerebellopontine angle mimicked an extra-axial lesion 
such as an aneurysm or a calcified meningioma on axial T2WI (left), 
T2*WI (middle), and postcontrast T1WI MRI (right). Bottom row: an 

exostosis (arrows) was present along the petrous apex on axial NECT, 
suggesting osteoma. This was the result of the presence of susceptibil-
ity artifact on T2*WI from ossification and the lack of enhancement on 
MRI

Fig. 29.34  A 59-year-old female with sinusitis had an incidental exos-
tosis (arrows) oriented inward on axial NECT (left), initially questioned 
as secondary to meningioma. However, a 1.5T MRI showed a lack of a 
cleft between this lesion and the calvarium on T2WI (left middle), and 

there was an enhancing cap 5–6 mm thick (thin arrows) delineated on 
postcontrast FS T1WI (right middle) typical of a rare, benign osteo-
chondroma. This was stable 2 years later on NECT (right)

29.4  Enostoses and Exostoses of the Calvarium
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Fig. 29.35  A 52-year-old male 
with an otherwise negative 
noncontrast (left) and postcontrast 
(right) axial NECT. An exostosis 
(arrows) lacked an enhancing cap 
and lacked a cleft between it and 
the calvarium, identifying it as an 
osteoma

Fig. 29.36  Comparison case: dural calcification from a calcified 
meningioma, inflammation, or prior infection. Note a cleft between the 
lesion and the calvarium

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.37  Comparison case: a 62 year old with an extra-axial, dense 
lesion on CT (left images) that simulated an enostosis. This is dark on 
T2*WI (right middle) but enhances on T1WI MRI (far right), consis-

tent with a calcified meningioma that is intimately associated with the 
calvarium

29.4  Enostoses and Exostoses of the Calvarium
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29.5	 �External and Internal Occipital 
Protuberances

The EOP and the internal occipital protuberance (IOP) are 
normal, midline, outward and inward projections of the occip-
ital bone. They may occasionally appear quite prominent, 
have clefting, and have some asymmetry favoring one side or 
the other. These can sometimes mimic bony sclerotic lesions 

or reactive bone formation from extra-axial lesions such as 
meningiomas. They are only problematic when occasionally a 
patient (or their parent) will spontaneously notice an EOP and 
become concerned. On MRI, they usually follow cortical bone 
on most sequences; they are variably bright or dark on fast 
spin-echo T1WI and T2WI but usually appear dark on gradi-
ent-echo images. They typically darken following FS 
(Figs. 29.38, 29.39, 29.40, 29.41, 29.42, 29.43, and 29.44).

Fig. 29.38  A 63 year old with an EOP (solid arrows) and IOP (dotted arrows) on axial NECT (left and middle) and T2WI MRI (right)

Fig. 29.39  A 56 year old with an EOP (solid arrows) and an IOP (dotted arrows) on axial NECT (left) and on three-dimensional TOF source 
MRA images (middle and right)

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.40  A 19 year old with occipital trauma who had a cleft EOP (solid arrows) and IOP (dotted arrows) on axial NECT images (left and 
middle) and on a three-dimensional VR left lateral view (right)

Fig. 29.41  A 41 year old with a cleft EOP on NECT that appears to 
mimic a fracture

Fig. 29.42  A 50 year old with an EOP and IOP as well as unilateral 
benign left frontal hyperostosis (thin arrow)

29.5  External and Internal Occipital Protuberances
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Fig. 29.43  A 49 year old in whom a large, partially cleft EOP mimics 
an osteoma

Fig. 29.44  A 16 year old: the patient’s mother felt a skull mass that was found to be a prominent EOP (arrows) on 1.5T noncontrast gradient echo 
T1WI MRI in the axial (left), coronal (middle), and sagittal (right) planes

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances



911

29.6	 �Petrous Apex Normal Variants that 
May Mimic Disease: Fatty Marrow, 
Aeration, Hyperostosis

Several variations in the appearance of the petrous apex can 
simulate disease [20, 21, 31–34]. One of the most common is 
normal fatty marrow, which can be bilateral, unilateral, or 
asymmetric. This appears as a bright signal on precontrast 
T1WI or with fast/turbo spin-echo acquisition used to obtain 
T2WI or FLAIR. It can mimic cholesterol granulomas, der-
moid/epidermoid cysts, and even meningiomas or other 
tumors, depending on the sequence where the bright signal is 
noted. The fatty marrow can be discerned by implementing 
FS on these sequences. It is important to note that aerated 
petrous apices can trap fluid (i.e., effusions), perhaps origi-
nating from previous episodes of otitis.

Also, about 20–30 % of people have normally aerated 
petrous apices, which are typically bilateral, but a minority 
may be asymmetric or unilateral. These are normal variants 
that are easily discerned on nonenhanced CT (NECT), but 
they can occasionally create difficulty in interpretation if an 
MRI is the presenting examination, as the gas may lead to 
field inhomogeneity or susceptibility artifacts. The dark, arti-
factual signal arising from air may simulate abnormalities at 
the petrous apex, the floor of the middle cranial fossa, or flow 

voids of the petrous internal carotid artery (ICA). Hence, 
hemorrhage, aneurysm, or other vascular anomalies may be 
incorrectly suspected based on the solitary interpretation of 
MR images. This effect is particularly pronounced on gradi-
ent echo-based acquisitions of T1WI, T2WI, or DWI.

Focal hyperostosis with bony overgrowth can also occur 
within the petrous apex, whether unilateral or symmetric 
and bilateral. As discussed previously, these may also be 
termed osteomas or exostosis if there are no enhancing 
components on postcontrast imaging. The term hyperosto-
sis may also apply, as these are almost always not neo-
plasms and are very rarely symptomatic; rare cases of 
cranial nerve compression by such hyperostoses have been 
described. On NECT such foci may easily be discerned to 
be bony outgrowths, but hyperostoses can be problematic if 
the patient obtains an MRI with a large area of bright signal 
(simulating a cholesterol granuloma) or a dark signal (sim-
ulating an aneurysm) at the petrous apex. Focal areas of 
hyperostosis can also cause a confusing appearance on 
MRI, simulating cholesterol granulomas or even extra-
axial lesions such as schwannomas or meningiomas if a 
previous NECT is not available, especially if FS is not uti-
lized. Again, FS, MR angiography, or NECT can help if an 
MRI is suspicious (Figs. 29.45, 29.46, 29.47, 29.48, 29.49, 
29.50, and 29.51).

Fig. 29.45  A 21 year old with bilateral petrous apex fatty marrow (arrows), which is bright on coronal T1WI (left) and T2WI (middle) and disap-
pears with FS on T2WI (right)

29.6 � Petrous Apex Normal Variants that May Mimic Disease: Fatty Marrow, Aeration, Hyperostosis
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Fig. 29.46  A 50 year old with 
bilateral petrous apex T1-bright 
signal that is present on coronal 
T1WI (top left) and on postcon-
trast T1WI (top right). This fat 
was also bright on sequences 
using turbo FSE acquisition, such 
as on turbo FSE FLAIR (bottom 
left), but it suppresses with FS 
T2WI (bottom right), confirming 
the presence of normal fatty 
marrow

Fig. 29.47  A 19 year old with bilateral bright fatty signal within the petrous apices (arrows) on T1WI (left), which disappears after FS (middle). 
NECT (right) confirms fat density in that location

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.48  A 32 year old with bilateral normally aerated petrous apices (arrows) on axial NECT (left and middle) and on coronal reconstructions 
(right)

Fig. 29.49  A 32 year old with a 
unilateral aerated left petrous apex 
(arrows)

Fig. 29.50  A 46 year old male with artifacts at the petrous apices bilat-
erally (arrows) on coronal T1WI (left) that obscure and create artifact 
within the adjacent ICAs (dashed arrows) on axial postcontrast T1WI 

(middle); the artifact could be mistaken for a vascular abnormality such 
as thrombosis or dissection. Aerated petrous apices were later noted on 
a NECT (arrows)

29.6 � Petrous Apex Normal Variants that May Mimic Disease: Fatty Marrow, Aeration, Hyperostosis
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Fig. 29.51  A 31 year old was evaluated for recurrent metastatic dis-
ease after a frontal craniotomy (note dural enhancement, bottom right) 
hyperintense signal within the petrous apices bilaterally on all MR 
sequences (arrows), including T1WI (top left), T2WI (top middle), 
FLAIR (top right), and on postcontrast axial (bottom left) and coronal 

(bottom middle) T1WI. Enhancement was questioned because of a lack 
of FS. This was later confirmed to be focal hyperostosis on NECT (bot-
tom right), with superimposed fatty marrow. Also note fatty marrow on 
the MRI (dashed arrows), located more anteriorly within the petrous 
apices

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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29.7	 �Anterior Clinoid, Posterior Clinoid, 
and Dorsum Sella Variants that 
Simulate Disease

Normal variations can occur in the bony anterior or poste-
rior clinoid processes and within other areas of the sphenoid 
bone that are similar or identical to those of the petrous api-
ces, although they are slightly less common [34–36]. These 
can simulate disease, particularly because of their relation-
ship with the adjacent ICAs, cranial nerves, and parenchy-
mal structures. Such variations include focal fatty deposits 
(confirmed by FS), bony hyperostosis, and aeration (which 
can occur unilaterally and communicate with the sphenoid 
sinus). These can simulate dural-based tumors, metastases, 
or even aneurysms.

Aerated clinoid processes can simulate aneurysms on 
MRI with the appearance of T2-dark or T1-dark flow voids. 
The anterior clinoids are aerated in about 10 % of patients; 

aerated anterior clinoid processes usually communicate with 
the sphenoid sinus (about 80 %) or less commonly with the 
ethmoid air cells (about 10 %). Posterior clinoid aeration is 
less common. NECT CT or multiplanar MRI can confirm the 
suspected flow void to be within the confines of normal bony 
marrow, which does not enhance after contrast administra-
tion, although it may be heterogeneous on various MRI 
sequences from a susceptibility artifact. MRA or CTA can 
also exclude the presence of a vascular lesion if the diagnosis 
is still in question.

The dorsum sella and posterior clinoid can also be promi-
nent and aerated and can be in continuity with the sphenoid 
sinus, similar to the anterior clinoid (AC). Again, FS aids in 
diagnosing T1-bright marrow if an MRI is the presenting 
examination, although the marrow can still appear heteroge-
neous even after FS.  NECT is typically the best study for 
confirmation (Figs.  29.52, 29.53, 29.54, 29.55, 29.56, and 
29.57).

Fig. 29.52  A 70 year old with prominent anterior and posterior clinoid 
processes (solid black and white arrows) that were noted on T1WI MRI 
(top left), T2WI (top middle), sagittal T1WI (top right), and NECT 
(bottom row). These processes had heterogeneous signal on T1WI and 

T2WI, perhaps mimicking dural lymphoma or the tail of a meningioma 
if CT or contrast was not utilized. Note normal calcified petroclinoid 
ligaments, which are dark on T2WI but appear obvious on NECT 
(dashed arrows)

29.7  Anterior Clinoid, Posterior Clinoid, and Dorsum Sella Variants that Simulate Disease
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Fig. 29.54  Top row: An 84 year old with a focus of dark signal 
(arrows) that was initially called a flow void from an ICA aneurysm on 
axial T1WI MRI pre- (left) and postcontrast (middle) and T2WI (right). 
Bottom row: This was later found to be an aerated anterior clinoid on 

sagittal pre- (left) and postcontrast (right) T1WI, as it was contiguous 
with fatty marrow (black arrows) anteriorly. Note the ICA flow voids 
(tiny arrows); the right is surrounded by an enhancing meningioma 
(dashed arrows)

Fig. 29.53  A 75 year old with dark artifacts next to the ICAs on coro-
nal (left), and axial (middle) T2WI, which resulted from aerated ante-
rior clinoid processes and motion. These could mimic aneurysms on 

T2WI MRI (which can depict flow voids) but are clearly shown as 
being aerated on a NECT (right)

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.55  A 12 year old with a bright focus on non–fat suppressed 
sagittal T1WI (left) and FLAIR (middle) MR images. This was thought 
to be a mass dorsal to the pituitary but was later found to be a prominent 

dorsum sella on sagittal NECT reconstructions (right) that contained 
fatty marrow

Fig. 29.56  A 35 year old with a unilateral focus of bright anterior clinoid marrow (arrows) on precontrast T1WI (left) that continued to be bright 
on the initial image of dynamic postcontrast T1WI (no contrast has entered the field of view yet), performed after failed FS (right)

Fig. 29.57  A 46 year old with dark cortical bone of the dorsum sella 
(arrows), which simulates flow voids on sagittal T2WI (left); note a 
normal basilar artery flow void more posteriorly (dashed arrow). 

However, this was confirmed to be fatty marrow on sagittal non–fat sup-
pressed T1WI (middle) and on fat-suppressed axial T2WI (right), as the 
focus exhibits a signal intensity similar to that of the clivus

29.7  Anterior Clinoid, Posterior Clinoid, and Dorsum Sella Variants that Simulate Disease
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29.8	 �Incomplete Aeration (Arrested 
Pneumatization) of the Skull Base

Incomplete pneumatization (i.e., arrested pneumatiza-
tion) of the central skull base occurs at sites of expected 
aeration such as the sphenoid sinus as well as in previ-
ously described sites of normal variation in aeration (e.g., 
clinoid processes, pterygoid plates, basiocciput, petrous 
apices). Typically, these demonstrate well-defined mar-
gins of osseous or sclerotic density on CT and have inter-
spersed foci of fat density internally on CT and MRI [37]. 

However, the internal density may appear to be that of soft 
tissue and may simulate focal masses such as metastases, 
chordomas, osteomyelitis, ossifying fibromas, or giant 
cell tumors; these may also simulate multifocal lesions 
such as fibrous dysplasia. They are located at a site of 
expected pneumatization, are nonexpansile with sclerotic 
and sharply circumscribed borders, and usually contain 
fatty-appearing internal material. Additionally, FS can be 
added to routine MRI sequences to distinguish these pseu-
dolesions (Figs. 29.58, 29.59, 29.60, 29.61, 29.62, 29.63, 
29.64, 29.65, 29.66, and 29.67).

Fig. 29.58  A 75 year old with arrested pneumatization in the expected 
location of the left sphenoid locule, which appears similar to air on 
standard brain window width/level (80/40 HU, top left) and thus simu-

lates gas. However, bone windows at several levels (2,500/500 HU) 
depict osseous density more cephalad (bottom middle), which is inter-
spersed with fat density (−100 HU, bottom right) inferiorly

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.59  A 19 year old in whom an incidental basisphenoid lesion 
was noted on a sagittal T1WI MRI (left). Axial FLAIR (left middle) 
depicted a well-circumscribed, bright clival lesion (arrows) with bright 
T1 signal exceeding that of adjacent bone marrow. A CT scan (right 

images) confirmed fat within the mass and a thin sclerotic rim, consis-
tent with arrested pneumatization of the sphenoid sinus (Courtesy of 
Kirk M.  Welker, MD, Mayo Foundation for Medical Education and 
Research, Rochester, MN, USA.)

Fig. 29.60  A 27 year old in whom an incidental fat density (−31 HU) 
was noted within the clivus on soft-tissue windows (left). Bone win-
dows (middle) showed central sclerosis. Sagittal reconstructions (right) 

depicted that this was just below the sella in the basisphenoid and had 
not changed over several years

Fig. 29.61  A 43 year old in whom fat signal intensity (arrows) was 
noted within the right side of the sphenoid on non–fat-suppressed 1.5T 
MRI axial T1WI (left) and T2WI (left middle) in 2004. Coronal CT at 

that time (right middle) confirmed arrested pneumatization, which was 
unchanged in the year 2011 (right)

29.8  Incomplete Aeration (Arrested Pneumatization) of the Skull Base
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Fig. 29.62  A 31 year old in whom focal fat density (arrow) within the 
right basisphenoid on CT was consistent with arrested pneumatization

Fig. 29.63  A 58 year old in whom on CT, focal hypottenuation (too 
small to measure a density) was noted (arrow) within the basisphenoid, 
likely from arrested pneumatization

Fig. 29.64  A 75 year old in whom on axial (top left) and coronal (top 
middle) CECT fat density (−60 HU) was noted (asterisk) within the 
sphenoid, which was ossified medially (dash). On 3T MRI, this was 

bright on T1WI (top right) and T2WI (bottom left) and was dark on fat-
suppressed T2WI (bottom middle). On DWI (bottom right, top and bot-
tom), fat’s dark signal confirmed arrested pneumatization

29  Normal Variations in Calvarial Contour, Irregular Ossification/Aeration, and Inward/Outward Projections/Protuberances
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Fig. 29.65  A 9 year old in whom bilateral low-mixed density, although 
not clearly fat (3 HU) was noted (arrows) within the sphenoid bilater-
ally on soft tissue (left and middle) and bone (right) windows. The 

mixed ossification, fat and intermediate density are most consistent 
with arrested pneumatization

Fig. 29.66  A 58 year old in whom fat density (−60 HU) was noted (arrows) within the left pterygoid plate on CT with soft tissue (left) and bone 
(middle) windows, consistent with arrested pneumatization. On 3T MRI, a gradient-echo T1WI (right) confirmed the bright signal of fat

Fig. 29.67  A 58 year old in whom on CT a tiny focus of fat density (−40 HU) within the basiocciput (arrows) was noted on axial (left) and coronal 
(right) reconstructions, consistent with arrested pneumatization

29.8  Incomplete Aeration (Arrested Pneumatization) of the Skull Base
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Other “Don’t Touch” Skull Lesions: 
Arachnoid Granulations, Calvarial 
Depressions, Hemangiomas, 
and Intraosseous Lipomas

This subsection describes a few miscellaneous normal vari-
ants of the skull that can mimic lytic lesions [1–33]. These 
include the often encountered pacchionian granulations, 
calvarial depressions, and the quite uncommon intraosse-
ous lipomas [1–33]. Pacchionian (arachnoid) granulations 
on CT could appear nearly identical to calvarial depressions 
from vascular channels; indeed, this distinction can be arbi-
trary and only based on the observation that calvarial depres-
sions are filled with a clearly contrast-enhancing vascular 
channel, while arachnoid granulations are most commonly 
(but not always) filled with the T2-bright signal intensity of 
cerebrospinal fluid (CSF) on MRI, which suppresses/darken 
on FLAIR; uncommonly, these exhibit internal enhance-
ment because of vasculature contained within. Intraosseous 
lipomas can be differentiated by their characteristic appear-
ance and density on CT, although MRI can also help con-
firm that they are normal variants in questionable situations. 
Finally, calvarial hemangiomas can overlap with intraosse-
ous lipomas if a hemangioma is small and T1-bright; 
however, larger hemangiomas have increasing enhance-
ment, can be expansile, and can simulate lytic lesions such 
as metastases.

30.1	 �Arachnoid (Pacchionian) 
Granulations: CT and MRI Pitfalls

Arachnoid granulations can cause a good deal of confusion 
when they are multiple, irregular, and lytic-appearing on 
NECT and particularly when present in patients with a his-
tory of malignancy. These are meningiothelial-lined and 
CSF-filled invaginations of arachnoid villi in either the cra-
nium or the dural venous sinuses or the dura near the venous 
sinuses. They favor being close to the midline, although they 
often occur off it. Please note that a detailed discussion of 
arachnoid granulations within the dural sinuses is included 
separately under the vascular variants section of this text, as 
this chapter focuses solely on calvarial variants. Also, for the 
purposes of this text, arachnoid granulations are distinguished 
from calvarial depressions (also known as pacchionian 
depressions), although other sources consider them the same 
entity [5–17]. Hence, a discussion of pacchionian depres-
sions follows as the topic of the next chapter, since these 
entities may be related on a spectrum.

Arachnoid granulations can be troublesome in several 
ways, depending on their location and surrounding anatomy. 

30
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First, regarding location, pacchionian granulations or depres-
sions extending into the calvarium are most commonly situ-
ated posteriorly within the occipital bone and adjacent to the 
dural sinuses or cortical veins, which makes sense as the 
transverse sinsuses are their most common location, although 
a large, adjacent vein may not be visualized on routine 
thickness (≥5  mm) NECT or MRI [5–17]. Such posterior 
granulations often occur just off the midline in the parieto-
occipital region, can appear multilobulated or have an irregu-
lar appearance, and can thus simulate lytic metastases. 
Anteriorly, arachnoid granulations can also be bilateral and 
can simulate foramina, although no definite foramen occurs 
in this location. Therefore, such cases could be considered 
pseudoforamina, as no definite vascular or neural structures 
are transmitted.

Regarding their appearance on MRI, they typically but 
not always follow CSF on all MRI sequences [5–17]. Most 
granulations are typically hyperintense on T2WI and sup-
press on FLAIR with CSF, and they are usually discernible 
on thin (≤1  mm), heavily T2-weighted images. These 
T2-bright foci are usually well circumscribed without 
decreased diffusion on DWI and corresponding ADC maps; 
however, they may appear bright on DWI because of T2 
shine-through effect. These can also seem septated or 
somewhat lobulated. Thus, granulations may simulate lytic, 
neoplastic bone lesions if they are large and irregular enough; 
however, on MRI, the lack of enhancement and the presence 
of increased diffusion on ADC maps enables differentiation. 
While the appearance of typical arachnoid granulations fol-
lowing CSF on all imaging modalities and sequences is 
pathognomonic, atypical appearances also exist that include 
internal signal intensity on MRI or density slightly different 
than CSF on NECT. Such atypical appearances with internal 
non-CSF signal intensity have been thought to be related to 
traversing veins, venous plexi, or volume averaging 
phenomenon.

On NECT, dedicated, bone-kernel reconstructions are 
recommended for their work-up in order to demonstrate 
their well-circumscribed appearance. Arachnoid granula-
tions protruding into the dural venous sinuses can simulate 
nonocclusive thrombus, particularly when appearing low 
density on postcontrast CT, CT venography (CTV), or post-
contrast MRI. Thin-section postcontrast CT, CTV, or post-
contrast T1WI MRI can yield a confident diagnosis of an 

arachnoid granulation in most patients, since an arachnoid 
granulation follows CSF on postcontrast imaging (i.e., does 
not enhance).

Other points about arachnoid granulations that protrude 
into the skull are important to mention. One point is that they 
can be problematic to identify when they are small because 
of the volume averaging phenomenon, which may cause the 
appearance that a tiny arachnoid granulation does not follow 
CSF on standard MR sequences. Another point is that they 
typically do not enlarge over time; rarely they will enlarge 
over years but not over weeks to months in the fashion of 
malignant neoplasms or thrombi. Also, while these lesions 
more often appear well circumscribed and rounded, they can 
also appear lobulated or even slightly irregular on CT. When 
irregular-appearing they are still typically T2-hyperintense 
and lack contrast enhancement on MRI.

It is important to mention that a cortical vein or plexus 
may occasionally lie within a pacchionian “depression” that 
causes a non-CSF like signal, but such venous plexi should 
also be surrounded by CSF. These are most likely a separate 
entity from venous lakes (i.e., diploic veins), which are 
venous channels/plexi not surrounded by or communicating 
with CSF and lie entirely within the calvarium. Interestingly, 
recent evidence suggests that arachnoid granulations pro-
truding into the calvarium may resorb CSF and drain into 
diploic veins situated within the granulation; this lends cre-
dence to the aforementioned theory that these entities may be 
interrelated [9, 13–16]. However, the debate continues as to 
whether arachnoid granulations, pacchyionian depressions, 
and diploic veins are all related, a discussion that is beyond 
this text. Thus, these are treated as separate entities in this 
chapter.

Additional atypical and potentially confusing appear-
ances of arachnoid granulations with CT and MRI correla-
tion are discussed at the end of this subsection. Occasionally, 
these present on MRI and are a diagnostic dilemma, particu-
larly on DWI, which typically fills k-space with one pulse; 
this leads to skull artifacts near air interfaces such as at the 
periphery of the skull as causing internally non-CSF signal, 
thereby mimicking lytic lesions. These are distinguished by 
their true lack of reduced diffusion on ADC maps or their 
lack of enhancement internally on postcontrast MRI 
(Figs.  30.1, 30.2, 30.3, 30.4, 30.5, 30.6, 30.7, 30.8, 30.9, 
30.10, 30.11, 30.12, 30.13, 30.14, 30.15, 30.16, and 30.17).

30  Other “Don’t Touch” Skull Lesions: Arachnoid Granulations, Calvarial Depressions, Hemangiomas, and Intraosseous Lipomas
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Fig. 30.1  A 51 year old with two occipital pacchionian granulations on both axial NECT (top row) and T2WI MRI (bottom row). Each pacchio-
nian granulation is adjacent to the dural venous sinuses

Fig. 30.2  A 72 year old male with lung cancer who had no metastases elsewhere. There were bilateral and somewhat irregular arachnoid granula-
tions that appeared punched-out. Volume averaging through the top of the granulations mimics an ill-defined lytic metastasis

30.1  Arachnoid (Pacchionian) Granulations: CT and MRI Pitfalls
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Fig. 30.3  A 60 year old with a small pacchionian granulation that appears lobulated on NECT (left), axial T2WI (middle), and postcontrast FLAIR 
MRI (right). Note the suppression of the CSF signal on FLAIR and the lack of any associated enhancement (right)

Fig. 30.4  A 65 year old with a small left occipital pacchionian granulation that is lobulated on NECT (top left and middle) and bright on T2WI 
MRI (top right). It lacks enhancement on T1WI (bottom left) and is without reduced diffusion on DWI (bottom middle) or ADC map (bottom right)
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Fig. 30.5  An 83 year old with bilateral paramedian irregular parieto-occipital arachnoid (pacchionian) granulations

Fig. 30.6  A 74 year old with bilateral paramedian pacchionian granu-
lations that appear irregular
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Fig. 30.7  A 75 year old with prostate cancer who had irregular pacchionian granulations of the occipital bone on NECT (top left and middle). 
These resembled CSF on ADC map (top right) and T2WI (bottom left) and did not enhance on T1WI (bottom middle) or FLAIR (bottom right)

Fig. 30.8  A 52 year old with a small pacchionian granulation (arrows) that indents the skull on bone window (left) and on the brain window 
(middle) from NECT, being hyperintense on T2WI (right), thus following CSF in signal
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Fig. 30.9  A 5 year old with two incidental arachnoid granulations (white arrows) and two incidental parietal foramina (black arrows) on axial 
NECT images

Fig. 30.10  A 59 year old who on NECT had two anterior frontal arachnoid granulations that are demonstrated on bone windows (left and middle) 
and are similar to CSF on brain windows (right)

Fig. 30.11  A 61 year old: on an outside NECT (left), an arachnoid granulation was initially called a possible metastasis. On MRI, the potential 
lesion was found to follow the CSF signal on T2WI (middle) and FLAIR (not shown) and lacked enhancement on T1WI as well (right)
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Fig. 30.12  A 20 year old who on NECT was found to have a unilateral, 
left frontal arachnoid granulation with mild internal density greater 
than CSF; however, it also contains CSF. Without contrast or an MRI, it 

is difficult to discern an arachnoid granulation from a diploic vein (i.e., 
a normal prominent vein or venous plexus within the skull). This also 
simulates a vascular foramen

Fig. 30.13  A 17 year old with bilateral frontal arachnoid granulations on NECT (left and middle) that do not enhance on postcontrast CT (right). 
These simulate vascular foramina, but such foramina do not characteristically occur in this location. The left granulation contains a vessel

Fig. 30.14  A 48 year old with bilateral pacchionian granulations. Note that the cortical veins in the subarachnoid space pass through the granula-
tions, which are surrounded by CSF. These can also be considered pacchionian depressions
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Fig. 30.15  Top row: A 12 year old with no fracture after trauma, but 
lytic lesions were questioned on plain films. Bottom row: NECT dem-
onstrated bilateral pacchionian granulations, which also simulated 

foramina. No true foramina have been described in that location. These 
can also be considered pacchionian depressions

Fig. 30.16  A 54 year old: on MRI, a tiny infarct (arrows) was questioned on DWI (left), but it had a bright signal on ADC map (T2 shine-through, 
left middle), intermediate FLAIR signal (middle), and no enhancement on T1WI (right middle). NECT confirmed a small arachnoid granulation
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Fig. 30.17  A 48 year old: Top row: a septate and partly ossified arach-
noid granulation on NECT (left) had signal akin to CSF on T1WI (left 
middle) and T2WI (right images). Bottom row: on DWI, there was 
decreased diffusion (left) with bright signal on ADC map (left middle) 

relative to gray matter but minimally brighter than CSF on DWI. There 
was no enhancement on postcontrast FLAIR (right middle) or on coro-
nal T1WI (right)
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30.2	 �Calvarial Depressions that Contain 
Vasculature, Mimicking Lytic Lesions

Calvarial depressions from vascular channels are quite com-
mon and are likely synonymous with the term pacchionian 
depressions [1–5, 13–16]. They differ from pacchionian 
granulations only in that these spaces are not entirely CSF-

filled but rather are filled with an enhancing vessel. Thus, 
both entities may be the same or at least related on the same 
spectrum. The following cases are reconstructed from CT 
angiograms (CTAs) with overlapping 0.75-mm slices, par-
tially in the venous phase. Inside-out three-dimensional 
reconstructions illustrate the internal venous channels well 
(Figs. 30.18, 30.19, and 30.20).

Fig. 30.18  A 58 year old in whom a cortical vein connecting to the 
superior sagittal sinus is contained within a calvarial depression on 
postcontrast source CTA images (left and middle). Three-dimensional 

VR reconstructions (inside-out view, right) can further depict a calvar-
ial/pacchionian depression
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Fig. 30.19  Thin, less than 1-mm sections from a head CTA show small 
indentations of the skull’s inner table, which are similar to arachnoid 
granulations on bone windows (top left). These contain venous chan-
nels on venous phase coronal (top right) and axial (bottom left) refor-

mats. These depressions are well defined on three-dimensional 
inside-out view images (bottom right), which show scalloping of the 
inner calvarium. These vessels drain into the superior sagittal sinus 
(SSS)
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Fig. 30.20  A 61 year old with a lytic lesion questioned in the left mid-
dle cranial fossa floor on axial NECT (top left). Axial and coronal refor-
mats (top middle and right) showed defects within the left sphenoid 
greater wing, also noted on sagittal (middle row, left) and three-
dimensional VR superior view (middle row, right). MRI confirmed 

these to be calvarial depressions with venous plexi internally on T2WI 
(bottom left) and T1WI (bottom middle) but enhancing in a serpiginous 
fashion on T1WI (bottom right), potentially a confusing appearance. 
Note a right sphenoidal defect as well, from an intradiploic vein on the 
three-dimensional VR CT image and MRI (dashed arrows)
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30.2.1	 �Calvarial (Intraosseous) Lipomas

Although lipomas are technically benign neoplasms, there 
is debate as to whether lipomas within the calvarium 
(intraosseous lipomas) are actually neoplasms at all, versus 
a response to various insults such as bone infarcts, trauma, 
and infections. Such lipomas of the calvarium are quite 
rare, with less than 20 cases described in the literature [18–
22]. These should not be confused with osteolipomas, 
which may contain bony matrix and enlarge after a lipoma 
has undergone metaplasia. Included here is the uncommon, 
small, intraosseous lipoma as a don’t touch lesion, since 
lipomas that are less than1.5 cm in size do not enlarge (per 
this author’s unpublished data after following several over 
a number of years) and are asymptomatic. These have 
the density of fat on CT (−10 down to −150 HU), are of 

homogeneous dark density (not mixed with sclerotic den-
sity internally), and exhibit fat signal on MRI, that is, these 
are T1-bright and darken following fat suppression (FS). 
These may appear bright on T2WI when utilizing fast spin-
echo sequences without FS and can be difficult to distin-
guish from smaller hemangiomas that are sometimes 
T1-bright on MRI (usually larger hemangiomas are expans-
ile and have heterogeneous signal). On CT, hemangiomas 
usually demonstrate a “honeycomb” or mottled trabecu-
lated appearance. Note that hemangiomas may also vari-
ably be bright on T1WI, whether on a gradient-echo or 
spin-echo acquisition. Hemangiomas are also most com-
monly dark on DWI and ADC maps, similar to cranial and 
scalp lipomas, but they have varying atypical appearances 
as well (Figs. 30.21, 30.22, 30.23, 30.24, 30.25, 30.26, and 
30.27).

Fig. 30.21  A 51 year old with a focus having similar density to scalp 
fat (−51 HU) in the occipital bone on NECT (top left and middle). This 
was bright on noncontrast coronal (top right) and sagittal (bottom left) 

T1WI.  It was dark on FS FLAIR (bottom middle) and DWI (bottom 
right); this uniform suppression of fat signal confirms a lipoma
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Fig. 30.22  A 29 year old with a tiny left parietal lipoma has internal fat 
density (−63 HU)

Fig. 30.23  A 71 year old with a small left parietal lipoma that has internal fat density (−55 HU)
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Fig. 30.24  A 73 year old with a focal calvarial hypodensity similar to that of scalp fat (−34 HU) within the left occipital calvarium on NECT bone 
(left) and soft tissue (left middle) windows that was mildly bright on coronal T1WI (right middle). This lipoma darkened on FS T2WI (right)

Fig. 30.25  A 76 year old in whom a focal T1-bright lesion within the 
right parietal calvarium was noted on sagittal T1WI (left) and FLAIR 
(left middle). This lipoma was dark on DWI (right middle) and retained 

its bright signal on postcontrast T1WI (right) since FS was not applied. 
Thus, this could simulate a skull metastasis if the noncontrast T1WIs 
are not reviewed closely
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Fig. 30.26  A 59 year old: Top row: several small calvarial lipomas 
(arrows) on gradient-echo T1WI (left three images) have internal fat 
signal, which darkens on FS FLAIR (right). Focusing on the right 

frontal lipoma, spin-echo T1WI (bottom left) and T2WI (bottom mid-
dle) show that the fat of the T1- and T2-bright component darkens on 
fat-suppressed T2WI (bottom right)

Fig. 30.27  A 76 year old with a small right frontal lipoma on axial NECT that has internal fat density (−76 HU)
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30.2.2	 �Calvarial (Intraosseous) Hemangiomas

While the smaller hemangiomas may have T1-bright sig-
nal akin to that of intraosseous lipomas, calvarial heman-
giomas typically have a different signal intensity than 
lipomas, given their underlying histopathologic makeup of 
clusters of dilated, thin-walled blood vessels lined often by 
only a single layer of endothelium [23–33]. Basically, the 
amount of T1-bright signal varies, most likely related to 
the degree of fat present within. These represent less than 
0.5 % of all bone neoplasms, are more common in women 
than men (by a 3:1 ratio), and may be located anywhere 
within the skull [23–33]. Two different types have been 
described: “sessile” (the more common type that wends 
throughout the diploic space) and the rare “globular” 
(expansile and lytic) subtype. The sessile and smaller 
globular lesions are focused on here, since rarely globular 
lesions can become quite expansile and enlarge the cal-
varium. These most commonly occur in the frontal fol-
lowed by the temporal bones.

Another increasingly more common, way to classify 
such intraosseous lesions is to view them as vascular mal-
formations and thus classify them by the degree of flow. In 
such a classification, some have advocated dropping the 
term “hemangioma”, as it invokes a wide spectrum of vas-
cular-derived lesions and the reclassification of the subcat-
egories as low-flow (i.e., slow flow, such as with traditional 
cavernous and capillary hemangiomas, cystic hygromas/
venolymphatic malformations) versus high-flow (such as 
arteriovenous malformations). In this classification, an 
intraosseous hemangioma is a low-flow, intraosseous vas-
cular malformation. This classification also applies in a 
similar fashion to soft-tissue vascular malformations of the 
head and neck.

The vast majority of smaller hemangiomas (<2.0 cm in 
size), whether sessile or globular, have some degree of 
enhancement on postcontrast T1WI MRI, while T2WI often 
demonstrates bright or mild hyperintensity with variable 
hyperintensity on noncontrast T1WI as well (again, most 
likely related to the amount of fat contained) [18–33]. 
Delayed contrast enhancement of a lesion with heteroge-
neous signal on T2WI is more commonly seen in larger 
lesions (>2–3 cm in size). Thus, there is some overlap of the 
smaller T1-bright hemangiomas and intraosseous lipomas, 
and their appearances differ on CT (lipomas have a homoge-
neous fat signal while hemangiomas can be heterogeneous 
but well circumscribed). Also, on postcontrast T1WI MRI, 
hemangiomas often enhance on fat-suppressed T1WI, 
whereas lipomas do not. On CT, hemangiomas often have a 
characteristic spoke-wheel or spiculated appearance cen-
trally and are well circumscribed; occasionally, they have 
internal soft-tissue density. If so, they usually exhibit delayed 
enhancement after 1–5  min. The enhancement pattern of 
hemangiomas can at times simulate metastases or 
plasmacytoma, particularly if the calvarium expands with 
globular hemangioma enlargement; however, in the uncom-
mon case where they enlarge, such hemangiomas develop 
internal flow voids, thereby revealing their benignity, while 
metastases usually do not. Another reason hemangiomas 
may simulate metastases is in the rare instance when they are 
multiple, such as in certain syndromes, which some have 
termed “angiomatosis or hemangiomatosis”. Rarely, these 
can become giant calvarial hemangiomas (cavernomas). 
Finally, regarding nuclear medicine studies, hemangiomas 
typically exhibit variable uptake on standard bone scans but 
usually demonstrate elevated uptake on delayed tagged red 
blood cell studies, further typifying their slow flow 
(Figs. 30.28, 30.29, 30.30, 30.31, and 30.32).
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Fig. 30.28  A 42-year-old patient: Top row: on 1.5 T MRI, an occipital 
hemangioma (arrows) was bright on pre- (left) and postcontrast (mid-
dle) T1WI without FS; on FS T1WI (right), much of the brightness 
abated, but it retained mild enhancement. Bottom row: on T2WI (left), 

it was bright. On NECT (middle), it was sessile, not expanding the cal-
varium. On a posteroanterior view from a Tc99m bone scan (right), the 
lesion had uptake akin to the rest of the calvarium
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Fig. 30.29  A 42 year old with a frontal bone lesion (arrows) that was 
noted on sagittal (top left) and axial (top middle) NECT. On a 1.5 T 
MRI, fat-suppressed T2WI (top right) depicted that it was heteroge-
neous but mostly bright, being relatively dark on sagittal T1WI (bottom 

left). On DWI (bottom middle) and ADC map (bottom right), the lesion 
was bright, indicating T2-shine through. This hemangioma was 
unchanged 5 years later on NECT and on MRI (not shown)
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Fig. 30.30  A 56 year old with a midline parietal bone lesion (arrows) 
that was noted on axial postcontrast bone window (left), soft-tissue win-
dow (middle), and brain windows (right). This was presumed to be a 

hemangioma because of the well-circumscribed appearance and mild 
internal enhancement, which appeared to have internally enhancing 
vasculature (thin arrows)

Fig. 30.31  A 47 year old with a parietal lesion (arrows) on NECT 
(left) that was shown to be hypointense on noncontrast T1WI (left mid-
dle), with peripheral enhancement after contrast (middle) on 1.5 T MRI; 

SWI (right middle) and DWI (not shown) depicted that it was mostly 
bright, likely due to T2-shine through effect. This was unchanged 3 
years later on CT (right)
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Fig. 30.32  A 48 year old with many hemangiomas (angiomatosis). Top 
row: multiple calvarial bright lesions (arrows) were noted on T2WI 
(left), FLAIR (left middle) DWI (right middle), and postcontrast T1WI 
(right). Middle row: 10 years later, these were unchanged on T2WI 
(left) and FLAIR (left middle), and enhanced on postcontrast coronal 
T1WI initially (right middle) and minutes later (right), typifying 

delayed enhancement of the superficial portion of the hemangioma 
(thin arrows). Bottom row: note an orbital hemangioma (dotted arrows) 
on T2WI (left) and postcontrast T1WI (left middle), which was 
unchanged from 10 years prior (right middle). Note a frontal hemangi-
oma on NECT (right)
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Craniocervical Vasculature: 
Introduction

There are several important reasons to be familiar with nor-
mal variations and pitfalls of the craniocervical vasculature. 
First, prior knowledge of the variations in vascular origins of 
craniocervical vessels can prevent iatrogenic injury from a 
procedure or therapy. (A common example is an arch origin 
of the left vertebral artery during catheter angiography.) 
Second, a normal vessel in an unexpected location can simu-
late a mass, complicate biopsy of an adjacent structure, or 
lead to unnecessary or potentially dangerous treatment (such 
as with a retropharyngeal internal carotid artery). Third, 
some normal variations may simulate vascular abnormalities 
(such as normal infundibula of the intracranial vascular ori-
gins simulating aneurysms). Fourth, some of these normal 
variations, though not necessarily pathologic in and of them-
selves, carry a higher risk of associated pathology. (For 
instance, some fenestrations or duplications are associated 
with higher risks of aneurysm formation in certain loca-
tions.) Finally, the flow voids generated by vascular struc-
tures can become volume-averaged or generate artifacts that 
can lead to much consternation—a problem becoming more 
and more common as MRI usage increases.

In this chapter, the great vessel origins of the cervical ves-
sels are covered first, followed by the skull base and intracra-
nial portions, and then miscellaneous CT and MRI 
cross-sectional vascular variants or artifacts that can simu-
late intracranial disease. Thus, an attempt has been made to 
group the variations anatomically, although this can be 
somewhat difficult with cervical and cranial vasculature, as 

some variants span both cervical and cranial compartments 
and extend between the anterior and posterior circulation 
intracranially. Common variations in the craniocervical ves-
sels and origins at the aortic arch are included in this chapter, 
as these are often encountered on cross-sectional imaging, 
but the extensive potential variations in the aortic arch and 
great vessel origins are not covered in great detail. That sub-
ject can constitute an entire text, and the reader is referred to 
a number of excellent vascular radiology and anatomy books 
on that subject. Rather, the focus of much of this chapter is 
on normal variants on MRI and MR angiography (MRA), CT 
angiography (CTA), and routine cross-sectional imaging, 
with catheter digital subtraction angiographic (DSA) corre-
lation, when applicable or necessary. Table  31.1 lists the 
commonly used terms in this section.

It is important to pay close attention to the side of findings 
on PA, LPO, RPO, or superior views from 3D VR CTA, 
CTV, MRA, and MRV, as these 3D datasets are displayed 
corresponding to the angle of view. As a result, the finding 
may be on the opposite side of the image from an axial, coro-
nal, or sagittal CT or MR image, based on the standard CT/
MRI convention of looking up at the patient’s feet. For 
example, on a “PA view” from a CTA/MRA, a right middle 
cerebral artery aneurysm will be on the right side of the 3D 
VR CTA/MRA image, but will be on the left side of the axial 
CT/MR image. However, as the AP plane is the convention 
for catheter DSA, the findings will be on the same side of the 
image as the axial CT/MRI.
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Table 31.1  Terms commonly used in imaging craniocervical vasculature

2DTOF = Two-dimensional (2D) time-of-flight

3DTOF = Three-dimensional (3D) time-of-flight

3DDSA = 3D (rotational) digital subtraction angiography

AP = Anterior to posterior (view)

CCA = Common carotid artery

CECT = Contrast-enhanced CT

CEMRA = Contrast-enhanced MRA

CEMRV = Contrast-enhanced MRV

CTA = CT angiography

CTV = CT venography

DSA = catheter digital subtraction angiography

ICA = Internal carotid artery

LAO = Left anterior oblique (view, from anterior)

LCCA = Left common carotid artery

LICA = Left internal carotid artery

LPO = Left posterior oblique (view, from posterior)

LVA = Left vertebral artery

MIP = Maximum intensity projection

MPR = Multiplanar reformat

MRA = Magnetic resonance angiography

MRV = Magnetic resonance venography

NECT = Nonenhanced CT

PA = Posterior to anterior (view)

PCMRA/MRV = Phase contrast MRA/MRV

RAO = Right anterior oblique (view, from anterior)

RCCA = Right common carotid artery

RICA = Right internal carotid artery

RPO = Right posterior oblique (view, from posterior)

RVA = Right vertebral artery

SWI = Susceptibility-weighted imaging

T1WI = T1-weighted imaging

T2WI = T2-weighted imaging

VA = Vertebral artery

VR = Volume-rendered (3D reconstruction)

31  Craniocervical Vasculature: Introduction



951© Springer International Publishing Switzerland 2017
A.M. McKinney, Atlas of Normal Imaging Variations of the Brain, Skull, and Craniocervical Vasculature, 
DOI 10.1007/978-3-319-39790-0_32

Aortic Arch and Great Vessel Origin 
Arterial Variants

Aortic arch variants are commonly encountered on neck CT 
or MR images and CTA/MRA, and this chapter illustrates a 
few of the more common or readily identifiable variants. 
Briefly, the normal configuration of the arch (in about 70 % 
of persons) gives rise to three vessels: the innominate, the left 
common carotid, and the left subclavian artery (Figs. 32.1, 
32.2, and 32.3). The most common variations (which typi-
cally are asymptomatic) include a common origin of the 
innominate and the left common carotid artery (10–25 %, the 
so called “bovine arch” misnomer); arch origin of the left 
vertebral artery (about 5 %, between the origins of the left 
common carotid and left subclavian arteries); left arch with 
retroesophageal right subclavian artery (0.5–1 % of popula-
tion, 10 % of which are associated with congenital cardiac 
anomalies); a right-sided arch with a retroesophageal left 
subclavian artery (about 0.1 %, a “true ring”, of which 10 % 
are associated with cardiac anomalies); and a right-sided 
arch without a retroesophageal left subclavian artery (i.e., 
“mirror image” right arch) [1–13]. The right and left arches 

with retroesophageal subclavian arteries are considered 
aberrant, but are usually asymptomatic variations unless 
there is esophageal compression from posteriorly by a 
“diverticulum of Kommerell.”

The “mirror image” right arch is quite uncommon 
(<0.1 %) and is associated with congenital cardiac syn-
dromes more than 90 % of cases. A double arch is even rarer 
(presumed to be <0.1 %), and may be symptomatic because 
both the trachea and esophagus are encircled. Other uncom-
mon variants such as an interrupted arch, left arch atresia, or 
an isolated left subclavian artery are much rarer and are typi-
cally associated with symptoms. Because they are usually 
repaired quite early in life, they are not depicted in this book. 
It is important to note that the incidence of some of these 
variants may be increasing owing to greater numbers of 
observations from more frequent screening or incidental CT 
examinations. Readers are referred to a number of excellent 
radiologic and anatomic texts for further description and 
explanations of embryologic development [1–19].

32
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Fig. 32.1  18-year-old with a normal left-sided arch and a hypoplastic 
right vertebral artery (RVA) (asterisks), on a contrast-enhanced MRA 
AP view. Aortic Arch (curved arrows); IA Innominate Artery (+); LCCA 
Left Common Carotid Artery (™); LSCLA Left Subclavian Artery (); 
RCCA  Right Common Carotid Artery (); RSCLA Right Subclavian 
Artery ()

Fig. 32.2  51-year-old with typical origins of the great vessels off of the 
aortic arch on contrast-enhanced CT. Aortic Arch (curved arrows); IA 
Innominate Artery (+); LCCA Left Common Carotid Artery (™); 
LSCLA Left Subclavian Artery (); RCCA Right Common Carotid 
Artery (); RSCLA Right Subclavian Artery ()

Fig. 32.3  25-year-old with a normal aortic arch (curved arrow), on a 
contrast-enhanced MRA left anterior oblique (LAO) view. Aortic Arch 
(curved arrows); IA Innominate Artery (+); LCCA Left Common 
Carotid Artery (™); LSCLA Left Subclavian Artery (); RCCA Right 
Common Carotid Artery (); RSCLA Right Subclavian Artery ()

32  Aortic Arch and Great Vessel Origin Arterial Variants
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32.1	 �Common Origin (“Bovine Arch”) 
and Truncus Bicaroticus

A common origin of the innominate artery and the left com-
mon carotid artery has been commonly but erroneously 
referred to as a “bovine arch”; cows do not actually have this 
configuration. In cows, usually only one great vessel arises 
directly from the aortic arch, so a “feline” or “canine” arch 
would be a better fit for this configuration, as both cats and 
dogs have two branches in the proximal aorta: a brachioce-
phalic artery followed by a left subclavian artery (LSCA) 
arising from the arch.

The reported incidence of this variation varies between 10 
and 30 % of the population, perhaps depending on what one 

refers to as a “common origin”; the origins of these two great 
vessels can be in very close approximation. This variation is 
of significance particularly when attempting catheterization. 
Common origin can be very difficult to catheterize (particu-
larly in older patients) with a routine catheter if the left com-
mon carotid artery (LCCA) makes an acute “right-angle 
turn” back to the left side after arising from or with the 
innominate artery (Figs. 32.4 and 32.5).

A common origin of both common carotid arteries is 
fairly uncommon, occurring in less than 0.5 % of the pop-
ulation. This anomaly is termed a “truncus bicaroticus” 
(Figs. 32.6, 32.7, 32.8, and 32.9). When seen, it usually is 
associated with an aberrant right subclavian artery 
(RSCA).

Fig. 32.4  42-year-old with the typical configuration of a “common ori-
gin” (asterisks) of the left common carotid artery (LCCA, open circle) 
and innominate artery (IA, plus sign) on contrast-enhanced MRA AP 
views. Aortic Arch (curved arrows); IA Innominate Artery (+); LCCA 

Left Common Carotid Artery (™); LSCLA Left Subclavian Artery (); 
RCCA Right Common Carotid Artery (); RSCLA Right Subclavian 
Artery ()

32.1  Common Origin (“Bovine Arch”) and Truncus Bicaroticus
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Fig. 32.5  55-year-old with a contrast-enhanced MRA AP view. From 
a common origin (asterisk) with the IA, the LCCA origin (open circle) 
is a “right angle,” which can be difficult to catheterize. Aortic Arch 
(curved arrows); IA Innominate Artery (+); LCCA Left Common 
Carotid Artery (™); LSCLA Left Subclavian Artery (); RCCA Right 
Common Carotid Artery (); RSCLA Right Subclavian Artery ()

Fig. 32.6  53-year-old with a left-sided aortic arch (curved arrow), a 
“truncus bicaroticus” (asterisk), and a retroesophageal right subclavian 
artery (RSCA, left-facing arrowhead) on a 7 cm-thick maximum inten-
sity projection (MIP) from a contrast-enhanced MRA (left), with axial 

source images (middle, right). Aortic Arch (curved arrows); IA 
Innominate Artery (+); LCCA Left Common Carotid Artery (™); 
LSCLA Left Subclavian Artery (); RCCA Right Common Carotid 
Artery (); RSCLA Right Subclavian Artery ()

32  Aortic Arch and Great Vessel Origin Arterial Variants
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Fig. 32.7  4-year-old with a chest contrast-enhanced CT in the coronal 
(left), and axial (right) planes, which demonstrate a left-sided aortic 
arch and a common origin (i.e., “truncus bicaroticus,” asterisk), along 
with a retroesophageal RSCA. Aortic Arch (curved arrows); IA 

Innominate Artery (+); LCCA Left Common Carotid Artery (™); 
LSCLA Left Subclavian Artery (); RCCA Right Common Carotid 
Artery (); RSCLA Right Subclavian Artery ()

Fig. 32.8  Catheter DSA left anterior oblique (LAO) view in a 60-year-
old shows a left-sided arch (curved arrows), “truncus bicaroticus” 
(asterisk), and a retroesophageal RSCA. Aortic Arch (curved arrows); IA 
Innominate Artery (+); LCCA Left Common Carotid Artery (™); 
LSCLA Left Subclavian Artery (); RCCA Right Common Carotid 
Artery (); RSCLA Right Subclavian Artery ()

32.1  Common Origin (“Bovine Arch”) and Truncus Bicaroticus
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Fig. 32.9  51-year-old with contrast-enhanced MRA AP (left) and LAO 
(right) views of a left arch, a “truncus bicaroticus” (asterisk), and a 
RSCA (left-facing arrowheads) that is aberrant, as its diverticular origin 
is proximal to the right common carotid artery (RCCA, black circles) 
but is not retroesophageal (Courtesy of Dave Nascene, MD, University 

of Minnesota–M Health, Minneapolis, MN.). Aortic Arch (curved 
arrows); IA Innominate Artery (+); LCCA Left Common Carotid Artery 
(™); LSCLA Left Subclavian Artery (); RCCA Right Common Carotid 
Artery (); RSCLA Right Subclavian Artery ()

32  Aortic Arch and Great Vessel Origin Arterial Variants



957

32.2	 �Left Arch with Aberrant Right 
Subclavian Artery

Again, a left-sided arch with an aberrant RSCA, also known 
as “arteria lusoria,” is an uncommon, but not rare, variation. 
It is present in approximately 0.5–1 % of the population, and 
about 10 % of cases are associated with congenital cardiac 
anomalies. Also, 10 % of patients with aberrant RSCA expe-
rience “dysphagia lusoria” owing to pressure from an 
enlarged diverticulum of Kommerell at the RSCA’s origin. It 

is not uncommon to note a truncus bicaroticus (a common 
origin of both common carotid arteries) in combination with 
this variant. Most commonly, these are retroesophageal 
(80 %), but they can also occur between the trachea and 
esophagus (15 %) or anterior to the trachea (5 %) (Figs. 32.10, 
32.11, and 32.12). It is also quite rare for the RSCA to arise 
separately from the right common carotid artery (RCCA). 
Figures 32.6, 32.7, 32.8, and 32.9 show examples of truncus 
bicaroticus and demonstrate a spectrum of such variants 
occurring in tandem with that anomaly.

32.2  Left Arch with Aberrant Right Subclavian Artery

Fig. 32.10  In a 3-year-old, a sagittal postcontrast thoracic spine CT 
(left) demonstrates a left-sided aortic arch with a retroesophageal 
RSCA. Axial images from a chest CT (right, top and bottom) confirmed 
this finding. Aortic Arch (curved arrows); IA Innominate Artery (+); 

LCCA Left Common Carotid Artery (™); LSCLA Left Subclavian Artery 
(); RCCA Right Common Carotid Artery (); RSCLA Right Subclavian 
Artery ()

Fig. 32.11  51-year-old with a left-sided aortic arch (curved arrow) 
and a retroesophageal RSCA (left-facing arrowheads) noted on axial 
(left) and sagittal (right) reformats from a contrast-enhanced CT scan of 
the upper chest and lower neck. Aortic Arch (curved arrows); IA 

Innominate Artery (+); LCCA Left Common Carotid Artery (™); 
LSCLA Left Subclavian Artery (); RCCA Right Common Carotid 
Artery (); RSCLA Right Subclavian Artery ()
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Fig. 32.12  43-year-old with a left arch and a retroesophageal RSCA 
(left-facing arrowheads) on an AP view from a CTA (left). Two weeks 
after the RSCA was detached and reimplanted to the right common 
carotid artery (RCCA, black circle), there was no stenosis at the vessel’s 

origin on a contrast-enhanced MRA AP view (right). Aortic Arch 
(curved arrows); IA Innominate Artery (+); LCCA Left Common 
Carotid Artery (™); LSCLA Left Subclavian Artery (); RCCA Right 
Common Carotid Artery (); RSCLA Right Subclavian Artery ()

32  Aortic Arch and Great Vessel Origin Arterial Variants
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32.3	 �Right-Sided Aortic Arch and Double 
Aortic Arch

A right-sided aortic arch is encountered in about 0.1 % of 
the population, and can be well demonstrated on CECT or 
CT angiography (CTA) (Figs.  32.13, 32.14, 32.15, 32.16, 
32.17, and 32.18). These can be either a “mirror image” 
(Type I), being the reverse of normal great vessels’ origins 
from a left-sided arch (80–85 % of right-sided arches), or a 
right-sided arch with an aberrant left subclavian artery but 
lacking an associated cardiac anomaly (Type II, 15–20 % of 
right-sided arches) [4–8]. “Mirror image” right-sided arches 
are typically associated with congenital cardiac anomalies, 
most commonly tetralogy of Fallot; about 25 % of tetralogy 

of Fallot patients are also reported to have a right-sided aor-
tic arch [4–8]. Notably, the number of patients having a “mir-
ror image” arch without cardiac anomalies is probably higher 
than previously thought; the association was said to be nearly 
100 %, but current evidence from patients scanned by 
contrast-enhanced CT and CTA for noncardiac reasons sug-
gests a range of 90–95 % instead [4–8].

A double aortic arch is less common, but is the most com-
mon vascular ring to cause symptoms [9–13]. Its incidence is 
poorly described, but is likely present in about 0.1 %, as the 
estimated incidence of aortic vascular rings is about 0.2–
0.5 % [4–13]. It is typically not associated with congenital 
cardiac anomalies. The right-sided component of the arch is 
dominant in about 75 %, and the left in about 20 % [9–13].

32.3  Right-Sided Aortic Arch and Double Aortic Arch

Fig. 32.13  Contrast-enhanced CT scan from a 10-year-old that depicts 
a right-sided aortic arch (asterisk), from which a retroesophageal LSCA 
(right-facing arrowhead) arises. This patient did not have an associated 
cardiac anomaly. Aortic Arch (curved arrows); IA Innominate Artery 
(+); LCCA Left Common Carotid Artery (™); LSCLA Left Subclavian 
Artery (); RCCA  Right Common Carotid Artery (); RSCLA Right 
Subclavian Artery ()

Fig. 32.14  11-year-old with Tetralogy of Fallot; the right arch (curved 
arrows) is not “mirror image” as both the RSCA and LSCA arise from 
it on axial T2WI (lower left), contrast-enhanced MRA 10 cm-thick AP 
view (upper right), and on axial contrast-enhanced MRA (lower right) 
(Courtesy of David Nascene, MD, University of Minnesota–M Health, 

Minneapolis, MN.). Aortic Arch (curved arrows); IA Innominate Artery 
(+); LCCA Left Common Carotid Artery (™); LSCLA Left Subclavian 
Artery (); RCCA Right Common Carotid Artery (); RSCLA Right 
Subclavian Artery ()
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Fig. 32.15  In a 45-year-old patient, a contrast-enhanced CT (caudal to 
cranial images) demonstrates a double aortic arch (curved arrows) that 
surrounds both the trachea and esophagus. This patient suffered from 
recurrent aspiration pneumonia, necessitating surgical repair. Aortic 

Arch (curved arrows); IA Innominate Artery (+); LCCA Left Common 
Carotid Artery (™); LSCLA Left Subclavian Artery (); RCCA Right 
Common Carotid Artery (); RSCLA Right Subclavian Artery ()

Fig. 32.16  A 23-year-old with an asymptomatic “mirror image” right-
sided aortic arch on a contrast-enhanced CT (top row and bottom right) 
and on a 3D volume-rendered (VR) reconstruction from a contrast-
enhanced MRA (bottom left). No other congenital defects were noted in 

this patient. Aortic Arch (curved arrows); IA Innominate Artery (+); 
LCCA Left Common Carotid Artery (™); LSCLA Left Subclavian Artery 
(); RCCA Right Common Carotid Artery (); RSCLA Right Subclavian 
Artery ()

32  Aortic Arch and Great Vessel Origin Arterial Variants
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Fig. 32.17  36-year-old with a “mirror-image” right-sided arch on a 3D 
VR CTA (AP view). Aortic Arch (curved arrows); IA Innominate Artery 
(+); LCCA Left Common Carotid Artery (™); LSCLA Left Subclavian 
Artery (); RCCA Right Common Carotid Artery (); RSCLA Right 
Subclavian Artery ()

32.3  Right-Sided Aortic Arch and Double Aortic Arch
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Fig. 32.18  62-year-old with an asymptomatic “mirror image” right-
sided aortic arch (from Kartagener’s syndrome with situs inversus) on a 
3D VR CTA, with AP (left) and right anterior oblique (RAO) views (left 
middle and right middle). Also, a curved oblique sagittal MPR (right) 
demonstrates that the right vertebral artery (dotted arrows) arises 

directly from the aortic arch. Aortic Arch (curved arrows); IA Innominate 
Artery (+); LCCA Left Common Carotid Artery (™); LSCLA Left 
Subclavian Artery (); RCCA Right Common Carotid Artery (); 
RSCLA Right Subclavian Artery ()

32  Aortic Arch and Great Vessel Origin Arterial Variants
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32.4	 �Arch Origin of Left Vertebral Artery 
and other Vertebral Artery Variant 
Arch Origins

An arch origin of the left vertebral artery (LVA) occurs in 
about 5 % of the population. The vast majority arise between 
the origins of the left common carotid artery (LCCA) and the 
left subclavian artery. Quite rare variations of vertebral artery 

origins from the aortic arch include distal arch origin of the 
LVA (i.e., distal to the left subclavian origin), aberrant arch 
origin of the right vertebral artery (RVA), duplication of the 
vertebral artery, and origin from one of the carotid arteries 
(or carotid branches) (Figs.  32.19, 32.20, 32.21, 32.22, 
32.23, 32.24, 32.25, 32.26, and 32.27). The latter variant is 
covered in Chapter 33, as this chapter focuses solely on aor-
tic arch variations.

Fig. 32.19  45-year-old with an “arch origin” of the left vertebral artery 
(LVA) (arrows) on 3-mm sagittal (left), 6-mm coronal (middle), and 
21-mm sagittal (right) MPRs from a CTA. There is also a common ori-
gin (asterisk) of the innominate artery (IA, plus sign) and the left com-

mon carotid artery (LCCA, open circle). Aortic Arch (curved arrows); IA 
Innominate Artery (+); LCCA Left Common Carotid Artery (™); 
LSCLA Left Subclavian Artery (); RCCA  Right Common Carotid 
Artery (); RSCLA Right Subclavian Artery ()

32.4  Arch Origin of Left Vertebral Artery and other Vertebral Artery Variant Arch Origins
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Fig. 32.20  42-year-old with a LVA “arch origin” (arrows) on a CTA 
axial view (left) and 15-mm MPR coronal LAO view (right). The LVA 
lies between the LCCA and the left subclavian artery (LSCA, right-
facing arrowhead). Aortic Arch (curved arrows); IA Innominate Artery 

(+); LCCA Left Common Carotid Artery (™); LSCLA Left Subclavian 
Artery (); RCCA Right Common Carotid Artery (); RSCLA Right 
Subclavian Artery ()

32  Aortic Arch and Great Vessel Origin Arterial Variants
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Fig. 32.21  33-year-old with the typical configuration of an “arch ori-
gin” of the LVA (arrows) on axial contrast-enhanced CT images at the 
level of the top of the arch. Aortic Arch (curved arrows); IA Innominate 

Artery (+); LCCA Left Common Carotid Artery (™); LSCLA Left 
Subclavian Artery (); RCCA Right Common Carotid Artery (); 
RSCLA Right Subclavian Artery ()

32.4  Arch Origin of Left Vertebral Artery and other Vertebral Artery Variant Arch Origins
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Fig. 32.22  50-year-old with an “arch origin” of the LVA (arrows) on a 
CTA with 3D VR AP (left) and RAO (middle) views, as well as on a 
15-mm sagittal MPR (right). The MPR confirms that the LVA arises 
just proximal to the LSCA. Aortic Arch (curved arrows); IA Innominate 

Artery (+); LCCA Left Common Carotid Artery (™); LSCLA Left 
Subclavian Artery (); RCCA Right Common Carotid Artery (); 
RSCLA Right Subclavian Artery ()

Fig. 32.23  In a 31-year-old, axial CTA source images (left) depict an 
“arch origin” of the LVA (arrows), situated between the LCCA and 
LSCA on an LAO 9-mm sagittal MPR (middle), as well as on a 3D VR 
CTA in an AP view (right). Note that the IA (plus sign) is focally 
obscured owing to streak artifact from contrast within the superior vena 

cava (dashes). Aortic Arch (curved arrows); IA Innominate Artery (+); 
LCCA Left Common Carotid Artery (™); LSCLA Left Subclavian Artery 
(); RCCA Right Common Carotid Artery (); RSCLA Right Subclavian 
Artery ()

32  Aortic Arch and Great Vessel Origin Arterial Variants
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Fig. 32.24  In a 21-year-old, a catheter DSA injection of the LSCA 
origin in an AP view (left) did not depict the LVA origin, but its “arch 
origin” was found by selective catheterization (middle), and on an LAO 
MPR from a CTA (right). Aortic Arch (curved arrows); IA Innominate 

Artery (+); LCCA Left Common Carotid Artery (™); LSCLA Left 
Subclavian Artery (); RCCA Right Common Carotid Artery (); 
RSCLA Right Subclavian Artery ()

Fig. 32.25  54-year-old with a left-sided arch. An aberrant LVA 
(arrows) arises as a solitary vessel off of the aorta distal to the LSCA, 
rather than the typical variant, which arises proximal to the LSCA, as 
shown on various CTA reconstructions, including axial view (left), sag-

ittal 15-mm view (middle), and a 3D VR left lateral view (right). Aortic 
Arch (curved arrows); IA Innominate Artery (+); LCCA Left Common 
Carotid Artery (™); LSCLA Left Subclavian Artery (); RCCA Right 
Common Carotid Artery (); RSCLA Right Subclavian Artery ()

32.4  Arch Origin of Left Vertebral Artery and other Vertebral Artery Variant Arch Origins
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Fig. 32.26  54-year-old with a left arch, an IA/LCCA common origin, 
and a distal, aberrant, retroesophageal right vertebral artery (RVA) 
(arrows) on CTA axial views (left), coronal curved MPR view (middle), 
and on 3D VR AP (right, top) and posterior (right, bottom) views 
(Courtesy of Jeff Brace, MD, Suburban Radiologic Consultants, Edina, 

MN.). Aortic Arch (curved arrows); IA Innominate Artery (+); LCCA 
Left Common Carotid Artery (™); LSCLA Left Subclavian Artery (); 
RCCA Right Common Carotid Artery (); RSCLA Right Subclavian 
Artery ()

Fig. 32.27  A 78-year-old with a left-sided arch had an aberrant, retro-
esophageal RVA (arrows) arising off of the aorta, on various CTA 
MPRs, including axial (top left), coronal (top middle), and sagittal (top 
right) views. On 3D VR AP (bottom left), posterior (bottom middle), 
and right lateral (bottom right) views, the RVA’s course is delineated. 

Aortic Arch (curved arrows); IA Innominate Artery (+); LCCA Left 
Common Carotid Artery (™); LSCLA Left Subclavian Artery (); 
RCCA Right Common Carotid Artery (); RSCLA Right Subclavian 
Artery ()

32  Aortic Arch and Great Vessel Origin Arterial Variants
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32.5	 �Arch Origin of the External Carotid 
Artery

An arch origin of the external carotid artery (ECA) is 
another rare variant that can be entirely normal and asymp-
tomatic, although one should exclude the concomitant pres-
ence of other rare, congenital vascular anomalies such as 
proatlantal arteries, double aortic arch, or persistent trigemi-

nal arteries. These anomalies (and others) can be seen with 
right-sided or left-sided arches; when left-sided, the ECA is 
typically anterior to the internal carotid artery (ICA), and the 
right carotid bifurcation is a bit lower than normal. Although 
this variant is very rare and can be considered a form of 
“common carotid agenesis,” it is typically asymptomatic 
unless an arterial stenosis exists simultaneously (Figs. 32.28 
and 32.29).

Fig. 32.28  62-year-old woman with a left arch and an arch origin of 
the left external carotid artery (ECA) (large arrows) on axial images 
from a contrast-enhanced neck CT. Also note a separate left internal 
carotid artery (LICA) origin (thin arrows), and an anomalous vein aris-
ing from a vertebral vein (dash) (Courtesy of Chris Palmer, MD, 

Hennepin County Medical Center, Minneapolis, MN.). Aortic Arch 
(curved arrows); IA Innominate Artery (+); LCCA Left Common 
Carotid Artery (™); LSCLA Left Subclavian Artery (); RCCA  Right 
Common Carotid Artery (); RSCLA Right Subclavian Artery ()

Fig. 32.29  11-year-old boy with tetralogy of Fallot, a right arch, and 
arch origins of both the right ECA (dotted arrows) and left ECA (thin 
arrows) on contrast-enhanced MRA AP view (bottom left), 3D VR mild 
LAO (bottom middle), and further oblique LAO (bottom right) views 
(Courtesy of David Nascene, MD, University of Minnesota–M Health, 

Minneapolis, MN.). Aortic Arch (curved arrows); IA Innominate Artery 
(+); LCCA Left Common Carotid Artery (™); LSCLA Left Subclavian 
Artery (); RCCA Right Common Carotid Artery (); RSCLA Right 
Subclavian Artery ()

32.5  Arch Origin of the External Carotid Artery
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Cervical Carotid and Vertebral Arterial 
Variants

This chapter covers congenital vascular variations in branch-
ing or anomalous entry points of vertebral artery (VA) and 
internal carotid artery (ICA) vasculature. These include 
common carotid artery (CCA) origin of the VA, external 
carotid artery (ECA) origin of the VA, duplication of the VA, 
anomalous entry site of the VA into the vertebral transverse 
foramen, hypoplastic VA, hypoplastic ICA, and origin of 
ECA branches from the ICA. Tortuosity that lacks abnormal 
branching or site of entry is covered in Chap. 34.

There are a multitude of potential congenital anomalous 
branches and courses of the various ECA branches, as well 
as branches from the thyrocervical and costocervical 
trunks that ascend into the cervical region. There are also 
potential anastamoses between these vessels, which can 
become more prominent or visible in the setting of pathol-
ogy, particularly a proximal occlusion of a parent vessel, 
or in the uncommon arteriovenous malformation (AVM). 
Because of the normal, extreme variability in these 
branches, and because they are not usually encountered on 
routine neuroimaging and are unlikely to cause pathology 
or to be confused with abnormalities, they are not covered 
within this text.

Two of the most common settings in which knowledge of 
such variations is important are in the setting of trauma and in 
the setting of a dedicated vascular workup by catheter digital 
subtraction angiography (DSA). In the setting of trauma, a 
missing, small, or anomalous branching of a VA or ICA can 
lead to an erroneous diagnosis of occlusion from blunt cerebro-
vascular injury (BCVI) or to unnecessary catheter angiography, 
which, as an invasive procedure, does have some risk. In the 
setting of catheter angiography (most commonly to evaluate a 
suspected atherosclerotic stenosis), the lack of visualization of a 
CCA or VA can lead to the erroneous diagnosis that the vessel 
is occluded. In such cases, dedicated noninvasive imaging such 
as CT angiography (CTA) or MR angiography (MRA) prior to 
catheter DSA can be invaluable, which is one reason that neuro-
interventional and endovascular proceduralists have begun to 
favor noninvasive imaging in the initial workup of vascular 
abnormalities prior to endovascular therapy. Another reason is 
that a review of noninvasive imaging prior to the endovascular 
procedure has been shown to decrease the use of contrast and 
fluoroscopy time (hence, decreased radiation dose); such 
decreases are important, as an increase in each has been associ-
ated with greater risk of complications or morbidity.
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33.1	 �Common Carotid Origin 
of the Vertebral Artery

Another very rare variant is a VA origin from a CCA instead 
of from a subclavian artery or even from the aortic arch. This 

type of origin occurs in far less than 1 % of the population; it 
can occur on either side. On the right side, it has been 
described to typically occur in conjunction with an aberrant 
right subclavian artery (RSCA), unless the patient has a 
right-sided aortic arch (Figs. 33.1, 33.2, and 33.3).

Fig. 33.1  Top row: 16-year-old with a left-sided aortic arch (curved 
arrow) and a retroesophageal right subclavian artery (RSCA, left-facing 
arrowhead) on CTA axial 3-mm (left) and 30-mm (right) images. 
Bottom row: Note the “truncus bicaroticus” (asterisk) on a coronal 
30-mm MPR (left), which is usually accompanied by an aberrant 
RSCA. The right vertebral artery (RVA, arrows) arises from the right 

common carotid artery (RCCA, black circles) as shown on a sagittal 
10-mm MPR (middle). A coronal 3-mm curved MPR (right) depicts the 
foraminal course of the RVA (arrows). Aortic Arch (curved arrows); IA 
Innominate Artery (+); LCCA Left Common Carotid Artery (™); 
LSCLA Left Subclavian Artery (); RCCA Right Common Carotid 
Artery (—); RSCLA Right Subclavian Artery ()

33  Cervical Carotid and Vertebral Arterial Variants



973

Fig. 33.2  46-year-old with a contrast-enhanced MRA that demonstrates 
a left-sided arch (curved arrow) with a retroesophageal RSCA (left-fac-
ing arrowheads) and the lack of an innominate artery (IA), on AP (left) 
and RAO (middle) views. On a further oblique RAO view (right, veins 
removed), the RVA (arrows) is demonstrated to arise from the RCCA 

(black circles). Also, the RVA appears hypoplastic intracranially. Aortic 
Arch (curved arrows); IA Innominate Artery (+); LCCA Left Common 
Carotid Artery (™); LSCLA Left Subclavian Artery (); RCCA Right 
Common Carotid Artery (—); RSCLA Right Subclavian Artery ()
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Fig. 33.3  49-year-old with a left-sided arch. The RVA (arrows) arises 
from the RCCA (black circles) on a contrast-enhanced MRA AP view 
(left), and on segmented LAO (middle) and RAO (right) views of only 
the right side. Neither an aberrant RSCA nor a right-sided arch is pres-
ent, either of which is typical when the RVA arises from the RCCA. 

Aortic Arch (curved arrows); IA Innominate Artery (+); LCCA Left 
Common Carotid Artery (™); LSCLA Left Subclavian Artery (); 
RCCA Right Common Carotid Artery (—); RSCLA Right Subclavian 
Artery ()
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33.2	 �Other Rare Vertebral Artery Origin 
Variants: External Carotid Origin 
and Duplication

Other quite rare variants of VA origins include VA origin from 
the external carotid artery (ECA), a duplicated or triplicated 
origin, or an origin from the thyrocervical or costocervical 

trunks. A duplication will usually fuse at some point in the 
upper cervical region, while the cranial portion of the VA 
appears normal. Also, if a duplication is focal, it may be termed 
a “fenestration,” but fenestrations are much more common 
intracranially and have a single origin for both vessels. The term 
“duplication” is preferred if there are truly separate arterial ori-
gins that stay separate for long segments (Figs. 33.4 and 33.5).

Fig. 33.4  Top row: 58-year-old with a contrast-enhanced MRA that 
demonstrates a left vertebral artery (LVA) origin (large arrows) that 
arises from the proximal external carotid artery (ECA, dotted arrows) 
on AP (left) and posterior/PA (right) views. Bottom row: Similar find-
ings are noted on a CTA with AP (left) and left lateral (right) views. The 

RVA (thin arrows) is presented for comparison. Aortic Arch (curved 
arrows); IA Innominate Artery (+); LCCA Left Common Carotid Artery 
(™); LSCLA Left Subclavian Artery (); RCCA Right Common Carotid 
Artery (—); RSCLA Right Subclavian Artery ()
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Fig. 33.5  17-year-old with a CTA that depicts RVA “triplication” on 
oblique AP (left) and lateral (middle) MPRs, and on a 3D VR lateral 
view (right). The three separate origins arise from the RSCA (double 
arrows), the thyrocervical trunk (thin arrows), and the costocervical 
trunk (dotted arrows). All combine superiorly (large arrows) at the 

level of the C4 vertebra to form a single RVA before it travels up 
through the foramen magnum. Aortic Arch (curved arrows); IA 
Innominate Artery (+); LCCA Left Common Carotid Artery (™); 
LSCLA Left Subclavian Artery (); RCCA Right Common Carotid 
Artery (—); RSCLA Right Subclavian Artery ()
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33.3	 �Anomalous Level of Vertebral Artery 
Entry Into the Transverse Foramen 
or Dura

The vertebral artery (VA) in the V2 segment typically enters 
the transverse foramen (TF) at the level of C6  in approxi-
mately 90 % of patients. In the other 10 %, the entry point 
can be located anywhere between the levels of the C2 and C7 
vertebrae. The bony contours of the transverse foramina that 
contain the VAs have also been described to be larger than 
those not containing a VA. These can be particularly prob-
lematic in a patient evaluated for trauma on noninvasive 
imaging; failure to visualize VA enhancement or its flow 
void within the foramen can mimic a dissection or occlusion 
from blunt cerebrovascular injury (BCVI). For example, this 
phenomenon can occur on a cervical spine MRI obtained to 
evaluate cervical trauma, on which the TF lacks normal, dark 
flow voids on T2WI, or on a postcontrast cervical CT, where 

the lack of the normal VA enhancement is apparent. However, 
noninvasive CTA, MRA, or catheter DSA can easily define 
the anomalous course of such VAs (Figs. 33.6, 33.7, 33.8, 
33.9, 33.10, and 33.11).

Another rarer variant is entry of the VA into the dura 
below the level of the foramen magnum. The V1 segment of 
the VA runs from the origin to the V2 segment (where it 
enters the TF), whereas the V3 segment extends from the 
level of C2 to the dura, typically appearing as a “half square” 
appearance on catheter angiography AP views of each side. 
The V4 segment consists of the intradural portion, which is 
typically at the point where the VA becomes intracranial 
between the occiput and C1. Rarely, however, the VA may 
pierce the dura at a level lower than C1, and thus the V4 seg-
ment begins below the C1 vertebra. This variant is not likely 
to be symptomatic, but it may be of concern in situations of 
C1-2 fracture or subluxation, where it could present a higher 
risk for BCVI (Fig. 33.12).

Fig. 33.6  In an 85-year-old, the 
RVA (arrows) enters the 
transverse foramen (TF) at the 
level of C2-3, whereas the LVA 
(dotted arrows) enters at the 
expected level, as demonstrated 
on a 3D VR lateral view (left) 
and on a 17 mm-thick coronal 
MPR AP view (right). The LVA 
is hypoplastic
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Fig. 33.7  In a 71-year-old, the 
RVA (arrows) enters the TF at 
C3-4, as shown on a 3D VR right 
lateral view (left) and a 
5 mm-thick sagittal MPR view 
(right)
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Fig. 33.8  In a 54-year-old trauma patient, the RVA (large arrows) was 
not visualized within the TF at the level of C5-6 (it enters higher, at the 
C4-5 level) on fat-suppressed T2WI (left) or on T1WI (left middle), but 

was certainly patent with cephalad flow on axial images from two-
dimensional time-of-flight (2DTOF) MRA (right middle) and CTA 
(right). Note the LVA (dotted arrows)

Fig. 33.9  A 17-year-old had a cervical spine fracture that involved the 
right TF at the C6 level; an MRI was ordered to rule out arterial injury. 
Initially, the RVA (arrows) was not identified prior to or after fat-
suppression on T2WI (top row) or T1WI (bottom left), but it was noted 

to be outside of the C4-5 TF on 2DTOF MRA source images (bottom 
right); it entered the foramen at C3-4. Caudally flowing spins are satu-
rated and thus not seen. Both a contrast-enhanced MRA AP view (far 
right) and a catheter DSA (not shown) were normal
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Fig. 33.10  In a 62-year-old, a CTA with 3D VR oblique views shows that the RVA (arrow) enters the TF at the C5-6 level (left), whereas the LVA 
(dotted arrow) enters the TF at the normal level of C6-7 (right)

33  Cervical Carotid and Vertebral Arterial Variants



981

Fig. 33.11  In a 29-year-old, a parasagittal MPR of a neck CTA 
(obtained for evaluation of the RVA following C6-7 dislocation and 
posterior fusion) showed entry of the RVA (arrow) into the TF at 
the C5-6 level, perhaps preventing vascular injury

33.3  Anomalous Level of Vertebral Artery Entry Into the Transverse Foramen or Dura
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Fig. 33.12  In a 44-year-old with trauma and altered mentation (no cer-
vical spine fracture), a CTA demonstrated anomalous entry of the V4 
segments of both VAs into the dura (arrows) just below the level of C1 
(asterisks), on coronal MPR (top left), curved coronal MPR of the right 

(top middle) and left (top right) sides, and on axial MPR (bottom left). 
A PA view on 3D VR CTA (bottom right) best illustrates the VAs travel-
ling medially just below the C1 arch
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33.4	 �Hypoplastic Vertebral Artery

Hypoplastic VAs are common normal variants, which occur 
in about 10–30 % of the population. A typical example of 
how these can be problematic occurs in the scenario of “rule 
out dissection” or when the normal flow void in a hypoplas-
tic artery is not visualized on a T2WI (perhaps because of 
slow or undetectable flow in a tiny artery). The result can be 
unnecessary tests and even potentially harmful iatrogenic 
injury if catheter angiography is performed within such a 
vessel. Thus, assessment by MRA (which also may fail to 
visualize an extremely hypoplastic artery well) or CTA 
should be performed first. The VA can also be so small as to 
terminate in the posterior inferior cerebellar artery (PICA), a 
variant estimated to occur in approximately 1 % of catheter 
angiograms.

There is debate as to whether the risk of stroke or injury 
is increased with a normal, hypoplastic VA in the setting of 
trauma. Such discussions are beyond the scope of this text. 
The literature on this subject is variable, perhaps because a 
patent but hypoplastic VA may erroneously appear occluded 
owing to slow flow on MRI, lower-quality CTA, or even 
suboptimal catheter DSA images (e.g., if a small amount of 
contrast is injected) (Figs.  33.13, 33.14, 33.15, 33.16, 
33.17, 33.18, 33.19, and 33.20).

Fig. 33.13  65-year-old with a hypoplastic RVA (arrows) on a coronal 
MPR from a CTA. The hypoplastic RVA has a smooth, regular contour, 
as opposed to a dissection, which has irregular margins with variegated 
luminal narrowing

Fig. 33.14  In a 53-year-old, a tiny RVA on T2WI (top) lacked flow 
voids due to slow flow, but it had forward flow on a 3DTOF MRA VR 
PA view (bottom), confirming that the RVA terminated as the posterior 
inferior cerebellar artery (PICA)

33.4  Hypoplastic Vertebral Artery
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Fig. 33.15  Top row: This 49-year-old has a hypoplastic RVA on post-
contrast T1WI (left), gradient echo T1WI (middle), and on T2WI (right); 
the RVA’s flow void is not visible because of slow flow. Bottom row: VA 

flow voids with antegrade flow are noted on coronal T2WI (left), and on 
TOF MRA with a 1-mm axial view (middle) and MIP AP view (right). 
Note a vertebrobasilar fenestration (dotted arrows) just cephalad
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Fig. 33.16  60-year-old with a hypoplastic VA on axial T2WI (left) and on postcontrast T1WI (right). Note the lack of a flow void on T2WI, even 
though the tiny vessel is patent and enhances with contrast

Fig. 33.17  35-year-old with a hypoplastic cervical LVA (arrow) at 
the C6 level on axial T2WI obtained for spinal evaluation

33.4  Hypoplastic Vertebral Artery
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Fig. 33.18  52-year-old with a hypoplastic VA (arrows) on T2WI (left), axial source 3DTOF MRA images (middle), and on 3D MIP images in an 
AP view (right)

Fig. 33.19  21-year-old with a hypoplastic LVA (arrow) that ends in 
the PICA on a 3DTOF MRA VR PA view

33  Cervical Carotid and Vertebral Arterial Variants



987

Fig. 33.20  78-year-old with a hypoplastic RVA terminating in the PICA on a contrast-enhanced MRA 3D VR AP view (left). On T2WI (right), 
note a diminished flow void due to slow flow, as opposed to a normal LVA flow void (dotted arrows)
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33.5	 �Hypoplastic Internal Carotid Artery

Hypoplasia of the internal carotid artery (ICA) is a rare con-
genital anomaly occurring in less than 0.2 % of the population. 
It is usually (but not always) associated with other congenital 
vascular anomalies, and is commonly asymptomatic. The typ-
ical imaging pattern is of a small, bony petrous carotid canal 
on the hypoplastic side on a CT scan, with a mildly enlarged 
vertebrobasilar system and variable enlargement of the contra-

lateral ICA. The ipsilateral common carotid artery (CCA) is 
also usually hypoplastic. It is extremely rare for this anomaly 
to be bilateral. Occasionally, ipsilateral facial hemiatrophy is 
noted. There is debate as to whether there the incidence of an 
aneurysm is increased on the contralateral side (perhaps due to 
increased flow); the literature is sparse on this subject. The 
ICA hypoplasia appears to be more common on the left. CTA, 
MRA, or catheter DSA can easily distinguish this variant 
(Figs. 33.21, 33.22, 33.23, 33.24, and 33.25).

Fig. 33.21  29-year-old with a hypoplastic left internal carotid artery 
(ICA) (large arrows), as evidenced by a small, bony petrous ICA canal 
on nonenhanced CT (top left), 3DTOF MRA source (top right), and 3D 

VR AP view (bottom right) images. The left common carotid artery 
(CCA) was hypoplastic (tiny arrows) on a contrast-enhanced MRA 
MIP AP view (bottom left). Note the normal right ICA (dotted arrows)
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Fig. 33.22  25-year-old with a hypoplastic left ICA and bony canal 
(arrows) on bone windows (left and middle) and a soft tissue window 
(right) from nonenhanced CT, performed for screening after trauma. 

The patient was asymptomatic, and no skull fracture was identified. 
Dotted arrows denote the contralateral right ICA, which had a normal 
bony canal diameter

Fig. 33.23  Top row: In a 22-year-old, a hypoplastic left ICA (arrows) 
was suspected on a T2-weighted MRI in axial (left) and coronal (mid-
dle) views, and on nonenhanced CT (right), which demonstrated a 
small bony canal. Bottom row: A 3DTOF MRA AP view (left) con-

firmed left ICA hypoplasia, and a catheter DSA (right) showed that the 
left ICA was partially supplied via anterior communicating cross-filling 
from the right ICA (dotted arrows)

33.5  Hypoplastic Internal Carotid Artery
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Fig. 33.24  A 39-year-old had a tiny, hypoplastic left ICA bony canal 
(arrows) on nonenhanced CT (left), with an absent left ICA on a CTA 
with a 3D VR superior head view (left middle), on a cervical AP view 

(right middle), and on source CTA images (right). The left ECA is pat-
ent (arrowheads), and the right ICA (dotted arrows) is normal

Fig. 33.25  14-year-old with a hypoplastic right ICA bony canal 
(arrows) on a temporal bone nonenhanced CT with axial (left) and cor-
onal (right) images in bone windows, performed for bilateral hearing 

loss. (The etiology was unknown, as the examination was otherwise 
negative.) Note the normal, contralateral left ICA and bony canal (dot-
ted arrow)
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33.6	 �External Carotid Branches Arising 
from the Internal Carotid Artery

Branches of the external carotid artery (ECA) can rarely 
arise from the ICA. Although any branch could conceivably 
arise from the ICA, these rare variants more typically involve 
the ascending pharyngeal artery, occipital artery, superior 

thyroidal artery, or the superficial temporal artery. Also, 
some branches (particularly the ascending pharyngeal) can 
arise directly from the cervical carotid bifurcation. 
Knowledge of these variants, as well as of potential ECA-
ICA collateral networks, is of particular import in the plan-
ning of endovascular embolization procedures (Figs. 33.26, 
33.27, and 33.28).

Fig. 33.26  53-year-old who 
underwent a contrast-enhanced 
MRA with RAO (left) and 
slightly LAO (right) views, 
which demonstrate that the right 
occipital artery (large arrows) 
arises from the right ICA (thin 
arrows), immediately distal to 
the carotid bifurcation. The left 
occipital artery (dotted arrows) 
arises as expected from the left 
external carotid artery (ECA)
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Fig. 33.27  In a 56-year-old, contrast-enhanced MRA (lateral MIP) 
(left), and 3D VR LAO (middle), lateral 3-mm MPR (right, top) and 
magnified lateral, 1-mm MPR (right, bottom) views depict a common 

trunk (large arrows) of the ascending pharyngeal artery (dotted arrows) 
and superior thyroidal artery (thin arrows), which arise from the proxi-
mal left ICA (asterisk)
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Fig. 33.28  In a 95-year-old, contrast-enhanced MRA and 3D VR AP 
(left), RAO (middle), and LAO MIP (right) views show that the right 
superior thyroidal artery (large arrows) arises from the proximal right 

ICA (thin arrows). As a comparison, note the normal origin of the left 
superior thyroidal artery (dotted arrows) from the left ECA
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Tortuous Cervical and Intracranial 
Arteries and Basilar-Carotid 
Dolichoectasia

Tortuosity most often occurs in the elderly or in the setting of 
atherosclerosis, but it also occurs in the uncommon patient 
with a collagen vascular disorder. The vertebral arteries can 
be tortuous at their origins or throughout the remainder of 
their course in the cervical and intracranial portions, and they 
can be particularly troublesome for interpretation or proce-
dures in several scenarios.

First, attempting catheterization of tortuous vertebral ori-
gins for angiography can be extremely difficult and can lead 
to serious complications if extreme care is not exercised or if 
the angiographer is unaware of the vessel’s course at the out-
set; one should always obtain images or angiographic runs of 
the vertebral arteries’ origins prior to catheterization.

Second, tortuous vertebral artery origins can simulate ste-
nosis on noninvasive imaging, whether MRA (due to arti-
facts such as in-plane saturation effects) or CTA (due to 
artifact and streaking from nearby bones). For example, rou-
tine T1WI and T2WI MRI sequences may be misleading, as 
small or hypoplastic vessels (with slow flow) or very tortu-
ous vessels (causing in-plane saturation of spins) may lead to 
a misdiagnosis of occlusion or partial thrombosis.

Third, tortuosity in the cervical segments of the vertebral 
arteries may make it difficult to evaluate for a dissection on 
CTA or MRA, at times even having a “corkscrew” appearance 
on contrast-enhanced MRA similar to that seen in subclavian 
stenosis with retrograde vertebral arterial flow; 2D time-of-
flight MRA with saturation bands above the cervical region 
can exclude the presence of downwards, retrograde flow.

Finally, the presence of tortuous vertebral arteries intra-
cranially can lead one to question “vascular contact” against 
various structures such as the brainstem or cranial nerves if 
only axial images are obtained; the vast majority having this 
appearance intracranially are asymptomatic and of doubtful 
significance unless there is mass effect on the brainstem or if 
there is vascular enlargement indicative of an aneurysm.

The term “dolichoectasia” refers to a distended, elongated, 
and typically tortuous appearance of the vertebrobasilar 

arterial system greater than 4.5 mm in caliber. These are most 
commonly asymptomatic and are not uncommon on head CT 
scans from the emergency room as an unrelated finding in the 
elderly, akin to the concept of cerebral “age-related volume 
loss.” A very small minority of these patients, however, may 
suffer symptoms related to progressive fusiform enlargement, 
as the pathogenesis of dolichoectasia can be related to sys-
temic arterial hypertension and/or atherosclerosis with thin-
ning of the internal elastic lamina. This fusiform enlargement 
can become aneurysmal and produce emboli, or (in the worst 
case scenario) basilar thrombosis. Because of mass effect, the 
symptoms may involve cranial neuropathies; rarely, a syn-
drome of thrombosis may occur with subsequent showering 
of emboli to the brainstem and posterior fossa that is difficult 
to treat and generally has a poor outcome. Recent studies sug-
gest that these patients are at a higher risk for stroke and poor 
outcomes when observed 5–10 years after the initial CT or 
MRI [1–9].

In this author’s opinion, dolichoectasia occurs along a 
spectrum and must be interpreted in a “gestalt” fashion: The 
vessel’s appearance, including its size relative to the internal 
carotid arteries (ICAs), contour, and the presence of calcium 
or clot must be taken into consideration along with the 
patient’s age. Irregular vessels with noncalcified plaque or 
thrombus are more likely to be symptomatic and unstable. 
The problem arises when dilated, tortuous vessels are visual-
ized on axial images on a noncontrast head CT or MRI with-
out a corresponding vascular study; the enlarged, tortuous 
arteries can appear to be an aneurysm or mass because of 
volume averaging in the axial plane. They may even mildly 
indent the brainstem, which is exceedingly likely to be 
asymptomatic. CTA or MRA can clarify questionable cases, 
and clinical correlation is often necessary.

Tortuosity and “kinking” of the upper cervical and intra-
cranial internal carotid artery (ICA) is present in about 
3–7 % of the population, and appears to be more common in 
the elderly, particularly those with atherosclerotic disease, 
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collagen vascular disease, or (less likely) polycystic kidney 
disease [10–16]. It is not rare to note this finding in middle-
aged patients without atherosclerotic calcifications or a sig-
nificant stenosis, however. Similarly, such tortuosity can lead 
to the presence of a retropharyngeal ICA, which can be prob-
lematic when a pharyngeal or nasopharyngeal mucosal 
lesion or abscess is present [16–22]. The presence of such 
tortuosity can occasionally cause difficulty in interpretation 
in various scenarios; for example, it may simulate a pseudoa-
neurysm after trauma, or it may cause stenosis measurements 
to be miscalculated. Tortuosity can also cause difficulty in 
catheterization. Notably, dolichoectasia of the ICAs can also 
occur, with an appearance similar appearance to that of the 
vertebrobasilar system, although it is perhaps less common. 
A tortuous appearance of the ICA at the skullbase can occur 
with an aberrant internal carotid artery [28, 29].

Therefore, mildly tortuous vertebral-basilar arteries or 
ICAs are most commonly asymptomatic and can be consid-
ered “don’t touch” lesions. The exceptions are when they are 
symptomatic or problematic in only three scenarios: (1) 
Where severe dolichoectasia (stretching, dilatation, and tor-
tuosity) occurs that may result in the uncommon severely 
enlarged, dissecting, fusiform aneurysm; (2) When the tortu-
ous vertebrobasilar vasculature (or its branches) compresses 
a cranial nerve (such as VII)—a controversial but well-
described phenomenon; (3) When an adjacent mass or 
abscess is present that needs to be excised (as with a retro-
pharyngeal ICA).

CTA, MRA, and 3D T2WI can be helpful in the noninva-
sive workup to confirm patency of the ICAs. Notably, in 
large, dissecting vertebrobasilar aneurysms, CTA (with opti-
mal timing and recirculation of contrast) may be the best 
modality for both initial and long-term followup, as even 
catheter angiography may have difficulty entirely visualizing 
a giant aneurysm, owing to a combination of in-flow from 
the opposite side and turbulence.

34.1	 �Tortuous Great Vessel Origins

The likelihood and degree of tortuosity of the lower cervical 
and great vessel origins increases with age. The origins of 
the great vessels and their cervical segments can be extremely 
tortuous, to the point where the aorta is also often elongated. 
This tortuosity most commonly occurs in elderly patients or 
vasculopaths with moderate or severe atherosclerotic dis-
ease. Its incidence is also increased in patients with fibro-
muscular dysplasia and collagen vascular disorders. One 
may occasionally note such tortuosity even in otherwise 
asymptomatic younger patients without a known history of 
collagen vascular disease or vasculopathy, although this sce-
nario is rather uncommon (Figs. 34.1, 34.2, 34.3, 34.4, 34.5, 
34.6, 34.7, and 34.8)

Although tortuous anatomy can be considered a normal 
variant in the absence of associated vascular disease, such 
variant anatomy can create significant problems when the 
angiographer or interventionalist attempts to catheterize or 
embolize through extremely tortuous vessels. The substan-
tially increased fluoroscopy time, increased contrast dosage, 
and the use of multiple catheters can lead to a significantly 
increased procedural risk of thromboembolic infarcts or inti-
mal injury in these patients. The subject of tortuosity and 
dolichoectasia of the upper cervical and intracranial arteries 
is discussed separately.

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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Fig. 34.1  84-year-old with extremely tortuous great vessel origins and 
extensive atherosclerotic calcifications on a CTA, as well as a common 
origin (asterisk) of the innominate artery (IA) (plus sign) and the left 
common carotid artery (LCCA) (open circles) on LAO MPR 32 mm-

thick (left) and 16 mm-thick (right) views. Additionally, the right inter-
nal carotid artery (ICA) is occluded (left), while the right common 
carotid artery (RCCA) (black circles) is patent but has diffuse calcified 
plaque

Fig. 34.2  76-year-old with an “elongated” aorta and mild to moder-
ately tortuous great vessel origins on DSA LAO views in early (left) and 
late (right) arterial phases. A common origin (asterisk) of the IA and 
LCCA is present. Note tortuosity of the right subclavian artery (RSCA) 

(left-facing arrowheads), left subclavian artery (LSCA) (right-facing 
arrowheads), and RCCA origins, and also of the left vertebral artery 
(LVA) origin (dotted arrows)

34.1  Tortuous Great Vessel Origins
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Fig. 34.3  81-year-old with a lower carotid bruit auscultated to the right 
of midline just above the sternum. On contrast-enhanced MRA, there 
was tortuosity of the origins of both the RCCA (black circles) and LCCA 

(open circles) on AP (left), PA (left middle), right lateral (right middle), 
and left lateral (right) views. Note tortuosity of the IA and RSCA ori-
gins, as well as of the LVA origin (dotted arrows) and the IA (plus signs)

Fig. 34.4  86-year-old with atherosclerotic calcifications of the great 
vessels’ origins on CTA, with a tortuous IA (plus signs), as well as 
RCCA (black circles) and LCCA (open circles) origins, on a 34 mm-
thick MPR coronal-LAO view (left), and on a 3D VR AP view (right). 

Extremely hyperdense contrast within the right subclavian vein (double 
dashes) obscures the RSCA. Also note atherosclerosis, but no tortuos-
ity, of the LSCA (right-facing arrowheads)

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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Fig. 34.5  In a 78-year-old, a CTA depicts an elongated aorta (from 
atherosclerosis), and tortuosity of the IA (plus signs), RCCA (black 
circles), and RSCA (left-facing arrowheads), as shown on 28 mm-thick 
MPR (left) and 3D VR LAO (middle) views, as well as a contrast-

enhanced MRA of the right side (right). The right vertebral artery 
(RVA) (dotted arrows) is mildly tortuous as well. Note hyperdense 
internal jugular contrast (double dashes) that obscures the LSCA (right-
facing arrowheads)

34.1  Tortuous Great Vessel Origins
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Fig. 34.6  67-year-old with a tortuous left VA origin (solid arrows); the VA’s courses in the mid-cervical region are also tortuous bilaterally (dotted arrows), 
on bilateral oblique views from a contrast-enhanced MRA. In some patients, such tortuosity (as well as other artifacts) may obscure the VA origins

Fig. 34.7  In a 76-year-old, CTA coronal (left) and sagittal (middle) 10 mm-thick MPRs and a DSA AP view (right) show a tortuous LVA (arrows), 
which was hard to catheterize. The right CCA (white circle) and RSCA origins (left-facing arrowheads) were tortuous, and the aorta was elongated

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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Fig. 34.8  47-year-old with tortuous mid and upper cervical VAs (arrows); the tortuosity is only mild at the origins, on AP (left), right lateral 
(middle), and left lateral (right) views. The upper cervical ICAs are also quite tortuous (dotted arrows)

34.1  Tortuous Great Vessel Origins
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34.2	 �Vertebral-Basilar Dolichoectasia, 
Tortuosity, and Carotid Ectasia

Basilar or vertebrobasilar arterial (VBA) dolichoectasia 
refers to an elongated and distended artery. The vertebral 
arteries (VAs) can be tortuous throughout the neck, but by 
itself, this phenomenon is incidental, unless it occurs bilater-
ally in the setting of fibromuscular dysplasia, when there is an 
increased risk of dissection and pseudoaneurysm. Typically, 
the distention is 4.5 mm or greater in size, as 4 mm is the 
upper limit of normal basilar artery diameter. Although tradi-
tional literature suggested that a certain amount of dilatation 
of the VBA system is normal, more recent evidence suggests 
that the presence of VBA ectasia or an increased diameter of 
the basilar artery is associated with vascular events, lacunar 
infarcts, thrombosis, cerebral microbleeds, and even coronary 
artery disease; cranial neuropathies can also occur [1–9]. The 
findings likely relate to an underlying arteriopathy with thin-
ning or “wearing away” of the intima, with or without intra-
plaque hemorrhage (particularly in the setting of severe 
atherosclerosis), which can relate to underlying atheroscle-
rotic disease, collagen vascular disease, or other causes of 
intimal injury. For some reason, it is not uncommon for an 
ectatic basilar artery to lack calcification relative to the degree 
of atherosclerotic calcification affecting the internal carotid 
arteries (ICAs) in the same patient. Overall, atheromatous 
changes are thought to augment the possibility of thrombo-
embolic infarcts, intraplaque hemorrhage, basilar thrombosis, 
or spontaneous VBA dissection [1–9].

Thus, while there is no strong evidence as to what is con-
sidered “normal” ectasia for aging, the 4.5-mm threshold is 
most commonly used. Certainly, diameters larger than that 
are concerning, particularly if enlarging serially over time, as 
these have been associated with the development of aneurys-
mal hemorrhage, dissection, and morbidity. In particular, a 
diameter greater than 8 mm for such “nonsaccular” basilar 
fusiform aneurysms has been associated with poor outcome, 

owing to a propensity for aneurysmal enlargement [9, 23, 
24]. Though catheter angiography is the gold standard, very 
large or “giant” nonsaccular VBA aneurysms (>2.5 cm) may 
actually be better visualized on CTA because of the multi-
pass phenomenon through the vasculature; catheter DSA 
demonstrates structures on the first arterial pass only, and it 
may be difficult to deploy a sufficiently large contrast bolus 
from the catheter.

Also, neurovascular contact by the vertebral or basilar 
arteries on the brainstem at any point—even causing com-
pression to a degree—can be normal and asymptomatic, but 
any symptoms related to cranial nerves, particularly hemifa-
cial spasm, should be correlated with the imaging findings 
and side. Limited evidence has not yet confirmed a definite 
association between compression of cranial nerve X (vagus) 
near its root entry/exit zone (REZ) of the brainstem and 
hypertension (“neurovascular hypertension”), although the 
association is still being investigated [25–27].

Finally, internal carotid artery (ICA) ectasia is less 
common than VBA ectasia. It can occur with or without 
basilar ectasia and is most commonly associated with 
severe atherosclerosis; calcified plaque is usually evident. 
Thus, it is important to remember that severe atheroscle-
rotic disease of the ICA most commonly presents as steno-
sis, but it also can become ectatic and even aneurysmal at 
the other end of the spectrum. Less commonly, ICA ectasia 
is related to other disorders that can affect the intima, 
including collagen vascular disease, fibromuscular dyspla-
sia, or homocystinuria.

Figures  34.9, 34.10, 34.11, 34.12, 34.13, 34.14, 34.15, 
34.16, 34.17, 34.18, 34.19, and 34.20 aim to demonstrate a 
spectrum ranging from tortuosity without ectasia in asymp-
tomatic patients, to both tortuosity and dolichoectasia, to 
fusiform aneurysmal enlargement. Atherosclerosis is present 
in the more severe examples. 3D volume-rendered (VR) 
CTA can demonstrate these well, but noncontrast MRA may 
be compromised by turbulence from the tortuosity. 

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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Fig. 34.9  64-year-old with moderate tortuosity and mild ectasia of the 
vertebrobasilar artery (VBA) (arrows), with brainstem indentation on 
T2WI (top left), axial 3DTOF MRA (bottom left), and MIP AP (middle) 

images. The cervical VAs were tortuous on a contrast-enhanced MRA 
AP view (right). The VBA compresses the root entry/exit zone (REZ) 
of the left pontomedullary junction (thin arrows)

Fig. 34.10  55-year-old with axial nonenhanced CT (left) and T2WI 
MRI (right). Both VAs appear on the same side (arrows), indicating at 
least moderate tortuosity, without frank ectasia. This case is an example 

of how the arteries can be quite tortuous without dilatation. The patient 
had no associated symptoms

34.2  Vertebral-Basilar Dolichoectasia, Tortuosity, and Carotid Ectasia
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Fig. 34.11  67-year-old having a moderately tortuous left VA intracra-
nially (arrows) on CTA 3D VR PA views (left and left middle), as well 
as tortuous cervical VAs on catheter DSA AP view (right middle) and 

on a cervical contrast-enhanced MRA lateral view (far right). Despite 
the diffuse degree of tortuosity, there is very little ectasia

Fig. 34.12  43-year-old diabetic patient with mild-moderate basilar 
dolichoectasia and calcified plaques (dotted arrows) on a CTA with 
3D  VR reformats (both PA views). The calcified plaques are from 

atherosclerosis, suggesting the cause of the dolichoectasia. Note that 
the degree of tortuosity is less than the degree of ectasia (5  mm 
diameter)

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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Fig. 34.13  46-year-old with a moderately to severely tortuous, elon-
gated, and mildly ectatic dominant right VA (arrows) on nonenhanced 
CT axial images (left and middle) and a reconstructed coronal image 
(right). Initially, the artery seemed focally aneurysmal on the axial 

images (arrow, left), but was later confirmed to be simply dolichoec-
tatic on the coronal reconstructions (right). This patient was asymptom-
atic from the dolichoectasia

Fig. 34.14  65-year-old with axial nonenhanced CT (left) that demonstrates moderate basilar artery dolichoectasia (diameter 7–8 mm). One year 
later (right), this diameter was unchanged (arrows). The patient did not have related symptoms

34.2  Vertebral-Basilar Dolichoectasia, Tortuosity, and Carotid Ectasia
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Fig. 34.15  72-year-old with a CTA PA view that depicts moderate 
basilar artery dolichoectasia, with diffuse atherosclerotic 
calcifications (arrows)

Fig. 34.16  53-year-old with severe tortuosity and mild ectasia of the 
basilar and right VA on T2WI MRI (left and middle), causing brainstem 
indentation (arrows). This finding was confirmed on 0.8-mm axial 

balanced-echo 3D T2WI (right), where the basilar artery (arrow) was 
shown to indent cranial nerves VII and VIII.  The patient was 
asymptomatic

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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Fig. 34.17  Vertebrobasilar dolichoectasia simulating aneurysm in a 
75-year-old man with severe headaches. Top row: On axial nonen-
hanced CT, there is tortuosity and elongation of the left VA (arrows), 
and the basilar tip appears prominent (arrowhead); thus, an aneurysm 
could not be excluded. Middle row: Sagittal 2  mm-thick (left) and 
5 mm-thick (right) reconstructions depict prominence of the basilar tip 

(arrowheads) that indented the floor of the third ventricle. Bottom row: 
On CTA 3D VR with both PA (left) and superior (right) views, the basi-
lar tip (arrowheads) seems prominent, likely related to curvature at the 
tip, and is ectatic, without a defined aneurysm. This scenario, in which 
volume averaging of dolichoectasia on axial nonenhanced CT simulates 
an aneurysm, is not uncommon. Note a lack of VBA calcification

34.2  Vertebral-Basilar Dolichoectasia, Tortuosity, and Carotid Ectasia
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Fig. 34.18  Carotid-basilar dolichoectasia bordering on being aneurys-
mal. Top row: In a 68-year-old, axial nonenhanced CT (left) and sagittal 
T1WI MRI (middle) show that the basilar artery (arrowheads) indents 
the floor of the third ventricle. On T2WI (right), there is also promi-
nence of both ICA flow voids (arrow). Middle row: SWI (left) depicts 
similar findings; 3D TOF MRA posterior view (middle) and LPO view 
(right) show a mildly enlarged right ICA (arrows) from dolichoectasia. 
There is also poor visualization of the left MCA (thin arrows), due to 

combined turbulence and in-plane saturation effect. Similar findings are 
present for the right MCA (dotted arrows, right), but the right MCA 
borders on being aneurysmal. Bottom row: Source MRA images (left) 
confirm mild, fusiform dilatation of the right MCA (dotted arrows), 
perhaps being aneurysmal, while the left MCA (thin arrows) is poorly 
visualized along with mild VBA ectasia. The findings are also shown on 
a 3D VR MRA PA view (middle) and right lateral view (right)

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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Fig. 34.19  Carotid-basilar dolichoectasia. Top row: 42-year-old with a 
tortuous and high RVA (arrows) on 3DTOF MRA AP views, part of a 
negative stroke workup. Also, both cavernous ICAs (dotted arrows) 
were tortuous and ectatic. Bottom row: On source images, the posterior 

inferior cerebellar artery (thin arrows) does contact the root entry zone 
of CN VII (arrowhead), which can cause symptoms, but such symp-
toms were not present

34.2  Vertebral-Basilar Dolichoectasia, Tortuosity, and Carotid Ectasia
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Fig. 34.20  Comparison case of a dissecting VBA aneurysm. Top row: 
A 69-year-old with CN VI symptoms had severe, fusiform VBA 
enlargement (large arrows) with a clot within the lumen of the aneu-
rysm (thin arrow) on CTA source images (left), 3D VR PA view  

(left middle) and coronal MPR (right middle), and on catheter DSA 
(right). Bottom row: Three months later, the size of the clot had 
increased on CTA (left); T2WI MRI (right) demonstrates a partial 
flow void

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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34.3	 �Upper Cervical Carotid “Kinking” 
and Tortuous Internal Carotid Arteries

Tortuous cervical ICAs or ICA “kinking” not only may cause 
problems for radiologists in generating adequate 3D images 
but also can simulate masses on nonenhanced CT or MR 
examinations, particularly at the skull base. Such upper cer-
vical ICA kinking may be present in 3–7 % of the popula-
tion, and either dolichoectasia, kinking, or tortuosity of the 
ICAs can be present in 10–20 %, whether in the cervical 
region or intracranially [10–16]. There is debate as to 
whether this is a risk factor for cerebrovascular events or the 
eventual development of stenosis, but it is most commonly 
noted in asymptomatic patients [10–16].

“Kinking” within the upper cervical region can make mea-
surement of stenoses difficult on ultrasound, CTA, or 
MRA.  Additionally, catheterization and interpretation of 
catheter DSAs (considered the gold standard in evaluating for 
stenosis) can become difficult, or a stenosis can be underesti-
mated because of problematic positioning for the projection 

of the maximum demonstration of a stenosis, particularly if 
the tortuosity has not previously been noted on noninvasive 
imaging such as CTA or MRA. Hence, noninvasive imaging 
by CTA or contrast-enhanced MRA can be quite helpful in 
evaluating severely tortuous vessels even before the patient 
undergoes a catheter DSA.

A subset of patients with ICA kinking may also have 
dolichoectasia of the ICA intracranially, but that percent-
age is unknown. Such kinking is not necessarily related to 
atherosclerosis, as it is occasionally noted in the upper cer-
vical region in pediatric patients, but the tortuosity does 
seem to worsen with age and with worsening atherosclero-
sis. This tortuous or kinked appearance is noted with a 
higher incidence in pediatric and adult patients who have 
fibromuscular dysplasia, whether in the ICAs or the VAs, 
where an undulating appearance of a vessel’s lumen (also 
called a “string of beads” appearance) may be present, 
even prior to the development of stenoses or dissection 
(Figs.  34.21, 34.22, 34.23, 34.24, 34.25, 34.26, 34.27, 
34.28, and 34.29).

Fig. 34.21  67-year-old with bilateral, tortuous upper cervical ICAs 
(arrows) on CTA 3D VR left lateral (left) and AP (left middle) views, as 
well as on catheter DSA lateral (right middle) and AP (right) views of 

the right side. Intracranially, the supraclinoid right ICA is also tortuous 
and mildly to moderately ectatic (thin arrow, right)

34.3  Upper Cervical Carotid “Kinking” and Tortuous Internal Carotid Arteries
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Fig. 34.23  43-year-old with tortuosity and “kinking” of the upper cer-
vical ICAs bilaterally (arrows) on CTA MPR AP views (top left two 
images), a sagittal MPR view (bottom left), and a 3D VR reconstruction 
(bottom middle). MRA oblique and lateral views (top right two images), 

and a catheter DSA AP view (bottom right) demonstrate the tortuous 
ICAs with mild ectasia. Also note tortuous VAs bilaterally on the 
contrast-enhanced MRA (thin arrows, top right), and the lack of 
atherosclerosis

Fig. 34.22  48-year-old with a unilaterally mildly hyperintense left 
paraclinoid prominence (large arrow) on a routine, spiral acquisition 
5 mm-thickness nonenhanced CT (left), which simulated a parasellar/
cavernous aneurysm or mass. Thin reconstructions with “tight” 

windowing (middle), and coronal MPRs (right) showed the structure 
to be a tortuous, mildly ectatic left ICA in the cavernous segment. 
A more typical ICA is noted on the right side (thin arrows)

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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Fig. 34.24  48-year-old with bilateral “kinking” of tortuous ICAs 
(arrows) on a CTA 3D VR AP view. This patient had no 
atherosclerosis

34.3  Upper Cervical Carotid “Kinking” and Tortuous Internal Carotid Arteries
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Fig. 34.25  64-year-old with right ICA “kinking” (arrow) on a CTA with a 3D VR CTA AP view (left). Sagittal 15 mm-thick MPRs of the right 
(middle) and left (right) sides are compared side-by-side

34  Tortuous Cervical and Intracranial Arteries and Basilar-Carotid Dolichoectasia
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Fig. 34.26  75-year-old with mild bilateral ectasia of the cavernous-
supraclinoid ICAs (arrows) with vertebrobasilar artery (VBA) tortuos-
ity (thin arrows) on 3D VR CTA in RPO (left, of the right side) and PA 
(left middle) views. The right posterior communicating artery origin 

(dotted arrows) has infundibular prominence, bordering on being aneu-
rysmal, as noted on catheter DSA (right middle) and 3D DSA (right) 
lateral views, with mild ICA atherosclerotic irregularity

Fig. 34.27  53-year-old with a 
moderately ectatic and tortuous 
left ICA diffusely (arrows) on AP 
views from a contrast-enhanced 
MRA (left) and CTA (right)

34.3  Upper Cervical Carotid “Kinking” and Tortuous Internal Carotid Arteries
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Fig. 34.28  78-year-old with 
mild cavernous ICA ectasia 
(arrows) on coronal MPR (left) 
and 3D VR lateral view (right), 
due to atherosclerosis, given the 
calcifications (asterisk)

Fig. 34.29  76-year-old with bilateral moderately ectatic supraclinoid 
ICAs (arrows) and MCAs (thin arrows) on serial coronal T2WIs. The 
cavernous ICAs (dashed arrows) are not as prominent. Near the termini 

(arrowheads), the supraclinoid ICAs are ectatic to the point that they 
might be considered fusiform aneurysmal enlargement
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34.4	 �Retropharyngeal Internal Carotid 
Artery

An aberrant internal carotid artery (ICA) posterior to the 
pharynx (“retropharyngeal ICA”) is commonly present in 
elderly patients or those with atherosclerotic or collagen vas-
cular diseases, but it is also not uncommon in otherwise 
asymptomatic adults. Retropharyngeal ICA often occurs in 
conjunction with a kinked or tortuous appearance of the ICA, 
but it is not necessarily associated with ICA kinking. It 
occurs in about 5 % of the population and is bilateral in most, 
but it can be seen unilaterally and can be variably stenotic 
[16–22]. There is debate as to whether this configuration pre-
disposes to symptoms or embolic phenomena.

It is important for radiologists to mention the presence 
of retropharyngeal ICA, particularly when mucosal space 
lesions are present (such as pharyngeal or tonsillar lesions), 
in order to assist the surgeons’ plan for a biopsy or resec-
tion. CT-guided biopsies in such scenarios may also require 
the use of intravenous contrast to confirm the location of 
the ICA.  The most concerning scenario is when such a 
patient develops a posterior pharyngeal or tonsillar mass 
and is at risk for carotid injury during a biopsy or an abscess 
drainage [16–22]. Contrast-enhanced CT or even noncon-
trast T2WI MRI (which can demonstrate the flow voids) 
best identifies this configuration (Figs. 34.30, 34.31, 34.32, 
34.33, 34.34, and 34.35).

Fig. 34.30  43-year-old with a 
unilateral right retropharyngeal 
internal carotid artery (ICA) 
(arrows), just posterior to the 
pharyngeal mucosa on axial (left) 
and sagittal (right) T2WIs from a 
cervical MRI. Note the typical 
location of the left ICA (dotted 
arrow)

34.4  Retropharyngeal Internal Carotid Artery
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Fig. 34.31  59-year-old with a 
midline right ICA (arrows), just 
posterior to the pharyngeal 
mucosa on axial (left) and 3D VR 
AP (right) CTA images. Note the 
typical location of the left ICA 
(dotted arrows)

Fig. 34.32  80-year-old with a unilateral right retropharyngeal ICA 
(arrows), located just posterolateral to the pharyngeal mucosa on axial 
(left), right parasagittal (middle), and oblique sagittal 17  mm-thick 

(right) CTA reconstructions. In the image on the right, note the elon-
gated and calcified/ossified right styloid process, which can cause pain 
(Eagle’s syndrome) in symptomatic patients
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1019

Fig. 34.33  Comparison case of mass and retropharyngeal ICA.  A 
61-year-old showed a left nasopharyngeal mass (asterisks) and a retro-
pharyngeal ICA (arrows) on routine contrast-enhanced CT (left and 

middle). On a fused 18FDG PET-CT (right), the mass had an elevated 
standardized uptake value (SUV) greater than 7, which was suspicious 
and later confirmed to be malignancy

Fig. 34.34  Comparison case of palatine mass and retropharyngeal 
ICA. A 67-year-old had bilateral level 2A metastatic lymph nodes (plus 
signs) on contrast-enhanced CT (left), and a right retromolar trigone 
lesion (asterisks) extending into the palatine tonsil (middle). The SUV 

was greater than 6.0 on fused 18FDG PET-CT (right). Bilateral retropha-
ryngeal ICAs (arrows) were present, with the right ICA just posterior to 
both the right level-2A lymph nodes and the palatine tonsil mass

34.4  Retropharyngeal Internal Carotid Artery
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Fig. 34.35  Comparison case of tonsillar lesion and retropharyngeal 
ICA in an 83-year-old with squamous cell cancer. On contrast-enhanced 
CT, right palatine and left lingual tonsillar masses (asterisks) were 
noted on axial (left and middle) and coronal (right) reformats, with ret-

ropharyngeal ICAs (arrows). There was also a focal, severe right ICA 
stenosis (dotted arrow). Together, this combination of findings caused 
the surgeon to modify the surgical approach
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34.5	 �Aberrant Internal Carotid Artery

An aberrant internal carotid artery (ICA) is thought to be 
a sort of collateral pathway between the cervical and cra-
nial vascular that develops embryologically due to agen-
esis/hypogenesis of the ICA’s 1st embryonic segment 
[28–29]. The incidence of this variant is unknown, but it 
is reliably diagnosed on CT (most commonly), or on MRI/
MRA. The findings on imaging include a relative small, 

hypoplastic ICA with no that extends into the middle ear 
(entering through an enlarged inferior tympanic canal), 
and is hardly covered by bone, if at all. This variant may 
be unilateral (most common) or bilateral. An alternative 
longer name, based on site of entry, may be the “inferior 
tympano-caroticotympanic variant of the ICA” [28–29]. 
This variant is critical to recognize in the setting of 
planned middle ear surgery so the “exposed” ICA is not 
injured (Fig. 34.36).

Fig. 34.36  Aberrant ICA. A 48 year old male with left-sided conduc-
tive hearing loss underwent a temporal bone CT (top), which demon-
strated a tortuous course of the small left ICA (arrows) overlying the 
cochlear promontory; this represents an aberrant ICA. Note the right 

ICA for comparison (dotted arrows). Coronal views of the right (bottom 
left) and left (bottom right) sides are provided for comparison (Case 
courtesy of Dr. Zuzan Cayci, University of Minnesota, Minneapolis)

Aberrant Internal Carotid Artery
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Miscellaneous Cervical Venous Variants

The range of cervical venous anatomic variations is vast. The 
spectrum of minor variations is particularly extensive, but 
most are not of great import. However, the larger draining 
veins, such as the internal jugular veins (IJVs) and external 
jugular veins (EJVs), can be quite asymmetric, and such 
asymmetry in size or location, or changes in size and appear-
ance in the time between initial and follow-up examinations, 
can simulate disease. Similarly, posteriorly, the vertebral 
veins (VVs) and various vertebral venous plexi have myriad 
appearances. Additionally, reflux of contrast into any of the 
aforementioned veins from the IJV or subclavian vein after 
injection of contrast can obscure adjacent anatomic struc-
tures, as discussed further in Chap. 44, “Artifacts on 
Craniocervical CT Angiography.”

This chapter does not focus on the multitude of smaller 
cervical veins and plexi (e.g., the pterygopalatine plexus), as 
they typically do not simulate anomalies of larger arteries. 
And though such plexi can simulate enhancing soft tissue 
masses in certain phases of filling, that situation is more 
appropriately addressed by a text on head and neck variants. 

Also, the degree of variation in such smaller vessels is not 
agreed upon and is quite vast.

This short chapter thus focuses on the larger cervical drain-
ing veins, particularly the IJVs, EJVs, and VVs. The goal is to 
illustrate how differences in size, the presence of a venous 
plexus (such as with the VVs), and venous contrast timing can 
affect the appearance of venous structures and simulate pathol-
ogy. It is important to note that on both CT and MRI, the tim-
ing of contrast can be problematic, depending on the vascular 
structure to be studied: Too early may cause suboptimal visu-
alization, but too late can obscure arterial structures in some 
regions. This is one of the primary reasons that routine head 
MRA is obtained without contrast, owing to the very short 
arterial-to-venous transit intracranially. First-pass contrast-
enhanced neck MRA (CEMRA) is obtained with a dynamic 
bolus of contrast because “venous contamination” can limit 
visualization of cervical arteries, such as the carotid bifurca-
tion. In particular, the presence of venous contrast or a sur-
rounding plexus within VVs can simulate arterial anomalies, 
particularly in the setting of trauma or stroke.

35
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35.1	 �Internal Jugular Vein Asymmetry

Some important observations have been made in the literature 
regarding IJV asymmetry [1–19]. First, the right IJV (RIJV) 
has been reported to be dominant (i.e., larger than the left) in 
62–80 % of patients [1–19]. Second, the IJVs have been 
reported to be located immediately lateral and/or anterolateral 
to the common carotid artery (CCA) in 85–92 % of individu-
als, versus further laterally (>1 cm) in about 1 %, and medial 
or posterior in approximately 1 or 2 % apiece. Third, the IJVs 
may be hypoplastic (<1 cm maximum diameter) unilaterally 
in about 3–5 %, most commonly aided in drainage by the 
external jugular vein (EJV); the normal diameter in the vast 
majority of patients typically ranges from 10 to 20 mm.

IJV asymmetry occasionally may simulate disease by 
representing a mass palpated by the patient or physician 
(easily solved by contrast-enhanced CT [CECT] or ultra-
sound) or a mass suspected by a radiologist on a nonen-
hanced CT scan in a patient with little cervical fat so the 
tissues are closely apposed (also easily solved by a CECT or 
ultrasound). IJV asymmetry may simulate thrombosis when 
the contrast in the IJV is partially in the venous phase, as the 
dominant side may be slower to fill because of its caliber 
(solved by a repeat CECT acquisition at least 20–30 s later in 
the venous phase). Knowledge of the range of appearances 
and caliber of the IJV, and the utilization of CECT in the 

venous phase or ultrasound may helped to resolve question-
able cases. Also, although the IJV is usually located anterior 
to the CCA, it can migrate over time and become located 
anywhere from lateral to even medial (rare, in <1 %) relative 
to the CCA; this change can progress with age [3, 17–20]. 
The relative positions of these vessels can also change with 
head turning.

Recently, a heated debate has arisen as to whether the 
presence of “venous stenoses” is a sign of demyelinating dis-
ease (versus being entirely normal), and whether the treat-
ment of such stenoses leads to improved white matter lesions 
[1–7, 10–19]. There are large variations in size of the IJVs 
(as well as the vertebral veins/plexi) in both patients with 
multiple sclerosis and controls, and the size also may vary 
based on a patient’s position (sitting vs standing vs lying), 
breath-holding/Valsalva, or other factors (size, weight, right-
sided dominance) [10–17]. Thus, it has not been clearly 
demonstrated that the presence of venous stenoses on ultra-
sound, CT, or MRI correlates with the presence of demyelin-
ating disease, or that one causes the other. In part, there is 
disagreement as to how to measure a stenosis because of the 
variability in size along the course of a single IJV; the pres-
ence of venous valves can simulate stenoses (i.e., “pseudo-
stenosis”). There are even regional and international 
differences in the methods used to image the IJVs (Figs. 35.1, 
35.2, 35.3, 35.4, 35.5, and 35.6).

35  Miscellaneous Cervical Venous Variants
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Fig. 35.1  This 43-year-old woman felt “swelling” in her lower right 
neck. Axial contrast-enhanced CT (top left) shows that the right IJV 
(plus sign) is dominant at 29 mm diameter, whereas the left IJV (aster-
isk) was normal in size at 15 mm, as also shown on sagittal reformats of 

the right side (bottom left) and left side (bottom middle). A coronal 
reformat (bottom right) demonstrates a “bulbous” appearance of the 
lower right IJV, which appeared similar 5 years earlier on contrast-
enhanced CT (top right)

Fig. 35.2  In this 48-year-old who fell, axial nonenhanced CT (left) 
demonstrates a dominant right IJV (plus sign) at 28  mm maximum 
diameter. The left IJV (asterisk) was normal in size at 18 mm maximum 

axial diameter. Note the CCAs medially (double arrows). On a coronal 
reconstruction (right), note the “bulbous” appearance of the inferior 
right IJV (plus sign)

35.1  Internal Jugular Vein Asymmetry
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Fig. 35.3  In this 21-year-old who fell, axial nonenhanced CT images 
(left two images) show that the right IJV (plus sign) is dominant at 
23 mm, whereas the left IJV (asterisk) is moderately hypoplastic at 7 to 
8  mm maximum axial diameter, unchanged from 4 months earlier 

(right). Note the CCAs medially (double arrows). Also note that the left 
EJV is prominent (thin arrows). This case demonstrates how the domi-
nant right IJV can simulate a mass on a poor-quality nonenhanced CT 
scan (right)

Fig. 35.4  In this 85-year-old, axial nonenhanced CT was performed 
after a fall. Serial axial images depict that the right IJV (plus sign) is 
dominant at 26 mm diameter, whereas the left IJV (asterisk) s border-

line hypoplastic at 10–11 mm maximum axial diameter. Note the CCAs 
medially (double arrows)

35  Miscellaneous Cervical Venous Variants
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Fig. 35.5  67-year-old with axial contrast-enhanced CT (CECT) to 
evaluate for metastatic nodes from tongue squamous cell carcinoma. 
An axial image (top left) shows that the right IJV (plus sign) is domi-
nant (21  mm diameter), whereas the left IJV (asterisk) is borderline 
hypoplastic (8–10 mm diameter), an asymmetry also shown on coronal 

reconstructions (right). This finding appeared similar to 3 years earlier 
on axial CECT (bottom left). A prominent left facial vein (thin arrow, 
top left) is also seen. Note the irregular and “pseudostenotic” appear-
ance of the midportion of the right IJV (dashes) on the coronal 
reformats

Fig. 35.6  58-year-old with axial nonenhanced CT performed after a 
fall to evaluate for fracture. Axial images demonstrate that the right IJV 
(plus sign) is dominant at 40–45 mm maximum diameter, whereas the 

left IJV (asterisk) is more normal in size and much smaller but still 
prominent, measuring 23–25 mm maximum axial diameter. Note the 
CCAs medially (double arrows)

35.1  Internal Jugular Vein Asymmetry



1028

35.2	 �External Jugular Prominence

As stated previously, the external jugular vein (EJV) can be 
prominent, most commonly because of hypoplasia of the 
ipsilateral IJV. However, the EJV can also normally be the 
dominant source of drainage on that side or can be equiva-

lent in size to a nonhypoplastic ipsilateral IJV [2–4, 10–13]. 
EJV asymmetry is also not uncommon. This normal finding 
should be distinguished from chronic IJV thrombosis, in 
which the EJV (as well as other veins) enlarges in a com-
pensatory fashion because of the IJV occlusion (Figs. 35.7 
and 35.8).

Fig. 35.7  62-year-old who underwent CECT to evaluate for lym-
phoma (negative neck/chest CT). Axial images (top left) show that the 
left EJV (arrow) is prominent, while the left IJV (asterisk) is moder-
ately hypoplastic, being smaller than the dominant right IJV (plus sign), 

also shown on a coronal reconstruction (right). This asymmetry 
appeared similar 1 year earlier on axial CECT (bottom left), although 
the left IJV did not opacify well with contrast, probably due to bolus 
timing

35  Miscellaneous Cervical Venous Variants
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Fig. 35.8  36-year-old who underwent CECT for a small posterior 
neck lipoma (not shown). Serial axial images demonstrate that the left 
EJV (arrows) is prominent, while the left IJV (asterisk) is not hypoplas-

tic, being similar in size to the right IJV (plus sign). On the most caudal 
image (right), the EJV travels laterally to drain into the subclavian vein

35.2  External Jugular Prominence
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35.3	 �Vertebral Vein or Plexus Simulating 
Dissection

MRI is an excellent tool to evaluate for internal carotid 
artery dissection, typically demonstrating crescentic bright 
signal on thin, fat-suppressed T1- and T2-weighted images 
related to the subacute age of intramural hematoma. 
However, evaluation of the vertebral artery (VA) by MRI is 
not quite as specific when performing a “carotid dissection” 
protocol, probably because of the smaller size of the VA, as 
well as the variable venous anatomy—whether there is an 
adjacent single vertebral vein (VV) or a vertebral venous 
plexus (VVP). Indeed, there is an ongoing controversy as to 
whether there is a single VV versus “dual” VVs (i.e., travel-
ling on both sides of the artery), versus a VVP communicat-
ing around the artery.

Recent literature has demonstrated that the vertebral 
venous anatomy within the transverse foramen is typically a 
“transversovertebral venous plexus” of communicating, 
valveless venous structures (rather than a single vein) from 
the skull base down to C6, although any of the three appear-

ances just mentioned may occur [5–9]. In contrast, the VA 
has a predictable and well-defined anatomy and a clearly 
defined arterial vessel contour. Hence, variable flow rates 
and ambiguous venous anatomy can cause apparent abnor-
malities (such as T1- and T2-bright slow flow) adjacent to or 
surrounding the VA, thus simulating intramural hematoma of 
an arterial dissection on MRI. Also, the size and flow of the 
VVs/VVPs depend on the status of the IJV, as VVs are poten-
tial “valveless” collateral pathways, also allowing greater 
flow when the body is upright [5–9]. On CT, CTA, or 
contrast-enhanced MRA, the enhancing VVP communicat-
ing around or surrounding the VA also can mimic arterial 
dissection, particularly if the contrast bolus is in the venous 
phase. However, one should note the lack of a change in cali-
ber of the VA across such segments, the presence of a patent 
flow void (on T2-weighted MRI), and the absence of luminal 
irregularity. Unfortunately, this may be quite difficult to dis-
cern in the occasional case of a combination of VA hypopla-
sia or atherosclerotic disease, which may require catheter 
angiography for the final determination to exclude a dissec-
tion (Figs. 35.9, 35.10, 35.11, and 35.12).

Fig. 35.9  In this 25-year-old, an MRI shows that the left vertebral 
artery (VA) at the level of C1 (arrows) is surrounded by bright signal on 
fat-suppressed T1WI (top left) and T2WI (top middle). On a contrast-
enhanced MRA lateral view (right), ill-defined enhancement surrounds 
the left VA (dotted arrows), as contrast is partially in the venous phase, 
later confirmed to be the vertebral venous plexus (VVP) on CTA source 

images (bottom left and middle). The bright signal on the MRI images 
was likely due to slow flow within the VVP. Presaturation of caudally 
travelling venous spins may eliminate venous brightness on noncontrast 
images, but not on postcontrast images, particularly if the contrast bolus 
is beyond the arterial phase

35  Miscellaneous Cervical Venous Variants
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Fig. 35.10  In this 52-year-old, the left VVP (arrows) at the level of C3 
simulated a VA dissection and pseudoaneurysm on a noncontrast 
2DTOF MRA axial view (top left) and a 3D MIP AP view (bottom left). 
Noncontrast, fat-saturated axial T1WI (top middle) and T2WI (bottom 
middle) showed concentric left VVP brightness, which was also present 

contralaterally (dotted arrows). The bright signal on T1WI and T2WI 
was likely due to slow flow. The bilateral, ill-defined enhancement of 
the VVP partially surrounding the left VA on a contrast-enhanced MRA 
(right) confirmed this spurious finding

Fig. 35.11  In this 60-year-old, a CTA that was partially in the venous phase demonstrates a left VVP surrounding the VA (arrows) on axial (left 
and middle) and coronal (right) MPRs. The right VVP appears to be a single vein (dotted arrows)

35.3  Vertebral Vein or Plexus Simulating Dissection
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Fig. 35.12  56-year-old with the left VA surrounded by enhancement 
from the VVP (arrows) on CTA axial images (left, top and bottom), as 
well as bright signal on fat-suppressed axial T1WI (top middle) and 

T2WI (bottom middle). A contrast-enhanced MRA LAO view (right) 
was normal; the VVP was not seen due to the arterial phase of 
enhancement

35  Miscellaneous Cervical Venous Variants
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35.4	 �Vertebral Venous Plexus Normal 
Progressive Enhancement

MRI is an excellent tool to evaluate for internal carotid 
artery dissection, typically with a sensitivity exceeding 90 % 
when utilizing fat-suppressed T1WI to image intimal flap 
hematoma, while contrast-enhanced MRA (CEMRA) is 

helpful to confirm the degree of stenosis [21–24]. However, 
CEMRA is subject to poor bolus timing, which affects visu-
alization of the arteries if they are imaged in the venous 
phase (“venous contamination”). Figure  35.13 illustrates 
how the vertebral veins (or plexi) progressively enhance 
over the first few minutes dynamically following intrave-
nous contrast administration.

Fig. 35.13  58-year-old with 
progressive enhancement of the 
VVP surrounding both VAs 
(arrows) at the level of C2 on a 
contrast-enhanced MRA, with 
images obtained at a 15- to 25-s 
delay (left), 3-min delay (middle), 
and at 5 min (right) after 
intravenous gadolinium 
administration. Note how the 
VVP enhancement surrounding 
the VA is most prominent above 
C2, particularly at the C1 level 
(thin arrows), and at the 
cervicooccipital junction. These 
images illustrate how an 
unintended delay in scanning 
after the contrast bolus could 
limit evaluation of the VAs

35.4  Vertebral Venous Plexus Normal Progressive Enhancement
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Intracranial Posterior Circulation 
Variants

There are many normal congenital variations of the vessels 
branching off the vertebrobasilar system [1–20]. First, it is 
important to note whether a vertebral artery is hypoplastic or 
quite small (as opposed to a stenosis or occlusion); a verte-
bral artery can terminate in the posterior inferior cerebellar 
artery (PICA) or it can be extremely small distal to the PICA 
origin. Also, fenestrations of the vertebral or basilar arteries 
or their branches are not uncommon and may involve nearly 
any vessel in the anterior or posterior circulations.

Vertebral and basilar fenestrations are focal duplications 
of the artery that create a “fenestra” (“window”). They are 
present in the vertebrobasilar system in approximately 
0.5–5 % of the population [1–5]. These are considered nor-
mal variants, but are of note clinically because of a debate 
about whether these focal duplications mildly increase the 
risk of associated aneurysms at the site of fenestration or the 
remainder of the Circle of Willis, relative to patients without 
fenestrations. A risk of 5–8 % has been reported in those 
with fenestrations, versus 3–5 % in the general population 
[1–5]. The recent literature suggests that anterior communi-
cating artery fenestrations may have a slightly higher risk of 
an associated aneurysm, whereas this is probably not true 
for vertebrobasilar fenestrations. The location and length of 
the fenestration and its relationship to the posterior inferior 
cerebellar artery (PICA) and anterior inferior cerebellar 
artery (AICA) become critical factors to describe when such 
patients present for aneurysm embolization. A relatively 
rare duplication or fenestration is of the posterior cerebral 
artery (PCA).

Another posterior circulation variant at the skull base is 
an extradural origin of the PICA—that is, it arises from the 
vertebral artery before it pierces the dura of the foramen 
magnum to travel intracranially. This variant is estimated to 
occur in 5–20 % of patients [6, 7]. Also, the PICA can rarely 
arise from the basilar artery, or even more rarely, from the 
internal carotid artery (ICA).

Duplication of the superior cerebellar artery (SCA) 
occurs in about 5–25 % of the population, duplication of the 
anterior inferior cerebellar artery (AICA) may be present in 
up to 10–20 %, and a common trunk of the SCA and PCA 
occurs in about 1–5 %. Another variant is when the AICA 
may be dominant on one side, with the ipsilateral PICA 
absent or tiny; there are many variations in how much of the 
cerebellar parenchyma each of these vessels supplies [8–15]. 
The reverse can also occur: a large PICA may be dominant 
on one side, with the ipsilateral AICA absent or tiny. The 
AICA may also loop into the internal auditory canal and 
mimic a vascular contact syndrome [15–17].

At the level of the Circle of Willis, the most commonly 
noted variant is likely the so-called fetal origin of the PCA, 
in which the PCA arises from the posterior communicating 
segment of the ICA, and the ipsilateral P1 segment arising 
from the basilar termination is either absent or quite hypo-
plastic [18–21]. This variant occurs in about 10–20 % of the 
population; usually the P1 segment from the basilar is pres-
ent to some degree, although the artery may be very tiny. 
This variant can be unilateral or bilateral, and occasionally a 
quite small (or even hypoplastic) basilar can occur with 
prominent, bilateral “fetal PCAs.” Again, duplication or fen-
estration of the PCA does occur but is relatively rare.

It is important to note CTA and MRA are the two most 
commonly utilized modalities to detect and screen for aneu-
rysms. Modern CT scanners of 64 detectors or greater, or 
3.0 T MRA can readily resolve aneurysms at least 2 mm in 
size [22–24]. Thus, conventional catheter DSA is generally 
reserved either for therapy or to confirm a suspected aneu-
rysm. It is not necessary to confirm any of the normal varia-
tions mentioned above, unless there is a question on how 
they will affect surgery or endovascular treatment.

This chapter is first organized from caudal to cranial 
regarding each vessel, and thereafter it is organized by the 
type of anatomic variation.

36
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36.1	 �Vertebrobasilar Fenestrations

Fenestrations are focal duplications (“fenestra” or “win-
dow”) of an artery; in the population, vertebrobasilar arterial 
(VBA) fenestrations are noted incidentally in about 0.5–5 % 
of the population [1–5]. Hence, these are not rare; they 
should be considered normal variations and “don’t touch” 
lesions, though most opine that it is important to report them 

clinically (Figs. 36.1, 36.2, 36.3, 36.4, 36.5, 36.6, 36.7, 36.8, 
36.9, 36.10, 36.11, and 36.12).

Debate continues as to whether they have a minimally elevated 
risk of aneurysms, Newer data suggest that there is no elevated 
risk at the fenestration site, although there could be a slightly 
higher risk elsewhere intracranially, relative to those who lack 
fenestrations. (A risk of 5–8 % has been reported in those with 
fenestrations, versus 3–5 % in the general population [1–5].)

Fig. 36.1  23-year-old with a cervical vertebral artery (VA) fenestration (arrows) on 0.8-mm source CTA images (left), 3D VR CTA lateral view 
(left middle), and on a contrast-enhanced MRA AP view (right middle) with axial source images (far right)

36  Intracranial Posterior Circulation Variants
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Fig. 36.2  40-year-old with a large VA fenestration (large arrows) near 
the craniocervical junction on a 3DTOF MRA AP view (top left) and on 
a source image (bottom left). Catheter DSA AP and lateral views (top 

middle and top right) and source CTA images (bottom right) also depict 
the fenestration. The right posterior inferior cerebellar artery (PICA) 
(tiny arrows) arises from the superior aspect

Fig. 36.3  73-year-old with a sizable vertebrobasilar junction fenestra-
tion (large arrows) on a 3D VR CTA posterior view (left), coronal MPR 
(middle), and source axial image, which delineates the cleft (right, 

arrow). Note a tiny atherosclerotic calcification (left, thin arrow). The 
right VA was dominant; the left was quite tiny and hypoplastic

36.1  Vertebrobasilar Fenestrations
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Fig. 36.4  53-year-old with a vertebrobasilar junction fenestration 
(arrows) on posterior views from a 3D VR CTA (left and magnified at 
left middle), and on source images (right middle). The fenestration also 

was visualized on a DSA AP view, obtained via a left subclavian artery 
injection (right). The right VA was tiny and hypoplastic

Fig. 36.5  53-year-old with a sizable vertebrobasilar junction fenestration (arrows) on an axial T2WI 12-mm MPR (left) and on an AP view from 
a 3DTOF MRA (middle), with a color MIP (right). The VAs are symmetric in size

Fig. 36.6  49-year-old with a fenestration at the top of the vertebrobasi-
lar junction (arrows) on a coronal T2WI (left), axial T2WI (left middle), 
postcontrast T1WI (right middle), and on a 3DTOF MRA AP view 

(right), with a hypoplastic right VA. Note a T2-bright, enhancing chon-
drosarcoma (dotted arrows) of the left petrous apex

36  Intracranial Posterior Circulation Variants
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Fig. 36.7  47-year-old with a lower basilar fenestration (arrows) just 
above the vertebrobasilar confluence on a CTA with posterior views 
(left and left middle). The cleft was clearly seen on axial source images 

from the CTA (middle), but not on 3DTOF MRA axial source images 
(right middle), or on an MRA MIP AP view (right)

Fig. 36.8  53-year-old with a lower basilar fenestration (large arrows) 
on a 3DTOF MRA posterior view (left) and a direct posterior/PA view 
(right), just above the vertebrobasilar junction. Note an anterior com-

municating artery fenestration as well (dotted arrows), with a tiny adja-
cent aneurysm (thin arrows). The right internal carotid artery (ICA) is 
occluded

36.1  Vertebrobasilar Fenestrations
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Fig. 36.9  Basilar aneurysm with fenestration in a 61-year-old. A lower basilar fenestration (large arrows) is noted on 3DTOF MRA posterior PA 
(left) and oblique (right) views, with a small aneurysm (thin arrow) protruding from it directly posteriorly

Fig. 36.10  In this 76-year-old, a fenestration (arrows) is eccentric 
to the lumen on 3DTOF MRA AP (top) and source (bottom) 
images

36  Intracranial Posterior Circulation Variants
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Fig. 36.11  53-year-old with the cleft of a tiny mid-basilar fenestration 
(arrows), questioned on source CTA images (left), although not seen on 
3D VR images (posterior view, left middle). The fenestration was better 

visualized on a 3DTOF MRA posterior view (right middle), and the 
cleft was clearly seen on axial source images (right)

Fig. 36.12  41-year-old with a tiny mid-basilar artery fenestration on a 3DTOF MRA AP view (left), with a small cleft (arrows) visualized on axial 
source images (right)

36.1  Vertebrobasilar Fenestrations
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36.2	 �Extradural Origin of the PICA

An extradural origin of the posterior inferior cerebellar artery 
(PICA) arises from the vertebral artery (VA) before it pierces 

the dura (Fig.  36.13). This variant is thought to occur in 
5–20 % of patients [6, 7]. Rarely, the PICA can originate even 
from the basilar artery or the internal carotid artery (ICA). 
This variant is likely of import only for surgical purposes.

Fig. 36.13  76-year-old with dizziness. Top row: 3DTOF MRA PA 
view (left) and right lateral view (middle) show a low origin of the right 
PICA (arrows) from the right VA (dotted arrows), also visualized on 
source MRA images (right). Middle row: CTA source images confirm 

the extradural origin of the PICA. Bottom row: A 3D VR CTA PA view 
(left) and LPO view (right) depict the origin of the PICA (arrows), 
along with the course of the right VA (dotted arrows)

36  Intracranial Posterior Circulation Variants
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36.3	 �AICA-PICA Variations in Size 
and Supply

The course of the anterior inferior cerebellar artery 
(AICA) is variable, as is the amount of cerebellar paren-
chyma it supplies. It can be dominant on one side, with the 
ipsilateral PICA absent or tiny, and often the size of the 
AICA and PICA are inversely proportional to each other 
[8–14]. For example, it is not uncommon for a prominent 

PICA on one side to supply the posteroinferior and antero-
inferior cerebellum, with the ipsilateral AICA being 
absent, while the contralateral AICA is dominant and the 
contralateral PICA is absent. Other variations include 
AICA duplication (about 30 %), PICA duplication (rare), 
or AICA-PICA complex (AICA bifurcates early on one 
side and supplies both distributions with absent PICA) 
(Figs.  36.14, 36.15, 36.16, 36.17, 36.18, 36.19, 36.20, 
36.21, 36.22, 36.23, 36.24, and 36.25).

Fig. 36.14  64-year-old with AICA-PICA dominance on opposite sides, on PA views from 3D VR CTA (left) and TOF MRA (right). Only the left 
posterior inferior cerebellar artery (PICA) (solid arrows) and right anterior inferior cerebellar artery (AICA) (dotted arrows) are present

36.3  AICA-PICA Variations in Size and Supply
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Fig. 36.15  42-year-old with an “AICA-PICA complex” on DSA AP view (left) and LAO view (right). The right AICA (dotted arrows) bifurcates 
early; the left PICA (large arrows) dominates. Note normal VA perforators (dashed arrows)

36  Intracranial Posterior Circulation Variants
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Fig. 36.16  49-year-old with contralateral AICA-PICA (arrows) dominance on PA views from 3DTOF MRA (left) and contrast-enhanced MRA 
(right). Only the right PICA (solid arrows) and left AICA (dotted arrows) are visualized in a patient with a small, mildly hypoplastic basilar artery

Fig. 36.17  66-year-old with a left AICA-PICA complex on a 
3DTOF MRA AP view; the left AICA splits early (dotted arrow). 
Note an atypical high right PICA or low AICA (arrow)

36.3  AICA-PICA Variations in Size and Supply
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Fig. 36.18  55-year-old with AICA-PICA dominance on opposite 
sides on 3D VR CTA PA view, with right PICA (arrow) and left 
AICA (dotted arrow) dominance

Fig. 36.19  58-year-old with AICA-PICA dominance on contralateral sides, on DSA AP views (left), and 3D rotational DSA (right), obtained by 
catheterizing the left VA. There is a dominant left PICA (arrows) and right AICA (dotted arrows). The right may be an AICA-PICA complex

36  Intracranial Posterior Circulation Variants
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Fig. 36.20  33-year-old with a 3DTOF MRA AP view that shows a 
duplicated right AICA (arrows) and a common origin of the left 
posterior cerebral artery (PCA) and superior cerebellar artery 
(SCA) (dotted arrow)

Fig. 36.21  74-year-old with duplicated right AICAs (arrows) on 3D VR CTA PA views, and bilateral “fetal PCAs” (dotted arrows), which have 
corresponding hypoplastic P1 segments from the basilar artery

36.3  AICA-PICA Variations in Size and Supply
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Fig. 36.22  57-year-old with a duplication of the right AICA (arrows) 
on a 3D catheter DSA AP view

Fig. 36.23  67-year-old with bilateral duplications of the AICAs 
(large arrows) and SCAs (thin arrows) on catheter DSA AP views via 
the left VA

Fig. 36.24  41-year-old with moyamoya syndrome and bilateral inter-
nal carotid artery (ICA) occlusion (asterisks). There is a left AICA 
duplication (arrows) on a 3DTOF MRA AP view. Vertebrobasilar col-
laterals supply the distal ICAs. The PICAs are absent

Fig. 36.25  51-year-old with bilateral AICA absence on a 3D CTA PA 
view. A duplicated PICA arises off the distal left VA (arrow), supplying 
AICA territory. Note bilateral PICAs (thin arrows) and a tiny basilar 
fenestration (dotted arrow)

36  Intracranial Posterior Circulation Variants
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36.4	 �AICA Looping into the Internal 
Auditory Canal

The AICA or its branches may be visualized “looping” into 
the internal auditory canal (IAC) on CT or MR angiography, 
or even on routine T2WI MRI as a flow void. The AICA loops 
into the IAC in approximately 10–20 % of the population 
[15–17]. Recent evidence suggests that looping of a normal-
sized vessel into the IAC is not associated with symptoms of 
tinnitus. There is also no significant difference in symptoms if 
cranial nerve VIII is contacted by the AICA, either in the cer-
ebellopontine angle or in the IAC, in patients affected with 
tinnitus versus controls [15–17]. Additionally, the depth of 
the loop into the IAC does not relate to the presence or degree 

of symptoms. This phenomenon and its close proximity to the 
seventh and eighth cranial nerves can best be seen on 3D vol-
ume acquisition, thin-section, heavily T2-weighted or “bal-
anced” images that emphasize the contrast of the cranial 
nerves to the CSF. MPR views reconstructed along the sev-
enth and eighth cranial nerves can best demonstrate this phe-
nomenon. Notably, although AICA looping into the IAC 
should be considered a normal variant, other forms of vascu-
lar contact or brainstem indentation causing symptoms near 
the root entry/exit zones (REZs) of cranial nerves V, VII, IX, 
and X can potentially be symptomatic and are still being 
debated, so these are not listed here as normal variants 
(Figs. 36.26, 36.27, 36.28, 36.29, 36.30, 36.31, 36.32, 36.33, 
and 36.34).

Fig. 36.26  59-year-old in whom the left AICA (arrows) abuts the 
undersurface of the seventh and eighth cranial nerves (thin arrows) 
within the cerebellopontine angle on an axial image from a 3D volumet-

ric acquisition T2WI (left). The normal vascular contact with the cranial 
nerves is also well demonstrated on an oblique paracoronal reconstruc-
tion from the same sequence (right)

Fig. 36.27  In this 53-year-old, the left AICA (arrow) loops into the left 
internal auditory canal (IAC) on an axial 3D T2WI. Note the site of 
apparent contact with cranial nerve VIII (thin arrow)

Fig. 36.28  56-year-old with a left AICA that loops far into the IAC 
(arrows) on an axial T2WI

36.4  AICA Looping into the Internal Auditory Canal
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Fig. 36.29  In this 48-year-old with tinnitus, the left AICA (arrows) loops into the left IAC on an axial 3DTOF source MRA image (left), and on 
an axial postcontrast T1WI (right). This looping is considered unlikely to be the cause of the patient’s symptoms

Fig. 36.30  87-year-old with AICA tortuosity (white arrow) that abuts 
cranial nerve VIII (thin arrow) adjacent to the IAC on an oblique MPR 
(paracoronal view) from a 3D T2WI acquisition

36  Intracranial Posterior Circulation Variants
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Fig. 36.31  In this 45-year-old, the left AICA (arrows) loops two thirds of the way into the IAC, on T2WI (left) and postcontrast T1WI (right)

Fig. 36.32  In this 44-year-old, the right AICA (large arrows) loops into the IAC (between dotted arrows) to abut (bottom right) and surround (top 
right) the right cranial nerve VIII (CN 8), as shown on oblique MPRs of a 3D volumetric T2WI. Note points of contact with CN 8 (thin arrows)

Fig. 36.33  In this 58-year-old, the left AICA (large arrows) loops into the IAC (between dotted arrows) and contacts the seventh and eighth 
cranial nerves (CN 7, CN 8) (thin arrows), as shown on an axial source 3DTOF MRA image (left) and a thin oblique MPR from 3D T2WI (right)

36.4  AICA Looping into the Internal Auditory Canal
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Fig. 36.34  In this 31-year-old, the left AICA (large arrows) loops into the IAC (between dotted arrows) and touches the seventh and eighth cranial 
nerves (thin arrows), as seen on thin coronal MPRs of a 3D T2WI. Note the origin of the left AICA from the basilar artery (asterisks)

36  Intracranial Posterior Circulation Variants
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36.5	 �PCA and SCA Duplications, 
Fenestrations, and Common Origins

The posterior cerebral artery (PCA) and superior cerebellar 
artery (SCA) can overlap in supply and distribution. Both 
vessels can have duplications as normal variations, and can 
share a common PCA-SCA origin, which may even appear as 
an infundibulum. Such SCA duplication is fairly common, 
occurring in about 5–25 % of the population. It is most often 
unilateral but can be bilateral [8–15]. A common PCA-SCA 
origin—termed a “common trunk”—occurs in about 1–10 %; 

the SCA can also arise from the PCA in about the same per-
centage of the population [8–15]. Fenestrations can also 
occur in either vessel or the common origin of the two ves-
sels, but these are estimated to occur in less than 1 % of the 
population, whether PCA or SCA (Figs. 36.35, 36.36, 36.37, 
36.38, 36.39, 36.40, 36.41, 36.42, 36.43, 36.44, and 36.45).

Other variations include early bifurcation of the PCA or 
SCA, and SCA origin from a persistent trigeminal artery (a 
persistent carotid-basilar anastomosis, addressed in Chap. 
39). Finally, the “fetal PCA” (discussed in the following 
Sect. 36.6) is the most common PCA variation.

Fig. 36.35  54-year-old with a left P1 segment fenestration (arrows) on a coronal MPR (left) and 3D VR CTA PA view (right). Note clips (thin 
arrows) previously placed for a left PICA aneurysm

36.5  PCA and SCA Duplications, Fenestrations, and Common Origins

http://dx.doi.org/10.1007/978-3-319-39790-0_39


1054

Fig. 36.36  25-year-old with right SCA duplication (large arrow) 
on a coronal T2WI. Cranial nerve III (thin arrows) is located 
between the PCAs and SCAs

Fig. 36.37  62-year-old with a duplicated right PCA (solid arrows) on 
a 3DTOF MRA superior view (left), and on 3D VR CTA PA (middle) 
and lateral (right) views, obtained 1 year after the MRA. Equally sized 

but separate PCAs arise from both the ICA and basilar. In the interven-
ing year, the basilar became occluded (dashed arrows)

36  Intracranial Posterior Circulation Variants
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Fig. 36.38  23-year-old with a duplicated right SCA (arrows) on post-
contrast coronal T1WI

Fig. 36.39  35-year-old with SCA duplication (arrows) on 3D coronal 
T2WI. Note cranial nerve III (thin arrow)

Fig. 36.40  85-year-old with left SCA duplication (arrows) on a 5 mm-
thickness coronal MPR from a CTA

36.5  PCA and SCA Duplications, Fenestrations, and Common Origins
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Fig. 36.41  54-year-old with a common infundibular origin of the right PCA and SCA (arrows) on two 3DTOF MRA PA views, including MIP 
(left) and 3D VR (right) views

36  Intracranial Posterior Circulation Variants
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Fig. 36.42  51-year-old with a 3D VR PA view from a CTA, showing 
an infundibular common origin (arrow), which gives rise to three ves-
sels: the right PCA and two duplicated SCAs

Fig. 36.43  44-year-old with bilateral common origins (arrows) of both 
the SCAs and PCAs on a CTA 3D VR PA view. These could also be 
termed “SCA origin from the PCA” on both sides

Fig. 36.44  90-year-old with a common origin (arrow) of the right 
PCA and SCA on a CTA 3D VR PA view. Additionally, on the left, there 
is a fetal PCA (thin arrow), with a normal left SCA arising from the 
basilar

36.5  PCA and SCA Duplications, Fenestrations, and Common Origins
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Fig. 36.45  50-year-old with a common origin of the right PCA and 
SCA (arrows) on 3DTOF MRA PA view (top left), source images (bot-
tom left), coronal postcontrast T1WI (bottom middle), and contrast-

enhanced MRA (right). Note a tiny basilar fenestration (thin arrows) 
and AICA-PICA dominance on opposite sides (dashed arrows)

36  Intracranial Posterior Circulation Variants
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36.6	 �Hypoplastic PCA and “Fetal PCA”

The most commonly noted variant of the major intracranial 
arteries is the so-called fetal origin of the PCA (also termed 
a “fetal PCA”), in which the PCA originates from the poste-
rior communicating segment of the internal carotid artery 
(ICA); the ipsilateral P1 segment arising from the basilar ter-
minus is either absent or hypoplastic [18–21]. This normal 
variant occurs in about 10–20 % of the population, in contrast 
to the normal “Circle of Willis” pattern that occurs in only 
60 % of brains [25]. Typically, the P1 segment of the PCA 

arising from the basilar is present on catheter DSA to some 
degree, but it may be very tiny, and thus may be difficult to 
visualize on noninvasive imaging such as CTA or MRA. If 
this variant is bilateral, a small, or even hypoplastic, basilar 
artery may be present. This variant can be significant in the 
setting of ischemia of the PCA territory, as knowledge of the 
presence of a fetal PCA may potentially alter the site of 
endovascular therapy. Both CTA and high-resolution MRA 
can readily identify this variant with high specificity and sen-
sitivity (Figs. 36.46, 36.47, 36.48, 36.49, 36.50, and 36.51) 
[18–21].

Fig. 36.46  73-year-old with a unilateral left “fetal PCA” (large 
arrows) on 3DTOF MRA superior (left) and PA (right) views. The left 
P1 segment is a continuation of the posterior communicating artery. 

The right PCA arises in the typical configuration from the basilar artery. 
Also, note a hypoplastic A1 segment of the left anterior cerebral artery 
(ACA) (thin arrows)

36.6  Hypoplastic PCA and “Fetal PCA”
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Fig. 36.48  45-year-old with 3DTOF MRA superior view that 
shows a small basilar, with bilateral “fetal PCAs” (arrows), 
although tiny P1 segments may be present

Fig. 36.47  In this 42-year-old, two superior views from a CTA show a small basilar artery, an absent right VA (dotted arrows), and absent P1 
segments of both PCAs (arrows), which arise from the internal carotid arteries (ICAs) (i.e., “fetal origins”)

36  Intracranial Posterior Circulation Variants
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Fig. 36.49  In this 52-year-old, a 3DTOF MRA superior view (left) and 
AP view (middle) depict a “fetal PCA” (large arrows) arising from the 
right ICA. The right P1 segment off the basilar is quite hypoplastic (thin 
arrows). A large artifact (dotted arrows) on source images (right) is 

from phase wrap, using sensitivity-encoding (SENSE) gradient coils, as 
the ears were not included in the field of view. Also, AICA-PICA domi-
nance is present on opposite sides; the left AICA and right PICA are 
dominant

Fig. 36.50  73-year-old with bilateral “fetal PCAs” (dotted arrows) 
arising from the ICAs, with absent P1 segments (large arrows) and a 
normal right PCA infundibular origin (asterisk) on 3D VR CTA supe-

rior (left) and lateral (right) views. The basilar artery is hypoplastic; the 
ICAs are the dominant vascular supply. Also note a hypoplastic right 
ACA (thin arrow)

36.6  Hypoplastic PCA and “Fetal PCA”
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Fig. 36.51  52-year-old with bilateral “fetal PCAs” (large arrows) and 
tiny bilateral P1 segments (dotted arrows), on a 3D VR CTA superior 
view (top left). The basilar was initially thought by a referring physician 
to have a severe stenosis, also seen on a 3DTOF MRA AP view (top 

middle). However, both a catheter DSA AP view (top right) and 
3D-DSA lateral views (bottom left and middle) showed the basilar to be 
hypoplastic (thin arrows), not stenotic. Note the fetal left PCA on DSA 
AP view (bottom right)

36  Intracranial Posterior Circulation Variants
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Intracranial Anterior Circulation 
Variants

This chapter covers anterior circulation variants regionally, 
from anterior to posterior, including congenital arterial variant 
absence of first-order segments, branching, duplications, fenes-
trations, and early origins. Included are variations in the supra-
clinoid internal carotid artery (ICA), anterior cerebral artery 
(ACA), and finally the middle cerebral artery (MCA) [1–46]. 
The lenticulostriate arteries (medial and lateral) are also briefly 
covered, as well as several other uncommon or rare variations 
of the ACA, MCA, and ICA. Infundibula of the various ante-
rior and posterior circulation vessels are covered separately in 
Chap. 38. The “fetal PCA” (posterior cerebral artery, where the 
vascular distribution of a P1 segment arises from the distal ICA 
rather than the basilar artery) was covered in Chap. 36.

Variants involving the ACA and its branches are mostly 
related to persistence or lack of regression of an embryologic 
anterior communicating plexus and the median artery of the 
corpus callosum (MACC); among such derivatives are fenes-
trations and duplications, A1 segment hypoplasia, azygous 
ACA, bihemispheric ACA, and MACC ( “triple ACA”) [1–25]. 
Other variations include prominent orbitofrontal or fronto-
polar branches arising from the A1 segment, and the primi-
tive olfactory artery. There is controversy as to whether the 
presence of these variants relates to lack of regression of the 
embryonic arterial plexus and MACC, or whether it is related 
to development of anomalous arteries; this subject is covered 
briefly under the topic of anterior communicating artery 
(AcoA) and ACA fenestrations.

There are many MCA variants in first-order M1 segment 
branching. The most common are early branches arising 
from the M1 segment (whether inferior or superior “trunk” 
origins), duplication of the MCA, and an accessory MCA; a 
focal fenestration is relatively rare [5–8, 11, 26–32]. Though 
some opine that a fenestration may be a focal duplication 
embryologically, for the purposes of discussing MCA varia-
tions, these are treated separately: a duplication is a double 
origin that follows the course of the MCA, whereas a fenes-
tration (“window”) is a focal hole within the vessel. The 

topic of prominent lenticulostriate branches (typically 
lateral) is also covered with the MCA variants; although the 
medial and lateral lenticulostriate branches can vary in site 
of origin, size, and number, the most common site for their 
appearance to be prominent and potentially problematic is 
from the MCA’s M1 segment.

It is important to mention that is quite common to encoun-
ter such normal variant or “don’t touch” vascular anomalies 
on either routine MRI or CT examinations, with or without 
contrast. The most common scenarios in which such variants 
simulate disease or cause a clinical dilemma is when an 
aneurysm or arteriovenous malformation (AVM) is sus-
pected, either on the basis of subarachnoid hemorrhage or a 
potentially prominent vessel on routine, nonvascular MRI or 
CT imaging. Such variants are typically readily confirmed 
(and aneurysms excluded) by noncontrast MRA, such as 
with 3D time-of-flight (3DTOF) acquisition, contrast-
enhanced MRA or CTA [47–49]. Knowledge of these vascu-
lar variants can also be critical in the setting of guiding 
endovascular therapy, to initiate more rapid treatment and to 
avoid unnecessary complications. Ultimately, catheter DSA, 
optimally with 3D rotational acquisition in questionable 
cases, is the gold standard for discerning difficult anatomy.

With the advent of newer techniques such as CT perfusion 
(CTP), MR perfusion (MRP), and arterial spin-labeling 
(ASL) to measure blood flow, tissue perfusion, and oxygen 
extraction, interesting data are emerging about the use of 
such techniques to evaluate disease states, underscoring the 
importance of recognizing many of these variants. The most 
interesting is likely to be stroke imaging, as the presence of 
variations in branching, absence, hypoplasia, or duplication 
of vasculature can affect the vascular distribution of an 
infarct or ischemia and casts light on the importance of 
assessing collateral flow in the setting of thromboembolic 
arterial occlusion. The size and presence of such variations is 
bound to affect the degree of collateral flow in the setting of 
acute infarction, and may become a subject of future research.
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37.1	 �Internal Carotid Artery Duplication or 
Fenestration

Duplications or fenestrations of the intracranial internal 
carotid artery (ICA) are far less frequent than those of the ver-
tebrobasilar system, anterior communicating artery (AcoA), 
or anterior cerebral arteries (ACAs). Notably, this variant is 

extremely rare, with likely less than 20 cases reported in the 
literature [1–3]. There is debate whether these have a higher 
propensity to develop aneurysm than normal cerebral vascula-
ture. Most cases reported in the literature have had aneurysms, 
but there have not been studies in larger populations of asymp-
tomatic patients to perform proper statistics; this association 
could reflect an expectation or selection bias (Fig. 37.1).

Fig. 37.1  Top row: 84-year-old with a fenestration of the supraclinoid 
right internal carotid artery (ICA) (arrows) on 3D VR CTA superior 
view (left) and oblique superior view (right). Bottom row: Axial (left), 

sagittal (middle), and magnified coronal (right) MPRs confirm the 
“hole” in the vessel’s center, located just distal to the anterior clinoid 
process (dotted arrows)

37  Intracranial Anterior Circulation Variants
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37.2	 �Dorsal Ophthalmic Artery

Persistence of the vestigial/embryonic dorsal ophthalmic 
artery (DOA) into infancy or adulthood is relatively rare, 
occurring in less than 0.5 % of the population [33–39]. The 
persistent DOA is located at the site of the inferolateral trunk 
in the adult or child (which is often not visualized on catheter 
angiography unless there is an occlusion), and is located 
along the lateral aspect of the cavernous ICA. Of note is that 
the exit site into the orbit is not the optic foramen, but rather 
the superior orbital fissure, which also contains cranial 
nerves III, IV, V1, VI, and the ophthalmic vein.

This variant can usually be recognized by catheter angiog-
raphy, MRA, or CTA (Fig. 37.2). It can be important in sev-
eral scenarios. First, the prominence at its origin can simulate 

a cavernous ICA aneurysm when only 3D MIP data are 
viewed. Second, it is important to be aware of this variant dur-
ing endovascular intervention, as stenting or coiling across it 
could cause loss of the patient’s vision. Third, it is important 
to be aware of it in the event of a carotid occlusion, not only 
for the purpose of endovascular intervention but also because 
knowledge of its normal appearance is necessary to under-
stand collateral supply to the ICA distribution.

Other extremely rare variations include a persistent ven-
tral ophthalmic artery, ophthalmic artery origin from the 
middle meningeal artery, and even ophthalmic origin from 
the posterior communicating artery [33–39]. These vari-
ants, which can be found in sporadic case reports in the 
literature, are even rarer than the DOA and are not dis-
cussed further here.

Fig. 37.2  A 52-year-old with delirium had a right dorsal ophthalmic 
artery (DOA) (arrows), as demonstrated on reformats from a 3 T TOF 
MRA with PA views in MIP (top left) and 3D VR (top right) reconstruc-
tions. The left OA was normal (dotted arrows). The DOA initially simu-
lated an aneurysm on the MIP, but axial MPRs at 2-mm (bottom left) 

and 5-mm (bottom right) thicknesses confirmed the origin of the DOA 
and showed that it was not an aneurysm. Note the ventral position of the 
normal left OA (dotted arrow) (Courtesy of David Nascene MD, 
University of Minnesota–Fairview, Minneapolis, MN.)

37.2  Dorsal Ophthalmic Artery
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37.3	 �Anterior Communicating and Anterior 
Cerebral Artery Fenestrations

Overall, fenestrations or focal duplications of the intracranial 
arteries are not uncommon, having been reported in 1–10 % of 
the population, depending on modality; those of the AcoA 
(more common) or proximal A1 segment of the ACA (less 
common) have been reported in 0.5–5 % of the population on 
MRA, CTA, or DSA; this number has been reported to be as 
high as 20–40 % on older studies of cadavers [4–13]. Notably, 
fenestrations are about two to three times as likely to be found 
in the posterior circulation (vertebrobasilar) than in the anterior 

circulation [4–13], perhaps because some fenestrations are too 
small (in the range of 0.1–0.3  mm) to see on even high-
resolution imaging studies. Fenestrations are less common in 
the A1 segments or proximal A2 segments of the ACAs than in 
the AcoA [4–13]. A slightly increased chance of aneurysm 
formation, compared with the general population, has been 
reported, but whether such differences exist is still debated. As 
the use of noninvasive imaging for screening increases, the 
incidence of fenestrations could also increase. Notably, such 
AcoA or ACA A1 segment fenestrations can also be bilateral 
(“double fenestrations”) (Figs.  37.3, 37.4, 37.5, 37.6, 37.7, 
37.8, 37.9, 37.10, 37.11, 37.12, 37.13, and 37.14).

Fig. 37.3  62-year-old with a 
fenestration of the right anterior 
cerebral artery (ACA) A1 
segment (between arrows) on 
axial postcontrast T1WI (left) 
and on a contrast-enhanced CT 
(right)

Fig. 37.4  58-year-old with bilateral ACA A1 segment fenestrations (arrows), shown on T2WI MRI (top left), 3D VR CTA superior view (right), 
and a 20-mm axial MPR from the CTA (bottom left)

37  Intracranial Anterior Circulation Variants
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Fig. 37.5  29-year-old with a right ACA A1 segment fenestration (between arrows) on axial T2WI MRI (left), and 3DTOF MRA superior oblique 
view (right)

Fig. 37.6  In this 61-year-old, a right A1–anterior communicating 
artery (AcoA) junction fenestration (between arrows) cross-fills on 
catheter DSA RAO views (via left ICA injection). The right ACA 
(thin arrow) is hypoplastic

37.3  Anterior Communicating and Anterior Cerebral Artery Fenestrations
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Fig. 37.7  In this 34-year-old, a 3DTOF MRA AP view (left) depicts 
mildly ectatic ICAs bilaterally with a fenestration (large arrows) situ-
ated at the right A1–AcoA junction. An inferior oblique view (right) 

better depicts the fenestration, as well as a tiny outpouching suspicious 
for an aneurysm (thin arrows), which is protruding from the posteroin-
ferior aspect of the AcoA

Fig. 37.8  51-year-old with simultaneous AcoA fenestration (large 
arrows) and basilar fenestration (dashed arrow), on 3DTOF MRA left 
anterior oblique (LAO) view (left), with a focus on the AcoA fenestra-
tion on a magnified LAO view (middle). An oblique AP view (right, 

top) with a further magnified image (right, bottom) confirms that an 
aneurysm (thin arrows) less than 2 mm in size is present. The aneurysm 
protrudes superiorly from the AcoA fenestration

Fig. 37.9  In this 72-year-old, “double fenestrations” of the AcoA 
(arrows) are adjoining each other on a 3D VR CTA PA view

37  Intracranial Anterior Circulation Variants
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Fig. 37.10  27-year-old with an A2 segment fenestration  
(large arrow) on a 3DTOF MRA superior view. The AcoA is 
tiny (thin arrow)

Fig. 37.11  75-year-old with a tiny fenestration (arrows) of the proximal A2 segment of an ACA on three different 3D VR CTA PA views, includ-
ing a transparent bone view (left), a bone overlay (middle), and a “coned down” view (right)

Fig. 37.12  In this 56-year-old, a 3DTOF MRA axial source image (left) depicts a duplicated AcoA (arrows), with a sizable gap seen between the 
two vessels, as shown on an MIP AP view (right)

37.3  Anterior Communicating and Anterior Cerebral Artery Fenestrations
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Fig. 37.13  41-year-old with an AcoA–A2 junction fenestration (arrows) on 3D VR CTA PA (left) and RPO (right) views. The patient also has 
diffuse arterial ectasia, including fusiform aneurysmal enlargement of the ICA (plus sign) and lower basilar (asterisk)

Fig. 37.14  41-year-old with bilateral ACA A1 segment fenestrations (arrows) on 3 T MRI axial T2WI (left), SWI (left middle), 3D TOF MRA 
5 mm-thick MPR (right middle), and on a 3D VR superior view (right) from the 3D TOF MRA

37  Intracranial Anterior Circulation Variants
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37.4	 �Hypoplasia or Absence of the Anterior 
Cerebral Artery A1 segment

An absent or hypoplastic ACA (typically referring solely to 
the A1 segment) is most commonly incidental and asymptom-
atic, unless a concomitant severe stenosis of the contralateral 
ACA or distal ICA is present. An absent or hypoplastic ACA 
occurs in about 5–25 % of the population (Figs. 37.15, 37.16, 
37.17, 37.18, 37.19, and 37.20). Most commonly, the ipsilat-
eral A2 segment is supplied predominantly by the contralat-
eral A1 segment via the AcoA [8–14]. The A1 segment may 
appear totally absent (particularly on T2WI or time-of-flight 
MRI, in which noncontrast sequences are dependent on 

refreshing of spins and hence flow rate), but autopsy studies 
have shown that the A1 segment is usually present to some 
degree. There has been some debate as to whether A1 segment 
hypoplasia presents a slightly higher risk of an aneurysm, but 
such an association is doubtful. Notably, a focal stenosis 
should be excluded before calling A1 segment hypoplasia, and 
patency of the distal vasculature (A2 segments and beyond) 
should also be assessed, particular if stroke symptoms or 
infarcts are noted in the distribution of the ACA. A bihemi-
spheric ACA variant consisting of severely hypoplastic A1 
and A2 segments on one side while the contralateral A1 and 
A2 segments dominate (discussed in the following Sect. 37.5) 
is present in just under 1 % of the population [12–15].

Fig. 37.15  78-year-old with a lack of a visualized right ACA A1 seg-
ment on a noncontrast 3D TOF MRA AP view (top left); on axial source 
images (top right), the A1 segment was quite tiny, but patent. The A1 

segment hypoplasia (arrows) was also noted on a 3D VR CTA PA view 
(bottom left) and on the source axial images (bottom right)

37.4  Hypoplasia or Absence of the Anterior Cerebral Artery A1 segment



1074

Fig. 37.17  86-year-old with an absent right A1 segment (arrow), 
visualized on a 3DTOF MRA AP view

Fig. 37.16  53-year-old with a quite hypoplastic right ACA A1 segment (arrows) on a noncontrast 3DTOF head MRA AP view (left). It is barely 
(but better) visualized on a contrast-enhanced MRA AP view (right)

37  Intracranial Anterior Circulation Variants
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Fig. 37.18  67-year-old with an absent A1 segment (arrows) of the left 
ACA, suspected on source (left) and on MIP AP view (middle) images 
from a 3DTOF MRA, with a possible tiny left ACA flow void on an 

axial T2WI (right). As this case illustrates, the A1 segment can be quite 
tiny; in some cases, it may be visible only by catheter DSA

Fig. 37.19  In this 60-year-old, axial (left) and coronal (middle) 5 mm-
thick MPR images from a head CTA depict a hypoplastic right ACA A1 
segment (arrows), confirmed on a 3D VR CTA PA view (right). Note 

also the severely hypoplastic right P1 segment (thin arrow), with a 
“fetal origin” of the right posterior cerebral artery (PCA) (dotted arrow) 
from the right ICA

Fig. 37.20  85-year-old with an absent left A1 segment (arrows) suspected on an axial T2WI MRI (left); this was confirmed on a 3D VR CTA PA 
view (middle), with coronal (top right) and axial (bottom right) 5-mm MPRs

37.4  Hypoplasia or Absence of the Anterior Cerebral Artery A1 segment
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37.5	 �“Azygous” ACA 
and Bihemispheric ACA

An unpaired “azygous” ACA is a normal variant present in 
about 0.1–1.0 % of the population [8–15]. This variant con-
sists of a single midline vessel arising from an unpaired A1 
segment of the ACA only on one side, although there can be 
occasional bilateral small A1 segments contributing to the 
azygous ACA (Figs.  37.21, 37.22, 37.23, 37.24, 37.25, 
37.26, 37.27, 37.28, and 37.29). Although most patients with 
an azygous ACA are asymptomatic, it has classically been 
associated with certain syndromes and congenital abnormal-
ities, most notably holoprosencephaly and neural migration 
anomalies. This variant arises due to persistence of the 
embryonic median artery of the corpus callosum (MACC, 
which typically branches off of the AcoA and atrophies dur-
ing fetal life), in combination with ACA aplasia. The signifi-
cance is that thromboembolic disease in the setting of an 
azygous ACA can lead to bilateral medial frontal lobe infarc-
tions. An azygous ACA is readily identified as a single mid-
line A2 vessel by CTA, MRA, or even noncontrast, 

nonangiographic routine CT or MRI examinations. 
Persistence of the MACC in combination with normal, bilat-
eral ACAs (the “triple ACA” appearance) is discussed later.

The azygous ACA variant is distinct from a “bihemi-
spheric ACA,” which consists of dominant A1 and A2 seg-
ments on one side that ultimately supply both hemispheres, 
with severe contralateral A1 and A2 hypoplasia. A bihemi-
spheric ACA is about as common as an azygous ACA, also 
being present in about 0.1–1.0 % of the population [8–15]. 
Usually, these two variants can be distinguished from each 
other, although at times this distinction may be difficult. 
Notably, with a bihemispheric ACA, a tiny, proximal A2 seg-
ment is found opposite the larger, dominant A2 segment, 
whereas with an azygous ACA, only a single, midline A2 
segment is noted.

Some series have estimated that an azygous ACA may 
occur in up to 5 % of the population, but a retrospective 
review of these series has led many to believe that a number 
of those were more likely to have been bihemispheric ACAs, 
as evident in more recent reports using catheter DSA or 
higher-resolution CTA or MRA.

Fig. 37.21  72-year-old with a single midline A2 segment (arrows), which is an azygous ACA off the left ICA, on a 3DTOF MRA source image 
(left) and on a MIP AP view (right). The right ACA is absent

37  Intracranial Anterior Circulation Variants



1077

Fig. 37.22  In this 31-year-old, a 3DTOF MRA AP view shows an 
azygous ACA (arrow) that arises from the right ICA terminus

Fig. 37.23  76-year-old with a single midline A2 vessel (large arrows) 
on T2WI (left), with a hypoplastic right A1 segment (thin arrows) on a 
3DTOF MRA source image (middle) and on an MIP PA view (right). 
The A2 segment supplying both sides is most consistent with an azy-

gous ACA. Superiorly, it bifurcates (asterisk) to supply the ACA distri-
bution to both hemispheres (Courtesy of Basar Sarikaya, MD, 
University of Minnesota, Minneapolis, MN.)
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Fig. 37.24  In this 61-year-old vasculopath, a T2WI MRI (left; note 
diffuse T2-bright lesions) shows an azygous ACA (large arrows), as 
only one midline A1-A2 segment is seen. A midline MPR (middle) 

from a CTA depicts the azygous ACAs bifurcation (dotted arrows); a 
3D VR PA view (right) confirms two patent A1 segments (thin arrows) 
that merge

Fig. 37.25  64-year-old with a quite hypoplastic left A2 segment (thin 
arrows) on an axial T2WI MRI (left), on a 3DTOF MRA source image 
(middle), and on a 3DTOF MRA MIP AP view (right). The dominant 

right A2 segment (arrows), along with the diminutive, hypoplastic (but 
present) left A2 segment is suggestive of a bihemispheric ACA
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Fig. 37.26  18-year-old with a dominant right A2 segment (large arrows) and a hypoplastic left A2 segment (tiny arrows) on a 3DTOF MRA 
source image (left) and on an MIP AP view (right). These findings indicate a bihemispheric ACA

Fig. 37.27  In this 43-year-old, an axial T2WI (left) and a source 
3DTOF MRA image (middle) show what appears to be a single, mid-
line A2 segment (large arrows) arising from the left A1 segment. A 3D 

MIP AP view (right), however, depicts what are probably hypoplastic 
contralateral A1-A2 segments (tiny arrows), suggesting a bihemi-
spheric left ACA
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Fig. 37.28  Companion case of lobar holoprosencephaly with an azy-
gous ACA: 2-day-old neonate with an azygous ACA (arrows) seen 
within the anterior interhemispheric fissure on an axial T2WI MRI (left 
three images); note the lack of a falx anteriorly, with interdigitation of 

the gyri. The axial T2WIs and a T1WI (right) confirm abnormal fusion 
(thin arrows) of both gray matter (corpus striatum) and white matter 
tracts in the orbitofrontal regions

Fig. 37.29  Companion case of septopreoptic holoprosencephaly: 
10-year-old with an azygous ACA (arrows) in the interhemispheric fis-
sure on coronal (left), axial (middle two images), and sagittal (right) 
T2WI MRI. Note a partial lack of a falx anteriorly, with interdigitating 

gyri. The axial images confirm caudate and gray and white matter 
fusion anterior to the anterior commissure (thin arrows) (Courtesy of 
David Nascene, MD, University of Minnesota, Minneapolis, MN.)
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37.6	 �Median Artery of the Corpus 
Callosum (“Triple ACA”)

Persistence of the median artery of the corpus callosum 
(MACC) is an embryonic remnant that normally involutes as 
the more distal A2 segments of the ACAs develop above the 
level of the AcoA. This variant has alternatively been referred 
to as the median callosal artery. The term used depends on 
whether or not this third, middle ACA vessel is considered a 
vestigial remnant of a normal embryologic plexus. Its 
appearance is also colloquially referred to as an “accessory 
ACA,” “third ACA” or “triple ACA.”

According to Padget’s theory [17], the embryologic ante-
rior cerebral arterial circle consists of three ACAs, connected 
between each other by a web-like anterior communicating 
plexus, where the MACC is the middle of the three [16–20]. 
By this theory, the MACC and the plexus should regress, but 
persistence of either or both leads to any of a number of ana-
tomic variants. This theory has been refuted to a degree; it 
has been advanced that the presence of this third vessel actu-

ally differs in course from the MACC, better explaining the 
presence of azygous and bihemispheric ACAs [16–20].

Whatever its source (and whatever the preferred term), 
the MACC persists in about 1–5 % of the population [16–
20]. The typical configuration of the three vessels has the 
bilateral A2 segments of the ACA with the MACC being the 
third at the midline (Figs. 37.30, 37.31, 37.32, 37.33, 37.34, 
and 37.35). This vessel typically lies in the pericallosal sul-
cus, where it lies in close apposition to gray matter along the 
superior surface of the corpus callosum, called the induseum 
griseum. The MACC is usually not associated with an 
increased incidence of aneurysms, congenital anomalies, or 
syndromes, and is readily identifiable on CTA or MRA, with 
the midline vessel arising directly from the top of the 
AcoA. Notably, this normal variant should not be confused 
with another variant in which the pericallosal artery arises 
early (i.e., where an A2 segment on one side branches off 
early into the pericallosal and callosalmarginal arteries), or 
early branching of other A2 or A3 segments (such as early 
orbitofrontal or frontopolar branches).

Fig. 37.30  In this 15-year-old, an axial T2WI MRI (left) depicts three vessels (arrows) just above the AcoA, also seen on 3DTOF MRA AP 
(middle) and oblique (right) MIP views, indicating a persistent MACC (thin arrows)
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Fig. 37.32  20-year-old with a “triple ACA” appearance (arrows) on a source 3DTOF MRA image (left) and on an AP-superior view (right), due 
to an MACC (thin arrows)

Fig. 37.31  25-year-old with three flow voids (arrows) just above the AcoA on a sagittal 3D T1WI MPR (left) and on an axial T2WI (right). No 
MRA was performed, but the findings suggest a persistent MACC (thin arrows)
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Fig. 37.33  63-year-old with an MACC (thin arrow) situated 
between the typical A2 segments (arrows) on a 3DTOF MRA 
AP-superior view

Fig. 37.34  In this 73-year-old, a source 3DTOF MRA image (left) 
demonstrates three vessels (arrows) just above the AcoA, also shown 
on an axial T2WI (left middle). Source axial CTA images (right middle) 

and a 3D VR CTA lateral-oblique view (right) further depict the persis-
tent MACC (thin arrows)

Fig. 37.35  In this 42-year-old, a nonenhanced CT (left) was inter-
preted as having prominent AcoA vessels, suspicious for aneurysm. 
CTA axial source images (left middle) showed three vessels (arrows) 

just above the AcoA, representing a persistent MACC (thin arrows). A 
3D VR CTA PA view (right middle) and right lateral view (right) fur-
ther depicted the MACC
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37.7	 �Primitive Olfactory Artery or 
Olfactory Course of the Anterior 
Cerebral Artery

The primitive olfactory artery (POA) (also known as an 
“olfactory course of the ACA”) is a rather rare normal vari-
ant, with fewer than 20 cases reported in the modern litera-
ture [21–23]. In normal development, the POA is the 
precursor to the ACA; it regresses and persists as the recur-
rent artery of Heubner. The POA is identified by an antero-
medial and inferior course of the proximal A1 segment of the 
ACA (which is actually the POA at that point), which then 
makes a characteristic hairpin turn posterosuperiorly to 

become the normal distal A1 segment just proximal to the 
AcoA.  This course can occur to varying degrees along a 
spectrum. The vessel typically lies near the olfactory tracts 
beneath the posterior portion of the orbitofrontal parenchyma 
and olfactory sulcus. (The olfactory sulcus lies between the 
gyrus rectus and the medial orbital gyrus.) In contrast to the 
recurrent artery of Heubner (which typically arises from the 
distal A1 segment or proximal A2 segment), in the setting of 
a POA, the artery of Heubner is characteristically absent on 
that side and the AcoA typically has an elongated course. 
The POA has no definite clinical significance, although 
aneurysms at the hairpin turn have been demonstrated in 
about one third of the reported cases [21–23] (Fig. 37.36).

Fig. 37.36  Top row: In a 52-year-old, a coronal 3D T2WI (left) depicts 
an olfactory course of the ACA/POA (arrows) under the right orbito-
frontal parenchyma, with a characteristic “hairpin” posterior turn noted 
on source 3DTOF MRA source images (left middle and right middle), 
and on an MIP lateral view (right, middle cerebral arteries [MCAs] 
removed). The contralateral ACA (dotted arrows) and its recurrent 

artery of Heubner (thin arrows) are also denoted. Bottom row: A coro-
nal MPR (left) from a CTA also depicts the POA. A 3D VR lateral view 
(middle, MCAs removed) and superior view (right) further show the 
POA’s abrupt course and contralateral recurrent artery of Heubner. The 
AcoA was not visualized (Courtesy of Basar Sarikaya, MD, University 
of Minnesota, Minneapolis, MN.)
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37.8	 �Orbitofrontal or Frontopolar Branch 
Prominence

As previously described, there can be a large amount of 
congenital and normal variation in the A1 and A2 segments 
of the ACA. Other variations that can appear perplexing are 
a prominent orbitofrontal artery (OFA, also termed a 
“frontal-orbital artery”) or a prominent frontopolar artery 
(FPA), particularly if these arteries arise from the A1 seg-
ments. A prominence of such a branch arising from the A1 
segment occurs in about 1–5 % of the population [20–25].

Normally, the OFA is the first cortical branch of the ACA 
and arises from the proximal, ipsilateral pericallosal artery 
A2  segment, supplying the orbitofrontal gyri. The FPA is 

typically the next cortical branch, supplying the cortex 
slightly more superior to that of the OFA’s supply (such as the 
cortex of the anterior and lower superior frontal gyrus). These 
two arteries can be in close proximity, can arise from a com-
mon branch, or even can arise directly off of an A1 segment. 
Although the arteries are typically bilateral, they can also 
rarely supply both sides. If one of these vessels is prominent 
on CTA or MRA, and particularly if arising from the A1 seg-
ment, they may be difficult to name without visualizing the 
adjacent hypoplastic vessels; that is, the OFA may be promi-
nent and the FPA may be hypoplastic, or vice versa. These 
can be distinguished by noting their course and supply, and 
may be easier to properly identify and name on a dedicated 
catheter angiogram [20–25] (Figs. 37.37 and 37.38).

Fig. 37.37  In this 48-year-old, a 3DTOF MRA MIP AP view (left), 
AP-superior view (left middle), and LPO view (right middle) show a 
vessel (large arrows) arising from the right ACA’s A1 segment (thin 
arrows), lateral to the right A2 segment (dotted arrows). This prominent 
vessel is seen to travel below and medial to the orbitofrontal gyri on 

source MRA images (right), suggesting that the branch is a prominent 
orbitofrontal artery (OFA), which normally arises off the A2 segment. 
However, the vessel is difficult to see at its distal extent, so alternatively 
the vessel could represent an anomalous frontopolar artery (FPA)
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Fig. 37.38  In this 32-year-old, a 3DTOF MRA superior view (left), 
lateral view (left middle), and LAO view (right middle) show a left A1 
segment fenestration (thin arrows), from which a vessel (arrows) arises 
just before the A2 segment (dotted arrows). This vessel travels medial 
to, but not under, the orbitofrontal gyri on source images (right), sug-

gesting that the branch is a prominent FPA (or less likely, an OFA). A 
typical contralateral OFA (oval-tip arrows) arises off an A2 pericallosal 
branch. Note “T1 shine-through” effect (asterisks) due to T1-shortening 
effect of subacute hemorrhage
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37.9	 �Middle Cerebral Artery Early 
Branching

There are many variations in the MCA in first-order M1 seg-
ment branching [5–8, 11, 26–32]. The most common are 
early branches arising from the M1 segment (whether infe-
rior or superior “trunk” origins), duplication of the MCA, and 
an accessory MCA (the least common of the three). The lat-
ter two variants should be distinguished from “early branch-
ing,” in which the anterior temporal artery usually originates 

prior to the MCA bifurcation and initially travels inferiorly 
before being oriented towards its destination. Larger supe-
rior or inferior trunks can also arise off of the main M1 seg-
ment, which can further bifurcate or trifurcate distally. It 
should be noted that the MCA “bifurcates” (into superior and 
inferior divisions) in approximately 70–80 % of people, “tri-
furcates” (into superior, inferior, and middle divisions) in 
about 20–30 %, and splits into variable, smaller segmental 
arteries in <5–10 % [5–8, 11, 26–32] (Figs.  37.39, 37.40, 
37.41, 37.42, 37.43, 37.44, and 37.45).

Fig. 37.39  47-year-old with an early anterior temporal branch (arrows) that arises from the M1 segment of the left middle cerebral artery (MCA) 
just proximal to the bifurcation on AP views from a 3DTOF MRA MIP (left) and on a catheter DSA (right)

Fig. 37.40  43-year-old with headaches, who has an incidental early 
anterior temporal branch (arrows) that arises from the M1 segment of 
the left MCA just proximal to the bifurcation on AP (left) and superior 
(left middle) views from a 3DTOF MRA MIP. This finding was con-

firmed on a catheter DSA, with views of the right side (left middle) and 
left side (right); the left anterior temporal branch is outlined by arrows. 
Note a normal, typical “trifurcation” appearance of the distal M1 seg-
ment on the contralateral right side
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Fig. 37.41  42-year-old with an early bifurcation of the right MCA, 
likely representing an early anterior temporal branch (arrows), on AP 
view from a 3DTOF MIP MRA (left), PA view from a 3D VR CTA 

(middle), and on a catheter DSA (right). The early MCA branch origi-
nates just after the ICA terminus. Also note an incidental AcoA fenes-
tration (asterisks)

Fig. 37.42  In this 67-year-old, an inferior trunk (arrow) represents 
either an early bifurcation of the MCA or an early origin of the 
anterior temporal branch on a 3D DSA AP view
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Fig. 37.43  In this 48-year-old, a catheter DSA right ICA injection shows an early superior trunk arising from the M1 segment of the right MCA 
(arrow) on an AP view (left) and on a 3D DSA AP view (right)

Fig. 37.44  40-year-old with an early left MCA superior trunk 
shown on a DSA AP view (arrow)
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Fig. 37.45  19-year-old with an early bifurcation of the M1 segment of the right MCA (arrows) on a 3D VR CTA PA view (left), as well as on a 
magnified PA view (right), likely representing both the superior and inferior divisions of the MCA
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37.10	 �Duplicated MCA, Accessory MCA, 
and Fenestration

A duplication of the MCA is when both branches arise from 
the distal ICA; an accessory MCA is when an MCA branch 
originates from the ACA; and a fenestration (“window”) 
refers to a focal hole within the artery (not duplicated at the 
M1’s origin). Together, such anomalous MCA variants occur 
in about 2–5 % of the population, with the most common 
likely being MCA duplication [5–8, 11, 26–32]. Both the 
MCA duplication and accessory MCA variants have been 
reported to occur in about 0.3–3.0 % of patients, depending 
on the modality used (less with DSA than with autopsy, 
CTA, or MRA); the duplicated MCA is almost twice as com-
mon as the accessory MCA. Besides the modality used to 
detect them, variation in their incidence may also occur 
because these two variants are often confused with one 
another and with other, more common variants such as early 
M1 segment bifurcation or trifurcation.

With a duplicated MCA, typically one branch travels 
more anteriorly and inferiorly, and the other more posteriorly 
and superiorly. Most commonly, the duplicated branches 
arise together from the ICA terminus, where the “lower 
branch” arises from the terminus along with the other 
“proper” MCA branch; the “proper” MCA branch usually 
arises opposite the ACA. However, the inferior branch may 
arise from the ICA as low as the anterior choroidal artery 
(AchoA) segment and travel laterally. This pattern is usually 
readily noticeable on CTA, MRA, or catheter DSA, unless 

one of the duplicated branches is occluded while the other 
M1 segment is patent, so that the images are mistakenly 
interpreted as normal (Figs.  37.46, 37.47, 37.48, 37.49, 
37.50, 37.51, and 37.52).

With an accessory MCA, the accessory branch typically 
arises from A1 segment of the proximal ACA and then 
travels laterally into the sylvian fissure to parallel the M1 
segment that arose from the distal ICA.  This accessory 
branch can occasionally arise from the distal A1 segment, 
or even from the A2 segment, and it is often smaller than 
the “proper” MCA branch that arises from the ICA termi-
nus; thus, an accessory branch may be overlooked. 
However, there can be overlap in the appearances of dupli-
cated and accessory MCAs, and there is not a consensus as 
to the terminology. Some will refer to an M1 branch aris-
ing from the junction of the ICA terminus and the proxi-
mal A1 segment as an accessory (rather than a duplicated) 
MCA.  The accessory MCA may also have an increased 
incidence of aneurysms [5–8, 11, 26–32] (Figs.  37.53, 
37.54, 37.55, and 37.56).

Even more uncommon is a fenestration of the MCA (0.1–
0.5 % of the population), a normal variant that probably rep-
resents an incomplete duplication; these are occasionally 
associated with an aneurysm at the proximal end [5–8, 11, 
26–32]. Finally, MCA hypoplasia or aplasia is extremely rare 
(<0.1 %). One should note that a “nonbifurcating” ICA is not 
uncommon; in this variant, the ICA continues as the MCA 
because of ACA hypoplasia or aplasia (as discussed earlier 
in Chap. 37.4) (Figs. 37.57, 37.58, and 37.59).

Fig. 37.46  20-year-old with what appeared to be an early bifurcation 
of the left MCA on an MIP AP view (left), obtained from a 3DTOF 
MRA. However, there was a tiny cleft (thin arrow) at the carotid termi-

nus on another AP view with greater cranial-caudal obliquity (right), 
confirming that this was actually a subtle duplication of the MCA 
(arrows)
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Fig. 37.47  49-year-old with dizziness, lacking related imaging abnor-
mality. A duplicated MCA (arrows) is arising from the right ICA termi-
nus on T2WI (left) and coronal/AP views from a 3D TOF MRA (top 

right) and 17-mm MIP (bottom right), with the basilar removed. 
Contralaterally, note an early anterior temporal branch off of the M1 
segment of the left MCA (dotted arrows)

Fig. 37.48  36-year-old with a duplication of the right MCA (arrows) 
on a 3DTOF MRA MIP AP view

Fig. 37.49  51-year-old with a left MCA duplication (arrows) on a 
3DTOF MRA AP view, rather than an accessory MCA
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Fig. 37.50  40-year-old with duplicated MCAs (large arrows) arising 
from the right ICA terminus on a 3DTOF MRA AP view (left) and 
superior view (right). Note that one branch arises just below the ICA 

terminus (thin arrows). This lower branch arises at the anterior choroi-
dal artery level, separate from the other duplicated vessel

Fig. 37.51  74-year-old with a duplication of the right MCA (arrows), 
as demonstrated on a 3 T MRI acquisition of 3DTOF MRA AP view 
(left), and a minimum intensity projection (MiniP) from a “dark-blood” 

technique spin-echo T1WI (right) (Courtesy of David Nascene, MD, 
University of Minnesota, Minneapolis, MN.)
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Fig. 37.52  46-year-old with an MCA duplication (arrows), depicted 
on axial T2WI (top left), but obscured on SWI (top right) because of 
adjacent flow voids from middle cerebral veins and overlapping of the 

duplicated arteries. 3DTOF MRA superior (bottom left) and AP (bottom 
right) video-inverted MIP views further confirm the duplication

Fig. 37.53  59-year-old woman with what is likely an accessory MCA 
(large arrows), which appears to arise from the A1 segment of the left 
ACA (thin arrows), and parallels the other M1 segment (dotted arrows) 
on a 3DTOF MRA MIP AP view (left) and superior view (middle), and 

on a catheter DSA AP view (right). Alternatively, one could call this is 
a duplicated MCA arising from the ICA terminus, illustrating how 
MCA variants occur along a spectrum
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Fig. 37.54  20-year-old with an accessory MCA (large arrows) that 
arises from the proximal A1 segment of the left ACA (thin arrows), as 
seen on AP views from a 3DTOF MRA. (On the right image, the poste-
rior circulation and the ophthalmic arteries have been removed.) The 

accessory branch parallels the proper left M1 segment (dotted arrows) 
as it travels into the sylvian fissure. Note that there is also an early 
bifurcation of the right MCA (asterisks)

Fig. 37.55  An accessory left MCA (arrows) is shown to arise from the left A1 segment on a catheter DSA AP view (left) and on 3 T MRI T2WI 
(right, top) and SWI (right, bottom). Note (dotted arrows) denote the “M1 segment” lenticulostriate arteries (arrowhead)
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Fig. 37.56  On a catheter DSA, an accessory left MCA (arrows) 
arises from the ICA terminus; it is larger than the other M1 
segment (dotted arrows) (Courtesy of Phillippe Gailloud, MD, 
Johns Hopkins University, Baltimore, MD.)

Fig. 37.57  29-year-old with a fenestration of the M1 segment of the left MCA (arrows), initially suspected on a 3DTOF MRA AP view (left) and 
later confirmed by similar views from a 3D VR CTA (middle) and a catheter DSA (right)
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Fig. 37.58  52-year-old with a proximal M1 segment fenestration (arrows) on PA views from 3D VR CTA (left) and 3 T 3DTOF MRA (right). A 
tiny AcoA infundibulum was also noted (thin arrows). There was no associated aneurysm

Fig. 37.59  A small right MCA fenestration (arrows) is noted on a catheter DSA AP view (left) and on a 3D DSA (right), without an associated 
aneurysm (Courtesy of Phillippe Gailloud, MD, Johns Hopkins University, Baltimore, MD.)
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37.11	 �Prominent Lenticulostriate Branches

Lenticulostriate branches arising from the proximal MCA or 
ACA are relatively common on higher-resolution MR or CT 
angiography, and are normal [40–45]. They are best visual-
ized on conventional catheter DSA. The branches may appear 
single, multiple, or as a “candelabra”; on histopathologic sec-
tioning, there are usually 3–20 branches. There are many 
variations in origins of both the medial and lateral lenticulo-
striates; in the most common combination, the medial and 
lateral lenticulostriates are present together, but this variant is 
seen in only about one third of patients [40–45]. A single 
medial lenticulostriate vessel is often referred to as a “recur-
rent artery of Heubner,” identified in about 10–20 % of 
patients. This vessel may be unilateral or bilateral, and when 
present, it may arise from the A1 or A2 segments, or anywhere 

in between. The medial lenticulostriates are from the ACA in 
about two thirds of patients; they can arise from the A1 seg-
ment (most common), or from the A1-A2 junction, the A2 
segment, or the AcoA. The lateral lenticulostriates arise from 
the M1 segments of the MCA in about two thirds of patients, 
and from a proximal M2 segment (typically the superior divi-
sion) in about 15–20 % [40–45]. Lenticulostriate branches 
can also arise from duplicated or accessory MCAs 
(Figs. 37.60, 37.61, 37.62, 37.63, 37.64, and 37.65).

There may also be mild infundibular prominence (<2 mm) 
at the original of these branches (covered separately in 
Chapter 38). Lenticulostriate arteries are progressively better 
visualized with increasing field strength, and may be particu-
larly discernible on MRA at 3.0  T and above [40–45]. 
Prominence of these vessels on CTA, MRA, or catheter DSA 
can simulate vascular anomalies.

Fig. 37.60  18-year-old with multiple lenticulostriate branches arising from both MCAs on 3 T high-resolution 3DTOF MRA AP views (arrows). 
These branches were not visualized at all on a 64-slice CTA (not shown)
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Fig. 37.61  46-year-old with prominent left (but faint right) lenticulo-
striate branches (arrows) from the ICA termini at the proximal ACA 
and MCA segments, on AP views from catheter DSA (left and left mid-
dle). Coronal SWI MRI (right middle) demonstrates left lenticulostriate 

prominence as tiny flow voids located lateral to the mildly dark globi 
pallidi (asterisks). On CTA (right), only the left lenticulostriate 
branches are partially visualized on a 3D VR PA view

Fig. 37.62  33-year-old with faint lenticulostriate branches arising 
from the left MCA (arrow) on a 3DTOF MRA MIP AP view. Also, 
note the left anterior inferior cerebellar artery (AICA) duplication 
(arrowheads)
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Fig. 37.64  54-year-old with a lenticulostriate branch (arrow) arising 
from the proximal right MCA just distal to the ICA terminus on PA 
views from a 3DTOF MRA with MIP (left) and “tightly windowed” 3D 

VR images (middle). Note smaller, similar branches (thin arrow) on the 
left side (right)

Fig. 37.63  35-year-old with lenticulostriate branches (arrows) off the left MCA on AP views from a 3D VR CTA (left) and a 3D DSA (right)

37  Intracranial Anterior Circulation Variants
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Fig. 37.65  This 74-year-old had a 3D TOF MRA at 3 T to follow a 
right MCA bifurcation aneurysm (dashed arrows). On 3D VR AP (top 
left) and superior (bottom right) views with the basilar removed, note 
prominent lenticulostriate origins with infundibula (large arrows) bilat-

erally, particularly on the left. An MIP AP view (top right) depicts these 
branches, as well as incidental infundibula of bilateral early anterior 
temporal artery origins (thin arrows). The findings were unchanged 
from 3 years prior (bottom right)
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Infundibular Outpouchings 
of Intracranial Arteries

Differentiating “infundibula” from true aneurysms is a 
common source of consternation for radiologists. Infundibula 
are typically considered “don’t touch” lesions that are inci-
dental, being most commonly located at the posterior com-
municating artery (PcoA) origin of the internal carotid artery 
(ICA) in 7–25 % of the population; the vast majority do not 
rupture over time [1–12]. Histologically, the findings have 
varied. Some smaller studies have shown defects similar to 
aneurysms within the media, and occasionally defects of the 
internal elastic lamina, but other studies have shown no dif-
ference from normal arterial bifurcations. Several criteria 
can be used to differentiate an infundibulum from an aneu-
rysm, but there can be a slight overlap between the two, par-
ticularly at the PcoA origin, and there is still debate as to how 
commonly aneurysms arise from infundibula, an event that 
has been shown (rarely) to occur many years later.

An infundibulum is defined as a funnel-shaped bodily 
passage or opening, and it can be present at any major vessel 
bifurcation [1–12]. In the cranial vasculature, an infundibu-
lum can occur at any major arterial branch point, but is most 
common at the PcoA origin, followed by the anterior com-
municating artery (AcoA), lenticulostriate origins (from the 
middle cerebral arteries [MCAs], anterior cerebral arteries 
[ACAs], or ICAs), or hypoplastic posterior cerebral artery 
(PCA) origins. This author has noticed that these infundibula 
are particularly common and often can border on being aneu-
rysmal at sites of very small or hypoplastic branching points. 
For example, infundibula are not uncommon at the origin of 
a tiny AcoA, or where there is a “fetal PCA” mostly originat-
ing from the ICA but connected to a tiny, hypoplastic P1 seg-
ment infundibulum arising from the basilar artery.

The criteria proposed to identify infundibula have varied 
over time and have evolved, but an infundibulum should 
definitely be less than 3 mm in size, should be symmetrically 
conical or funnel-shaped without a neck, and a vessel should 
arise from the apex of the outpouching [1–12]. Regarding 
size, it is helpful to use 2.5 mm as the maximum size of an 
infundibulum; if the other characteristics are present and the 

size is under 2  mm, I believe that it can be definitively 
considered a normal infundibulum. It is also this author’s 
opinion that symptomatic patients with hemorrhage and out-
pouchings 2 mm or more in size (even with such characteris-
tics) should be followed for some time to exclude 
enlargement. We have noted a few rare cases where ruptured 
aneurysms arose from outpouchings 2 mm or less in size that 
occurred at branch points and were previously called infun-
dibula; several reports in the literature have also documented 
this evolution [1–12]. Therefore, infundibula should be dis-
tinguished from saccular (“berry”) aneurysms, which usu-
ally have a definable neck with either no branch vessel or a 
branch vessel arising eccentric to the outpouching.

Notably, both infundibula and saccular aneurysms should 
also be distinguished from sessile (“blister-like”) aneurysms. 
These uncommon lesions can be identified by several char-
acteristics [13–19]:

•	 wide neck
•	 usually located along the dorsal (superior) aspect of the 

supraclinoid ICA at nonbranching sites
•	 usually small (<3 mm) at the time of initial presentation
•	 often increasing in size within days to weeks (particularly 

when ruptured)
•	 often occurring in the setting of atherosclerosis

Hence, although infundibular outpouchings are almost 
always normal, the documented cases of enlargement with 
aneurysm formation and rupture suggest that they can be 
predisposed to evolve into an aneurysm, albeit rarely. Indeed, 
histologic data on infundibula from 20 to 30 years ago has 
noted that microscopic pathologic changes in the vascular 
wall (defects in the media) are present in most infundibula, 
but such histologic findings can be noted even in newborn 
infants [1–12]! Hence the controversy.

The diagnosis can be made with CTA or MRA (especially 
at 3 T field strength, which has better background saturation 
and magnetization transfer effects), or with catheter DSA. 3D 

38



1106

rotational DSA (3DDSA) can be obtained during a traditional 
catheter DSA, requiring a separate contrast injection, and is 
considered the gold standard for the diagnosis of aneurysms 
and for the evaluation of suspicious lesions in the setting of 
intracranial hemorrhage [13–15, 20, 21]. In the end, a cathe-
ter DSA should be used for confirmation if an infundibulum 
carries some question of being aneurysmal (whether because 
of its configuration or size). It is not uncommon to follow 

infundibula yearly or every 6 months if the infundibulum bor-
ders on being aneurysmal (for example, if it is 2.5 mm in size 
or a vessel does not arise from the apex of the outpouching). 
Also, if a suspect outpouching is poorly visualized owing to 
technique, a further workup should be carried out (Figs. 38.1, 
38.2, 38.3, 38.4, 38.5, 38.6, 38.7, 38.8, 38.9, 38.10, 38.11, 
38.12, 38.13, 38.14, 38.15, 38.16, 38.17, 38.18, 38.19, 38.20, 
38.21, 38.22, 38.23, 38.24, and 38.25).

Fig. 38.1  54-year-old with an infundibulum of a common origin 
(arrow) of the right posterior cerebral artery (PCA) and superior cere-
bellar artery (SCA), noted on a 3DTOF MRA PA view. The size is just 
under 2.5 mm

Fig. 38.2  67-year-old with an infundibulum of a common origin of the 
right PCA and SCA (arrow), noted on a 3DTOF MRA AP view. The 
size measures just under 2.0 mm

Fig. 38.3  In this 61-year-old, 3D VR CTA PA views demonstrate a small (<1.5 mm) infundibular outpouching (arrows) of the right posterior 
inferior cerebellar artery (PICA) origin at the site of a PICA duplication (thin arrows), which arises from the apex of the outpouching

38  Infundibular Outpouchings of Intracranial Arteries
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Fig. 38.4  In this 48-year-old, multiple 3D VR CTA images in PA 
views demonstrate a tiny (<1.5 mm) outpouching (large arrows) of left 
PICA origin. Shown are a high-resolution reconstructed PA view (left), 

a slightly oblique view (middle), and a magnified view (right). Note 
how a small vessel (thin arrows) arises from the infundibulum’s apex

Fig. 38.5  In this 37-year-old, 
lateral (left) and magnified (right) 
3DTOF MRA views show an 
infundibulum (<2 mm) (arrows) 
at the origin of the posterior 
communicating artery (PcoA) 
from the internal carotid artery 
(ICA), with a tiny vessel arising 
from the apex of the outpouching

38  Infundibular Outpouchings of Intracranial Arteries
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Fig. 38.6  76-year-old with an outpouching (large arrows) 2.8 mm 
in size. The PcoA arises at the apex (thin arrows) on TOF MRA 
lateral view (top) and on 3DDSA (bottom). The size favors an 
aneurysm, but the location favors an infundibulum. This lesion was 
observed for years without change

38  Infundibular Outpouchings of Intracranial Arteries
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Fig. 38.7  In this 49-year-old, a VR CTA lateral view (left) depicts a 
tiny (<2 mm) infundibular outpouching (arrows) arising at the origin of 
the PcoA.  A vessel arises from the apex, as seen on a 4-mm MPR 

(arrows, right). Also note a tiny anterior choroidal-origin infundibulum 
(dotted arrows)

Fig. 38.8  70-year-old with a tiny (<2 mm) PcoA segment infundibu-
lum (arrows) seen on a catheter 3DDSA AP view (left) and right lateral 
view (middle), but not visualized on a 3D VR CTA right lateral view 

(right), most likely because of the multifocal atherosclerotic calcifica-
tions. Note the tiny PcoA arising from the apex of the outpouching (thin 
arrows)

38  Infundibular Outpouchings of Intracranial Arteries
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Fig. 38.9  54-year-old with an infundibulum <2  mm in size (large 
arrows) at the PcoA origin, as noted on lateral views of both a catheter 
DSA (left) and 3DDSA (middle), with a tiny vessel arising from the 

apex (thin arrows). This lesion was not visualized on a 3DTOF MRA 
(right). Note the normal anterior choroidal artery slightly distally  
(dotted arrows)

Fig. 38.10  In this 46-year-old, a 3D VR CTA lateral view (left) shows 
an infundibular outpouching (arrows) of the PcoA origin, with a promi-
nent PcoA. Lateral views from both DSA (middle) and 3DDSA (right) 

confirm that the vessel arises from the apex. Note a tiny anterior choroi-
dal artery infundibulum (dotted arrow) distally on the 3DDSA

38  Infundibular Outpouchings of Intracranial Arteries
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Fig. 38.11  Comparison case of PcoA aneurysm: in a 46-year-old, a 
3DTOF MRA AP view (left) depicts a 3.3-mm outpouching (arrows) of 
the PcoA origin. A 3D VR lateral view (middle) and a 6 mm-thick MPR 
lateral view (right) both confirm that the PcoA vessel (thin arrows) 

arises eccentrically, and not directly, from the apex of the outpouching. 
This lesion should be considered an aneurysm, as it is too large and 
bulbous to be an infundibulum

Fig. 38.12  82-year-old with a <2-mm infundibulum (arrows) arising from the left ophthalmic artery (OA) origin on multiple 3DTOF MRA 
oblique views. There may also be a tiny OA origin infundibulum on the right (thin arrow)
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Fig. 38.13  30-year-old with a <2-mm infundibulum (arrows) arising 
from an OA origin on a 3DTOF MRA lateral view (left), with a tiny 
vessel arising from the apex of the outpouching. Catheter DSA (middle) 

and 3DDSA (right) lateral views confirm the findings. There may also 
be a tiny PcoA infundibulum (dotted arrows) on the DSA images

Fig. 38.14  Comparison case of an OA-origin aneurysm: 63-year-old 
with an OA outpouching (arrows) on 3DTOF MRA oblique (left) and 
lateral (middle) views. This outpouching likely represents a saccular 
aneurysm of the left ICA at the OA origin (thin arrows), as the OA 

arises eccentrically from the outpouching’s anterior margin, not from 
the apex. The size measured 2.9–3.5 mm on catheter 3DDSA (right), 
which is too large to simply be an infundibulum

38  Infundibular Outpouchings of Intracranial Arteries
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Fig. 38.15  40-year-old with an infundibulum (arrow) of early left 
anterior temporal artery origin on a 3DTOF MRA AP view

Fig. 38.16  63-year-old with a tiny infundibulum (arrows) of early left anterior temporal artery origin on 3DTOF MRA AP views. Also note a 
small infundibulum of left OA origin (dotted arrow)
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1114

Fig. 38.17  In this 48-year-old, 3D VR CTA PA views show an infundibulum (arrows) of an early right anterior temporal branch. Magnified views 
(right) depict a tiny vessel arising from the apex (thin arrows)

Fig. 38.18  In this 33-year-old, a noncontrast 3DTOF MRA AP view (left) shows infundibula (large arrows) of early anterior temporal artery 
origins bilaterally. Contrast-enhanced MRA (right) depicts tiny vessels (thin arrows) arising from the apices of these outpouchings

38  Infundibular Outpouchings of Intracranial Arteries
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Fig. 38.19  55-year-old with a 2.2-mm infundibulum (yellow arrows) 
of the left side of the AcoA origin on 3D VR CTA PA (left) and on 
superior oblique (right) views. The AcoA (dotted arrows) is oriented 

towards the contralateral A1-A2 junction, with a tiny early pericallosal 
branch also arising from the apex of the infundibulum (white arrows)

Fig. 38.20  17-year-old with a 1.5-mm outpouching (white arrows) 
from the AcoA on a 3DTOF MRA superior view (left) and superior 
oblique view (middle). A tiny vessel was noted to arise from the apex of 

the outpouching (yellow arrow) on a 3D VR CTA performed the next 
day (right), confirming that it was an infundibulum, not an aneurysm

38  Infundibular Outpouchings of Intracranial Arteries
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Fig. 38.21  In this 37-year-old, a <2-mm infundibulum (arrows) is at 
the expected location of the AcoA on the left, on a 3DTOF MRA AP 
view (left). The AcoA is not visualized, but one can imagine that it 
points towards the contralateral A1-A2 junction, as depicted on an 

oblique MPR (right). The lack of a vessel suggests that this is an aneu-
rysm, but the orientation, location, and size favor an infundibulum. This 
indeterminate lesion was stable for many years
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Fig. 38.22  Comparison case of both infundibula and aneurysm: 
30-year-old woman with a 2.5-mm left PcoA segment outpouching 
(large arrows) on a 3DTOF MRA, as depicted by multiple oblique AP 
views (top row). The PcoA (thin arrows) arises eccentrically from the 
apex, suggesting aneurysm, as confirmed by lateral views from a left 

ICA catheter DSA (bottom left), with 3DDSA images of the left ICA 
(bottom middle images) and right ICA (bottom right). Small (<2 mm) 
infundibular outpouchings are also noted at the OA origins bilaterally 
(dotted arrows), each with a vessel arising from the apex. Note a tiny 
right PcoA-origin infundibulum (dotted circle)
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Fig. 38.23  Comparison case of both infundibulum and aneurysm: 
23-year-old man with a 2.5-mm PcoA-origin infundibulum (large 
arrows) in a patient with a “fetal PCA” as seen on 3D VR lateral views 
from a CTA (left two images), DSA (middle right), and 3DDSA (far 

right). Note a “fetal PCA” arising from the apex (thin arrows). However, 
there is a tiny (1.5–2 mm) aneurysm arising off the lateral aspect of the 
infundibulum (arrowheads)
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Fig. 38.24  Comparison case of infundibula and aneurysm: top row: 
18-year-old with <2-mm infundibula of both the left anterior choroidal 
artery (dotted arrows) and PcoA (thin arrows) on LAO (top left) and 
left lateral (top middle) views from 3DTOF MRA. Note a 3-mm right 
PcoA aneurysm (arrows) on a right lateral view (top right). Middle and 
Bottom rows: The infundibula were confirmed on catheter DSA (mid-

dle, left) and 3DDSA (bottom left) lateral views, with a magnified view 
(bottom middle) that confirms their size to be less than 2 mm. The right 
PcoA aneurysm was confirmed on both catheter DSA (middle, right) 
and 3DDSA (bottom right) right lateral views. On 3DDSA, note how 
the right PcoA (asterisks) arises both eccentric to the apex and medial 
to the aneurysm’s base
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Fig. 38.25  Comparison case of aneurysm, less likely infundibulum: 
73-year-old with a 2.1-mm outpouching of the left lenticulostriate 
artery origin (arrows) on 3 T 3DTOF MRA PA views, with MIP (left), 

10-mm MPR (middle), and 3D VR MRA (right). No vessels were seen 
to arise from the apex of the outpouching. This lesion was stable for 
several years and never bled
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Persistent Carotid-Basilar  
and Carotid-Vertebral Anastomoses

Carotid-basilar and carotid-vertebral anastomoses are 
remnants of the early fetal vasculature, in which four paired, 
presegmental arteries are seen as early as 6 weeks gestational 
age, when the embryo is 4–5 mm in size. These arteries are 
the trigeminal, otic, hypoglossal, and proatlantal interseg-
mental arteries (in order of anterior-posterior or rostral-
caudal location, depending on gestational age and named by 
adjacent structures). As the bilateral, posteriorly located lon-
gitudinal neural arteries regress and join together to form the 
basilar artery, the lack of regression of these presegmental 
arteries leads to carotid-basilar anastomoses (persistent tri-
geminal, otic and hypoglossal arteries) or carotid-vertebral 
anastomoses (persistent proatlantal intersegmental artery). 
Together, these variants have an overall incidence of about 
0.1–1.0 % of the population, although carotid-vertebral anas-
tomoses are much rarer, occurring in less than 0.1 % of the 
population [1–21].

The most common of these variants is the persistent tri-
geminal artery (PTA), representing more than 90 % of the 
persistent carotid-basilar anastomoses and occurring in 0.1–
1.0 % of the population [1–9] (Figs. 39.1, 39.2, 39.3, 39.4, 
39.5, 39.6, and 39.7). Typically, the ipsilateral vertebral 
artery (VA) and posterior communicating artery (PcoA) are 
hypoplastic, although this varies along a spectrum: even 
bilateral VA or basilar hypoplasia can occur, with the basilar 
circulation distal to the anastomosis supplied completely by 
a PTA. (About two thirds have some degree of basilar hypo-
plasia.) In another variation, the PTA unites or fills the supe-
rior cerebellar arteries (SCAs) below their origin, so the 
posterior cerebral arterial (PCA) supply can be largely from 
the internal carotid arteries (ICAs). Of note, traditional data 
had suggested that the PTA could be associated with intra-
cranial vascular anomalies such as aneurysms in up to 15 % 
of patients, but further reports have found that the prevalence 
of aneurysms in PTAs is in the range of 3–4 %, not signifi-
cantly different than the prevalence in the general population 

[10–12]. Notably, however, a PTA can uncommonly cause 
symptoms such as trigeminal neuralgia by direct compres-
sion of cranial nerves. There are several different classifica-
tion mechanisms proposed for PTAs [1–12]. A further point 
of distinction is regarding whether the PTA passes lateral to 
the sella (about 67 %) versus medially through the sella 
(about 33 %); this distinction is important for those undergo-
ing pituitary surgery. PTAs also may be classified according 
to whether they go lateral (>90 %) or medial (<10 %) to the 
abducens nerve (CN VI) in the prepontine cistern [1–12].

The second most common carotid-basilar/vertebral anas-
tomosis is the persistent hypoglossal artery (PHA), a persis-
tent fetal artery that is estimated to occur in about 0.02–0.10 % 
of the population [13–17]. The PHA arises between the C1–
C2 levels and enters the skull base via an enlarged hypoglos-
sal canal. The ipsilateral vertebral artery is usually 
hypoplastic, and there are typically absent PcoAs (Figs. 39.8, 
39.9, and 39.10).

The third most common is the proatlantal intersegmental 
artery (PIA), reported to occur in less than 0.01 % of the 
population [1–3, 17–20]. The PIA is a persistent carotid-
vertebral anastomosis, originating from the cervical ICA (or 
occasionally the external carotid artery), and uniting with the 
vertebral artery at about the level of C2–C3 to course verti-
cally without travelling within the transverse foramina. It 
enters the skull base through the foramen magnum, from 
which the ipsilateral VA arises (Fig. 39.11).

Finally, the otic artery is an extremely rare carotid-basilar 
anastomosis, which is probably reportable if actually seen; it 
is almost never seen in adults [21–25]. Theoretically, it 
should arise at the lateral portion of the distal petrous ICA, 
should pass through the internal auditory canal, and should 
connect to the basilar artery at a caudal point. However, no 
definitive cases have been demonstrated in recent MRI or CT 
literature that have clearly fulfilled these criteria, leading 
some to doubt this variant’s existence [21–25].
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Fig. 39.1  In this 56-year-old, a T2WI MRI (left) shows a persistent 
trigeminal artery (PTA) (large arrows) that arises from the cavernous 
right internal carotid artery (ICA) and travels lateral to the sella, taper-
ing in size as it approaches the mid-basilar (thin arrows). This PTA is 

also demonstrated on axial source MRA images (middle), and on a 
3DTOF MRA AP view (right). Note a fenestrated left superior cerebel-
lar artery (SCA)

Fig. 39.2  In this 78-year-old, an axial T2WI MRI (left) depicts a left 
PTA (large arrows) lateral to the sella, arising from the left ICA and 
oriented towards the mid-basilar (thin arrow). On a 3DTOF MRA PA 

view (middle) and on a 3D VR CTA left lateral view (right), the PTA 
originates from the cavernous left ICA (asterisks), with its course 
depicted

39  Persistent Carotid-Basilar and Carotid-Vertebral Anastomoses
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Fig. 39.3  In this 64-year-old, an axial source CTA 9-mm MPR image 
(left) depicts a PTA (black arrows) travelling lateral to the sella from the 
cavernous left ICA and terminating in the mid-basilar (thin arrows), as 

seen on a 3D VR PA view (middle). The PTA fills from the left ICA 
(asterisk) on DSA AP (right, top) and lateral (right, bottom) runs

Fig. 39.4  In this 69-year-old, axial 0.8-mm (left) and coronal 3-mm 
(middle) MPRs depict a PTA (large arrows) between the cavernous left 
ICA and the mid-basilar (thin arrow). This far lateral type of PTA may 

mimic the otic artery on catheter DSA, but it does not enter the internal 
auditory canal (dotted arrow), shown on a 3D VR PA view (right)

39  Persistent Carotid-Basilar and Carotid-Vertebral Anastomoses
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Fig. 39.5  In this 34-year-old, a 3DTOF MRA PA view (left) shows a 
PTA (large arrow) that arises from the cavernous left ICA and then 
travels towards the mid-basilar (thin arrow), but actually directly  

connects to the right SCA (dotted arrow). This configuration is also 
depicted on a left lateral view (right)

Fig. 39.6  In this 19-year-old, an axial T2WI MRI (left) demonstrates a 
left PTA (large arrow) that travels from the cavernous ICA medially 
through the sella towards the mid-basilar (thin arrow). A 3DTOF MRA 

source image (middle) and an MIP AP view (right) delineate the PTA’s 
tortuous course from the right ICA through the sella

39  Persistent Carotid-Basilar and Carotid-Vertebral Anastomoses
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Fig. 39.7  In this 60-year-old, an axial noncontrast T1WI (left) demon-
strates a right PTA (large arrow) that travels medially through the sella 
to become the mid-basilar (thin arrow). A 3DTOF MRA PA view 

(middle) and right lateral view (right) illustrate how the PTA arises 
from the cavernous right ICA (asterisk), and comprises the basilar’s 
entire supply

Fig. 39.8  In this 37-year-old, an axial T2WI MRI (top left) and a sagit-
tal T1WI (bottom left) show a persistent hypoglossal artery (PHA, 
arrows) that connects the right ICA (dotted arrow) to the basilar artery 
(thin arrows) via the right hypoglossal canal, as shown on lateral 

(middle) and oblique (right) catheter DSA runs that were obtained via 
right common carotid artery catheterization (Courtesy of Chip Truwit, 
MD, Hennepin County Medical Center, Minneapolis, MN)
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Fig. 39.9  A 3DTOF MRA axial source image (left) and an MIP AP view (right) demonstrate a PHA (arrows) between the right ICA (dotted 
arrows) and basilar (thin arrow) (Courtesy of H. Parmar, MD, University of Michigan, Ann Arbor, MI)
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Fig. 39.10  79-year-old with throat pain. The patient had a right PHA 
(large arrows), which was depicted on a CTA’s axial source images (top 
left), as well as on a 3D VR PA view (top right), a right lateral view 
(bottom left), and on a “transparent bone” 3D PA view (bottom right). 

Note the position of the right ICA anteriorly (dotted arrows), and the 
basilar artery (thin arrows). Also, note the normal contralateral hypo-
glossal canal (arrowhead, top left)

39  Persistent Carotid-Basilar and Carotid-Vertebral Anastomoses
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Fig. 39.11  A persistent proatlantal intersegmental artery (arrows) was 
noted on catheter DSA lateral views (top and bottom left), and on an AP 
view (bottom right), obtained via a right common carotid artery injec-
tion. This vessel supplies the entire basilar circulation. An aneurysm of 

this artery (asterisks) was noted intracranially. Also note the ICA situ-
ated anteriorly (dotted arrows) (Courtesy of Chip Truwit, MD, 
Hennepin County Medical Center, Minneapolis, MN)
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Variations in the Intracranial 
Venous System

The intention of this chapter is to separate variations of the 
dural venous sinuses from variations of the deep and superfi-
cial cerebral veins, but this distinction can be difficult in 
some instances because of the close proximity of these two 
intracranial venous systems in some locations (e.g., the sphe-
noparietal sinus and superficial middle cerebral vein). It is 
important to keep in mind that the appearance of the deep 
and superficial cerebral veins and the dural venous sinuses 
can vary much more widely than the appearance of the arter-
ies. Therefore, a brief synopsis of the intracranial venous 
anatomy is provided in the following paragraphs [1–37].

The dural sinuses represent venous channels lying 
between the two layers of dura mater. They are composed 
of two layers: an outer periosteal layer and an inner menin-
geal layer. These sinuses eventually largely drain into the 
internal jugular veins (IJVs) in the absence of occlusions, 
but there can be extensive collateral flow between deep and 
superficial venous systems and the dural sinuses. The larger 
dural venous sinuses include the superior sagittal sinus, the 
transverse sinuses, the straight sinus, and the sigmoid 
sinuses. Smaller dural sinuses include the inferior sagittal 
sinus, the petrosal sinuses (superior and inferior), the basi-
lar plexus, the cavernous and intercavernous sinuses, the 
occipital sinus (if present), and other rarer variants (e.g., a 
persistent falcine sinus). The sphenoparietal sinus is 
another dural sinus that variably occurs and varies in size, 
usually related to the presence or absence or size of the 
adjacent superficial and deep draining veins. Hypoplasia of 
the transverse or sigmoid sinuses is the most commonly 
noted and most obvious cerebral venous variation, which 
may occur in combination with a small ipsilateral cervical 
IJV. Notably, a lesser-known connection to the dural sinuses 
is the lateral tentorial sinus, which is often called abnormal 
and in its prominence can simulate disease, such as arterio-
venous fistula.

On the other hand, the cerebral veins (such as the basal 
vein of Rosenthal) do not travel between the two layers of 
dura. They consist of the deep and superficial systems [1–37]. 
The major structures in the deep venous system are the 
paired internal cerebral veins, the paired basal veins of 
Rosenthal, and the vein of Galen. The deep middle cerebral 
and anterior cerebral veins (and other lesser-known veins) 
are often present but not noted on routine imaging; thus one 
should be cognizant of their locations. The major superficial 
veins include various cortical veins, which are mostly 
unnamed because of their variable appearance. The superfi-
cial middle cerebral vein, the vein of Trolard (superior anas-
tomotic vein), and the vein of Labbé (inferior anastomotic 
vein) are the most consistently visualized superficial veins. 
The extreme variations of the cortical/superficial and deep 
veins are not covered in great detail within this book except 
to the degree that they can simulate disease, particularly with 
regards to their asymmetry or prominence. For example, a 
notable variant is the anterior pontomesencephalic vein, in 
which prominence can simulate disease (especially sub-
arachnoid hemorrhage) in the interpeduncular fossa.

MR venography (MRV) and CT venography (CTV) are 
excellent methods to evaluate the patency of the dural 
venous sinuses [1–37]. CTV has a higher spatial resolution 
and can delineate the adjacent bony anatomy (but utilizes 
radiation), whereas MRV typically has higher contrast-to-
noise and signal-to-noise ratios. 2D time-of-flight MRV 
(2DTOF MRV) does not typically utilize intravenous con-
trast and is quite sensitive in evaluating for thrombi or ste-
noses, but it has a low specificity, particularly in low-flow 
states, hypoplastic sinuses, and when hemorrhage is pres-
ent. Contrast-enhanced MRV (CEMRV) may delineate 
whether potential abnormalities are actual, particularly in 
the common situation when it is necessary to differentiate 
between stenosis/thrombosis and unilaterally hypoplastic 
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transverse-sigmoid sinuses. Hence, this author considers 
CTV the technique of choice to work up cerebral venous 
thrombosis, whereas MRV is excellent if the intention is 
screening, used together with routine brain sequences that 
can detect cerebral edema, hemorrhage, or venous infarc-
tion. At times, both CTV and MRV are used in combination, 
particularly in difficult cases. Also, multiplanar reformats 
(MPRs) can often distinguish variants, whether the modality 
of acquisition is CTV or MRV. A rudimentary CTV can be 
acquired during a CT angiogram (CTA) if the CTA is 
acquired late in the arterial phase (about 30–40 s after injec-
tion), although there may be some venous contamination. 
Even if a formal MRV is not performed, a 3D acquisition of 
certain sequences such as postcontrast T1WI, susceptibility-
weighted imaging (SWI), or spin-echo T2WI may also be 
helpful as a substitute to visualize venous structures. On 
MRI, if a venous anomaly is suspected, an MRV can also be 
obtained many minutes after the initial contrast bolus, as 
gadolinium-based contrast persists for some time.

The overall organization of this chapter moves from infe-
rior to superior, with the most inferior veins and petrosal 
sinuses at the skull base described first, and then progressing 
generally superiorly. However, the progression of the chapter 
is also generally related to which veins are adjacent to or 
closely related to each other or drain each other. Thus, the 
exception to the inferior-to-superior organization is the larger 
dural venous sinuses (the transverse/sigmoid, superior/infe-
rior sagittal, occipital, and falcine sinuses), which are shown 
later. Finally, miscellaneous variants involving the dural 
sinuses, such as arachnoid granulations, MRI/MRV artifacts, 
and dense dural sinuses on nonenhanced CT are discussed 
near the end.

40.1	 �Hypoglossal Canal and Other Skull 
Base Emissary Veins

The hypoglossal canal may transit emissary veins from the 
cranial cavity and dura (such as from the basilar venous 
plexus) to the internal jugular vein (IJV, usually from the sig-
moid sinus), or less commonly to the vertebral venous plexus 
(VVP). Typically, the IJV is present ipsilaterally, and the 
presence of emissary veins within the hypoglossal canal does 
not seem directly related to the size of the IJV. These can be 
problematic, in that a prominent, focally enlarged vein can 
simulate a mass such as a schwannoma or meningioma, and a 
prominent plexus can simulate the network of a dural arterio-
venous fistula (DAVF) or an arteriovenous malformation 
(AVM). These veins can be distinguished from a mass by 
their connection to the IJV or to the sigmoid sinuses, and they 
can be distinguished from a DAVF or AVM by the lack of 
corresponding enlarged arteries or veins, along with the lack 
of a nidus, although catheter angiography may be necessary 
to exclude a DAVF in some rare and difficult cases. Variably 
present and variably sized emissary veins can also be noted 
passing through the condylar canals, foramen ovale, foramen 
rotundum, foramen of Vesalius, or parietal foramina, to name 
a few. The hypoglossal canal is shown in this chapter because 
of its propensity to appear as an abnormal mass or vascula-
ture; other variants are discussed further elsewhere in this 
book; emissary veins can pass through any of the variably 
present foraminal variants. Notably, contrast enhancement 
within the hypoglossal canal is often not related to a particu-
lar, single emissary vein (although it can be); most often it 
relates to the presence of a normally prominent perineural 
plexus [1–10] (Figs. 40.1, 40.2, 40.3, 40.4, and 40.5).
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Fig. 40.1  Top row: 63-year-old 
with enhancement within the 
hypoglossal canals (large 
arrows) on postcontrast T1WI, 
being anterior to the internal 
jugular veins (IJVs) within the 
jugular foramina (thin arrows). 
Bottom row: The enhancement is 
unchanged from 3 years prior on 
T1WI (left). Both the left IJV and 
sigmoid sinus are small. Note 
bright signal in both canals on 
T2WI (bottom right)

40.1  Hypoglossal Canal and Other Skull Base Emissary Veins
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Fig. 40.2  60-year-old with bilateral enhancement within the 
hypoglossal canals (large arrows), anterior to the IJVs within the 
jugular foramina (thin arrows), on postcontrast axial (top) and 
coronal (bottom) T1WIs. Also, note that the right sigmoid sinus 
and IJV are small

40  Variations in the Intracranial Venous System
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Fig. 40.3  71-year-old with mildly prominent enhancement present 
bilaterally within the hypoglossal foramina (large arrows) on a thin 
(2 mm) postcontrast axial T1WI (left). The IJVs (thin arrows) and the 

internal carotid arteries (ICAs) (asterisks) are delineated. A noncontrast 
T1WI (right) shows heterogeneous signal in the venous structures 
owing to varying or slow flow rates

Fig. 40.4  53-year-old with venous phase contrast enhancement bilat-
erally within the hypoglossal foramina (arrows) on postcontrast axial 
CTV source images (left), confirmed to be anterior to the IJVs within 
the jugular foramina (thin arrows) on sagittal MPRs (middle). A 3D VR 

posterior view (right) demonstrates that these hypoglossal emissary 
veins continue caudally as prominent posterior vertebral veins (black 
arrows) within the deep cervical musculature posteriorly

40.1  Hypoglossal Canal and Other Skull Base Emissary Veins
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Fig. 40.5  Comparison case of tumor involving the hypoglossal canal. 
A 62-year-old with lung cancer had enhancement noted on a postcon-
trast T1WI (arrows, left) within the right hypoglossal plexus, with het-
erogeneous IJV signal (thin arrows bilaterally) from slow or nonlaminar 
flow. On a precontrast T1WI (middle), there is loss of the normal 

T1-bright fatty signal within the left hypoglossal foramen and within 
the clival marrow (asterisk). FLAIR MRI with fat saturation (right) 
confirms clival and left hypoglossal foraminal tumor, consistent with 
metastatic disease

40  Variations in the Intracranial Venous System
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40.2	 �Asymmetric Prominence 
of the Internal Jugular Vein 
and Foramen

Asymmetric prominence of the IJV at the jugular bulb com-
monly occurs at the skull base on the bottom of brain images. 
It is one of the most common normal skull base variants to 
imitate a mass (such as glomus tumor, schwannoma, or metas-
tasis), particularly on postcontrast T1WI MRI [5–11]. Such 
asymmetric IJV prominence commonly (although not always) 
occurs in combination with asymmetry or hypoplasia of the 
contralateral transverse and sigmoid sinuses. Additionally, 

high-riding, aberrant, or “dehiscent” bony jugular foramina 
adjacent to the middle ear and petrous bone can also simulate 
masses. There is no good description of the incidence of this 
asymmetry, as IJV caliber varies significantly between sides 
and from the skull base down to the chest; even the IJV on the 
same side can appear to be of various sizes at different levels 
because of phenomena such as the caliber of draining veins, 
collateral drainage, venous pulsation throughout the cardiac 
cycle, and even the respiratory phase! Asymmetry of the jugu-
lar bulb or the bony jugular foramen is usually depicted well 
and confirmed on postcontrast CT or MRI examinations 
(Figs. 40.6, 40.7, 40.8, 40.9, 40.10, and 40.11).

Fig. 40.6  34-year-old with a prominent left jugular bulb/foramen (out-
lined by arrows) simulating a skull base mass with homogeneous 
enhancement on a postcontrast axial T1WI (top left) and coronal T1WI 
(top right). However, the postcontrast T1WIs demonstrate a connection 

to the sigmoid sinus, indicating that this is the jugular foramen. Axial 
CT images (bottom) depict a prominent left jugular foramen; the right 
side is smaller (thin arrows)

40.2  Asymmetric Prominence of the Internal Jugular Vein and Foramen
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Fig. 40.7  In this 53-year-old, a prominent left jugular foramen (out-
lined by arrows) simulates a skull base mass. Top row: There is hetero-
geneous signal centered on the left jugular bulb/foramen, simulating a 
skull base mass on coronal T2WI (left), with homogeneous enhance-
ment on postcontrast T1WI (right). Middle row: Axial precontrast (left) 

and postcontrast (right) T1WIs depict a connection to the sigmoid 
sinus. Bottom row: Axial (left) and coronal (middle) CT images depict 
the prominent bony left jugular foramen. Note the smaller right side 
(thin arrows) on a coronal CT image (right)

40  Variations in the Intracranial Venous System
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Fig. 40.8  Top row: 23-year-old with a prominent right jugular bulb 
(outlined by arrows) on postcontrast coronal T1WIs MRI. Bottom row: 
Axial T2WI (left), FLAIR (middle), and SWI (right) depict right IJV 

flow voids. Note asymmetry in the size of the dural sinuses, where the 
right sigmoid sinus is larger than the hypoplastic left sigmoid sinus 
(thin arrows)

Fig. 40.9  In this 41-year-old, a noncontrast 2DTOF MRV PA view 
(left) fails to visualize the left transverse sinus (thin arrows) and IJV; 
the contralateral transverse sinus (large arrows) and IJV are seen. On a 
CEMRV PA view (middle), the left transverse sinus is shown to actually 

be patent, also confirmed on a CTV PA view (right). The CTV also 
shows that the upper left IJV (dotted arrows) is quite small; the right 
IJV (diamond arrows) is dominant

40.2  Asymmetric Prominence of the Internal Jugular Vein and Foramen
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Fig. 40.10  Top row: 65-year-old with a prominent right jugular bulb 
(outlined by arrows) on postcontrast coronal T1WIs. Bottom row: The 
right IJV is depicted on a noncontrast T1WI (left) and on a coronal T2* 

image (right); note bright signal due to patent flow within the right IJV 
on the T2*WI. Also note the smaller contralateral left IJV (thin arrows)

Fig. 40.11  Comparison case of glomus tumor. On NECT bone win-
dow (left) and soft tissue window (middle), a glomus tumor enlarges the 
left jugular foramen, eroding the surrounding temporal and occipital 

bones. On T1WI MRI (right), it has an irregular border and enhances 
(arrows)

40  Variations in the Intracranial Venous System
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40.3	 �Basilar Plexus and Petrosal Sinuses 
Along the Posterior Sphenoid/Clivus

The basilar plexus is variably located dorsal or posterior to 
the clivus at its superior aspect, and is dorsal to the tectorial 
membrane (the cephalad continuation of the posterior longi-
tudinal ligaments in the cervical region) at its inferior aspect 
[2–7]. It is usually about 1 mm in thickness, but its thickness 
can vary. Part of this variation may be due to changes with 
respiratory inspiration or expiration from many varied con-
nections with the venous system inferiorly. It is important to 
note that the basilar plexus nearly always communicates 
directly with the inferior petrosal sinuses laterally, and to a 
lesser degree, it also communicates with the superior petro-

sal sinuses. The superior petrosal sinus typically drains into 
the junction of the transverse and sigmoid sinuses, whereas 
the inferior petrosal sinus usually drains into the superior 
bulb of the IJV, just below the inferior portion of the sigmoid 
sinus at the skull base. Hence, the examples shown include 
prominence of the basilar plexus and/or the petrosal sinuses, 
which can simulate a postsphenoidal or postclival/retroclival 
lesion such as meningioma or lymphoma, involving the dura 
(Figs. 40.12, 40.13, 40.14, 40.15, and 40.16).

The intercavernous sinuses may also communicate with 
these venous systems; they are not mentioned further here 
because after contrast administration the intercavernous 
sinuses often enhance along with the pituitary and may be 
indistinguishable from the pituitary gland.

Fig. 40.12  In this 55-year-old, isointense postclival tissue (dotted 
arrows) on noncontrast T1WI (top left) enhances on postcontrast 
T1WIs (top middle, top right), simulating a dural lesion. This is the 
basilar plexus, which follows the clivus inferiorly on sagittal T1WIs 

(bottom row). Drainage from that plexus also extends laterally to the 
transverse-sigmoid junction (solid arrows), via the superior petrosal 
sinus. Note a right cerebellar lung cancer metastasis (double arrows, 
top middle)

40.3  Basilar Plexus and Petrosal Sinuses Along the Posterior Sphenoid/Clivus
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Fig. 40.13  In this 41-year-old, axial (left) and sagittal (middle) post-
contrast T1WIs depict enhancing basilar plexus (dashed arrows) along 
the midline posterior aspect of the sphenoid/sella. The superior petrosal 
sinus (large arrows) enhances bilaterally; these plexi appear isointense 

on T2WI (right). Note the cavernous ICAs anteriorly (thin arrows). 
Also, note artifact from flow voids surrounding the basilar artery (dou-
ble arrows, right), related to prominent CSF flow

Fig. 40.14  33-year-old with enhancing vessels (arrows) bilaterally 
along the posterolateral aspect of the sphenoid and clivus on a postcon-
trast T1WI (left). These represent inferior petrosal sinuses that drain 

inferiorly into the jugular-sigmoid junctions. They are invisible on a 
noncontrast T1WI (middle), with subtle flow voids on a T2WI (right)

Fig. 40.15  In this 29-year-old, a T2WI (left) shows a flow void (thin 
arrows) from a persistent trigeminal artery that connects the cavernous 
right ICA to the basilar (dotted arrows). On PA views from CEMRA 
(left middle) and CTA (middle), there is a prominent, left-sided vascular 

structure (arrows) that mimics a left ICA aneurysm but appears sepa-
rate from the ICA on lateral views (right middle). CTA source images 
(right) confirm that this is a petrosal sinus that is visible as the CTA is 
partially in the venous phase

40  Variations in the Intracranial Venous System
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Fig. 40.16  74-year-old with postsphenoidal tissue (dotted arrows) on 
gradient echo T1WI (top left) that is bright on T2WI (top middle). On 
postcontrast coronal T1WI (top right) and axial T1WI (bottom row), it 
mimics lymphoma or a meningioma. However, if one follows the 
enhancing structures inferolaterally, they drain into the junctions of the 

sigmoid sinus and IJV (asterisks), indicating that the draining veins are 
inferior petrosal veins (large arrows, bottom middle and right), and that 
the midline enhancing tissue is the basilar plexus. Note venous plexi in 
both hypoglossal canals (thin arrows, bottom right)

40.3  Basilar Plexus and Petrosal Sinuses Along the Posterior Sphenoid/Clivus
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40.4	 �Intercavernous Sinuses

Intercavernous sinuses communicate across the midline—
thus representing “anastomoses”—and are typically circular, 
surrounding the pituitary gland and its stalk (hence, the orig-
inal term used in the 1600s, “circular sinus”). The intercav-
ernous sinus technically consists of two to three separate 
sinuses named on the basis of their relationship to the 
hypophysis (pituitary gland): anterior, posterior, and more 
recently, inferior. In the past (as in Gray’s Anatomy), these 
were separated into two: antero-inferior and postero-superior. 
Recent research has revealed that the anterior intercavern-
ous sinus (AIS) is the most likely to be prominent. It is the 
dominant sinus of the three in most patients, and varies 
widely in diameter from 0.5 to 5.0 mm. The posterior inter-
cavernous sinus (PIS) is far less likely to be dominant (<5 % 
of patients), and varies less in caliber, ranging from 0.7 to 
4.0 mm [12–18]. Both the AIS and PIS can be identified to 
some degree in more than 95 % of cadavers, although occa-
sionally either sinus is nonexistent. The inferior intercavern-
ous sinus (IIS) is more variably identified between studies. 
This discrepancy may occur because some authors consider 
the venous plexus that communicates transversely across the 
midline at the floor of the sella to be less well defined and 
perhaps an extension of the AIS, the PIS, or even of the basi-
lar plexus (BP), which can also represent a communication 

between the cavernous sinuses dorsal to the clivus, rather 
than terming it an IIS. Notably, the BP is the most common 
and the most dominant connection between the cavernous 
sinuses, being situated along the dorsal aspect of the clivus. 
It should also be noted that the PIS may be difficult to distin-
guish from the BP under nonpathologic conditions. Also, as 
stated previously, the intercavernous sinuses often enhance 
along with the pituitary after contrast administration, and 
thus may be indistinguishable from the gland.

The various intercavernous sinuses can be visualized on 
MRI; this is best done with thin-section imaging (<3 mm). 
The AIS, PIS, and BP are best visualized in the axial and 
sagittal planes, but the IIS is best visualized in the coronal 
plane. These sinuses can simulate disease such as meningi-
oma, leptomeningeal disease (carcinomatosis or meningitis), 
lymphoma, pituitary lesions, pseudotumor (i.e., Tolosa-
Hunt), or tumor extension from adjacent, enhancing tumor. 
The intercavernous sinuses and BP are easily volume-
averaged with nearby structures, which is one reason why 
their appearance can be misleading. One technique for visu-
alizing these sinuses is to utilize subtraction imaging (T1, 
FLAIR, or even SWI) as the last precontrast sequence and 
first postcontrast sequence, in order to minimize patient 
motion and optimize enhancement of adjacent structures 
(Figs. 40.17, 40.18, 40.19, 40.20, 40.21, 40.22, 40.23, 40.24, 
40.25, 40.26, and 40.27).

Fig. 40.17  In this 81-year-old, a dominant anterior intercavernous 
sinus (AIS) enhances (thin arrows) on axial precontrast (top left) and 
postcontrast (top middle) T1WIs, and on subtracted T1WI (top right), as 
well as on sagittal precontrast (bottom left), postcontrast (bottom mid-
dle), and subtracted T1WIs (bottom right). The posterior intercavernous 

sinus (PIS) enhances (arrows), but is small. Also note the enhancement 
of the basilar plexus (BP, arrowheads) and cavernous sinus (oval-tip 
arrows). On sagittal images, enhancing AIS is difficult to separate from 
the anterior pituitary

40  Variations in the Intracranial Venous System



1147

Fig. 40.18  70-year-old with “circular” enhancement of the intercav-
ernous sinuses on axial precontrast (left) and postcontrast (middle) 
T1WI, and on subtracted T1WI (right). Enhancement of the AIS (thin 

arrows) and PIS (large arrows) surrounds the enhancing pituitary 
(asterisks). Note cavernous sinus enhancement (oval-tip arrows)

Fig. 40.19  13-year-old with “circular” enhancement of the intercav-
ernous sinuses; axial noncontrast T1WI (left), T2WI (middle), and post-
contrast T1WI (right) are provided. There was minimal enhancement of 

the AIS (thin arrows), while the PIS (large arrows) was more promi-
nent. Note cavernous sinus enhancement (oval-tip arrows)

40.4  Intercavernous Sinuses
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Fig. 40.20  44-year-old with “circular” enhancement of the intercav-
ernous sinuses, having enhancement of the AIS (thin arrow), the PIS 
posteriorly and superiorly (large arrows), the inferior intercavernous 

sinus (IIS) (dotted arrows), and the cavernous sinus (oval-tip arrows). 
Provided are postcontrast axial (left) and coronal (middle) T1WI, and 
postcontrast coronal FLAIR (right)

Fig. 40.21  57-year-old with 
enhancement of the PIS (arrows) 
and cavernous sinus (oval-tip 
arrows), as demonstrated on 
axial precontrast (left) and 
postcontrast (right) FLAIR 
MRI. The AIS is not visualized

40  Variations in the Intracranial Venous System
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Fig. 40.22  45-year-old with enhancement of the PIS (arrows) and 
cavernous sinus (oval-tip arrows) on postcontrast T1WI

Fig. 40.23  43-year-old with 
quite thin enhancement of the 
PIS (arrows) on axial 
postcontrast T1WI (left) and 
subtracted T1WI (right). 
Precontrast images are not 
shown. The AIS is not visualized

40.4  Intercavernous Sinuses
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Fig. 40.24  56-year-old with a partially empty sella and a  
thin PIS (arrows) and AIS (thin arrows) on an postcontrast axial 
subtracted T1WI

Fig. 40.25  57-year-old with enhancement of the PIS predominantly 
(arrow), without enhancement of the AIS or IIS. Provided are postcon-
trast axial (left) and coronal (middle) T1WI, as well as postcontrast 

coronal FLAIR (right). Note cavernous sinus enhancement bilaterally 
(gray-colored oval-tip arrows)

40  Variations in the Intracranial Venous System
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Fig. 40.26  In this 46-year-old, a coronal dynamic postcontrast T1WI 
obtained at 10 s post-injection (left), followed by an image at 50 s (mid-
dle) and an image more posteriorly (right) show progressive enhance-

ment of the IIS (dotted arrows) that temporally enhances with the 
cavernous sinus (oval-tip arrows), which surrounds the ICAs 
(asterisks)

Fig. 40.27  8-year-old with an IIS. Top row: Coronal (left) and sagittal 
(middle) T2WIs and postcontrast sagittal T1WI (right) illustrate a 
normal, prominent IIS (dotted arrows). Bottom row: Coronal dynamic 

enhanced T1WIs show that the IIS progressively enhances from 0 (left) 
to 60 (right middle) seconds; a more posterior image is also seen (right)

40.4  Intercavernous Sinuses
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40.5	 �Anterior Pontomesencephalic Vein

The anterior pontomesencephalic vein (APMV) is a verti-
cally oriented vein that is part of a network of mesencephalic 
and pontine veins that travel on the surface of the brainstem 
and midbrain. They typically drain into the basal vein of 
Rosenthal posterolaterally [19–23]. The APMV may appear 
prominent in about 5 % of the population, located just poste-
rior to the basilar artery in the interpeduncular fossa/cistern. 

If a prominent or large APMV is seen on a screening noncon-
trast head CT and dense vessels (often due to dehydration) 
are present, the appearance may resemble a tiny amount of 
subarachnoid hemorrhage (SAH) in the interpeduncular 
fossa. However, a prominent APMV usually can be identi-
fied on CTA, CTV, or axial T2WI MRI (on which it is repre-
sented by a linear flow void), or on postcontrast T1WI MRI 
(represented by a linear enhancing vessel) (Figs.  40.28, 
40.29, 40.30, 40.31, 40.32, 40.33, and 40.34).

Fig. 40.28  71-year-old with an anterior pontomesencephalic vein 
(APMV) (arrows) within the interpeduncular fossa, just posterior to the 
basilar (thin arrows), on a contrast-enhanced CT (left). An MRI with 

axial T2WI (left middle) depicts a corresponding flow void, while post-
contrast T1WIs in axial (right middle) and sagittal (right) planes show 
that this APMV is closely apposed to the brainstem

Fig. 40.29  77-year-old with an APMV (arrows) within the interpedun-
cular fossa. The APMV appears inseparable from the basilar artery (thin 
arrows) on axial T2WI MRI (left). Postcontrast T1WIs in axial (left 

middle), coronal (right middle), and sagittal (right) planes depict the 
APMV within the interpeduncular fossa in various projections
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Fig. 40.30  48-year-old with a linear flow void (arrows) on an axial 
T2WI MRI (left) within the interpeduncular fossa, situated posterior to 
the basilar tip (thin arrows). On SWI (middle), this flow void is only 

mildly hypointense (perhaps owing to slow flow), but it enhances simi-
lar to other veins on postcontrast T1WI MRI (right), confirming it to be 
an APMV

Fig. 40.31  55-year-old with a mild hyperdensity in the interpeduncu-
lar fossa on axial nonenhanced CT (left), which simulated subarachnoid 
hemorrhage (SAH) on another image (right), but represented the 

APMV (arrows). Note the linear appearance of this structure just poste-
rior to the basilar artery’s tip (thin arrow, right). No intracranial hemor-
rhage was found at lumbar puncture

Fig. 40.32  In this 48-year-old, a postcontrast T1WI MRI (left) demon-
strates the APMV (large arrows), situated within the interpeduncular 
fossa. The APMV appears inseparable from the basilar tip (thin arrow). 

However, on a 3DTOF MRA source image (right), flow is not detected 
within the APMV, related to directionality and the low venous flow rate

40.5  Anterior Pontomesencephalic Vein
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Fig. 40.33  38-year-old with severe headache. On nonenhanced CT 
(left), a subtle hyperdensity within the interpeduncular fossa was called 
a tiny focus of SAH, but a slightly more caudal image (middle) depicted 

a linear structure (large arrow) just posterior to the basilar tip (thin 
arrow). Postcontrast T1WI (right) confirmed an APMV in the fossa

Fig. 40.34  Comparison case of perimesencephalic nonaneurysmal 
SAH: A 57-year-old with a severe headache had SAH (arrows) solely 
within the interpeduncular fossa on nonenhanced CT (left). CTA (left 

middle) and catheter 3DDSA (right middle) PA views were negative. 
Two months later, repeat nonenhanced CT (right) and CTA (not shown) 
were also negative

40  Variations in the Intracranial Venous System



1155

40.6	 �Susceptibility-Weighted Images: 
Deep Veins, Transmedullary Veins, 
and Subventricular Veins

On SWI, deoxygenated venous vessels are easily visualized 
and may simulate microhemorrhage within the paren-
chyma; however, prominent deep veins or transmedullary 
veins may be present, particularly located centrally within 
the periventricular white matter (PVWM) surrounding the 
lateral ventricles [23–30]. Such deep veins are typically 
tributaries to the internal cerebral vein (ICV), and include 
the anterior caudate veins (ACVs), anterior septal veins 
(ASVs) (i.e., “septal” veins), choroidal veins, direct lateral 
veins (DLVs), medial atrial veins (MAVs), thalamostriate 
veins (TSVs, the principal drainage of the transmedullary 
and subependymal veins), and the superior thalamic vein 
(STV, the largest thalamic vein). The ICVs then drain into 
the vein of Galen (VOG), also known as the great cerebral 
vein. Notably, there is variation in drainage of these veins, 
as they may drain directly into the ICVs, or into each other. 
Essentially, deep medullary veins (i.e., “transmedullary 
veins”) may serve as collateral pathways between the 
superficial and deep venous systems, located along the lat-
eral margin of the lateral ventricles and draining into many 
of the deep, central veins described above. Such transmed-
ullary veins within the PVWM (having arisen from subcor-
tical veins that traverse the subcortical white matter) are 
oriented perpendicular to the lateral ventricles, and drain 
into the longitudinal caudate veins followed by the trans-
verse caudate veins (collectively called the “longitudinal 
caudate veins” because they are difficult to distinguish 
from each other on imaging), which are found immediately 
adjacent to the lateral angles of the bodies of the lateral 
ventricles. Notably, the “venous angle” (an angiographic 
sign) is formed by the joining of the anterior septal vein into 
the ICV just posterior to the foramen of Monro. The trans-
medullary (i.e., transcerebral) and subcortical veins are 

normally visible to some degree. Such prominent deep 
transmedullary veins may simulate a vascular anomaly of 
concern such as arteriovenous fistula (AVF) or arteriove-
nous malformation (AVM); they may also simulate benign 
vascular anomalies such as developmental venous anoma-
lies (DVAs) or even prominent medullary veins in acute 
stroke. Knowledge of the normal, variable venous anatomy 
in this location helps interpretation.

Visualization of medullary and transmedullary veins 
bilaterally is normal, but in acute ischemic stroke these veins 
can appear abnormally prominent unilaterally on the side of 
an acute ischemic injury or infarct [31, 32]. This finding is 
presumably related to abnormal dilatation of small veins cor-
responding to the arterial distribution of the infarct, and it is 
thought to be related to elevated oxygen extraction in that 
territory. Two other findings that may be present within an 
acute infarct on SWI include a hypointense artery (related to 
T2*-dark clot within the vessel), and small microhemor-
rhages (“petechial” hemorrhages). Abnormally dilated med-
ullary/perimedullary veins in acute stroke can be 
distinguished by their unilateral or asymmetric appearance, 
by their “radiating” appearance within the affected arterial 
distribution of the infarct, and by correlation with the loca-
tion of acute infarct on DWI (Figs.  40.35, 40.36, 40.37, 
40.38, 40.39, 40.40, 40.41, 40.42, 40.43, 40.44, 40.45, 40.46, 
40.47, 40.48, 40.49, and 40.50).

Another scenario that involves abnormalities of the deep 
transmedullary veins, and in which SWI can be helpful to 
detect injury, is periventricular hemorrhage (i.e., hemor-
rhagic periventricular leukomalacia) in premature infants 
[33, 34]. Such hemorrhage results from diffuse hypoxic-
ischemic injury to the deep white matter in premature neo-
nates. SWI demonstrates the hemorrhages that may occur 
in such patients, which range from punctate to large, and 
also may depict enlargement of such veins due to thrombo-
sis, which may not be visualized on most other MR 
sequences.

40.6  Susceptibility-Weighted Images: Deep Veins, Transmedullary Veins, and Subventricular Veins
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Fig. 40.36  49-year-old with extremity numbness (negative study). 
2 mm thickness SWIs (left and middle) at 1.5 T depict asymmetry of the 
left ACVs (arrowheads) and left ASVs (chevrons). Postcontrast T1WI 
(right) often does not depict deep veins as well, but a prominent left 

ACV and ASV are visible. The prominent left ACV mimics a venous 
angioma, also known as a developmental venous anomaly (DVA). Also 
seen are the MAVs (diamond-tipped arrows)

Fig. 40.35  In this 7-year-old, a 3 T MRI was performed to evaluate the 
pituitary (normal). 15 mm thickness SWI (left) illustrates normal venous 
anatomy. Note normal internal cerebral veins (ICVs) (long arrows), 
asymmetric drainage of the thalamostriate veins (TSVs) (short arrows), 
superior thalamic veins (STVs) (thin dotted arrows) and asymmetry of 

the direct lateral veins (DLVs) (curved arrows). Also seen are an anterior 
caudate vein (ACV) (arrowhead), anterior septal veins (ASVs) (chev-
rons), medial atrial veins (MAVs) (diamond-tip arrows), and the vein of 
Galen (VOG) (open arrows). On a postcontrast T1WI (right), note that 
the venous anatomy is much more difficult to visualize
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Fig. 40.37  90-year-old with weakness (negative MRI). 3  T 12  mm 
thickness SWI shows an asymmetric left DLV (curved arrow), a right 
MAV (diamond-tip arrow), a right ACV (arrowhead), and a left supe-
rior thalamic vein (STV) (thin dotted arrow). Also seen are the ASVs 
(chevrons) and ICVs (long arrows)

Fig. 40.38  32-year-old with weakness (negative MRI). A 1.5 T 15 mm 
thickness SWI shows the DLVs (curved arrows) and the MAVs 
(diamond-tip arrows) bilaterally, as well as the VOG (open arrow)

Fig. 40.39  81-year-old with altered mental status (negative examina-
tion). 2 mm thickness SWI (left) and T2WI (right) at 3 T both demon-
strate normal DLVs bilaterally (curved arrows). However, SWI better 

depicts the STVs (thin dotted arrows). Also seen are the ICVs (long 
arrows)

Fig. 40.40  In this 10-year-old, a 
3 T MRI was performed after a 
seizure (negative MRI). 12 mm 
thickness SWIs depict normal 
venous anatomy, with the ACVs 
(arrowheads), ASV (chevron), 
ICVs (long arrows), MAV 
(diamond-tip arrows), and VOG 
(open arrow) denoted. Note 
normal, asymmetric drainage of 
the TSVs (short arrows), as well 
as the asymmetric prominence of 
the left ASV (chevron) and ACV 
(arrowheads)
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Fig. 40.41  This 51-year-old had a 3 T MRI for multiple sclerosis (neg-
ative study), on which 12  mm thickness SWIs show normal veins, 
including the ACV (arrowhead), ASV (chevron), ICVs (long arrows), 
MAV (diamond-tip arrow), thalamostriate veins (TSVs) (short arrows), 

and VOG (open arrow). Note that the transmedullary/deep medullary 
veins (TMVs) (brackets) drain into larger longitudinal caudate veins 
(thin arrows)

Fig. 40.42  This 15-year-old had a 3 T MRI to follow up an incidental 
developmental venous anomaly (DVA). 12 mm thickness axial SWIs 
(left and middle) and a 2 mm thickness coronal SWI (right) depict nor-
mal venous anatomy, with a “caput” of the DVA (wide dark arrows), 
perhaps draining via the ACV (arrowhead). Note normal, asymmetric 

drainage of the TSVs (short arrows). Also, note that the left-sided trans-
medullary/transcerebral veins (brackets) drain into a larger longitudinal 
caudate vein (thin arrows). Also seen are the ICVs (long arrows), ASVs 
(chevrons), and MAVs (diamond-tip arrows)
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Fig. 40.43  36-year-old with weakness (negative study); 2 mm thick-
ness SWIs at 1.5 T (left and middle) depict transmedullary veins (out-
lined by brackets) that drain into the transverse/longitudinal caudate 
veins (thin arrows). Note the STVs (thin dotted arrows). The STVs and 
transverse/longitudinal caudate veins eventually drain into the ICVs 

(long arrows). Note that on routine T2WI (right), the flow voids of 
these smaller venous structures are relatively invisible, whereas T2WI 
typically shows flow voids of larger vasculature with faster flow. This 
demonstrates the utility of SWI in detecting deoxyhemoglobin in 
smaller venous structures with slower flow

Fig. 40.44  33-year-old with headaches (negative study). Serial 2 mm 
thickness SWIs at 3 T demonstrate transmedullary veins (outlined by 
brackets) that drain into the transverse/longitudinal caudate veins (thin 

arrows). Note the STVs (thin dotted arrows). The ASVs (chevrons), 
ACVs (arrowheads), transverse/longitudinal caudate veins, and STVs 
combine to form the ICVs (long arrows)
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Fig. 40.45  In this 16-year-old, SWI was performed at 3 T. The thicker 
(12 mm) SWI image (left) best depicts the transmedullary/transcerebral 
veins (outlined by brackets) draining into the transverse/longitudinal 

caudate veins (thin arrows), which are not as well seen on 2 mm thick-
ness SWI (middle), or on postcontrast T1WI (right)

Fig. 40.46  52-year-old with 
seizures (negative study). At 3 T, 
an 8 mm thickness SWI image 
(left) shows transcerebral veins 
(TMVs, brackets) bilaterally, 
which drain medially into the 
transverse/longitudinal caudate 
veins (thin arrows), and 
thereafter to the top of the TSVs 
(short arrows). On a similar-
thickness “filtered” phase map 
(right), these veins are bright 
from deoxygenated blood
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Fig. 40.47  91-year-old with stroke-like symptoms (negative study). At 
3 T, 2 mm thickness SWI shows transcerebral veins (TMVs, brackets) 
that drain medially into the transverse (longitudinal) caudate veins (thin 
arrows). In this patient, the resolution is high enough to visualize the 
TMVs crossing the white matter from the cortex bilaterally

Fig. 40.48  10-year-old with follow-up for an ear lesion, with a nega-
tive brain MRI. At 3 T, a 21 mm thickness SWI minimum intensity pro-
jection (minIP) image illustrates TMVs (brackets) that drain medially 
into transverse/longitudinal caudate veins (thin arrows), and also 
depicts a duplicated left ACV (arrowheads), a right ASV (chevron), the 
ICVs (long arrows), MAVs (diamond-tip arrows), TSVs (short arrows), 
and the VOG (open arrow)
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Fig. 40.49  Comparison case of acute ischemic stroke. Top row: A 
66-year-old with left-sided weakness had an infarct (asterisks) on a CT 
perfusion cerebral blood volume (CBV) map (left), and on 3 T MRI 
DWI (middle) and FLAIR (right). Bottom row: On SWI with a TE of 
40 ms (left), there was darker signal within the middle cerebral artery 

(MCA) branches, consistent with acute clot (arrows). On SWI images 
at a higher level, the prominent medullary veins were barely visible 
(between thin arrows) at a lower TE of 20 ms (middle), as compared 
with a TE of 40 ms (right), demonstrating the effect of TE on venous 
visualization
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Fig. 40.50  Comparison case of acute ischemic stroke. A 50-year-old 
with right-sided weakness had an infarct (asterisks) on 1.5 T DW MRI 
(left), which was also bright on FLAIR (left middle). On SWI (right 
middle), there was focally dark signal within the left MCA’s M2 seg-

ment in the sylvian fissure, consistent with acute clot (arrows). On an 
SWI image at a higher level (right), the prominent medullary veins 
were visible (between thin arrows), most likely related to elevated oxy-
gen extraction from infarcted parenchyma
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40.7	 �Susceptibility-Weighted Images: 
Cerebellar Veins

Since deoxygenated venous vessels are easily visualized on 
SWI, veins in the posterior fossa or cerebellum can appear 
much more prominent and ubiquitous than on routine T2WI or 
postcontrast T1WI, or even more prominent than on MRV 
sequences. Thus, it is helpful to have a general working knowl-
edge of the anatomy of the more notable cerebellar veins, 
which can be quite prominent on SWI [35–41]. These veins 
may simulate clinically important abnormalities such as an 
AVF, AVM, or microhemorrhages (when viewed perpendicu-
larly or transversely through the veins’ direction of travel). 
They also can simulate typically benign vascular anomalies 
such as DVAs, particularly when viewed as thicker, “sliding” 
maximum or minimum intensity projections (MIPs)—that is, 
10 mm thickness or greater with slice overlap.

Although the nomenclature varies slightly between 
sources, there is generally considered to be somewhat stan-
dard nomenclature for cerebellar venous anatomy [35–41]. 
Near the midline, there are paired inferior vermian veins 
(IVVs), typically along with a dominant superior vermian 
vein (SVV). More laterally, there are variably present infe-
rior cerebellar veins (ICVs) and superior cerebellar veins 

(SCVs), which have been variably termed; for the purposes 
of this text, these are further subclassified as medial (MICV 
and MSCV) and lateral (LICV and LSCV) inferior and 
superior cerebellar veins. (In other sources, they may be 
classified generally as posterior inferior or posterior superior 
cerebellar veins.) These veins typically anastomose with one 
another. The petrosal vein (PV)—also known as the floccular 
vein, vein of Dandy, or great anterior cerebellar vein—and 
the vein of the lateral recesses (VLR) typically constitute 
most of the inferior cerebellar drainage for that side. Notably, 
the PV (along the lateral aspect of the cerebellar flocculus) 
and the VLR (along the medial aspect of the flocculus and 
overlying the foramen of Luschka) can appear quite promi-
nent, so that on “sliding” MIPs they may simulate one of the 
abovementioned anomalies, such as AVM, AVF, or DVA 
(Figs. 40.51, 40.52, 40.53, 40.54, 40.55, and 40.56).

The SCVs are less commonly visualized on SWI because 
there is overlap with the tentorium, where the tentorial 
sinuses (particularly the lateral tentorial sinus [LTS]) may 
obscure them. (The lateral tentorial sinuses are discussed in 
more depth later in Chap. 40.10). Thicker sliding MIPs may 
cause the LTSs to overlap with and obscure the SCVs, which 
are located posteriorly (Figs.  40.57, 40.58, 40.59, 40.60, 
40.61, and 40.62).

Fig. 40.51  A 12  mm-thick SWI at 3  T, in a 16-year-old. Note the 
paired inferior vermian veins (IVVs, thin arrows), lateral inferior cere-
bellar veins (LICVs, open arrows), veins of the lateral recess of the 4th 
ventricle (VLRs, long arrows), and mildly asymmetric medial inferior 
cerebellar veins (MICVs, short arrows). Note asymmetry of the left 
petrosal vein (PV, curved arrow); the right PV is not seen

Fig. 40.52  In this 27-year-old, 3  T 10  mm thickness SWI depicts 
asymmetric IVVs (thin arrows), LICVs (open arrows), PVs (curved 
arrows), VLRs (long arrows), and MICVs (short arrows), with a prom-
inent posteromedian medullary vein (chevron)
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Fig. 40.53  This 17-year-old had a 3 T MRI that implemented SWI at 
thicknesses of 12 mm (left) and 2 mm (right). Note that the paired IVVs 
(thin arrows) are difficult to distinguish on the thicker SWI. Also, note 
the LICVs (open arrows), and MICVs (short arrows). The left PVs 

(curved arrows) are prominent, and asymmetrically so. On the thinner 
SWI, the margins of the dentate nuclei (asterisks) are better defined

Fig. 40.54  A 12  mm thickness SWI at 3  T in a 91-year-old. Note 
paired IVVs (thin arrows), the LICVs (open arrows), PVs (curved 
arrows), and VLRs (long arrows). The dark signal of the dentate nuclei 
(asterisks) is not unexpected for this age

Fig. 40.55  A 14 mm thickness SWI at 3 T in a 35-year-old. Note the 
paired, but asymmetric, IVVs (thin arrows). Also, note the LICV (open 
arrow), VLRs (long arrows), and mildly asymmetric MICVs (short arrows)
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Fig. 40.56  A 2 mm thickness SWI at 3 T in a 40-year-old, with asym-
metric prominence of the left VLR (long arrow). On such thin images, 
it is difficult to visualize most of the cerebellar veins, such as the LICVs 
(open arrows). The dentates’ dark signal (asterisks) is not unexpected 
for this age

Fig. 40.57  A 12 mm thickness SWI at 3 T in a 50-year-old. The left 
VLR (long arrow) is prominent and asymmetric, whereas the right PV 
(curved arrow) is prominent. There are large lateral tentorial sinuses 
(LTSs) (plus signs), left greater than right, which make it difficult to 
visualize most cerebellar veins

Fig. 40.58  In this 7-year-old, with a 5  mm thickness postcontrast 
T1WI (left) depicts the VLRs (long arrows) and the IVVs (thin arrows). 
By comparing 3 T SWIs at both 2 mm (left middle) and 12 mm (right 
middle) thicknesses, note that the 12  mm image best delineates the 
smaller cerebellar veins. Increasing the SWI thickness to 17 mm (right) 

increases the prominence of the LTSs (plus signs) and obscures most 
cerebellar veins. Note anterior surface veins (ASVs, arrowheads) and 
veins of the middle cerebellar peduncles (oval-tip arrows) right MICV 
(short arrow), and right PV (curved arrow)
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Fig. 40.59  15 mm thickness SWI at 3 T in a 51-year-old. On thicker 
images such as this, the smaller cerebellar veins, such as the ASVs 
(arrowhead), are obscured by the typically larger tentorial sinuses, in 
particular the LTSs (plus signs). Also note the medial tentorial sinuses 
(minus signs)

Fig. 40.60  20  mm thickness SWI at 3  T in a 49-year-old. In this 
patient, the SWIs are reconstructed so thick that the tentorial sinuses 
appear to cover most of the cerebellum, thus completely obscuring the 
smaller cerebellar veins, such as the ASVs (arrowheads)

Fig. 40.61  17  mm thickness SWI at 3  T in a 10-year-old. Thicker 
images such as this may obscure the smaller cerebellar veins, such as 
the ASVs (arrowheads), by both volume averaging with parenchyma 
and overlap with the LTSs (plus signs), which are usually much more 
visible

Fig. 40.62  20  mm thickness SWI at 3  T in a 14-year-old. Thicker 
images may obscure smaller cerebellar and petrosal veins by volume 
averaging with parenchyma, and by overlap with the typically much 
larger LTSs (plus signs)
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40.8	 �Susceptibility-Weighted Images: 
Basal Cerebral Venous System

As deoxygenated veins are easily visualized on SWI, an 
important venous system to be aware of is the basal cerebral 
venous system, which drains via the basal veins (specifically, 
the basal vein of Rosenthal [BVR]). Prominence of such 
veins (or a plexus of veins) can simulate SAH, AVM, AVF, or 
aneurysm. These veins can appear prominent or asymmetric 
near the brainstem; one reason that basal veins may simulate 
SAH is that the locations through which the basal venous 
system travels are prime locations to evaluate for hemor-
rhage, such as the suprasellar cisterns, interpeduncular fossa, 
perimesencephalic cisterns, and the medial aspects of the 
sylvian fissures.

The BVR has been subdivided into three segments [3–6, 
21–30, 35–40]:

•	 Proximal (first) segment, from the union of the inferior 
striate vein, anterior cerebral vein (ACV), and deep mid-
dle cerebral vein (MCV) to the point of extending up to 
the anterior aspect of the cerebral peduncle

•	 Middle (second) segment, from the anterior end of the 
cerebral peduncle up to the union of the BVR and the lat-
eral mesencephalic vein (LMV), which links the BVR to 
the superior petrosal sinus

•	 Distal (third) segment, from the peduncle up to the point 
of drainage into the great vein of Galen (VOG) or into the 
internal cerebral vein (ICV).

The BVR empties into the VOG about 85–90 % of the 
time; the remainder drain into lesser-known pathways such 
as the lateral mesencephalic vein, sphenoparietal sinus, cav-
ernous sinus, superficial MCV, or peduncular veins. 
Additionally, it should be noted that on axial SWI at this 
level, the internal occipital vein (IOV), or calcarine vein, 
may be visualized in most patients, and appears as a vein 
(sometimes asymmetric) draining the inferomedial occipital 
lobe into the VOG, just medial to the lateral ventricles.

Following are examples of the spectrum of appearances 
of the basal venous system on SWI. Notably, as stated else-
where in this section, thicker SWI sections, or “sliding” 
(overlapping) maximum-intensity projections (MIPs) or 
minimum-intensity projections (MinIPs) depict deoxygen-
ated blood within veins better than do thinner sections. 
Therefore, although it is helpful to view thicker MIPs or 
MinIPs to screen for AVMs or AVFs, it may be necessary to 
review thinner sections of SWI (which usually can be recon-
structed in thinner slices, as they are typically a 3D acquisi-
tion). Postcontrast TOF MRA can also be helpful to exclude 
an abnormality (Figs.  40.63, 40.64, 40.65, 40.66, 40.67, 
40.68, 40.69, and 40.70).

Fig. 40.63  In this 27-year-old, a 3 T MRI with 10 mm thickness SWI 
shows the basal veins of Rosenthal (BVRs, short white arrows) super-
imposed on the posterior cerebral arteries (PCAs) (asterisk). The arter-
ies are dark because of the technique (selected TE). Note the internal 
occipital/calcarine veins (IOVs, curved arrows), inferior choroidal/ven-
tricular veins (IVVs, arrowheads), and lateral mesencephalic veins 
(wide arrows)

Fig. 40.64  A 3 T MRI with 12 mm thickness SWI in a 13-year-old 
shows relative symmetry of the BVRs (short arrows) and deep MCVs 
(dotted arrows), but there is asymmetry of the IOVs (curved arrows) 
and IVVs (arrowheads). Note normal interpeduncular veins (chevrons). 
The MCAs (thin arrows) are dark because of technique (selected TE 
and flip angle)
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Fig. 40.65  This 25-year-old had a 1.5  T MRI with SWIs at 2  mm 
thickness (left) and 10 mm thickness (right) that delineate the BVRs 
(short arrows) draining from the deep MCVs (dotted arrows) bilater-
ally. The arteries are bright on the 2 mm-thick image but disappear on 

minimum intensity projection (minIP) 10 mm images, owing to volume 
averaging. Also, note the inferior choroidal/ventricular veins (IVVs, 
arrowhead), MCAs (thin arrows), and PCAs (asterisks)

Fig. 40.66  A 3 T MRI in a 14-year-old. 10 mm thickness SWI shows 
the BVRs (short arrows), asymmetry of the IVVs (arrowheads), a dom-
inant left IOVs (curved arrows), and a small left interpeduncular vein 
(chevron). The deep MCVs are obscured by artifact from gas in the 
sphenoid sinus

Fig. 40.67  In this 33-year-old with a 3 T MRI, 16 mm thickness SWI 
shows the BVRs (short arrows), IVVs (arrowheads), and prominence 
of both the right IOV (curved arrows) and left deep MCV (dotted 
arrow), which is closely apposed to the MCA (thin arrow). The arteries 
are dark owing to technique

Fig. 40.68  In this 51-year-old, 3 T SWI MRI at 15 mm thickness dem-
onstrates normal veins, with asymmetry of the right deep MCV (dotted 
arrow) and the left BVR (short white arrows). (The MCAs [thin 
arrows] are also dark owing to technique.) Note an interpeduncular or 
anterior ponto-mesencephalic vein (chevrons), a left direct lateral vein 

(circle-tip arrow), a left IVV (arrowhead), and a right medial atrial vein 
(diamond-tip arrow). Also note that the posterior cerebral artery (wide 
arrow) is in close proximity to the BVR. Note the improved visualiza-
tion of venous connections with increasing slice thickness
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Fig. 40.69  3T MRI in a 7-year-old depicts the BVRs (short arrows), 
deep MCVs (dotted arrows), IVVs (arrowheads), IOVs (curved 
arrows), uncal veins (thin dotted arrows), and VOG (open arrows) on 
SWI at thicknesses of 17 mm (top left), 7 mm (top middle and right, 
bottom left) and 1.5 mm (bottom right). Note the lateral mesencephalic 

veins (wide arrows) and the interpeduncular veins (chevrons). The 
MCAs (thin arrows) are bright only on the thin images. These images 
demonstrate how the appearance of arterial structures can vary with TR, 
TE, and slice thickness

Fig. 40.70  In this 15-year-old, a 3 T SWI MRI at 21 mm thickness 
(left) shows asymmetric basal drainage, with a dominant left BVR 
(short arrows) and a dominant right deep MCV (dotted arrows). Note 
interpeduncular veins (chevrons), internal cerebral veins (ICVs, long 
arrows), IVVs (arrowheads), and a right uncal vein (thin dotted arrow). 

A magnified view with slightly greater angulation (middle) further 
demonstrates these findings. On thinner images (1  mm, right), the 
MCAs (thin arrows) are bright; they are darker on the thicker images 
because of volume averaging
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40.9	 �Basal Vein of Rosenthal and Deep 
Middle Cerebral Veins Asymmetry

The basal veins of Rosenthal (BVRs) arise bilaterally at the 
medial aspects of both temporal lobes, typically formed by the 
joining of the deep MCVs laterally from the deep portion of 
the insula, along with what are most commonly smaller ante-
rior cerebral veins [3–6, 21–30, 35–41]. The BVRs course 
posteromedially along the lateral surface of the cerebral 
peduncles in the perimesencephalic cisterns to eventually join 
the vein of Galen (VOG) in more than 90 %; occasionally the 
BVRs drain into a lateral mesencephalic vein or into a tento-
rial sinus. The internal cerebral veins (ICVs) also typically 

join the BVRs to form the VOG. Veins or plexi from the cav-
ernous sinus, sphenoparietal sinus, or the superficial MCVs 
may also contribute to or drain along with the BVRs. Note that 
the paired BVRs travel in close proximity to, and can be mis-
taken for, the posterior cerebral arteries (PCAs), particularly 
when imaging studies using intravenous contrast, such CTA, 
CTV, or contrast-enhanced MR angiography or venography 
(CEMRA or CEMRV) are inadvertently obtained in the 
venous phase, when both arteries and veins are opacified with 
contrast. If contrast is present in the intracranial arteries and 
veins simultaneously, asymmetric prominence or a unilateral 
plexus in the region of the BVR can simulate an aneurysm, 
AVM, or an AVF (Figs. 40.71, 40.72, 40.73, and 40.74).

Fig. 40.71  76-year-old with a normal CTA. On superior (left and mid-
dle) and right lateral (right) views, the BVRs (large arrows) can be 
distinguished from the PCAs (dotted arrows). The right BVR connects 

to the superficial MCV via a deep MCV (thin arrows) closely apposed 
to the MCA (plus sign). The BVRs join the ICVs (diamond-tip arrows) 
to form the VOG (asterisks)
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Fig. 40.72  79-year-old evaluated for carotid stenosis. Top row: On 
axial T2WI MRI (left and middle) and 8 mm-thick SWI (right), a bul-
bous flow void (arrows) simulated an aneurysm of the MCA or PCA. 
Bottom row: The structure also appeared suspicious on nonenhanced 
CT (left), but a 3D VR CTA PA view (right) showed it to be separate 

from both the PCA (dotted arrows) and MCA (diamond-tip arrow). 
Note a branch (thin arrow) that connects to the sphenoparietal sinus 
anteriorly. This likely represents a plexus at the junction of the deep 
MCV and the BVR (asterisks)
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Fig. 40.73  Top row: In a 36-year-old, nonenhanced CT (left) and 
2 mm thickness axial (middle images) and coronal (right) SWI showed 
an asymmetrically prominent vessel (arrows) within the left perimesen-
cephalic cistern, simulating an enlarged PCA from an AVM or AVF. 
Bottom row: A venous-phase catheter DSA AP view (left) via right ICA 

injection shows a normal right BVR (dotted arrows), and a venous-
phase left ICA injection (middle) reveals a prominent BVR plexus 
(arrow) that largely drains anteriorly into the MCVs (thin arrows), 
rather than into the VOG; a lateral view of the left ICA injection is also 
provided (right)
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Fig. 40.74  In this 26-year-old, a CTA with a 12 mm thickness axial 
MPR (left), a 3D VR superior view (middle), and a 3D VR left lateral 
view (right) depict an asymmetrically prominent left BVR (arrows) as 
compared with the right (dotted arrows). This finding simulates an 

abnormally enlarged PCA, which can be seen with an AVM or AVF. The 
BVR drains as expected into the VOG (asterisks), along with the ICVs 
(double diamond arrows). Note the normal straight sinus posteriorly 
(minus signs)
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40.10	 �Lateral Tentorial Sinus Prominence

The tentorial sinuses consist of both medial and lateral divi-
sions. The medial divisions that drain the surface of the cer-
ebellum travel superiorly, thereafter draining into the straight 
sinus, transverse sinus, and torcular. The lateral divisions 
drain the surface of the lateral base of the occipital-temporal 
lobes, and drain into the transverse-sigmoid junction. The 
veins that converge into the lateral tentorial sinus include the 
anterior, middle, and posterior temporal veins; the vein of 
Labbé; the occipitobasal veins; and the anterior, middle, and 
posterior temporobasal veins [22, 41–43].

It is important to be aware of the presence of the tentorial 
sinuses because the lateral tentorial sinus (LTS) in particular 
can appear quite prominent on MRI (particularly postcon-
trast T1WIs), and may simulate prominent arteries or veins 
that can be seen in AVFs or AVMs. The tentorial sinuses are 
best visualized on axial postcontrast images in the plane of 
the tentorium, and are usually not well seen on coronal or 

sagittal images. They may appear quite prominent on axial 
SWI as well, because of the dark, deoxygenated blood within 
the overlapping veins travelling horizontally in the axial 
plane. Three different appearances regarding the LTS have 
been typically identified [22, 41–43]:

•	 Type I, “candelabra” appearance
•	 Type II, independent draining veins
•	 Type III, “venous lake” appearance with a pooling or con-

fluence of draining veins that ultimately drains into the 
transverse-sigmoid junction

Multiplanar MRI postcontrast images (and sometimes 
T2WI or SWI) can identify normal LTSs and distinguish the 
subtypes. Thicker SWI “sliding MIPs” can demonstrate 
LTSs especially well, particularly with thicknesses of 
8–10 mm and 2–4 mm overlap (Figs. 40.75, 40.76, 40.77, 
40.78, 40.79, 40.80, 40.81, 40.82, 40.83, 40.84, 40.85, and 
40.86).

Fig. 40.75  71-year-old with 
bilateral type I (“candelabra”-
type) lateral tentorial sinuses 
(LTSs) (dotted circles) on 
contrast-enhanced CT (left), 
which are situated on top of the 
transverse sinuses. On 
postcontrast axial T1WIs (right), 
these sinuses could mimic 
enlarged draining veins of an 
AVM or an AVF. This appearance 
was unchanged 1 year later (not 
shown)

40.10  Lateral Tentorial Sinus Prominence



1176

Fig. 40.77  17-year-old with a right type I LTS (dotted circles) on an axial postcontrast T1WI (left), which was not as apparent as on sagittal T1WI 
(right). The left LTS appears to be type II, multiple independent draining veins

Fig. 40.76  48-year-old with a right type I LTS that  
exhibits a “candelabra” appearance (dotted circle)  
on postcontrast T1WI
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Fig. 40.78  5-year-old with a right type I LTS and a left type II 
LTS (dotted circles) on a postcontrast T1WI

Fig. 40.79  13-year-old with a type II (independent draining veins) 
LTS (dashed circles) on the right, and a type III (“venous lake”) LTS on 
the left, as seen on a T2WI (left) and on axial (middle) and coronal 
(right) postcontrast T1WIs. Note how the LTSs are best depicted on 

axial images. Also note an incidental T2-bright arachnoid granulation 
(tiny arrows) within the left transverse sinus–LTS junction, which 
appears as a filling defect on postcontrast T1WIs
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Fig. 40.80  63-year-old with flow voids of a right type III “venous 
lake” LTS (dashed circles) along the superior aspect of the transverse 
sinus, which could simulate prominent veins of a dural AVF or an AVM 
on an axial T2WI (left). Precontrast (middle) and postcontrast (right) 

T1WIs show an enhancement pattern typical of an LTS. The left LTS is 
less distinct, but is likely a type II. Also note a right cerebellar lung 
cancer metastasis (tiny arrow)

Fig. 40.81  54-year-old with a right type I and a left type I or type II 
LTS (dashed circles) on axial thin (<1 mm) CTA images (left), which 
on thicker (15–20  mm) MPR images (middle) appear prominent but 

well-discerned. Coronal (15–20 mm) thick MPR images (right) show 
that the coronal plane does not demonstrate the LTSs as well as the axial 
plane
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Fig. 40.82  In this 25-year-old, a noncontrast gradient echo T1WI (top 
left) depicts a right type I LTS, also discernible on T2WI (top right). 
The left LTS is type II and is not as well seen. A similar appearance is 

noted on 2 mm thickness SWI (bottom left); 8 mm-thick SWI (bottom 
right) exaggerates and better depicts the type II left LTS

Fig. 40.83  14-year-old with a 
right type II and left type I LTS 
(circles) on an axial T2WI (left). 
A 10 mm thickness SWI (right) 
better depicts the LTSs. It is 
important to note that such 
venous plexi may be exaggerated 
on thicker (>5 mm) images
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Fig. 40.84  46-year-old with a right type I LTS (circle) at the top of the 
transverse sinus on a CTA (left); the LTS simulated prominent veins, 
and an AVF/AVM was questioned. A 10 mm thickness SWI (left middle) 

and catheter DSA AP (right middle) and lateral (right) views all con-
firmed a normal LTS (Courtesy of Basar Sarikaya, MD, Minneapolis, 
MN)

Fig. 40.85  Comparison case of a dural AVF. 55-year-old with pulsa-
tile tinnitus. Suspicious MRI findings included loss of the right trans-
verse sinus flow void on T1WI (top left), as well as irregular margins of 
the  transverse-sigmoid junction on postcontrast T1WI (top middle), 

noncontrast 3DTOF MRA (bottom left), and CEMRV (bottom middle). 
Catheter DSA (right) showed arterial-phase venous filling, indicating a 
dural AVF (DAVF) (arrow) supplied by an enlarged occipital artery 
(asterisk)
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Fig. 40.86  Comparison case of a DAVF. 48-year-old with a right type 
I LTS and a left type II LTS (dotted circles) on T2WI (top left) and 
postcontrast T1WI (top middle). There is a prominent vein of Labbé 
(arrows). Source 3DTOF MRA (top right) and a 3D MIP AP view (bot-
tom left) shows abnormal bright signal at the transverse-sigmoid junc-
tion (dotted arrows) with parasitized adjacent scalp (occipital artery) 

feeders (thin arrows). A catheter DSA AP view (bottom middle) and 
lateral view (bottom right) confirm a DAVF from scalp (external 
carotid) and meningohypophyseal (asterisk, ICA) branches. This case 
illustrates why abnormal dural sinus signal and prominent vessels 
should be evaluated further
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40.11	 �Superficial Middle Cerebral Vein or 
Plexus Simulating Aneurysm or 
Arteriovenous Malformation

The superficial middle cerebral vein (SMCV) has a varied 
appearance, along a spectrum from totally absent to prom-
inent and focally appearing enlarged, or having a poorly 
defined venous plexus that ubiquitously surrounds or 
abuts the middle cerebral artery (MCA) [3–6, 21–30, 35–
46]. Two types are the most problematic: First, focal 
enlargement of the SMCV can exist in close proximity to 
the MCA and simulate an aneurysm on a poorly timed 
CTA or MRA after intravenous contrast administration. 
Similarly, a poorly defined SMCV or sylvian plexus could 
simulate an AVM or AVF.  This appearance can uncom-
monly lead to an invasive procedure such as catheter DSA, 
which readily disproves the existence of an aneurysm, 
AVM, or AVF.

The SMCV lies within the superficial aspect of the syl-
vian fissure (which is why some refer to it as the “sylvian 
vein”) and along the lateral surface of the cerebral hemi-
sphere (mostly the temporal lobe). When present, it typically 
has six possible drainage routes [3–6, 21–30, 35–46]:

•	 Sphenoparietal type, draining with the sphenoparietal 
sinus (SPS) along the lesser wing of the sphenoid into the 
anterior aspect of the cavernous sinus

•	 Cavernous type, directly into the anterolateral aspect of 
the cavernous sinus by itself

•	 Emissary type, inferiorly into the pterygoid plexus via the 
middle cranial fossa

•	 Basal type, along the lesser wing of the sphenoid into the 
superior petrosal or tentorial sinuses and ultimately into 
the transverse sinus

•	 Squamosal type, posteriorly to join the transverse sinus 
(via the lateral tentorial sinus)

•	 Basal vein type, becoming the basal vein of Rosenthal 
posteromedially

Note that the SMCV is just posterior to the SPS, where 
the SPS is directly along the inner surface of the sphenoids’ 
lesser wing. Superiorly, the SMCV often connects with the 
superior sagittal sinus via the anastomotic vein of Trolard, 
and with the transverse sinus via the posterior anastomotic 
vein of Labbé. The term “superficial” can be misleading, as it 
can travel into the sylvian fissure and closely appose the 
MCA (Figs. 40.87, 40.88, 40.89, 40.90, 40.91, and 40.92).

Fig. 40.87  Top row: 49-year-old with a prominent vascular structure 
(arrow, left) along the inferior aspect of the right MCA (dotted arrow, 
right) on nonenhanced CT, which raised the question of an MCA aneu-
rysm. Bottom row: MRI and MRA were ordered; T2WI (left) depicted a 
small flow void from the SMCV (arrow), being anterior to the MCA, 
with a tiny, normal sphenoparietal sinus (SPS) (thin arrow) just anterior 

to the SMCV. A noncontrast 3DTOF MRA superior view (right) showed 
only a prominent, fast-flowing SMCV plexus (arrow). Although this 
simulated an aneurysm, this plexus also could have been mistaken for an 
AVM or AVF on T2WI, but there was a lack of accompanying enlarged 
arteries
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Fig. 40.88  38-year-old with confusion. Top row: A focal bulbous ves-
sel (arrows) was noted in the vicinity of the right MCA on axial T2WI 
(left) and source CTA images (middle and right), raising the possibility 
of an aneurysm. Middle row: A 3D VR CTA PA view (left) showed that 
this was adjacent to an inferior division M1-2 branch (thin arrows), but 
at this point it was considered indeterminate whether the bulbous struc-
ture was arterial or venous in nature. Catheter 3DDSA images did not 

find an aneurysm in that location (dotted circle, right). Bottom row: The 
lack of abnormality was also confirmed on a catheter DSA AP view 
(dashed circle, left). However, in the venous phase, the SMCV appeared 
quite prominent as a venous plexus immediately adjacent to the right 
MCA (arrow, right). The likely reason that this SMCV venous plexus 
was visualized was that the CTA was partially contaminated by contrast 
in the venous phase
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Fig. 40.89  50-year-old with a small outpouching (arrows) on axial 
thin-section source CTA images (top left), which abuts the left MCA 
(dotted arrows) and simulates a tiny aneurysm, also seen on a coronal 
thin image (middle left). 3D VR CTA images confirm this structure to 
be separate from, and travelling just inferior to, the MCA on an LPO 

view (top right) and PA view (bottom right). A sagittal MPR (bottom 
left) shows that this structure is indeed a prominent SMCV, as it had a 
different density of contrast. The SMCV was visualized adjacent to the 
MCA and simulated aneurysm because the CTA was partially in the 
venous phase

Fig. 40.90  32-year-old with an SMCV (arrows) suspected to represent 
an aneurysm on coronal T2WI MRI (left). A CTA later showed that the 
SMCV wrapped around the right MCA (dotted arrows) on a PA view 
(middle), and on a sagittal MPR (right). Note the difference in contrast 

density between the SMCV and the MCA; the CTA was partly into the 
venous phase (Courtesy of Chip Truwit, MD, and Chris Palmer, MD, 
Hennepin County Medical Center, Minneapolis, MN)
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Fig. 40.91  51-year-old with a large outpouching (arrows) noted on a 
3D VR CTA superior view (top left); the outpouching either abuts or 
surrounds the left MCA (dashed arrows), simulating an aneurysm or 
AVM nidus. This confusing network of vessels was thought to be a 
combination of both MCA and SMCV on axial images (top right). A 

3D VR CTA PA-superior view (bottom left) showed the arteries and 
veins to be separate, a finding confirmed by thin axial images (bottom 
right), as the arteries and veins had differing contrast concentrations. 
Thus, the CTA was partially in the venous phase

Fig. 40.92  Comparison Case of Mycotic Aneurysm. 26-year-old with 
a tiny subarachnoid hemorrhage in the left sylvian fissure and an infarct 
on DWI MRI (not shown). A 3DTOF MRA AP view (left) found a small 
left MCA outpouching (arrow) of a distal M2 segment, suspicious for 

an aneurysm. A catheter DSA AP view (middle) and a 3DDSA lateral 
view (right) confirmed the aneurysm; the distal location was suspicious 
for a mycotic aneurysm. A central infectious source was later found to 
have predisposed the patient to developing a mycotic aneurysm
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40.12	 �Sphenoparietal Sinus Variants

The term “sphenoparietal sinus” (SPS) has been used with 
some ambiguity, traditionally referring to the venous plexus 
or sinus drainage lining the inner surface of the lesser sphe-
noid wing, and receiving drainage from veins along the 
meninges, the greater sphenoid wing, and the temporal bone. 
This name has caused confusion, as it was thought (and prop-
agated as such) that the SMCV ultimately terminated in the 
SPS under the lesser wing of the sphenoid or drained into the 
cavernous sinus directly; many authors have suggested that 
the SMCV and the SPS are one and the same or always com-
municate with each other [21–30, 35–48]. However, recent 
evidence suggests that the SPS is likely to be separate from 
the SMCV with separate drainage, and the term “SPS” should 
be reserved for the vein that drains along the inner aspect of 
the lesser wing of the sphenoid and that has three types of 
general appearances and drainage routes [21–30, 35–48]:

•	 Draining into the anterior portion of the cavernous sinus
•	 Draining inferiorly into the region of the foramen ovale or 

pterygoid plexus
•	 A tiny hypoplastic SPS draining into the cavernous sinus 

anteriorly

Occasionally, the SPS may also drain posteriorly into (or 
connect with) the vein of Labbé (VOL).

The SPS can appear quite prominent in a fashion simi-
lar to the SMCV. This appearance can be problematic if it 
resembles a focal hyperdensity on an emergent nonen-
hanced CT, thus simulating a focal parenchymal hemor-
rhage, if lobular; a subdural hemorrhage (SDH), if 
appearing as a linear or crescentic hyperdensity; a vascular 
hyperdensity simulating aneurysm (if bulbous) or an AVM 
or AVF if linear; or as a plexus/network when poorly 
defined. Being familiar with the normal and wide variation 
in anatomy can delineate this appearance, but care is 
required because a dilated SPS or SMCV can occur in an 
AVM or AVF, though it typically occurs with enlarged 
arterial vessels and early (arterial phase) filling of dilated 
veins, which can be confirmed by catheter DSA if neces-
sary. On postcontrast images, the SPS can also imitate 
abnormal dural thickening such as from meningeal tumor 
or meningeal inflammation (Figs.  40.93, 40.94, 40.95, 
40.96, 40.97, and 40.98).

Fig. 40.93  59-year-old with a focal bulbous flow void (arrows) on 
T2WI (left and middle) anterior to the left MCA (tiny arrows denote the 
MCAs), which could mimic prominent vessels of an AVM, AVF, or 

aneurysm. Postcontrast T1WI (right) confirmed venous enhancement 
that was typical of an SPS, also present, but not bulbous, on the right 
side
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Fig. 40.94  84-year-old with bilateral flow voids from SPSs (large 
arrows) on T2WI (top left) and 10 mm thickness SWI (top right), with 
the MCAs (thin arrows) located posteriorly. On nonenhanced CT (bot-
tom left), the left SPS is hyperdense from beam hardening artifact 

(which could simulate a subdural hemorrhage), but is patent on axial 
MPRs from a CTA (bottom middle, bottom right). The dotted arrows 
indicate a right SMCV plexus surrounding the right MCA
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Fig. 40.95  Top row: 19-year-old with a focal hyperdensity (arrows) 
from an SPS that mimics an aneurysm on nonenhanced CT (left); it 
drains inferiorly on a CTA in axial (middle) and coronal (right) MPRs. 
Bottom row: A 3D VR superior view (left) delineates the SPS (arrows) 

and the ICA/MCAs (thin arrows). An oblique view (right) depicts the 
right SPS (yellow arrow) as it passes through a venous plexus (dotted 
circle) that spans the foramen ovale and pterygoid plexus
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Fig. 40.96  45-year-old after trauma. Top row: Nonenhanced CT (top 
left) demonstrated a crescentic density (arrows) anterior to the left tem-
poral lobe, which was questioned by a radiology resident physician to 
be a subdural hematoma (SDH), but later confirmed to be an SPS on a 
CTA reconstructed with axial (top middle) and sagittal (top right) 

MPRs. Middle row: A 3D VR PA view delineated the left SPS (arrows) 
and MCA (thin arrows), along with a smaller contralateral SPS (dotted 
arrows). Bottom row: Bilateral oblique views showed both SPSs con-
necting to the veins of Labbé (VOLs) (white asterisks). This case dem-
onstrates how unilateral SPS prominence can simulate a SDH
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Fig. 40.97  94-year-old with a small right SPS (large arrows) depicted 
by a flow void on an axial T2WI MRI (left), an SWI MRI (middle), and 
on a 3D VR CTA superior view (right); the two adjacent veins along the 

inner aspect of the lesser wing of the sphenoid combine to form the 
SPS. The right MCA (thin arrows) is also shown

Fig. 40.98  Comparison Case of 
an MCA Aneurysm. 64-year-old 
post-trauma, with bilateral 
crescentic-appearing SPSs (top 
right, large arrows), simulating 
SDHs. A partially calcified lesion 
is situated just posterior to the 
right SPS (dotted arrows), 
confirming an MCA aneurysm. 
On T2WI (top right) and SWI 
(bottom left), the flow voids 
confirm an aneurysm, also shown 
on postcontrast T1WI (bottom 
right). Thin arrows denote the 
MCA’s M1 segments
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40.13	 �Prominence of the Superficial 
Anastomotic Veins of Trolard or 
Labbé

To understand the superficial anastomotic veins, it may be 
best to discuss the drainage of the superficial middle cerebral 
vein (SMCV).  As previously discussed, the SMCV may 
drain into or separately from the sphenoparietal sinus (SPS). 
The SMCV lies within the superficial aspect of the sylvian 
fissure (which explains why it is also called the sylvian vein), 
coursing over the surface of the lateral aspect of each tempo-
ral lobe. It may connect with the dural sinuses, typically via 
two anastomotic veins: Superiorly, the great anastomotic 
vein of Trolard (VOT) can connect the SMCV to the superior 
sagittal sinus (SSS); inferiorly, the posterior anastomotic 
vein of Labbé (VOL) can connect the SMCV to the trans-
verse sinus [22, 36–48]. The VOL may also connect to the 
SPS in addition to the SMCV. Though the drainage of the 
VOL is somewhat variable, it drains through the lateral ten-
torial sinus (LTS) into the transverse sinus in more than 80 % 

of the population; it drains less often into petrosal sinuses 
[22, 36–48].

The VOT is typically located somewhere between the pre-
central (frontal lobe) and postcentral (parietal lobe) sulci, 
although occasionally it may occur further anteriorly or pos-
teriorly. If the VOT is not clearly present, there are usually 
several prominent cortical veins that may serve as substitutes 
by draining into the SSS. The VOL and the SMCV are more 
commonly the dominant superficial veins (each being domi-
nant on that side in about 30–40 % of the population), rela-
tive to the VOT (10 %); co-dominance of all three veins 
occurs in about 10–20 %. Recent literature based on imaging 
suggests that the VOL may be seen in up to 90 % of the popu-
lation on routine imaging, whereas the VOT is clearly visual-
ized in about one third [22, 36–48]. A prominent VOL is 
usually normal, but it can also be seen in AVMs or AVFs. In 
this regard, it is important to note that AVMs or AVFs will 
usually have associated prominent arterial supply 
(Figs.  40.99, 40.100, 40.101, 40.102, 40.103, 40.104, and 
40.105).

Fig. 40.99  41-year-old with a dominant/prominent left VOL (arrows) 
that connects to the left transverse sinus (asterisk) on axial (left) CTV 
images and on 3D “see through” left lateral MIP (middle) and “inner” 

(right) views. The vein of Trolard (VOT) (dashed arrows) is also 
depicted, but appears much smaller, as it is not the dominant superficial 
draining vein
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Fig. 40.100  41-year-old with bilaterally prominent VOLs (arrows) 
that drain through the LTSs (dashed circles) into the transverse sinuses 
(asterisks) on axial SWI images (left), on a 15 mm thick MPR CEMRA 

superior view (middle) and on an MIP 3D superior view (right). In this 
patient, both VOLs also connect anteriorly to the SPSs (thin arrows)
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Fig. 40.101  35-year-old with headaches. Top row: There is a mildly 
prominent right VOL (large arrows) on CTV axial (top left) and coronal 
(top middle) MPRs, with a slightly prominent left VOL as well (thin 
arrows); note the VOT (dotted arrows). The right VOL connects to the 
right transverse sinus on 3D “see through” superior view images with 
the bones removed (top right). Middle row: 3D “see through” images 

including PA oblique (left), PA (middle), and superior (right) views 
demonstrate the mildly prominent right VOL. Bottom row: A right lat-
eral view (left) and a surface-rendered lateral view (right) demonstrate 
that the right VOT (dotted arrows) is also prominent. Thus, the right 
VOL and VOT are considered to be “co-dominant”
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Fig. 40.102  In this 55-year-old, a CTV was obtained to rule out 
thrombosis (negative study). Top row: CTV depicts a dominant right 
VOL (arrows) on axial (left two images) and coronal (right) MPRs, 
with a mildly prominent left VOL (thin arrows). Middle row: 3D VR 
RPO (left) and LPO (right) images are shown with the bones removed. 

The right VOL runs from a plexus in the expected location of the SMCV 
(dotted circles), connecting to the right transverse sinus (asterisks). 
Bottom row: “Inner” views of the right (left) and left (right) sides with 
most arteries removed confirm that the left VOL (thin arrows) is also 
dominant, and depict its course towards the transverse sinus
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Fig. 40.103  45-year-old with pain (negative study). Top row: A promi-
nent right VOL (arrow) is seen on coronal postcontrast T1WI MRI 
(left). CTV 7 mm thickness axial (middle) and coronal (right) MPRs 
demonstrate that the right VOL courses through the LTS (bilaterally 
outlined by dotted circles) to connect to the transverse sinus (asterisk). 
There is a tiny left VOL (thin arrow), with a larger, dominant VOT (dot-
ted arrows). Middle row: 3D “see through” images in PA-superior 

(left), RPO (middle), and right lateral (right) views show the course of 
the right VOL. Bottom row: The right VOL is also seen on an “inner 
view” of the right calvarium, with (left) and without (right) the arteries 
removed. Note: On the right side, the VOL is the dominant superficial 
drainage, whereas on the left side, the VOT (dotted arrows) is 
dominant
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Fig. 40.104  In this 58-year-old, a venous phase CTA was negative. Top 
row: A prominent, dense vein in the left precentral sulcus (arrows) on 
nonenhanced CT (left) was shown to be a dominant left VOT on CTV 
with axial (middle) and coronal 20 mm thick (right) images. Middle row: 
3D VR CTV “see through” superior (left) and left lateral (middle) views 

and postcontrast T1WI (right) confirm left VOT enlargement, which 
could be mistaken for an enlarged artery from an AVM. Note a tiny left 
VOL (dotted arrows). Bottom row: Catheter DSA AP views confirm the 
connection of the left VOT (arrows) to the superior sagittal sinus (SSS) 
(asterisks). Note a small right VOT (thin arrows)
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Fig. 40.105  67-year-old with memory loss. Top row: A prominent vas-
cular structure (arrows) was initially noted within the left superior fron-
tal sulcus on a nonenhanced CT (left). A CTV with axial images (middle 
and right) confirmed this to be an early bifurcation of a dominant VOT, 
where an enlarged cortical vein (arrows) arose early from the VOT 
(arrowheads). Middle row: On a CTV, a sagittal MPR (left) and an LPO 

3D CTV “see through” image (right) delineate the two veins that join to 
form the left VOT, which drains into the SSS (asterisk). Bottom row: 
Left lateral (left), and right lateral (right) views confirm a small left 
VOL (dotted arrows); the left VOL and VOT do not connect to the tiny 
left SMCV (dotted circle, top row). On the contralateral side, note a less 
prominent (but dominant) right VOT (thin arrow)
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40.14	 �Occipital Sinus

The occipital sinus (OS) can be visualized on MRI to vary-
ing degrees in roughly 10–35 % of the population [47–57]. 
Typically, the OS has regressed in most patients by birth, 
although it can be seen in a majority of cadavers. The OS 
typically travels directly inferiorly from the torcular hero-
phili (i.e., the confluence of the sinuses, simply called the 
“torcular”), where the torcular essentially represents the 
confluence of the straight and superior sagittal sinuses and 
is the point at which both transverse sinuses typically arise. 
In patients with an OS, the OS typically drains into one or 
both internal jugular veins (IJVs) as the vein(s) exit the 

skull base, although drainage into the lower sigmoid sinus 
can also be seen; thus, the site of drainage likely varies with 
the degree of transverse or sigmoid sinus hypoplasia. 
Preliminary studies suggest that bilateral versus unilateral 
drainage of OSs may occur with equal frequency, or the 
bilateral drainage variant may be slightly more common. 
There is no known association with congenital abnormali-
ties. Some have found OSs to be less common in older chil-
dren, teenagers, and adults, leading to the theory that it 
regresses with physiologic changes related to increasing 
age, such as upright walking, erect posture, or possibly 
skull changes (Figs.  40.106, 40.107, 40.108, 40.109, 
40.110, and 40.111).

Fig. 40.106  Top row: In this 1-day-old neonate, a CTV shows an 
occipital sinus (OS) (arrows) that drains bilaterally into the internal 
jugular veins (IJVs) on axial (left two images) and sagittal (right) MPRs. 

Bottom row: The OS is best delineated on a 3D VR “see-through” PA 
view (left) and left lateral view (right). Note normal fenestrae/“clefts” 
(minus signs) within the transverse sinuses bilaterally (thin arrows)
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Fig. 40.107  50-year-old with a unilateral left OS (large arrows), visu-
alized on sagittal postcontrast 3D T1WI (left). The OS drains mostly 
into the left sigmoid–IJV junction, as noted on an axial T1WI (middle), 

and on an MIP PA view (right), both reconstructed from a 3D T1WI 
dataset. Both the transverse and sigmoid sinuses (thin arrows) appear 
small

Fig. 40.108  65-year-old with a unilateral right OS on a sagittal postcontrast T1WI (arrow, left) that unilaterally drains to the right side, as seen 
on an axial postcontrast T1WI (arrow, right)
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Fig. 40.109  58-year-old with bilateral OSs (large arrows) on coronal 
postcontrast T1WI.  Note that there are relatively small transverse 
sinuses as well (thin arrows)

Fig. 40.110  33-year-old with a tiny OS (arrow) on a coronal postcon-
trast T1WI

Fig. 40.111  58-year-old with a 
unilateral, prominent OS (large 
arrows) on a coronal postcontrast 
T1WI (left) and on a CTV 
“inner” superior view (right). 
Note similar-sized transverse 
sinuses bilaterally (thin arrows)
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40.15	 �Transverse-Sigmoid Sinus Hypoplasia 
and Normal Asymmetry in Size

The transverse sinuses range from being equal in size on 
both sides (in approximately 30–40 % of the population), to 
dominance on one side (about 30–50 %), to frank hypoplasia 
on one side (percentage varies, but is estimated to be 
20–30 %); the sinus may even be almost completely absent 
on one side (<10 %) [46–64]. These numbers vary with age, 
as some evidence suggests that in children there is more 
equality in size and codominance of the transverse sinuses, 
whereas in adults there is increasing asymmetry, with the 
right transverse sinus more commonly being the dominant 
side (estimated to be in about 40–50 %), with the left domi-
nant in about 15–25 %. Physiologic changes with breathing 
and the cardiac cycle may also affect the apparent size and 
signal (on MRI) of the transverse sinuses. Note that one 
should evaluate for internal jugular vein (IJV) asymmetry if 
transverse sinus aplasia is suspected, because those entities 
often occur in conjunction. In particular, if thrombus is sus-
pected and the transverse sinus appears small, it is recom-
mended to evaluate for asymmetry in the cervical segment of 
the upper IJV, as well as to evaluate for clot in the IJV at the 
skull base and upper neck, if such images of the cervical 
region are available.

Both MRV and CTV typically distinguish cases of hypopla-
sia or absence quite readily. Difficulties in interpretation can 
arise in several scenarios. In this author’s experience, three 
problematic situations are the most common: (1) distinguish-
ing mild, focal normal narrowing (sometimes accompanied by 
a normal arachnoid granulation) from a true stenosis or throm-
bus; (2) distinguishing chronic narrowing or stenosis (from 
prior thrombosis with resultant collateral drainage) from nor-
mal hypoplasia or aplasia; and (3) distinguishing true occlusion 
from artifactual nonpatency of a dural sinus that shows no flow 
on a noncontrast 2DTOF MRV or a phase contrast (PC) 
MRV. This lack of flow occurs on 2DTOF MRV either because 
of slow flow or directionality; on PC MRV, artifactual nonvisu-
alization may result from either very slow or very fast flow, if 
the appropriate encoding velocity (“Venc”) is not selected. 
Hence, it is recommended to perform both noncontrast MRV 
(which is more sensitive in demonstrating narrowing) and post-
contrast MRV (which is more specific and thus eliminates false 
positive cases) in questionable cases. It is not recommended to 
perform solely postcontrast MRV because a T1-bright hemor-
rhage or clot from subacute thrombus may occasionally be 
obscured by gadolinium contrast. Also, subtraction images 
(precontrast from postcontrast MRV) may be helpful, if there is 
not substantial patient motion (Figs. 40.112, 40.113, 40.114, 
40.115, 40.116, 40.117, 40.118, 40.119, and 40.120).

Fig. 40.112  41-year-old with a prominent right jugular bulb (diamond 
arrows) that drains from dominant right transverse-sigmoid sinuses 
(thin arrows) on axial source CTV images (left), with a tiny left jugular 

bulb (dotted arrows). On 3D CEMRV superior (middle) and PA (right) 
views, the hypoplastic left transverse and sigmoid sinuses (large 
arrows) are better depicted

40.15  Transverse-Sigmoid Sinus Hypoplasia and Normal Asymmetry in Size
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Fig. 40.113  Top row: In this 30-year-old, a 2DTOF MRV PA view 
(left) shows a small right transverse sinus (large arrows) relative to the 
left side (thin arrows). This mimics thrombus or high-grade stenosis. 
However, CEMRV PA (middle) and superior (right) views confirm the 

right transverse sinus to be hypoplastic. Bottom row: These findings are 
also visualized on postcontrast T1WI (left and middle) and on T2WI 
(right). Note incidental arachnoid granulations (dotted arrows)

Fig. 40.114  In this 26-year-old, serial, coronal postcontrast T1WIs 
demonstrate incidental, small left transverse-sigmoid sinuses (large 
arrows) relative to the contralateral right side (thin arrows). The left 

IJV (not shown) was also small; the right IJV was dominant. This 
patient did not have symptoms related to the dural sinuses
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Fig. 40.115  In this 10-year-old, a 2D TOF MRV shows a left trans-
verse sinus (large arrows) that appears narrowed on PA (top left) and 
LPO (top middle) views, as well as on postcontrast T1WI (top right). 
The right side (thin arrows) is dominant. CEMRV PA (bottom left), 
LPO (bottom middle), and superior (bottom right) views depict focal 

left transverse sinus hypoplasia (asterisks), where an accessory deep 
vein (dotted arrows) travels between the straight sinus and the distal left 
transverse sinus. The presence of this accessory vein may account for 
the transverse sinus hypoplasia

Fig. 40.116  In this 23-year-old, serial coronal postcontrast T1WIs 
(from posterior to anterior) demonstrate left transverse and sigmoid 
sinuses (large arrows) that are small compared with the contralateral 

sinuses (thin arrows). Note how the left IJV (dotted arrow, right) is 
quite small and could be considered hypoplastic, whereas the right IJV 
(asterisk) is dominant
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Fig. 40.117  In a 17-year-old, a noncontrast 2DTOF MRV LPO 
view shows hypoplastic left transverse-sigmoid sinuses (large 
arrows), with right-sided dominance (thin arrows)

Fig. 40.118  48-year-old with 
left transverse sinus aplasia 
(large arrows) on catheter DSA 
AP views from right (left) and 
left (right) ICA runs. Distally, the 
left sigmoid sinus (dotted arrow) 
fills via the VOL, VOT, and the 
SPS. Note the right transverse 
sinus dominance (thin arrows)
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Fig. 40.119  In this 41-year-old, superior views from a 2DTOF MRV 
(left) and a CEMRV (middle) did not demonstrate the right transverse 
sinus (large arrows) to be patent, as compared with the left (thin 

arrows). However, it was found patent the next day on a 3D VR CTV 
superior view (right). The initial findings were likely artifact from slow 
flow within a small sinus

Fig. 40.120  Comparison case of dural sinus thrombosis. In this 
18-year-old, a CEMRV MIP PA view (left) was initially called negative 
for thrombosis, with a “hypoplastic” left transverse sinus (thin arrows). 
However, on a CTV with 3D MIP “see through bone” images in a PA 
view (middle), as well as sagittal (top right) and coronal (bottom right) 

views, a luminal filling defect (arrows) was noted within the left trans-
verse sinus, along with a normal split in the torcular (asterisk, middle), 
representing non-occlusive dural sinus clot. Note how MIPs from an 
MRA or MRV may miss intraluminal defects

40.15  Transverse-Sigmoid Sinus Hypoplasia and Normal Asymmetry in Size
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40.16	 �Falcine Plexus

Rarely, a venous plexus is situated within the connective tis-
sue of the falx and is visible on pathologic sectioning; it is 
generally located along the proximal portion of the inferior 
sagittal sinus [65–67]. This plexus may simulate prominent 
vasculature, such as seen with an AVM or AVF. This plexus 
within the falx has been termed a “falcine venous plexus,” as 
it lies immediately adjacent to the falx cerebri anywhere 
along its extent. If it is located posteriorly, it is typically 
larger and denser than when located anteriorly. Tubbs et al. 
[65] report that this plexus communicated with the inferior 
sagittal sinus in all 27 of their cases, while it communicated 
with the superior sagittal sinus in only 17 of 27 (63 %); 

another study found that while the falcine plexus can com-
municate with either the superior or inferior sagittal sinus, 
the plexus should not communicate with both sinuses [66]. It 
is hypothesized that the falcine plexus arises from the embry-
onic sagittal plexus, and it has been anecdotally reported that 
venous hemorrhage has been noted in such a location. This 
appearance may be perplexing initially if it is prominent on 
nonenhanced CT or on an improperly timed CTA or CTV, 
but a catheter DSA readily excludes an AVM or AVF. Note 
that the falcine plexus is a distinct entity from the persistent 
falcine sinus, discussed in the following Sect. 40.17, although 
one theory has suggested that persistence of the vestigial fal-
cine sinus may be manifest as the falcine plexus later in life 
[65–67] (Figs. 40.121 and 40.122).
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Fig. 40.121  This 50-year-old underwent a CTA for headaches. Top 
row: Axial, coronal, and sagittal MPRs demonstrated an atypical clump 
of vessels in the cingulate sulcus surrounding the callosomarginal 
artery (arrows), without edema or hemorrhage. Hence, while a normal 
variant venous plexus was suspected, a small AVM was also a consider-

ation. Middle row: 3D VR CTA left lateral views (left and middle) did 
not find any dilated artery or AVM nidus; a 3DTOF MRA lateral view 
(right) was also normal. Bottom row: Catheter DSA did not demon-
strate any abnormality on oblique views in the arterial phase (left). The 
falcine plexus filled later, in the venous phase (middle and right)
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Fig. 40.122  This 50-year-old underwent a CTA for headaches. Top 
row: Axial source images from the CTA at thicknesses of 0.75  mm 
(left), 2 mm (middle), and 8 mm (right) demonstrated a 2.0-mm focus 
of contrast (arrows) that simulated an outpouching versus being a 
clump of vessels situated within the pericallosal sulcus and surrounding 
the pericallosal artery (thin arrows). Thus, an aneurysm or AVM (ver-
sus a normal falcine plexus) was an initial consideration based solely on 
axial images. Middle row: Coronal MPRs at thicknesses of 2 mm (left), 
5 mm (middle), and 10 mm (right) did not depict an AVM nidus. The 

“outpouching” was found to be in communication with venous, rather 
than arterial, structures. Also, the “outpouching” had a greater density 
of contrast than surrounding arterial structures, suggesting it was not 
arterial, but rather venous, as the CTA was mostly within the venous 
phase. Bottom row: The structure in question was shown to communi-
cate with the inferior sagittal sinus (dotted arrows) on a sagittal 3 mm 
thickness MPR (left), and on a 3D VR left lateral view (right), confirm-
ing that this was a normal falcine plexus. Note the straight sinus 
(asterisks)
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40.17	 �Persistent Falcine Sinus

The falcine sinus represents the embryonic caudal, anasto-
motic loop of the sagittal plexus (the superior sagittal sinus 
[SSS] and the straight sinus develop from the sagittal 
plexus); it is normally located within the falx [67–73]. It is 
termed a “persistent falcine sinus” when it does not invo-
lute after birth, and the remaining sinus communicates 
directly between the vein of Galen (VOG) and the posterior 
portion of the SSS. In most cases, some degree of a straight 
sinus (StS) is also present, but the StS may be rudimentary 
or hypoplastic. Persistence of the falcine sinus has tradi-
tionally been reported in the literature as associated with 
congenital vascular disorders (such as VOG malforma-
tions). Other reports have described a persistent falcine 

sinus in association with congenital nonvascular cerebral or 
skull malformations, such as callosal dysgenesis, cranio-
synostoses, abnormal tentorium, or giant parietal foram-
ina. More recently, Ryu [67] (and others in case reports) 
have described likely incidental persistence in about 2 % of 
adult patients, and other recent studies have found that it is 
not uncommon in children as well [67–73]. Hence, a persis-
tent falcine sinus is perhaps a normal variation that is prob-
ably more common in the general population than 
previously thought, with most not associated with a con-
genital brain or vascular anomaly. When a falcine sinus is 
encountered, however, one should search diligently for 
those cerebral parenchymal or vascular abnormalities that 
have been described to occur in conjunction with it 
(Figs. 40.123, 40.124, 40.125, 40.126, and 40.127).

Fig. 40.123  6-month-old with seizures, with an incidental 
persistent falcine sinus (large arrows) on sagittal T1WI. Note the 
superior sagittal sinus (SSS) (thin arrows), straight sinus (StS) 
(dotted arrows), and vein of Galen (VOG) (asterisk) (Courtesy of 
Chang-Woo Ryu, MD, Kyunghee University, Seoul, South Korea)
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Fig. 40.125  9-month-old with 
an incidental persistent falcine 
sinus (large arrows), which was 
depicted on postcontrast sagittal 
T1WI (left) and on sagittal T2WI 
(right). Note the SSS (thin 
arrows), StS (dotted arrows), and 
VOG (asterisk)

Fig. 40.124  11-day-old with a persistent falcine sinus (arrows) 
and a small meningocele (plus signs) on a sagittal CEMRA (top) 
and on a T2WI (bottom). Note the VOG (asterisks)

40  Variations in the Intracranial Venous System



1211

Fig. 40.126  A 2-week-old boy with mandibulofacial dysostosis 
(Treacher-Collins syndrome) had no cerebral anomalies, but did have 
an incidental persistent falcine sinus (large arrows), as depicted on sag-
ittal (top left), coronal (top right), and axial (bottom left) SWI. Note the 

SSS (thin arrows), StS (dotted arrows), and the VOG (asterisk). Also, 
note that patent dural sinuses are better visualized on SWI than on ultra-
fast axial (bottom middle) and coronal (bottom right) T2WI

40.17  Persistent Falcine Sinus
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Fig. 40.127  40-year-old with a 
ruptured aneurysm and 
hemorrhage on nonenhanced CT 
(not shown). A CTA with sagittal 
MPR (left) and a venous-phase 
catheter DSA lateral view (right) 
depict a persistent falcine sinus 
(arrows) between the SSS and 
the VOG (asterisks), with a 
rudimentary StS (dotted arrows) 
(Courtesy of Chang-Woo Ryu, 
MD, Kyunghee University, 
Seoul, South Korea)
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40.18	 �Superior Sagittal Sinus and Torcular 
Variants

There are a number of variations of the superior sagittal sinus 
(SSS), but there should nearly always be a midline sinus 
within the attached falx that typically extends posteriorly 
from the foramen cecum (at the anterior extent of the SSS) to 
the torcular (i.e., the confluence of the sinuses). The foramen 
cecum and its normal variations are described further in the 
Skull section of this book. To adhere to proper anatomic 
description, the anterior/proximal third of the SSS is also 
referred to within this chapter as “rostral,” the middle third as 
the “midportion,” and the posterior/distal third (just before 
the torcular) as “dorsal” [46–64]. Please note that the torcu-
lar herophili (“torcular” for short, also known as the “conflu-
ence of the sinuses”) is included along with the SSS in this 
chapter, as many of the normal variations of the distal, dorsal 
SSS also involve the torcular. This discussion of normal vari-
ation of the SSS or the torcular is subdivided into anterior 
(rostral) variants, midportion (central) variants, and poste-
rior (dorsal) variants.

Regarding the rostral variants, a common variation ante-
riorly of the rostral SSS is incomplete visualization of the 
SSS because of SSS atresia or hypoplasia, or because a tiny 
sinus is located far anteriorly on CT or MRI and is not visu-
alized owing to its small size [46–64]. In such instances, 
prominent cortical (frontal) veins may serve as accessory 
venous channels of drainage. Such aplasia or hypoplasia of 
the rostral SSS may lead to bilaterally prominent cortical 
veins (an apparent “bifurcation” or joining of the SSS), uni-
laterally prominent cortical veins, or even a “triplicate” 
appearance—three veins joining anteriorly to form the SSS 
at the midportion. These rostral variants do not likely repre-
sent true duplications, as they are typically not associated 
with fenestrations (a window between a bifurcation of the 
vessel and subsequent rejoining), and because the atretic 
portion is typically accompanied by enlarged cortical veins 
located laterally. Other rostral variants are relatively uncom-
mon and poorly documented; to this author’s knowledge, 

most variations that occur anteriorly are related to varying 
degrees of prominent cortical veins that parallel a relatively 
small or hypoplastic rostral segment of the SSS (and may 
even simulate the SSS itself) (Figs. 40.128, 40.129, 40.130, 
and 40.131).

At the midportion of the SSS, variants include true fenes-
trations/duplications, prominent cortical veins (or anasto-
motic veins) that parallel the SSS, or “splits” of the SSS 
[46–64]. Such splits in the sinus can drain laterally into the 
transverse or sigmoid sinus directly, thus bypassing the tor-
cular confluence. This phenomenon can be unilateral or 
bilateral. Occasionally, there can be drainage through the tor-
cular inferiorly into the uncommon occipital sinus.

Another variant of the SSS is a “bulbous” or “patulous” 
appearance. This variant can occur within any segment of the 
SSS, but it typically occurs centrally, within the midportion. 
This variant simulates an enlarged dural sinus, such as occurs 
with chronic thrombosis or recanalization. However, recana-
lized thrombosis typically has enlarged, adjacent venous col-
laterals (Figs. 40.132, 40.133, 40.134, and 40.135).

Regarding the most posterior (dorsal) segment of the 
sinus, the torcular herophili (“torcular”) is considered to be 
the somewhat dilated continuation of the SSS that has a vari-
able appearance [46–64]. Through the torcular, there is typi-
cally a small transvenous channel present that travels 
transversely through the bottom of the torcular to communi-
cate with the opposite side. However, there are varying 
degrees of aplasia or hypoplasia that may occur in the gen-
eral location of the torcular confluence, as the SSS can split 
and completely favor one transverse sinus (TS), while the 
opposite TS is hypoplastic or fills predominately via the 
straight sinus (StS). Recent works have demonstrated that 
the SSS favors the right TS more commonly then the left, 
particularly if draining exclusively to one side [46–64]. Such 
splitting in the SSS or torcular can simulate a filling defect 
from dural sinus thrombosis (Figs. 40.136, 40.137, 40.138, 
40.139, 40.140, 40.141, 40.142, 40.143, 40.144, 40.145, 
40.146, 40.147, 40.148, 40.149, 40.150, and 40.151).
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Fig. 40.129  Rostral SSS hypoplasia (moderate). Top row: a 61-year-
old with an MIP 2DTOF MRV left lateral view (left) and CEMRV lateral 
view (middle) and superior view (right), which do not show the rostral 
SSS (arrows). Bottom row: A DSA lateral view (left) and a 3D postcon-

trast sagittal T1WI MPR (right) showed this region to be patent, albeit 
tiny. A prominent left cortical vein (dotted arrows) parallels the SSS. The 
SSS signal loss on the 2DTOF MRV was likely exacerbated by “in-plane 
saturation.” Also note a hypoplastic left transverse sinus (thin arrow)

Fig. 40.128  Rostral SSS hypoplasia (mild). An 18-year-old with a 
CEMRV and 3D reconstructions in right lateral (left) and superior (mid-
dle) views. The rostral SSS (arrows) is mildly reduced in caliber, with 

compensatory enlargement of a right frontal cortical vein (dotted 
arrows). An axial postcontrast T1WI (right) confirms this prominent 
cortical vein
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Fig. 40.130  Rostral SSS hypoplasia (moderate). A 38-year-old with a 
prominent left cortical vein (dotted arrows) that parallels the SSS 
(arrows) on CEMRV with superior (top left), left lateral (top right), and 
PA (bottom left) views. The vein appears to be similar in size to the 

SSS. Axial T2WI (bottom middle) and coronal T2* images (bottom 
right) depict the parallel veins and confirm the SSS to be at midline 
with the cortical vein situated to the left of midline

Fig. 40.131  Rostral SSS atresia (severe). A 29-year-old had prominent 
bilateral cortical (frontal) veins (dotted arrows) that parallel an absent 
SSS at the midline on a CEMRV lateral view (left), superior views 
(middle two images), and on a coronal T2WI (right). There is aplasia of 

the rostral one third of the SSS, which is substituted for by the bilateral 
normal variant cortical veins. Posteriorly, both accessory cortical veins 
join to form a more typical-appearing SSS (arrows)
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Fig. 40.132  Central SSS “bulbous” enlargement. Top row: A 15-year-
old had a bulbous-appearing SSS (asterisks) on postcontrast T1WI 
(left) and on 2DTOF MRV left lateral (middle) and PA (right) views. 
Bottom row: The patient also underwent a CEMRV with source sagittal 

(left) and 3D left lateral (middle) images, as well as a PA view (right), 
which also depict the bulbous-appearing SSS. This SSS appears less 
bulbous on the CEMRV PA view and on the noncontrast 2DTOF MRV

Fig. 40.133  Central SSS “bulbous” enlargement. A 30-year-old had 
CEMRV PA (left) and lateral (right) views of a bulbous SSS (asterisks), 
which has an “undulating” appearance, particularly on the lateral view. 

The prominent, undulating appearance could be mistaken for a sequela 
of thrombosis, as dilatation may occur following chronic dural sinus 
thrombosis
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Fig. 40.134  Central SSS fenestration. A 76-year-old had a “split” or fenestration (arrows) in the SSS near the vertex, which was demonstrated on 
a CTV with superior (left), PA (left middle), and inner (viewed from inferiorly, right middle) views. It was also confirmed by a coronal MPR (right)

Fig. 40.135  Central SSS “split.” Top row: A 45-year-old had a SSS 
“split” (arrows) extending down into the torcular on axial (left) and 
coronal (middle and right) MPRs from a CTV. The split mimics a filling 
defect from thrombus. Bottom row: On a 3D VR PA view (left, bone 

removed) and on an AP inner view (right), the SSS drainage favors the 
right transverse sinus (TS) (asterisk), whereas the SSS favors the left 
TS (minus signs). A thin communication (thin arrows) travels between 
the right and left TSs along the floor of the torcular
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Fig. 40.136  Dorsal SSS “split.” In this 9-month-old, PA views using 
2DTOF MRA (left) and CEMRV (middle and right) demonstrate a split 
SSS (arrows) just above the torcular, which favors the right TS (aster-

isks). The left TS (minus signs) is rather small. In such a case, the split 
within the torcular could simulate a thrombus on axial reconstructions

Fig. 40.137  Dorsal SSS “split.” 
A 65-year-old underwent a 
catheter DSA. In the venous 
phase, on AP (left) and lateral 
(right) views, a split SSS 
(arrows) is demonstrated just 
above the level of the torcular, 
favoring the right TS (asterisks). 
The left TS (minus signs) is 
rather tiny. There is a very thin 
venous communication along the 
bottom of the torcular (thin 
arrows)
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Fig. 40.138  Dorsal SSS “split.” A 34-year-old underwent a catheter 
DSA via right ICA injection after right subdural hemorrhage evacua-
tion. An AP view in the early venous phase (left) depicts a split SSS 

(arrows) above the torcular, also visible on left ICA injections in the 
early (middle) and late (right) venous phases. The SSS drainage favors 
the right TS (asterisks). Note a hypoplastic left TS (minus signs)

Fig. 40.139  Dorsal SSS “split.” In this 50-year-old, CEMRV bilateral 
PA-oblique views (left and middle) show a split SSS with a prominent 
accessory branch (arrows) headed towards the proximal segment of a 

small right TS (asterisks); the contralateral TS (minus signs) is also 
small. Note that most drainage is to an occipital sinus (thin arrows), 
which has a patent flow void on T1WI (right)
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Fig. 40.140  Dorsal SSS “split.” A 5-day-old, in whom thrombus was 
questioned on nonenhanced CT (left), owing to a spurious filling defect 
within a hyperdense SSS (arrows). However, CEMRV MIPs in PA (left 
middle), superior (right middle), and RPO (right) views did not identify 

intraluminal thrombus, but rather depicted a split of an entirely patent 
SSS extending into the torcular, with a large accessory vein (thin 
arrows) that drained into the right TS (asterisks). The dense SSS was 
due to dehydration

Fig. 40.141  A 24-year-old, in whom a 2DTOF MRV PA view (left) 
showed a split in the distal SSS-torcular (arrows) that was better visual-
ized on a CEMRV PA view (middle). Also note enlarged draining veins 

(thin arrows) on a postcontrast T1WI (right), with a “caput medusa” 
appearance of a developmental venous anomaly within the right 
hemicerebellum
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Fig. 40.142  Dorsal SSS “split.” A 5-month-old with meningitis had a 
filling defect on a venous-phase contrast-enhanced CT (left), which 
simulated thrombus within the torcular (large arrows). The thin arrows 

denote pial enhancement and a subdural effusion. However, CEMRV 
PA views (middle and right) confirmed the defect to be a split SSS/tor-
cular (arrows), not an actual thrombus

Fig. 40.143  Dorsal SSS “split.” Top row: In this 3-year-old, axial 
contrast-enhanced CT images showed a torcular defect (arrows) that 
mimicked thrombus. Bottom row: The lack of hyperdensity on nonen-

hanced CT (left) excluded acute thrombus, and coronal MPRs (middle 
and right) showed this to be a normal split/fenestration, with a tiny 
transverse communicating channel (thin arrows)
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Fig. 40.144  Dorsal SSS “split.” A 61-year-old had catheter DSA AP 
views via right ICA injection (left) and left ICA injection (middle). The 
distal SSS is split just above the torcular (arrows). A slightly oblique 

view (right), obtained via a left vertebral artery injection, demonstrates 
the contribution from the StS (thin arrow), as well as the VOG

Fig. 40.145  Dorsal SSS multiple fenestrations. A 1-day-old neonate 
had diffusely dense dural sinuses on nonenhanced CT (dotted arrows, 
top left), raising the question of thrombosis. However, a CTV showed 
patent sinuses on a sagittal MPR (top middle) and on “see through 

bone” LPO (top right) and PA views (bottom row). It also showed 
numerous fenestrations of the torcular (large arrows), of the right TS, 
and of a bilateral occipital sinus (thin arrows). The dense sinuses were 
due to normal fetal hemoglobin
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Fig. 40.146  Dorsal SSS unilateral drainage. In a 1-day-old neonate, 
2DTOF MRV PA (left) and LPO (middle) views and a CEMRV LPO 
view (right) demonstrate the SSS draining predominantly to the right 

TS (large arrows). The left TS (thin arrows) is small and fills largely via 
the StS (dotted arrows). A tiny communicator (asterisks) connects the 
SSS and StS

Fig. 40.147  Dorsal SSS unilateral drainage. In this 30-year-old, 
2DTOF (left) and CEMRV (middle and right) PA views demonstrate 
that the SSS drains predominantly into the right TS (large arrows). The 

StS (dotted arrows) drains largely into the left TS (thin arrows), which 
is notably not hypoplastic. Also, note a normal variant mildly “bulbous” 
and “undulating” SSS (asterisks)
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Fig. 40.148  Dorsal SSS unilateral drainage. In this 20-year-old, 
2DTOF MRV PA (left), LPO (left middle), and inferior (right middle 
and right) views show that the SSS drains predominantly into the right 

TS (large arrows), whereas the StS (dotted arrows) drains into the left 
TS (thin arrows). In this patient, the left TS is slightly smaller than the 
right, but it is not frankly hypoplastic

Fig. 40.149  Dorsal SSS multiple fenestrations. In an 18-year-old, 
CTV “see-through” PA (left) and oblique inner (middle) views depict 
two splits in the SSS: an upper split (thin arrows) and a lower double 
split just above the torcular (large arrows). These could be considered 

multiple fenestrations. The findings are confirmed on a venous-phase 
AP view via catheter DSA, obtained via the left ICA (right). Note a 
filling defect (dotted arrows) in the left TS from a normal arachnoid 
granulation
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Fig. 40.151  Comparison Case of SSS Thrombosis. In this 44-year-
old, an axial T2WI (left) and postcontrast axial (left middle) and sagittal 
(right middle) T1WIs show diffuse filling defects (arrows) throughout 

the SSS and torcular. A sagittal subtracted T1WI (precontrast from 
postcontrast T1WI) (right) confirms near-occlusive thrombus within 
the SSS

Fig. 40.150  Comparison Case of a Normal Split SSS as well as Actual 
Thrombus. In an 87-year-old, CTV depicts filling defects within the 
distal SSS (large arrows) and within the left TS (thin arrows) on source 
images (left), on a 3D VR PA view (middle), and on an “inner view” 

seen from superiorly (right). However, the filling defect within the dis-
tal SSS is a normal split/fenestration, whereas the defect within the left 
TS is from nearly occlusive thrombus
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Arachnoid Granulations Within 
the Dural Sinuses

Arachnoid (pacchionian) granulations are enlarged arach-
noid villi, being extensions of the subarachnoid space that 
contain cerebrospinal fluid (CSF) internally. They serve as 
an important drainage route for CSF into the venous system. 
These outpouchings extend from the subarachnoid space 
through the dura mater into the dural sinuses (and occasion-
ally into the calvarium). They may simulate dural sinus fill-
ing defects such as thrombus, stenosis, or occlusion. Studies 
have shown that they can be identified in most asymptomatic 
patients (60–90 %, based on imaging or autopsy) if a thin-
section postcontrast MRI or MR venogram (MRV) is thor-
oughly inspected, and that they are often multiple. On 
contrast-enhanced CT, the frequency is lower, likely in the 
range of 25–33 % [1–11].

The majority of arachnoid granulations are present within 
the superior sagittal sinus (SSS, about 50–60 %) or trans-
verse sinuses (TS, about 25–30 %); they are less common in 
the sigmoid sinuses and the straight sinus (StS, about 
15–20 %) [1–11]. They are also not uncommon in the lateral 
tentorial sinus (LTS) at the junction with the transverse-
sigmoid sinuses. It is quite rare to see them involve a deep 
vein, although occasionally, if larger, they can extend retro-
grade from the junction of the StS back into the vein of 
Galen. They do not occur in the upper internal jugular vein 
(IJV) or lower sigmoid sinus, which can be an important 

criterion to distinguish true intraluminal clot from a 
granulation. Their mean diameter is between 2  mm and 
5 mm, and they tend to be larger in the TS than in the SSS.

Arachnoid granulations seem to be more problematic and 
more likely to mimic clot when located in the TS, even 
though they are more common in the SSS, perhaps because 
axial images are the most commonly reviewed plane, and in 
this plane the TS is more readily visualized than the 
SSS. Typical granulations can be diagnosed by a characteris-
tic filling defect that appears well circumscribed and akin to 
CSF density on CT, with CSF signal intensity on T1WI, 
T2WI, and on FLAIR. Importantly, typical granulations sup-
press nearly as much as CSF on FLAIR. However, atypical, 
uncommon granulations (<10 %) lack complete suppression 
with CSF on FLAIR [1–11]. Postcontrast CT venography 
(CTV) or MRV can help distinguish these normal structures 
from intraluminal thrombi, but an arachnoid granulation can 
resemble a thrombus on noncontrast MRV alone (Figs. 41.1, 
41.2, 41.3, 41.4, 41.5, 41.6, 41.7, 41.8, 41.9, 41.10, 41.11, 
41.12, 41.13, 41.14, 41.15, 41.16, and 41.17).

Notably, giant granulations can also mimic pathology, 
particularly if they protrude into the skull. Please note that as 
arachnoid granulations can also protrude into the calvarium, 
the variants protruding into the skull are discussed separately 
in Sect. 30.1 of the Skull section of this book.
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Fig. 41.1  In this 38-year-old, a nonenhanced CT depicts a focal, 
hypodense arachnoid granulation within the left transverse sinus (TS) 
(arrow)

Fig. 41.2  In this 25-year-old, an arachnoid granulation (arrow) is seen 
within the right TS on a nonenhanced CT

Fig. 41.3  In a 35-year-old, contrast-enhanced MR angiography (PA 
view) shows TS arachnoid granulations bilaterally (arrows) that mimic 
thrombi
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Fig. 41.4  In an 83-year-old, a contrast-enhanced CT (left) incidentally 
noted multiple filling defects within the right TS (arrows). On an MRI 
3 months later, these followed CSF signal on axial T2WI (middle) and 
postcontrast T1WI (right); FLAIR images were not obtained. The well-

circumscribed appearance, lack of symptoms, multifocality, nonconflu-
ent nature, and the density/signal intensity of CSF were all factors that 
were consistent with arachnoid granulations

Fig. 41.5  13-year-old with arachnoid granulations (arrows) on a 
2DTOF MRV AP view (top). The medial granulation (thin arrows) is 
not well seen on postcontrast T1WI (bottom) because of volume aver-
aging with intravascular contrast

Fig. 41.6  66-year-old with headaches. Top: an incidental left TS 
arachnoid granulation (arrow) is seen on T2WI MRI. Middle and 
Bottom: the arachnoid granulation is shown on both precontrast (mid-
dle) and postcontrast (bottom) T1WI
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Fig. 41.7  Top row: 38-year-old with a well-circumscribed, typical 
right TS arachnoid granulation (large arrows) on contrast-enhanced CT 
(left), with density of CSF, also following CSF on T2WI (middle) and 
FLAIR (right). Bottom row: this typical granulation did not enhance on 

postcontrast T1WI (left) and exhibited the typical lack of reduced diffu-
sion on DWI (middle), with corresponding bright ADC map signal 
(right). However, a left TS granulation (thin arrows) is atypical, as it 
does not entirely suppress with CSF on FLAIR

Fig. 41.8  In this 51-year-old, a postcontrast T1WI (top left) shows two 
adjacent filling defects in the left TS (arrows), just below the lateral 
tentorial sinus (LTS) (thin arrows); these defects nearly suppress with 
CSF on FLAIR (top right). These granulations are confirmed on a CTV 

axial image (bottom left) and on a 3D VR “inner view” (bottom right). 
Thus, these adjacent arachnoid granulations could simulate an intravas-
cular clot or stenosis. Note a normal split/fenestration (asterisk) in the 
torcular confluence
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Fig. 41.9  31-year-old with an arachnoid granulation (large 
arrows) within the right LTS (thin arrows) on an axial T2WI MRI 
(top) and on a postcontrast T1WI (bottom), simulating intraluminal 
thrombus
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Fig. 41.10  Top row: 37-year-old with a normal arachnoid granulation 
(arrows) that filled most of the LTS on a 1.5 T MRI. The granulation 
was bright akin to CSF on T2WI (left), was imperceptible on SWI (mid-
dle), and was dark on DWI (right), and FLAIR (not shown). Bottom 

row: on postcontrast coronal (left) and axial (middle) T1WI, the granu-
lation appears as a filling defect within the LTS; it was not changed 2 
years later (right). Note a tiny vein draining through the granulation 
(dotted arrows)
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Fig. 41.11  52-year-old with an arachnoid granulation (arrows) of the torcular on sagittal precontrast (left) and postcontrast (middle) T1WI 
MRI. Note the bright signal intensity on axial T2WI (top right) and the suppression similar to CSF on axial FLAIR (bottom right)
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Fig. 41.12  45-year-old with a tiny arachnoid granulation (arrows) in 
the straight sinus (StS) on a sagittal MPR obtained from a CTV. This is 
a less frequent location for arachnoid granulations

Fig. 41.13  16-year-old with a filling defect (arrows) within the StS on 
axial T2WI MRI (top left); the defect is well-circumscribed and sup-
presses along with CSF on FLAIR (top right), indicating an arachnoid 

granulation. Sagittal MPRs of thin T2WIs (bottom) confirm the location 
of the granulation within the StS
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Fig. 41.14  52-year-old with a moderate-sized arachnoid granulation (arrows) within the midportion of the SSS on coronal (left) and sagittal 
(right) MPRs obtained from an otherwise normal NECT. This is an infrequent location for arachnoid granulations

Fig. 41.15  In a 51-year-old, a sagittal MPR from a CTV depicts two 
superior sagittal sinus (SSS) arachnoid granulations (arrows)
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Fig. 41.17  Comparison case of thrombus. This 18-year-old post-
trauma patient had a focal filling defect (arrows) located in the lower 
right sigmoid sinus–internal jugular vein (IJV) junction on CTV sagittal 
(left) and axial (middle) MPRs. Arachnoid granulations are common in 

the upper sigmoid or transverse sinuses, but they almost never occur in 
the lower sigmoid sinus or IJV.  After anticoagulation, the clot had 
resolved on a CTV obtained 1 month later (right)

Fig. 41.16  29-year-old with several adjacent filling defects simulating 
thrombi, centered within the midportion of the SSS (arrows) on lateral/
sagittal views from a noncontrast 2DTOF MRV (left), contrast-

enhanced MRV (middle), and on a 5-mm MPR from a CTV (right). The 
defects are arachnoid granulations, which did not change over several 
follow-up CTVs
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Artifacts of the Craniocervical Venous 
System on MRI

A number of venous artifacts on routine craniocervical MRI 
or MR venography (MRV) can simulate stenosis or thrombo-
sis [1–19]. Artifacts limiting the evaluation of the cranial 
venous vasculature can be related to turbulence (or fast 
flow), slow or reversed flow, in-plane saturation effects, 
patient motion, or susceptibility artifact (adjacent to metal or 
gas), to name a few. The following pages demonstrate such 
artifacts on routine T1-weighted images (T1WI) and 
T2-weighted images (T2WI), as well as on 2D time-of-flight 
(2DTOF) MRV and contrast enhanced MRV (CEMRV), as 
well as ways to counter artifacts and to exclude or confirm 
potential abnormalities. Newer techniques utilizing blood-
oxygen level dependent (BOLD) imaging and susceptibility-
weighted imaging (SWI) have been used for the purposes of 
high-resolution MRV, but these are not discussed in detail 
here [1–19]. It is important to note that the relatively high 
resolution of postcontrast CT venography (CTV) or dedi-
cated MRV can help distinguish normal structures. In par-
ticular, the multiple-pass nature of CTV and its high 

resolution can be quite helpful in confirming flow abnormali-
ties or normal variations suspected on MRI. MRV is often 
preferred, however, because of the additional information 
obtained from evaluation of the brain by MRI, which yields 
superior information regarding the degree of cerebral edema 
and infarction, and has higher sensitivity in detecting 
contrast-enhancing lesions. Also, CTV utilizes radiation, 
which is not insignificant, particularly in children [1–20].

In brief, MRI with MRV is often a preferred method for 
the initial evaluation of dural sinus thrombosis or stenosis, 
but CTV is an excellent choice as an alternative or when 
MRV is indeterminate. In particular, noninvasive CTV can 
spare a patient from invasive catheter digital subtraction 
angiography (DSA), the standard for diagnosis. Regarding 
MRV, the best approach is to perform noncontrast MRV fol-
lowed by postcontrast MRV, for reasons that are delineated 
throughout in this chapter. The following topics provide a 
slightly more detailed description of the advantages and pit-
falls of the techniques used to image the cranial region.
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Fig. 42.1  13-year-old with fast flow or turbulence (arrow) in the right 
transverse sinus (TS), which simulates a filling defect (i.e., thrombus) 
on postcontrast T1WI (left). Note that this defect is not present on a 

2DTOF MRV PA view (right), which shows that the sinus is patent. 
Note incidental arachnoid granulations within the left TS (dotted 
arrows)

42.1	 �Fast Flow or Turbulence Artifacts 
Within the Dural Sinuses 
on Postcontrast T1-Weighted Images

Very fast flow, very slow flow, or nonlaminar (turbulent) flow 
can simulate thrombus in the dural sinuses on postcontrast 
T1WI, particularly in the transverse sinuses (TSs) or sigmoid 
sinuses. These artifacts also may occur in the superior sagittal 

sinus (SSS), although the lack of curvature and angulation 
relative to the TS and sigmoid sinuses makes this location 
less common. Any of three findings can easily distinguish 
these artifacts from cases of true thrombus: (1) a normal flow 
void in the sinus on noncontrast T1WI or T2WI; (2) a venous 
sinus that is not enlarged; or (3) a normal MRV (Figs. 42.1, 
42.2, 42.3, 42.4, 42.5, and 42.6).

42  Artifacts of the Craniocervical Venous System on MRI
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Fig. 42.2  In this 15-year-old, bilateral fast flow or turbulence (arrows) 
within the sigmoid-TSs simulates filling defects on a postcontrast T1WI

Fig. 42.3  59-year-old with apparent filling defects (arrows) from fast 
flow or turbulence within the junction of the left sigmoid sinus and 
internal jugular vein (IJV). These filling defects mimic thrombus on 
postcontrast T1WI (left), but the appearance of the flow voids appears 

normal on precontrast T1WI (middle) and T2WI (right). Thus, the left 
sigmoid sinus and upper IJV are both patent without clot. Note the more 
normal appearance on the opposite side

42.1  Fast Flow or Turbulence Artifacts Within the Dural Sinuses on Postcontrast T1-Weighted Images
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Fig. 42.5  89-year-old with an apparent filling defect (arrows) within the superior sagittal sinus (SSS) on a postcontrast axial T1WI (left), but with 
patent flow voids demonstrated on coronal postcontrast T1WI (middle) and sagittal precontrast T1WI (right)

Fig. 42.4  In this 53-year-old, a simulated filling defect on postcontrast T1WI (left) arises from fast or turbulent flow within the left TS (arrows). 
A T2WI (right) depicts a patent flow void. The left TS was also patent on a follow-up MRI (not shown)

42  Artifacts of the Craniocervical Venous System on MRI
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Fig. 42.6  Comparison case of thrombus. Top row: in a 13-year-old, 
postcontrast axial (left) and coronal (middle) T1WIs showed a filling 
defect (arrows) within the left TS, without a flow void on T2WI (right). 
Bottom row: There was corresponding bright signal on a noncontrast 

T1WI within the left TS–sigmoid sinuses (left) and within the IJV (dot-
ted arrow, middle). A phase-contrast MRV PA view (right) confirmed 
occlusive thrombus

42.1  Fast Flow or Turbulence Artifacts Within the Dural Sinuses on Postcontrast T1-Weighted Images
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42.2	 �Slow Flow Causing Bright Dural Sinus 
Signal on Noncontrast T1-Weighted 
Images

On noncontrast spin-echo T1WI, the dural sinuses can appear 
bright because of slow flow, turbulent flow, or “entry-slice 
phenomenon.” This phenomenon more commonly occurs in 
arteries, but it can theoretically occur in either arteries or 
veins. Hence, slow flow in veins may cause bright signal that 
may mimic venous thrombosis [1–5]. This signal typically is 
most prominent in the TS or SSS, but it can be seen in any 
dural venous sinus. Its occurrence varies with anatomy, size, 
and flow rate. Thus, slow or turbulent flow in veins or arteries 
commonly occurs on T1WI without being frank thrombosis, 

and the presence of a normally dark flow void on T2WI or 
SWI (without blooming effect) typically excludes thrombo-
sis. Also, on T2WI, care should be exercised before calling 
bright signal a normal variant (which less commonly occurs 
in situations with slow venous flow), as T2-bright (or isoin-
tense) vessels are suspicious for thrombosis and should be 
further evaluated with MRV. CEMRV or CTV are the most 
sensitive modalities for further venous evaluation [1–20]. 
Also notable is that vascular structures can appear normally 
bright on noncontrast gradient echo T1WI; thus, this finding 
should be disregarded if other findings of venous thrombosis 
(e.g., dural sinus enlargement, lack of flow voids on T2WI, 
lack of enhancing sinuses) are not present (Figs. 42.7, 42.8, 
42.9, 42.10, and 42.11).

Fig. 42.7  53-year-old with bright signal in the right TS (arrow) on 
noncontrast T1WI (left); this finding could simulate dural sinus throm-
bosis. However, the sinus is patent on postcontrast T1WI (middle), with 

a normally patent flow void on T2WI (right). Also note a normal fast 
flow void or turbulence on postcontrast T1WI within the left TS (dotted 
arrows)

Fig. 42.8  In this 59-year-old, normal, bright signal in the right TS 
(arrows) on noncontrast T1WI (left) could simulate dural sinus 
thrombosis. However, the right TS appears to have normal venous 

enhancement on postcontrast T1WI (middle), as well as a normal flow 
void on T2WI (right), confirming patency

42  Artifacts of the Craniocervical Venous System on MRI
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Fig. 42.9  In this 14-year-old, noncontrast sagittal (left) and axial (mid-
dle, top) gradient echo T1WI depicts bright signal within the SSS 
(arrows) that mimics thrombosis. However, there are normal flow voids 
on T2WI (middle, bottom) and SWI (right). Note that although 

hemorrhage may exhibit T2WI and SWI-dark signal in acute/early sub-
acute thrombosis, the lack of parenchymal edema, SSS enlargement, or 
flow void loss on T2WI makes thrombosis rather unlikely

Fig. 42.10  50-year-old with bright signal within the SSS (solid 
arrows) and the superficial middle cerebral veins (dotted arrows) on 
noncontrast T1WI (left), but with patent flow voids on postcontrast 

T1WI (middle) and T2WI (right). These images illustrate how almost 
any dural, deep, or superficial veins can potentially appear bright on 
spin-echo T1WI, owing to slow flow

42.2  Slow Flow Causing Bright Dural Sinus Signal on Noncontrast T1-Weighted Images
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Fig. 42.11  Comparison case of transverse sinus thrombosis. 44-year-
old with abnormally heterogeneous, bright signal in mildly enlarged 
TSs bilaterally (arrows) on noncontrast T1WI (left), filling defects on 
postcontrast T1WI (left middle), and loss of normal flow voids and 

hyperintensity on T2WI (right middle). A CEMRV PA view (right) con-
firms the filling defects and enlargement of the SSS, with distention due 
to thrombosis

42  Artifacts of the Craniocervical Venous System on MRI
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42.3	 �Artifacts on 2D Time-of-Flight MR 
Venography That May Simulate 
Thrombosis or Stenosis

Several phenomena can attenuate the typically bright 
appearance of flow within the TSs or sigmoid sinuses on 
2DTOF MRV, simulating the appearance of thrombus or 
stenosis [1–5]. This effect may also occur in the SSS, 
albeit less frequently. The most common of these phenom-
ena is slow flow, which has a particular predilection to 
cause this effect in small or hypoplastic sinuses. In-plane 
saturation effect or patient motion also can exacerbate this 
artifactual phenomenon. This phenomenon may also occur, 

but less frequently, with phase-contrast MRV (PCMRV), 
which is also velocity-dependent to a degree because it 
depends on the user to select an encoding velocity. 
Confirmation of an asymmetrically small or hypoplastic 
sinus is relatively easy with either postcontrast 3D T1WIs, 
CEMRV, or CTV, but even on CEMRV, slow flow can 
make a small sinus difficult to see or can simulate narrow-
ing, such as occurs with nonocclusive or chronic thrombo-
sis. T2WI (dark flow voids) or T2*WI (in which bright 
signal is present because it is a gradient echo image) can 
also aid in preventing an incorrect diagnosis (Figs. 42.12, 
42.13, 42.14, 42.15, 42.16, 42.17, 42.18, 42.19, 42.20, 
42.21, 42.22, and 42.23).

Fig. 42.12  Artifact from slow flow or turbulence. In this 17-year-old, 
PA (left) and superior (left middle) views from a 2DTOF MRV were 
suspicious for proximal right TS stenosis (arrows). Axial T2WI MRI 
lacked an entirely dark flow void in that location (right middle). The 

next day, a 3D VR CTV “see-through bone” PA view (right) confirmed 
these findings to be due to slow flow or turbulence. Note normal bilat-
eral arachnoid granulations located at the upper sigmoid–TS junctions 
(dotted arrows)

42.3  Artifacts on 2D Time-of-Flight MR Venography That May Simulate Thrombosis or Stenosis



1250

Fig. 42.13  Artifact from slow flow in a hypoplastic sinus. In a 58-year-
old, 2DTOF MRV PA (top left) and superior (top middle) views did not 
show left TS patency (large arrows), as compared with the right (thin 
arrows). However, 3D acquisition postcontrast T1WI (top right) con-

firmed that this finding was from slow flow in a small sinus, also shown 
on a 3D VR PA view (bottom left). Note the patent flow voids on axial 
T2WI (bottom middle), being bright on T2*WI (bottom right), as 
T2*WI is a low flip angle gradient echo sequence

42  Artifacts of the Craniocervical Venous System on MRI
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Fig. 42.14  Artifact from slow flow. 41-year-old with headaches. Top 
row: 2DTOF MRV PA (left) and RPO (middle) views did not depict a 
patent left TS (arrows); however, the left sigmoid (arrows) and right TS 
(thin arrows) did exhibit some flow. A CEMRV (right) showed gross 
patency of these sinuses, but the question of intraluminal, nonocclusive 
thrombus still remained. Middle row: an axial T2WI (left) and SWI 

(middle) did demonstrate flow voids in these sinuses, suggesting 
patency. They were also deemed patent on CTV (right). Bottom row: 
CTV bone-removed 3D VR PA (left), RPO (middle), and further RPO 
(right) views were normal. The defects were deemed due to slow flow. 
Note a similar finding in the SSS (asterisks) on the initial 2DTOF MRV

42.3  Artifacts on 2D Time-of-Flight MR Venography That May Simulate Thrombosis or Stenosis
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Fig. 42.15  Artifact from slow flow in a hypoplastic sinus. In this 
17-year-old, 2DTOF PA view (top left) and axial source (top middle) 
images and phase-contrast MRV (PCMRV) axial (top right) and PA 
view (bottom left) images did not show the left TS (arrows) to be patent, 

as compared with the larger right TS (thin arrows). A CTV was per-
formed, and a PA view (bottom right) confirmed left TS patency. The 
findings were likely due to slow flow within a hypoplastic left TS on 
PCMRV, along with motion and in-plane saturation on the 2DTOF MRV

Fig. 42.16  Artifact from slow flow in a hypoplastic sinus. In this 
30-year-old, a 2DTOF MRV PA view (left) did not clearly show the left 
TS (arrows) to be patent, as compared with the right side (thin arrows). 

However, a CEMRV with a PA view (middle) and further oblique view 
(right) confirmed this appearance to be due to slow flow artifact within 
a hypoplastic TS

42  Artifacts of the Craniocervical Venous System on MRI
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Fig. 42.17  Artifact from slow flow, turbulence, and in-plane saturation 
effects. In a 38-year-old, 2DTOF MRV superior (left) and lateral (left 
middle) views depict a defect in the midportion of the SSS (arrows), 
owing to in-plane saturation artifact (axial acquisition). A T2WI (right 

middle) and a postcontrast T1WI (right) confirm the patency of that 
portion of the SSS. Also, note an incidental, focal in-plane saturation 
effect versus turbulence causing an artifactual filling defect in the proxi-
mal right TS (thin arrow)

42.3  Artifacts on 2D Time-of-Flight MR Venography That May Simulate Thrombosis or Stenosis
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Fig. 42.18  Artifact from in-plane saturation effect. In a 25-year-old, a 
2DTOF MRV left lateral view (top left) shows a lack of flow in the SSS 
(arrows) from in-plane saturation (sagittal acquisition). PCMRV (top 

right) depends on velocity, not direction, and shows that the SSS is pat-
ent, as confirmed by precontrast T1WI (bottom left) and postcontrast 
T1WI (bottom right)

42  Artifacts of the Craniocervical Venous System on MRI
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Fig. 42.19  Artifact from in-plane saturation effect. 20-year-old with a 
lack of flow in the anterior SSS (arrows) on a 2DTOF MRV (top), from 
in-plane saturation (sagittal acquisition). However, the SSS is patent on 
PCMRV (bottom)

42.3  Artifacts on 2D Time-of-Flight MR Venography That May Simulate Thrombosis or Stenosis
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Fig. 42.20  Artifact from patient motion. Top row: In this 8-year-old, 
2DTOF MRV PA views (left and middle) show a potential left TS defect 
near the torcular (arrows). However, note the amount of patient motion 
on a 22 mm-thick axial MPR (thin arrows, right), which was recon-

structed from the original sagittal plane acquisition. Bottom row: T2WI 
(left), an MIP PA view reconstructed from a 3D postcontrast T1WI 
(middle), and an axial 30 mm MPR (right) do not confirm this defect

42  Artifacts of the Craniocervical Venous System on MRI
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Fig. 42.21  Artifact from patient motion. Top row: in this 4-year-old, a 
2DTOF MRV LPO view (left) and an axial 3 mm MPR (middle) show 
a defect in the distal left TS (arrows). However, there is moderate 
motion (thin arrows); the acquisition was acquired in the sagittal plane. 
A 3D postcontrast T1WI reconstructed in LPO (right) excludes throm-

bus. Bottom row: 3D postcontrast T1WIs reconstructed in superior 
(left) and 12 mm-thickness axial MPR (middle) confirm patency, but a 
stenosis-like defect remains. A contrast-enhanced CT MIP PA view 
(right) confirms that the defect fills with contrast, and was thus 
artifactual

42.3  Artifacts on 2D Time-of-Flight MR Venography That May Simulate Thrombosis or Stenosis
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Fig. 42.22  Comparison case of dural sinus thrombosis. In a 4-year-
old, a 2DTOF MRV PA view (top left) demonstrated incomplete visual-
ization of the left TS (arrows), a lack of a dark flow void on T2WI (top 
middle), and bright signal internally on coronal (top right) and axial 
(bottom left) noncontrast T1WI. CEMRV was not obtained, but T1WIs 

after contrast (bottom middle and right) showed the left TS to be dis-
tended and containing thrombus, as compared with the right (thin 
arrows). The mild left TS signal on the 2DTOF MRV indicated that the 
thrombus was nonocclusive

42  Artifacts of the Craniocervical Venous System on MRI
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Fig. 42.23  Comparison case of pseudotumor cerebri with transverse 
sinus stenoses. An 11-year-old morbidly obese patient with headaches 
underwent a noncontrast 2DTOF MRV (left), which showed bilateral 
narrowed sigmoid-TS junctions (arrows), also seen on bilateral oblique 

CEMRV views (middle and right). The CSF opening pressure was quite 
elevated (45–50 cm H2O), with optic disc cupping on T2WI MRI (not 
shown), consistent with pseudotumor
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Artifacts of the Craniocervical Arterial 
System on MRI

Three-dimensional time-of-flight (3DTOF) MRA utilizes 
the concept of flow-related enhancement (FRE) to produce 
bright signal on a gradient echo acquisition, where fresh 
spins in blood flowing into (and preferentially perpendicu-
lar to) the slice are unsaturated and exhibit strong signal 
prior to being saturated [1–25]. Arteries do not always fol-
low a perpendicular orientation, however. Particular exam-
ples include tortuous internal carotid arteries (ICAs) in 
the cervical region, vertebral arteries (VAs) near their ori-
gin, or the normal horizontal course of the petrous ICAs. 
When travelling horizontally within a slice, the phenome-
non of in-plane saturation may reduce FRE and thus 
decrease the visualized flow of vasculature. This phenom-
enon is overcome on contrast-enhanced MRA (CEMRA), 
as the T1-bright gadolinium usually overpowers the satu-
ration effect. Note that the FRE effect is also useful with 
2D or 3DTOF MR venography, most commonly in the 
transverse sinuses with an axial acquisition, or within the 
superior sagittal sinus with a sagittal acquisition. It is also 
important to point out that 3D acquisitions can be suscep-
tible to saturation if a larger volume is obtained, or if the 
technique of multiple overlapping thin slab acquisition 
(MOTSA) is not used properly. Hence, most facilities uti-
lize overlapping slabs to decrease in-plane saturation 
effect for noncontrast cranial MRA, but saturation may 
still occur if flow occurs within the same plane as the plane 
of acquisition.

Many of the same factors leading to artifacts on cervical 
MRA cause similar problems at the skull base and intracrani-
ally. The in-plane saturation effect is a particular problem, as 
the ICAs travel transversely in several locations, most nota-
bly the horizontal segment of the petrous ICA, the horizontal 
segment of the cavernous ICA, and possibly even the proxi-
mal supraclinoid ICA [1–25]. This effect also is not uncom-
mon in the middle cerebral artery (MCA) distal M1 and 
proximal segments within the sylvian fissure, where the 
artery travels horizontally before turning and travelling supe-
riorly along the convexity. Focal apparent loss of an M1 or 

M2 segment flow may simulate intraluminal thrombus in an 
acute stroke. The phenomenon is also not uncommon in 
anterior cerebral artery (ACA) distal A1 or proximal A2 seg-
ments, before they travel superiorly. CT angiography (CTA) 
can be used for confirmation of patency in cases where in-
plane saturation has been suspected of simulating a stenosis, 
whether in the neck or intracranially.

“Stepladder” or “venetian blind” artifacts occur intracra-
nially, but less commonly than they do with cervical MRA, 
as the head comprises a smaller field of view, which can be 
exacerbated by respiratory motion [1–25]. In particular, mild 
respiratory motion may not be readily detected as the source 
of image compromise when it causes or worsens such arti-
facts. Also, tortuosity or dolichoectasia can exacerbate in-
plane saturation effects, and can also predispose to turbulence, 
another factor causing or worsening artifact and diminishing 
the necessary FRE.

For most of the abovementioned artifacts, CEMRA can 
improve visualization of the affected/suspected segment [1–
25]. In particular, when an MCA segment appears focally 
thrombosed or is not visualized on a noncontrast 3DTOF 
head MRA, it is quite helpful to refer to accompanying neck 
CEMRA source images (if performed) to evaluate whether 
the artery is truly thrombosed. Contrast is not typically 
administered for routine 3DTOF head MRA because the low 
arterial-to-venous time (potentially less than a few seconds) 
often causes the venous structures to fill, which can obscure 
the contours of the arteries on 3D maximum intensity projec-
tion (MIP) images.

Five other sources of artifacts can independently become 
problems that are more common in cranial MRA evaluation 
than in cervical MRA [1–25]:

•	 Susceptibility artifacts (particularly adjacent paranasal 
sinus air, but also artifacts from adjacent bone, metal, 
hemorrhage, or other foreign materials)

•	 Head motion artifacts (whether front-to-back or 
side-to-side)
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•	 Pulsation artifacts (whether from CSF or vasculature) 
(carried along the phase direction)

•	 Parallel imaging artifact (because the head has a larger 
transverse and anterior-posterior field to cover than does 
the neck)

•	 “T1 shine-through” effects (arising from orbital/scalp fat, 
or when there is an adjacent T1-bright hemorrhage).

Again, CEMRA and subtraction imaging (subtracting 
precontrast from postcontrast) can help exclude the presence 
of such pseudo-stenoses or pseudo-occlusions.

43.1	 �Flow-Related Enhancement: Bright 
Arteries on Spin-Echo T1-Weighted 
Images

On noncontrast T1-weighted imaging (T1WI), arteries can 
appear bright because of FRE (also known as the “entry-slice 
phenomenon”) [1–25]. FRE is a result of unsaturated protons 
entering a slice during the time to repeat (TR). These unsatu-
rated protons retain their complete longitudinal magnetization, 
and this longitudinal magnetization is then flipped into the 
transverse plane by the initial RF pulse, which results in a 
higher signal than stationary protons in the slice (e.g., the sur-
rounding soft tissues or vessel wall). Hence, FRE is most 
prominent within arteries at the skull base and at the beginning 
slices of an axial sequence, such as at the lower slices of the 
skull base. It can be seen with either the VA or ICA, whether 
unilaterally or bilaterally. This artifact is typically seen on rou-
tine spin echo T1WI. On most gradient echo T1WI sequences 
(which are increasingly used, particularly at 3.0 T), bright sig-
nal within arterial vessels is expected, so this would not be con-
sidered an artifact. For example, the FRE phenomenon serves 
as the basis for providing intra-arterial signal on the gradient 
echo sequences used to generate TOF MRA or TOF MRV.

Additionally, slow flow or turbulent flow may also con-
tribute further to unexpected T1 hyperintensity on spin echo 
T1WI within arteries that do not have evidence of thrombo-
sis [1–25]. MRA or CTA can be used to confirm arterial 
patency. If either turbulence (due to tortuosity or an enlarged 
vessel such as an aneurysm, for example) or slow flow (e.g., 
poststenotic) is suspected, then CTA may be more helpful 
because of its higher resolution and the contrast recirculation 
phenomenon (Figs. 43.1, 43.2, and 43.3).

43  Artifacts of the Craniocervical Arterial System on MRI
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Fig. 43.1  In this 62-year-old, bright signal was noted within both ver-
tebral arteries (VAs) (solid arrows) just below the skull base on noncon-
trast T1WI (top left and bottom left). However, both VAs are patent with 
flow voids on T2WI (top middle and bottom middle) and FLAIR (top 

right and bottom right). Similarly, on noncontrast T1WI, bright signal 
is seen in both internal carotid arteries (ICAs) (large dotted arrows, best 
seen on bottom left), but with patent flow voids in those locations on 
both T2WI and FLAIR images

43.1  Flow-Related Enhancement: Bright Arteries on Spin-Echo T1-Weighted Images
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Fig. 43.2  60-year-old with unilateral bright signal within the right VA 
and basilar (solid arrows) on axial noncontrast T1WIs (top left and bot-
tom left); note a normal left VA flow void (small dotted arrows). Both 
VAs are patent on postcontrast T1WI (top middle), and show flow voids 
on T2WI (top right and bottom right). Similarly, bright signal is seen in 

both ICAs (large dotted arrows) on noncontrast axial T1WIs, but with 
normal, dark flow voids present on the sagittal T1WI (bottom middle), 
as that is not the entry slice. The patent ICA flow voids are confirmed 
on axial T2WIs

Fig. 43.3  Comparison case of multiple dissections. In this 34-year-old 
(post–motor vehicle crash), noncontrast fat-suppressed T1WI (left) and 
T2WI (left middle) depict crescentic bright signal around the lumen of 
the left ICA (solid arrows) just below the skull base. The lack of a right 

VA flow void (dotted arrows) suggests an occlusion. Catheter DSA AP 
views of the right VA (right middle) and left ICA (right) confirm the 
right VA occlusion and left ICA dissection

43  Artifacts of the Craniocervical Arterial System on MRI
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43.2	 �2D Time-of-Flight Neck MRA Artifacts 
and Turbulent Flow That May 
Simulate Stenosis (Pseudo-stenosis)

Noncontrast MRA can be used to evaluate the major cervical 
arteries [1–25]. In brief, the continual entry of “fresh” spins 
into the slices (i.e., flow-related enhancement (FRE)) that 
have received multiple excitations is the cause of the bright 
signal in these arteries on TOF MRA, whereas venous sig-
nals from the opposite direction are usually saturated by a 
90° pulse placed above the region of interest. 2DTOF (mul-
tiple thin slices placed together) or 3DTOF (one or multiple 
thicker slabs) techniques can be used. 3DTOF has a higher 
signal-to-noise ratio and typically higher resolution, but 
results in greater saturation of spins with larger volumes of 
coverage, and usually requires a longer acquisition time. 
2DTOF can cover a larger field by combining multiple slices 
with less saturation, as each slice is obtained independently 
and the slices are stacked together for a 3D effect. Each 
2DTOF thin slice is typically obtained at a thickness of less 
than 2–3  mm, and, because it is acquired independently, 
2DTOF can also contain “directionality” of flow, where satu-
ration of down-flowing spins (venous flow) is usually per-
formed as part of this technique. (The downward flow is also 
saturated independently for each slice.) This is helpful in 
evaluating potential subclavian steal syndrome, in conjunc-
tion with contrast-enhanced MRA (CEMRA), where 
CEMRA demonstrates the severe stenosis, but not the direc-
tionality of flow.

A hybrid technique, multiple overlapping thin slab acqui-
sition (MOTSA), combines multiple small 3D slabs that 
overlap to cover a large area, such as the neck, with less satu-
ration of spins [8]. Thus, MOTSA is commonly used to pro-
duce noncontrast TOF MRA images, but it has one side 
effect: Transverse bands of decreased signal can occur at the 
junctions between slabs. This artifact, known as the “vene-
tian blind” or “stepladder” artifact, occurs at the junctions 
of slabs when using 2DTOF and MOTSA techniques and can 
be problematic by simulating ICA or VA stenoses (pseudo-
stenosis). In such cases, CEMRA can aid in the diagnosis. 
Notably, patient motion, whether respiratory or vascular, can 
also exaggerate such artifacts and cause pseudo-stenoses. 
Tortuosity at the VA origins, another problem that can exac-
erbate artifacts, is most common in older patients.

CEMRA utilizes a 3D acquisition but generally allevi-
ates some of the 3D acquisition–related artifacts that are 

seen with a 3DTOF technique, owing to intravenous con-
trast administration; contrast prevents saturation of spins in 
the larger 3D volume, which would typically occur on 
3DTOF MRA [1–25]. Because CEMRA can cover a larger 
area in less time than a 3DTOF technique, CEMRA usually 
has less resolution but higher signal and contrast-noise ratio. 
CEMRA is also the most specific MRI technique in evaluat-
ing for ICA or VA stenosis, but it is not the most sensitive. 
Thus, in general, 2DTOF MRA or 3DTOF MRA may have 
higher resolution (but more potential artifacts) than 
CEMRA.

Not all patients can receive gadolinium, however, and 
contrast bolus timing may fail, so 2DTOF MRA is far from 
useless. Phase-contrast MRA (PCMRA) can also be helpful 
in patients who cannot receive intravenous contrast and can 
also allow quantification of the flow velocity. The 
disadvantage is that it usually requires much more time than 
TOF MRA, because PCMRA typically requires acquisition 
in three separate directions to obtain the 3D images. Also, as 
with PCMRV, improper selection of the encoding velocity 
(Venc) may lead to incomplete visualization of the intended 
vessels of interest (such as in very slow flow or post-stenotic 
flow). Newer, noncontrast techniques such as 3D turbo field 
echo (TFE) or other 3D-acquisition gradient echo techniques 
may also help in such patients, as flowing blood appears 
bright because of the refreshing of spins/FRE effect, although 
their range of coverage may be more limited than 2DTOF 
MRA and CEMRA.

Because the short time from the intracranial arterial circu-
lation to the venous circulation is only a few seconds, non-
contrast 3DTOF MRA is typically used initially for brain 
MRA, as CEMRA can suffer from venous contamination 
that causes arteries or aneurysms to be obscured, or venous 
structures to be mistaken for arteries owing to their close 
proximity. Although 3DTOF MRA can be used in the cervi-
cal region, this use is often not feasible, as the large region of 
coverage predisposes to saturation, which necessitates the 
acquisition of multiple 3D slabs (possibly requiring >15 min) 
to cover the same territory [1–25]. Also, even cervical 
CEMRA may occasionally suffer from artifacts related to 
turbulence, patient motion (especially respiratory motion), 
or in-plane saturation effects, Thus, CTA or catheter DSA 
may be necessary to confirm stenoses in difficult cases, such 
as when a certainty of diagnosis is needed as part of a pre-
procedural workup (Figs. 43.4, 43.5, 43.6, 43.7, 43.8, 43.9, 
43.10, 43.11, 43.12, 43.13, 43.14, and 43.15).

43.2  2D Time-of-Flight Neck MRA Artifacts and Turbulent Flow That May Simulate Stenosis (Pseudo-stenosis)
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Fig. 43.5  In this 52-year-old, a 
motion-compromised 2DTOF 
MRA (left) caused severe 
“venetian blind” artifacts, 
inhibiting left ICA evaluation 
(arrows). Phase-contrast MRA 
(PCMRA) (right) confirmed ICA 
patency. The patient could not 
receive IV gadolinium

Fig. 43.4  In this 38-year-old, 
a 2DTOF MRA LAO view 
from the mid-1990s (left) 
showed severe “venetian 
blind” artifact, precluding left 
ICA evaluation (arrows). A 
contrast-enhanced MRA 
(CEMRA) (right) was 
performed, which was normal

43  Artifacts of the Craniocervical Arterial System on MRI
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Fig. 43.6  Pseudo-stenosis in this 17-year-old, a 2D TOF AP view (left) 
showed “stepladder” artifacts (dotted arrows). The right ICA was called 
mildly narrowed (arrows), and the left VA near the origin was not seen 
(thin arrows), so a stenosis was suspected. However, artifacts were 

noted from patient motion, turbulence, and in-plane saturation. A 
CEMRA (middle) did not demonstrate either left VA or right ICA ste-
nosis, findings further confirmed by coronal 5 mm MPRs from a CTA 
(right)

Fig. 43.7  In this 47-year-old, a 2DTOF MRA AP view (left) showed 
severe “venetian blind” artifacts and motion, with numerous transverse 
defects. A left lateral view (middle) and right lateral view (right) are 
also shown. Dark signal is present at the ICA origins (arrows), but the 

presence or absence of a stenosis cannot be determined because of the 
severe artifacts. The VAs are also obscured at the C1 level owing to in-
plane saturation, best seen on the AP view (dotted arrows)

43.2  2D Time-of-Flight Neck MRA Artifacts and Turbulent Flow That May Simulate Stenosis (Pseudo-stenosis)
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Fig. 43.8  Pseudo-stenosis in this 39-year-old, a 2DTOF MRA lateral 
view (left) showed an apparent stenosis (arrows) of the right ICA ori-
gin. A 3D turbo field echo sequence (left middle) had limited coverage 
and also suffers from such artifact to a lesser degree. Time-resolved 

CEMRA in early (right middle) and late (right) phases confirmed 
patency of the right ICA origin. Either turbulence or in-plane saturation 
effect was the cause of this pseudo-stenosis on the noncontrast images

Fig. 43.9  Pseudo-stenosis 52-year-old with mild “stepladder” artifact 
on a 2DTOF MRA AP view (left), along with turbulent flow, simulating 
a right ICA stenosis (large arrows), particularly on lateral views (left 
middle). The lower right VA is also obscured by stepladder artifact 

(dotted arrows), and both upper VAs at the C1 level suffer from in-
plane saturation (thin arrows). Such artifacts disappear on CEMRA 
lateral (right middle) and AP (right) views

43  Artifacts of the Craniocervical Arterial System on MRI
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Fig. 43.10  Pseudo-stenosis on this 53-year-old, a 2DTOF MRA LAO 
view (left) contains “stepladder” artifacts (arrows), leading to questions 
of stenoses of the right (arrows) and left (thin arrows) ICA origins; note 
such artifacts caudally affecting all arteries (dotted arrows). These 

artifacts disappeared on CEMRA (middle). A CTA sagittal 3 mm MPR 
of the right ICA origin (right) is confirmatory. The pseudo-stenoses 
arose from a combination of turbulent flow and stepladder artifacts

Fig. 43.11  Pseudo-stenosis 78-year-old with severe renal failure, who 
could not receive intravenous gadolinium. A 2DTOF MRA lateral view 
(left) shows turbulence artifact simulating mild stenosis (arrows), but 

the stenosis is not seen on 3D turbo field echo (TFE) lateral (middle) 
views. The TFE sequence has limited coverage, but may exclude steno-
ses without utilizing contrast

43.2  2D Time-of-Flight Neck MRA Artifacts and Turbulent Flow That May Simulate Stenosis (Pseudo-stenosis)
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Fig. 43.12  Pseudo-stenosis in 
this 31-year-old, a 2DTOF MRA 
(left) shows turbulence 
mimicking a mild ICA stenosis 
(arrows). In-plane saturation 
artifact affects the VA (thin 
arrows). A CEMRA (right) is 
normal

43  Artifacts of the Craniocervical Arterial System on MRI



1271

Fig. 43.13  Pseudo-stenosis in 
this 29-year-old, a 2DTOF MRA 
LAO view (left) suffers moderate, 
diffuse “venetian blind” artifact 
that obscures the ICA origin 
(arrows). A CEMRA (right) is 
normal

Fig. 43.14  Pseudo-stenosis in this 53-year-old, 2DTOF MRA AP views of 
the right (left) and left (left middle) sides suggested a mild right ICA steno-
sis (arrows) and mild bilateral VA stenoses (thin arrows). Moderate step-
ladder artifact (dotted arrows) was present. Such pseudo-stenoses 
disappeared on a CTA, which showed patency of the ICAs (right middle) 

and VAs (right) on coronal MPRs. The artifacts affecting the right ICA and 
the VAs were likely due to a combination of turbulence and in-plane satura-
tion. The VA tortuosity also made it difficult to find a plane on the MRA to 
evaluate for stenosis

43.2  2D Time-of-Flight Neck MRA Artifacts and Turbulent Flow That May Simulate Stenosis (Pseudo-stenosis)
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Fig. 43.15  Comparison case of vertebral dissection. Top row: 34-year-
old with neck pain 10 days after skiing. There are infarcts within the 
right hemicerebellum and tonsil on DWI (left). On 2DTOF MRA (top) 
and on CEMRA (top), there was question of a subtle irregularity of the 
right VA at the C1 level and above (arrows). Middle row: focal bright, 

crescentic signal on fat-suppressed T1WIs (left) and T2WIs (middle) 
indicated a focal right VA dissection (arrows). Bottom row: catheter 
DSA is considered the gold standard, and AP (left) and lateral (right) 
views of the right VA confirmed a small, focal Grade 1 injury

43  Artifacts of the Craniocervical Arterial System on MRI
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43.3	 �Contrast-Enhanced Neck MRA: 
Simulated Arterial Stenoses 
(Pseudo-stenosis)

Arterial stenoses that may be simulated on CEMRA are usu-
ally due to turbulent flow but also may be secondary to 
motion or even a component of in-plane saturation artifacts 
[1–25]. Although stenoses of the ICA origin are typically 
easily detected by cervical CEMRA, there are still cases 
where such artifacts cause consternation. This situation is 
relatively uncommon with regard to the cervical ICA, as 
studies have validated the use of CEMRA, compared with 
catheter DSA. There is less evidence to support the detection 
by CEMRA of VA stenosis. VA occlusions or near-occlusions 
are usually readily diagnosed by CEMRA, but characterizing 
less critical stenoses in the VAs is problematic owing to a 
combination of the degree of tortuosity at the VA origin 
(which generally increases with age), which causes spin 
dephasing from turbulence, as well as saturation effects from 
larger 3D volume acquisitions, adjacent motion, and other 

artifacts (such as adjacent artifact from bone and the 
subclavian veins’ filling with contrast). The location of the 
VA origins, which may be at the edge of the field of view, can 
also be a problem. Recent studies suggest similar accuracy 
rates of CTA and CEMRA in detecting VA stenoses, but 
basically CTA (also affected by lower cervical artifacts) is 
slightly more specific in detecting VA stenoses greater than 
50 %, whereas CEMRA is a bit more sensitive but slightly 
less specific. Hence, a VA-origin stenosis is readily detected 
by CEMRA, but may need to be confirmed in questionable 
cases by CTA or catheter DSA, as the specificity of CEMRA 
is not nearly as high as its sensitivity in evaluating the VAs.

Regarding the ICA, a perceived ICA-origin stenosis on 
CEMRA is usually real, but one needs to be aware of poten-
tially misleading artifacts, as pseudo-stenoses may occasion-
ally occur at the ICA origins on CEMRA for the reasons 
described above. One needs to be aware of such pitfalls and 
consider catheter DSA in some situations to confirm “critical” 
stenoses, especially prior to endovascular therapy or surgery 
(Figs. 43.16, 43.17, 43.18, 43.19, 43.20, 43.21, and 43.22).

43.3  Contrast-Enhanced Neck MRA: Simulated Arterial Stenoses (Pseudo-stenosis)
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Fig. 43.16  Pseudo-stenosis and true stenosis. In this 62-year-old, a 
right VA origin stenosis (arrows) was suspected on a CEMRA oblique 
AP view (left and left middle), but was not apparent on a CTA 3D VR 
AP view (middle). DSA found no stenosis (right middle), but a 60 % 

stenosis of the left VA origin was found (dotted arrow, right). Note a 
common origin of the left common carotid artery and innominate artery 
(asterisks, left)

Fig. 43.17  Pseudo-stenosis 72-year-old with a right VA origin stenosis (arrows) suspected on a CEMRA AP view (left), but not present on a CTA 
with a 24 mm coronal MPR (middle) and a 3D VR AP view (right). The left VA (dotted arrow) was normal

43  Artifacts of the Craniocervical Arterial System on MRI
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Fig. 43.18  Pseudo-stenosis top row: in this 55-year-old, a right VA 
origin stenosis (arrows) was questioned on CEMRA MIP (left) and on 
high-resolution 3D VR (middle) AP views, as well as on an LAO view 
(right). Bottom row: CTA with coronal 4.5  mm (left) and magnified 

sagittal 4.5 mm (right) MPRs confirmed right VA patency. Thus, the 
pseudo-stenosis was likely from turbulence. The left VA origin (thin 
arrows) was smaller, but appeared patent on the CEMRA

43.3  Contrast-Enhanced Neck MRA: Simulated Arterial Stenoses (Pseudo-stenosis)
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Fig. 43.19  Pseudo-stenosis 69-year-old with a possible stenosis 
(arrows) on a CEMRA lateral view of the right side (left). However, 
dynamic CEMRA scout views (used to “catch” the optimal time to begin 
the CEMRA acquisition) suggested that the right ICA origin was patent 
(left middle). Review of the coronal source data (middle) suggested that 

either motion or a subtraction artifact (thin arrows) was near the right 
ICA (arrows). A 20.5 mm axial MPR (right middle) best shows the arti-
fact near the right ICA. The left ICA appeared normal on a CEMRA 
lateral view (right)

Fig. 43.20  Pseudo-stenosis in this 63-year-old, a CEMRA lateral view 
of the right ICA (left) suggested a mild to moderate stenosis (arrows). 
However, on a CTA, a sagittal MPR (middle) and a 3D VR lateral view 
with the external carotid artery and its branches removed (right) 

detected only minimal stenosis (<20 %) using North American 
Symptomatic Carotid Endarterectomy Trial (NASCET) criteria. The 
stenosis may have been exaggerated by turbulence, or it may have 
appeared worse due to the ICA’s tortuosity

43  Artifacts of the Craniocervical Arterial System on MRI
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Fig. 43.21  Comparison Case of Actual VA Origin Stenosis on CEMRA. 87-year-old with a right VA stenosis (arrows) suspected on CEMRA 
oblique views (left and middle). The stenosis is confirmed by a CTA with coronal MPRs (right, top) and on a 3D VR RAO view (right, bottom)

43.3  Contrast-Enhanced Neck MRA: Simulated Arterial Stenoses (Pseudo-stenosis)
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Fig. 43.22  Comparison case of an actual ICA stenosis on CEMRA. In 
this 62-year-old, a lateral view of the left ICA obtained from a CEMRA 
(left) demonstrated what was suspected to be a high-grade stenosis 
(arrow), which was obscured on an AP view (left middle) but better 

demonstrated on an LAO view (right middle). A catheter DSA (right) 
confirmed that the degree of left ICA origin stenosis was indeed 
“critical.”

43  Artifacts of the Craniocervical Arterial System on MRI



1279

43.4	 �“In-Plane Saturation” on Time-of-
Flight MR Angiography Simulating 
Stenosis (Pseudo-stenosis)

In-plane saturation effect relates to signal dropout that occurs 
in the plane of acquisition as spins traverse that plane. This is 
why the optimal plane of acquisition for TOF MRA is typi-
cally perpendicular to the expected direction of flow, such as 
axial MRA slices on a cervical MRA because the ICA pre-
dominantly flows vertically (cranially). This effect may be 

exacerbated by motion or turbulence. Turbulence often 
occurs in areas with very tight angles or multiple turns, such 
as in the cavernous or petrous ICAs, or with greater tortuos-
ity with increasing patient age. In-plane saturation effects 
may also be exacerbated by true low-flow states such as in 
post-stenotic regions, where the segment distal to a stenosis 
is saturated easily, particularly as that vessel travels horizon-
tally (Figs. 43.23, 43.24, 43.25, 43.26, 43.27, 43.28, 43.29, 
43.30, and 43.31).

Fig. 43.23  Pseudo-stenosis in this 75-year-old, 3DTOF MRA superior 
(left) and AP (middle) views show signal loss from in-plane saturation 
in a tortuous basilar artery focally travelling horizontally (large arrows), 

simulating a stenosis. This effect is also present to a lesser degree in the 
petrous ICAs (thin arrows). A CEMRA AP view (right) appears 
normal

Fig. 43.24  Pseudo-stenosis in this 57-year-old, a 3DTOF MRA 
slightly oblique, lateral view (left) depicts severe signal loss of both 
ICAs in the distal cavernous/proximal supraclinoid segments (arrows), 

likely owing to tight turns with nearly horizontal, acute ICA angles; 
such angles predispose to saturation and turbulence. The CEMRA is 
normal (right)

43.4  “In-Plane Saturation” on Time-of-Flight MR Angiography Simulating Stenosis (Pseudo-stenosis)
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Fig. 43.25  Pseudo-stenosis in an 18-year-old, 3DTOF MRA source 
images (left) show focal, mild loss of flow-related enhancement (FRE) 
signal (arrows), also seen on LPO views (middle) in the cavernous and 

petrous ICAs (arrows). The signal loss is likely from in-plane satura-
tion, in combination with turbulence. The ICAs’ signal improves on 
CEMRA (right), although the CEMRA has less resolution

Fig. 43.26  Pseudo-stenosis this 47-year-old with renal failure was not 
given gadolinium contrast. A 3DTOF MRA oblique view (left) shows 
signal loss in the cavernous right ICA from turbulence (arrows), simu-

lating a high-grade stenosis, also confirmed on axial source images 
(middle). A noncontrast upper cervical 2DTOF MRA (right) excludes a 
high-grade stenosis there

Fig. 43.27  Pseudo-stenosis 68-year-old with focal signal loss in the 
proximal A2 segment of the right anterior cerebral artery (arrows) on 
3DTOF MRA AP view (left). However, on CEMRA (right), this area 

appears normal. The artifact was likely from turbulence and in-plane 
saturation. Note that the anterior communicating artery (thin arrow) is 
better depicted on 3DTOF MRA because of higher resolution

43  Artifacts of the Craniocervical Arterial System on MRI
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Fig. 43.28  Pseudo-stenosis 85-year-old with a simulated right middle 
cerebral artery (MCA) defect (arrows) on a 3DTOF MRA AP view 
(left). This defect was not seen on a CEMRA (right). The artifact was 

likely related to in-plane saturation effects, perhaps combined with tur-
bulence, where the shorter T1 time of gadolinium contrast increases the 
contrast-to-noise ratio, even in tortuous or horizontal segments

Fig. 43.29  Pseudo-stenosis in this 83-year-old, 3DTOF MRA AP 
(left) and oblique (left middle) views show loss of signal in the left 
petrous ICA as it enters the skull base, simulating a stenosis (large 
arrows). On source images (right middle), and on CEMRA (right), ste-

nosis is not seen. The artifact is likely related to turbulence. Mild in-
plane saturation effect is also noted in both proximal MCAs (dotted 
arrows). Note artifact affecting the right ICA upon skull base entry 
(thin arrows)

43.4  “In-Plane Saturation” on Time-of-Flight MR Angiography Simulating Stenosis (Pseudo-stenosis)
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Fig. 43.30  Pseudo-stenosis in this 56-year-old, 3DTOF MRA AP 
(left) and oblique (middle) views show unilateral signal loss in the left 
petrous ICA as it enters the skull base, thus simulating a stenosis 

(arrows). An AP view from a CEMRA (right) appears normal. The 
pseudo-stenosis was likely related to artifacts from a combination of 
turbulence and in-plane saturation

Fig. 43.31  Comparison case of ICA dissection. In this 45-year-old, 
2DTOF MRA (left) and CEMRA (left middle) lateral views of the right 
ICA are indeterminate for arterial injury, whereas 3DTOF MRA (mid-

dle) and fat-suppressed FLAIR (right middle) suggest a lower petrous 
ICA outpouching or pseudoaneurysm (PSA, arrows). Catheter DSA 
(right) confirmed a PSA
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43.5	 �Susceptibility, Motion, and Pulsation 
Artifacts Affecting MRA

As previously mentioned, other sources of artifacts quite 
commonly can cause varying degrees of MRA degradation 
and difficulty in interpretation, perhaps more often affect-
ing cranial MRA evaluation rather than cervical [1–25]. 
Susceptibility artifacts can arise from adjacent sphenoid 
sinus air located medially, for example, and may obscure 
the cavernous ICAs. Similarly, mastoid aeration extending 
into the petrous apices can obscure the petrous ICA and 
simulate a stenosis. Head motion in any direction can cause 

image degradation; this problem may seem innocuous 
when only mild motion occurs, but it can simulate a vascu-
lar stenosis. Pulsation artifacts (carried along the phase 
direction) can also disrupt the appearance of flow, and typi-
cally occur along the phase direction of the image, most 
commonly from an ICA. As mentioned previously, CEMRA 
may reduce the appearance of pseudo-stenoses or pseudo-
occlusions (Figs. 43.32, 43.33, 43.34, and 43.35). Parallel 
imaging artifact (occurring because the head has a larger 
transverse and anterior-posterior field to cover, compared 
with the neck), and “T1 shine-through” effects are dis-
cussed below.

Fig. 43.32  Pseudo-stenosis in this 68-year-old, 3DTOF MRA AP (top 
left) and lateral (top middle) views illustrate bilateral cavernous ICA 
pseudo-stenoses due to signal loss (arrows) from motion/pulsation arti-

fact in the phase direction (transverse plane), as confirmed on source 
data (top right). CEMRA AP (bottom left) and lateral (bottom right) 
views appear normal

43.5  Susceptibility, Motion, and Pulsation Artifacts Affecting MRA
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Fig. 43.34  Pseudo-stenosis top row: 83-year-old in whom the left cav-
ernous ICA appears moderately narrowed (arrows) on a 3DTOF MRA 
AP view (left). An artifact from adjacent sphenoid sinus air and/or ICA 
pulsation is noted on axial source images (middle and right). Bottom 

row: CEMRA 3D MIP (left) and source images (middle and right) con-
firm ICA patency in that segment, but also suffer from motion artifact 
(thin arrows)

Fig. 43.33  Pseudo-stenosis in this 88-year-old, 3DTOF MRA AP (top 
left) and lateral (bottom left) views suffer from severe loss of FRE sig-
nal due to motion on source images (left middle and middle), causing 
bilateral cavernous ICA pseudo-stenoses (arrows). On CEMRA (right 

images), which is less affected by patient motion, these arteries are pat-
ent. Bands of motion artifact (thin arrows) exist between overlapping 
2 cm-thick multiple overlapping thin slab acquisition (MOTSA) slabs, 
stacked together to construct the 3D MIP images

43  Artifacts of the Craniocervical Arterial System on MRI



1285

Fig. 43.35  Comparison case of poor visualization on MRA distal to a 
critical stenosis. On a 3DTOF MRA AP view (top left), the cavernous 
left ICA was not seen (arrows), but it was patent on AP (bottom left) 
and lateral (middle) views from a CEMRA. Catheter DSA (right) con-

firmed that the cavernous left ICA was patent. Thus, the apparent lack 
of intracranial flow on the initial MRA was due to the proximal, critical 
cervical ICA stenosis (thin arrows, right)

43.5  Susceptibility, Motion, and Pulsation Artifacts Affecting MRA
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43.6	 �Sensitivity Encoding Parallel Imaging 
Unfolding Artifact on 3D TOF MRA

As parallel imaging is more commonly utilized, along with 
larger field strengths and improved coil signal-to-noise ratio 
(SNR) profiles, one should be aware of artifacts related to 
such. The intricacies of parallel imaging are too complex for 
the scope of this text, but a basic explanation should suffice 
for the purposes of discussing artifacts. In short, SENSE 
(Philips), mSENSE (Siemens), ASSET (GE), RAPID 
(Hitachi), and SPEEDER (Toshiba) are all acronyms that 
refer to a type of rapid acquisition of images using parallel 
imaging, in tandem with reconstruction via sensitivity encod-
ing. Such parallel imaging utilizes two more separate surface 
coil elements of a phased array coil system (ie, a “multicoil 
multichannel system”) to shorten acquisition time. Compared 
with reception by a single coil, faster imaging of an area of 
interest is possible by reconstructing the image using the 
“sensitivity profile.” That is, the signal obtained from multi-
ple elements is analyzed and reconstructed based on the sig-
nal’s distance from the area of interest. The largest 
contribution to an image’s signal from an area of interest is 
from signal that arises from the nearest coil; the contribution 
decreases with distance further away. Hence, via sensitivity 
encoding, each coil receives and contributes a portion of the 
signal, so the various components of the image can be 

obtained faster than an acquisition that does not implement 
SENSE. However, the tradeoff is a reduction in SNR, which 
is decreased by 1 ( ) ,R  where R is the “parallel factor.” 
This decreased SNR can be mitigated to a degree by imaging 
at higher field strengths, such as at 3 T instead of 1.5 T.

Although artifacts related to parallel imaging sensitivity 
encoding can be noted in any part of the body and at any field 
strength (as discussed in the Brain section of this book), they 
are mentioned here because MRA at 3 T typically utilizes 
such techniques to obtain higher-quality images than at 1.5 T 
in a shorter amount of time. This artifact may cause the spu-
rious appearance of abnormal vessels, such as from an aneu-
rysm or arteriovenous anomaly, if one does not notice that 
the artifact occurs in the phase-encoding direction and origi-
nates from objects outside of the field of view (FOV). Such 
subtle or severe artifacts are due to aliasing with an incom-
plete selection of the FOV, where the selected FOV is signifi-
cantly smaller than the patient’s body part of interest. The 
artifactual signal that arises outside of the FOV forms signal 
centrally in the brain that most often arises from ears, face, 
scalp vessels, etc. This type of artifact, also termed “SENSE 
ghosting” or “unfolding artifact,” can be corrected by either 
turning off the sensitivity-encoding factor or selecting a FOV 
larger than the region to be imaged, so that the reconstructive 
algorithm properly unfolds signals outside of the area of 
interest (Figs. 43.36, 43.37, and 43.38).

Fig. 43.36  Simulation of parallel imaging “unfolding” artifact. In this 
55-year-old, 3DTOF MRA source images were performed at 3 T. The 
field of view (FOV) and SENSE parallel-imaging (PI) factor was turned 
“on” and “off” to create spurious artifact within the brainstem (arrows). 
The artifact on the leftmost image arises from the pinna of either ear 
(thin arrows, right), where both ears are located outside the FOV. The 
artifact is removed by either removing SENSE (middle), which doubles 

the scan time, or by widening the FOV with SENSE turned “on” (right). 
The best combination of scan time and quality is the rightmost image, 
where the entire FOV is covered with SENSE “on”, albeit with a 50 % 
greater scan time than when it is off. This time is faster than for the 
same quality at 1.5 T (Images obtained with aid of Luke Kim and John 
Saali, Philips Healthcare, Andover, MA, USA)
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Fig. 43.37  In this 52-year-old, a 3 T 3DTOF MRA source image (left) 
demonstrates spurious signal within the brainstem (arrows) that simu-
lates an aneurysm, as shown on 3D MIP lateral (middle) and superior 

(right) views. The artifact likely arises from the pinna of the ears, which 
are partially outside of the FOV (thin arrows, left)

Fig. 43.38  Top row: in this 68-year-old, 3DTOF MRA source images 
(left and middle) illustrate spurious signal within the brainstem 
(arrows), not visualized on axial T2WI (right). Bottom row: the artifact 
was present on 3DTOF MRA MIP lateral (left) and superior (middle) 

views, but catheter DSA (right) was normal (although performed for a 
different reason). The artifact arises from the right ear, which is par-
tially outside of the FOV (thin arrows)

43.6  Sensitivity Encoding Parallel Imaging Unfolding Artifact on 3D TOF MRA
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Fig. 43.39  In this 36-year-old, 3DTOF MRA MIP AP (left) and lateral 
(left middle) views demonstrate “T1 shine-through” effect from nor-
mally T1-bright posterior pituitary lobe (arrows) and from T1-bright 

clival marrow (thin arrows). The T1-bright signal in both locations is 
confirmed on 3DTOF MRA source images (right middle) and on sagit-
tal T1WI (right)

Fig. 43.40  In this 73-year-old, 3DTOF MRA MIP superior (left) and 
AP (middle) views illustrate “T1 shine-through” effect from normally 
T1-bright posterior pituitary lobe (arrows), as well as from T1-bright 

orbital fat (tiny arrows). The T1-bright signal in such locations is con-
firmed on the 3DTOF MRA axial source images (right)

43.7	 �“T1 Shine-Through” Effect on 3D 
Time-of-Flight MR Angiography

The term “T1 shine-through” refers to an appearance in 
which artifacts, lesions, gadolinium-based contrast, or hem-
orrhage—having extremely shortened T1 relaxation times—
are seen on the 3DTOF MRA or MRV source or MIP images, 
but are not related to patent, flowing vasculature. Normally, 
only faster-flowing vessels traveling superiorly on cranial 
MRA are visualized (with inferiorly traveling spins saturated 
to appear dark), owing to the constant entry of fresh blood 
(“fresh spins”) into the cranium (ie, flow-related enhance-

ment [FRE]). T1 shortening caused by “T1 shine-through” 
effects can be related to normal findings (such as fatty mar-
row in the clivus, orbital fat, or the normally bright posterior 
lobe of the pituitary gland); actual abnormalities (such as 
subacute age hemorrhages or thrombosed aneurysms that are 
T1-bright); MRI artifacts (such as aliasing, CSF pulsation, or 
arterial pulsation); or residual gadolinium contrast. (In a 
patient with renal failure, for example, contrast may persist 
within lesions or the vasculature for several days.) Notably, 
this “T1 shine-through” effect can also occur within vascula-
ture (or enhancing lesions) on SWI (Figs.  43.39, 43.40, 
43.41, 43.42, 43.43, and 43.44).

43  Artifacts of the Craniocervical Arterial System on MRI



1289

Fig. 43.41  In this 65-year-old, a 3DTOF MRA MIP AP view (left) is 
affected by diffuse “T1 shine-through” due to scalp and orbital fat (thin 
arrows), with a normal T1-bright posterior pituitary lobe (arrows), 

which is better seen after scalp and orbital fat are removed (middle). 
Axial source 3DTOF MRA images (right) best illustrate the extent of 
T1-bright scalp fat

Fig. 43.42  In this 20-year-old, 3DTOF MRA MIP superior (left) and 
lateral (left middle) views demonstrate “T1 shine-through” within the 
basal cisterns (arrows), arising from pronounced CSF pulsation artifact 

surrounding the brainstem. This appearance is confirmed by the axial 
source images for the MRA (middle, right middle), and on FLAIR MRI 
(right)

Fig. 43.43  Comparison case of pituitary hemorrhage. 20-year-old 
woman who was 2 days postpartum with headaches. A 3DTOF MRA 
MIP AP view (left) illustrates “T1 shine-through” obscuring the basilar 
artery tip (arrows); this was confirmed to be hemorrhage on source 

MRA sagittal reformats (left middle), and on coronal T1WIs (right 
middle), with mass effect on the optic chiasm (thin arrows). A coronal 
nonenhanced CT (right) also demonstrates the hemorrhage

43.7  “T1 Shine-Through” Effect on 3D Time-of-Flight MR Angiography
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Artifacts on Craniocervical CT 
Angiography

With the advent in the late 1990s of multichannel, multi-
detector (also called “multislice”) technology for CT, and 
its subsequent implementation, the performance of CT 
angiography (CTA) has been augmented in terms of cov-
erage, speed, and dose efficiency. Overall, perhaps more 
than 95 % of examinations are interpretable and have ade-
quate contrast attenuation (>150 HU), and more than 85 % 
have adequate difference in contrast density (>50 HU) 
between arteries and veins for the purpose of CTA [1–5]. 
However, there are a number of artifacts that can limit 
CTA evaluation and potentially lead to false interpretation 
[1–5]. Kim et al. [1] describe these artifacts in detail, but 
for the purposes of discussion here, these are the most 
common:

•	 Streak artifact from reflux of dense contrast material in 
adjacent veins, such as within a subclavian vein or bra-
chiocephalic vein that may obscure visualization of an 
adjacent common carotid artery or vertebral artery

•	 Streak artifact or decreased attenuation horizontally due 
to the shoulders

•	 Streak or beam-hardening artifact from metal such as 
dental amalgam

•	 Flow-related artifacts due to the high speed of multislice 
CT acquisition

•	 Motion artifacts

It is not uncommon for more than one type of artifact to 
affect a study in various ways. For example, metallic streak 
or motion artifacts may limit evaluation or simulate stenoses 
near the carotid bifurcation, and metallic streak artifact or 
shoulder streak artifact may completely obscure the great 
vessel origins; in particular, streak artifact from the dense 
bones (shoulders) may occasionally entirely obscure the ver-
tebral arteries’ origins. Overall, the newest versions of 
128-section or 256-section scanners are less affected by 
streak from bone, dental amalgam, or venous pooling or 
reflux of contrast, in part because of the increased number of 
detectors, but also through the advent of newer reconstruc-
tion algorithms such as iterative reconstruction (a concept 
discussed further in the Brain section of this book).

The 64-section CT scanners have shown decreased artifacts 
and increased detection of vascular lesions (such as aneurysms 
or stenoses) with significantly decreased scan time relative to 
the 16-slice and 4-slice scanners [6–9]. However, as the newer 
64-section, 128-section, and 256-section CT scanners can 
cover the whole head and neck in a matter of seconds, they 
may have a greater predisposition to flow-related artifacts than 
slower scanners (such as 16-slice and lower) because the scan-
ner speed will “outstrip” the contrast bolus, potentially leading 
to the appearance of a pseudodissection [1] (Figs. 44.1, 44.2, 
44.3, 44.4, 44.5, 44.6, 44.7, 44.8, 44.9, 44.10, 44.11, 44.12, 
44.13, 44.14, 44.15, and 44.16).
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Fig. 44.1  80-year-old with contrast reflux artifact. A neck CTA illus-
trates contrast reflux into, and severe streak artifact from, the left bra-
chiocephalic vein (BCV) and subclavian vein (SCLV) (asterisks). The 
streak obscures the left common carotid artery (CCA), along with the 

right CCA to a lesser degree (arrows), on a coronal 21 mm MPR (left). 
The right vertebral artery (VA) origin is also obscured (thin arrow, 
right), thus simulating a stenosis

44  Artifacts on Craniocervical CT Angiography
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Fig. 44.2  65-year-old with contrast reflux artifact. top row: on a neck 
CTA, there is reflux (asterisk) into the left SCLV and vertebral venous 
plexus (VVP) on axial (left) and coronal (right) MPRs. Middle row: 
contrast reflux is also visible on sagittal MPR (left), and a 3D VR AP 
view (right) demonstrates how the artifact obscures most arterial ori-
gins, including the right VA origin (thin arrows) and the left CCA 

(dotted arrows). These streak artifacts, along with shoulder streak arti-
fact, obscure the left VA origin (arrows) and could simulate a stenosis. 
Bottom row: a 3D VR superior view of the right side (left) illustrates the 
obscured origin of the right VA, and a 3D VR LAO view (right) shows 
that the lower left CCA is obscured as well

44  Artifacts on Craniocervical CT Angiography
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Fig. 44.3  78-year-old with contrast reflux artifact. On a CTA, it was 
difficult to discern the left VA (thin arrows) from the left vertebral vein/
plexus (VVP, arrows) on a 3D VR LAO view (left). Axial images (left 
middle), a 6 mm MPR sagittal view of the right VA (right middle), and 

a coronal view of the VAs (right) all demonstrated contrast reflux from 
the SCLVs into both VVPs, greater on the left than on the right (arrows). 
These images also confirmed that both VA origins were patent (thin 
arrows)

Fig. 44.4  68-year-old with multiple contributors to severe streak arti-
fact. Top row: on a CTA, streak artifact is related to contrast reflux into 
the left SCLV and VVP (arrows), which, along with metallic streak 
artifact from anterior cervical fusion (dotted arrows) made it impossi-
ble to discern the lower VAs on axial images. Bottom row: superiorly, 

the VAs (thin arrows) are patent, as shown on coronal MPRs of the left 
VA (left) and right VA (middle). A 3D VR left lateral view (right) shows 
that contrast reflux extends cephalad into posterior cervical veins (tiny 
dotted arrows), and further up to the skull base

44  Artifacts on Craniocervical CT Angiography
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Fig. 44.5  43-year-old with severe contrast reflux artifact. Top row: 
streak artifact arises from contrast reflux that extends cephalad into the 
right internal jugular vein (arrows). It is difficult to assess the right 
internal carotid artery (ICA) (thin arrows) on axial (left), sagittal 

(middle), and coronal (right) MPRs. Bottom row: 30 mm thick coronal 
MPRs (left), as well as RAO (middle) and LAO (right) 3D VR images, 
demonstrate how the upwards contrast reflux obscures visualization of 
the adjacent right ICA near the carotid bifurcation
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Fig. 44.7  74-year-old with shoulder streak artifact. VA origins (thin 
arrows) and subclavian arteries (SCLAs) (asterisks) are bilaterally 
obscured by shoulder artifact (arrows) (but can be seen to be patent) on 

a neck CTA reconstructed into 6 mm coronal (left) and sagittal (right) 
MPRs of the left side

Fig. 44.6  Companion case of vertebral artery stenosis bilaterally with 
atherosclerotic calcifications. A 75-year-old had severe, heavily calci-
fied VA origins bilaterally (arrows), causing moderate stenoses on 3D 

VR LAO (left) and RAO (middle) views. The stenoses are confirmed to 
be real on a coronal 3 mm MPR (right)
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Fig. 44.8  43-year-old with shoulder streak artifact. Top row: on neck 
CTA axial images, severe streak artifact from both shoulders, along 
with contrast persistence within the right BCV and SCLV (asterisks), 
together combine to completely obscure the lower CCAs (dotted 

arrows) and VAs (tiny arrows). Bottom row: the image degradation 
from steak artifact (arrows) in the lower neck is also illustrated on a 
coronal 20 mm MPR (left) and on a 3D VR AP view (right). Also, note 
streak artifact from dental amalgam (dotted boxes)
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Fig. 44.9  30-year-old with a neck CTA limited by streak artifact from 
dental amalgam. Top row: streak artifact (arrows) obscures the ICA ori-
gins, as shown on axial images (left and middle), and on a coronal MPR 
(right), causing pseudo-stenoses. There is also streak artifact at the tho-
racic inlet from contrast persistence within the right BCV and SCLV 

(asterisk), obscuring the innominate artery (minus sign) on the coronal 
MPR (right). Bottom row: 3D VR views further demonstrate how the 
streak artifact (arrows) obscures the ICA origins on right (left and mid-
dle) and left lateral (right) views

44  Artifacts on Craniocervical CT Angiography
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Fig. 44.10  80-year-old with severe streak artifact from dental amal-
gam. The severe artifact (arrows) entirely obscures the left ICA (thin 
arrow) near the bifurcation, on sagittal 7 mm MPRs. (The left image is 

more medial; the right image is further lateral.) The severe streak arti-
fact precludes evaluation of the left ICA origin

Fig. 44.11  66-year-old with pseudodissection. On a CTA, streak arti-
fact (thin arrows) from dental amalgam causes a right ICA “pseudodis-
section” (arrow, which shows a simulated intimal flap) above the carotid 

bifurcation, on axial (left), sagittal (middle), and coronal (right) MPRs. 
The right ICA is actually normal. There were no symptoms of stroke or 
dissection
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Fig. 44.12  19-year-old with pseudodissection. Axial CTA images 
depict flow-related “pseudodissections” (arrows) in the petrous ICAs 
bilaterally because a fast 256-slice CT scanner “outpaces” the contrast 
bolus. Coronal MPRs of the right ICA (left middle) and left ICA (right 

middle) show that the bolus becomes less dense (ie, “thins”) from cau-
dally to cranially, the same direction in which the scan is obtained. This 
“thinning” of the bolus is shown on a 3D MIP AP view (right)

Fig. 44.13  32-year-old with posttraumatic pseudodissection. On a 
256-slice neck CTA, a pseudodissection (arrows) of the right ICA is 
noted on serial 0.8  mm axial (left column) and MPR reformats with 
localization cursors (middle left), with 3D (middle right) images indica-

tive of laminar flow (the arrows denote a simulated intimal flap). For 
confirmation, both a negative ultrasound (axial view, top right) and 
CEMRA with MIP (bottom right) were performed. There were no 
symptoms of dissection
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Fig. 44.14  53-year-old with trauma and pseudodissection. The pseu-
dodissection artifact (arrows) is located at the left ICA origin on axial 
(left) and coronal (middle) MPRs from a 128-slice CTA. An intimal flap 
was initially suspected (arrows). A subsequent catheter DSA (right) 

was negative. The patient had no stroke symptoms. Note the appearance 
of laminar flow on the sagittal 0.8 mm (bottom left) and thicker 5 mm 
(bottom middle) MPRs
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Fig. 44.15  58-year-old with pseudodissection artifact. On a neck 
CTA, a pseudodissection (arrows) was noted at the right ICA origin, 
likely from CT scanner speed (128-slice CT) relative to flow and pulsa-
tion (the arrow shows a simulated intimal flap), as shown on axial (left), 

coronal (middle), and sagittal (right) MPRs. The patient had a right-
sided stroke acutely, later found to be due to emboli from the cardiac 
system. Note the appearance of laminar flow on the sagittal image to 
confirm pseudodissection
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Fig. 44.16  Comparison case of carotid dissection and pseudoaneu-
rysm. 31-year-old with penetrating trauma. Top row: axial and sagittal 
reformats from a 128-slice CTA demonstrate a linear defect (dashed 
arrows) at the left ICA origin. Middle row: an intimal flap was con-
firmed on coronal (left) and curved MPR (right) views. Bottom row: on 

left ICA catheter DSA, both earlier and later phases in lateral views (left 
two images) and oblique views (right two images) confirm the dissec-
tion, but also identify a tiny pseudoaneurysm, making this a Grade 3 
blunt vascular injury
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Dense Vessels Simulating Thrombosis 
on Nonenhanced CT

A normal appearance of hyperdense vessels, whether arterial 
or venous, can occur on nonenhanced CT (NECT) for several 
reasons [1–14]. This appearance can represent a true increase 
in density, or it can be artifactual. Notably, there is a correla-
tion between the hemoconcentration of whole blood and the 
density on NECT. Hence, higher hemoglobin and/or higher 
hematocrit levels may lead to relatively hyperdense vessels 
diffusely on NECT, which is most commonly due to frank 
dehydration in patients without stroke symptoms presenting 
to the emergency room. Thus, higher hemoconcentrations can 
lead to a hyperdense appearance of the arteries and dural 
sinuses, whether due to a relative polycythemia, which can 
occur with decreased fluid intake or fluid loss or with a higher 
hematocrit, such as that occurring normally in newborns. 
Because newborns do have some risk for venous thrombosis, 
it is occasionally necessary to implement contrast-enhanced 
MR venography (CEMRV) or CT venography (CTV) to 
exclude venous thrombosis. Also, artifactual vascular hyper-
density can occur unilaterally or bilaterally at the skull base as 
a result of artifacts from beam hardening (decreased penetra-
tion in areas of dense bones or metal), patient motion, or vol-
ume averaging (such as the middle cerebral artery volume 
averaged with adjacent cerebrum or subarachnoid space).

On NECT, either unilateral arterial hyperdensity or dif-
fuse venous hyperdensity should be viewed with suspi-

cion if there are other associated imaging findings or if an 
appropriate clinical history is present, in the absence of 
associated artifact. Examples of this include a hyperdense 
middle cerebral artery in a patient with stroke-like symp-
toms (eg, acute unilateral weakness), or dense dural 
venous sinuses in a patient with a spontaneous cerebral 
hemorrhage. Also, venous thrombosis will typically have 
enlarged veins and may have adjacent parenchymal 
edema; the regional distribution of the parenchymal 
edema or hemorrhage (such as parasagittal edema/hemor-
rhage in superior sagittal sinus thrombosis, or temporal 
edema/hemorrhage in transverse sinus thrombosis) can be 
useful to discern true thrombosis. Notably, in the setting 
of trauma, the presence of a calvarial fracture adjacent to 
a dural sinus on NECT has a high frequency of sinus 
thrombosis (ranging from 25–40 %, being higher with 
multiple fractures) as well as compression from extra-
axial hemorrhage causing venous stenosis (reported in 
about 35–45 %) [15–17]. In most of these scenarios, 
appropriate imaging may include CT angiography (CTA), 
MR angiography (MRA), CTV, or MRV to confirm the 
presence or absence of vascular thrombus (Figs.  45.1, 
45.2, 45.3, 45.4, 45.5, 45.6, 45.7, 45.8, 45.9, 45.10, 45.11, 
45.12, 45.13, 45.14, 45.15, 45.16, 45.17, 45.18, 45.19, 
45.20, 45.21, and 45.22).

45
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Fig. 45.1  79-year-old with a dense MCA. The patient had stroke-like 
symptoms, and a dense right middle cerebral artery (MCA) was ques-
tioned (arrows) on nonenhanced CT (NECT) (left), as compared with 
contralaterally (dotted arrows), owing to either beam hardening or 

volume averaging artifact (or a combination of the two). There was 
likely mild dehydration, as the venous sinuses were mildly hyperdense 
(thin arrow). On CTA PA (middle) and MRA AP (right) views later the 
same day, the right MCA was demonstrated to be patent

Fig. 45.2  41-year-old with a unilateral dense MCA. A mildly hyper-
dense right MCA (arrows) was noted on axial NECT (left and middle) 
in a patient with “psychosis.” The left MCA is not hyperdense, but is 

not well visualized (dashed arrows), while the dural sinuses are mildly 
hyperdense (thin arrows), suggesting that the findings are related to 
dehydration

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT
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Fig. 45.3  19-year-old with a unilateral dense MCA. The right MCA 
was moderately focally hyperdense (arrows) on NECT. The left MCA 
was not as dense (dotted arrows), and the dural sinuses were also hyper-

dense (thin arrows). These findings were likely from dehydration. The 
patient’s symptoms were generalized headaches, without stroke or 
stroke-like symptoms

Fig. 45.4  50-year-old with a unilateral dense MCA. The patient suf-
fered a seizure, and had a unilaterally dense left MCA (arrows) on axial 
NECT (left), as compared with the right MCA (dotted arrows). This 
difference is less pronounced after reconstruction and re-alignment 

with thinner images (1.5 mm) in the axial plane (left middle). Coronal 
reformats (right middle) demonstrate that the hyperdense MCA was 
likely due to beam hardening artifact (arrowheads). 3  T SWI MRI 
(right) confirmed a patent left MCA

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT
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Fig. 45.5  34-year-old with a unilateral dense MCA. The right MCA is 
hyperdense (arrows) on adjacent NECT slices (left and middle), likely 
a result of beam hardening artifact anteriorly (thin arrows), as other 
vessels were not dense. This was originally questioned to be an early 

sign of infarct, but the clinical history that was provided later did not 
match. The dense right MCA was also present on a NECT 4 years 
earlier (right), with a similar degree of beam hardening artifact

Fig. 45.6  21-year-old with a unilateral dense MCA. Note a dense right 
MCA (arrows), versus the left (dotted arrow), with dense dural sinuses 
(thin arrows)

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT



1311

Fig. 45.7  89-year-old with a unilateral dense MCA. Note an apparently dense right M2 branch (arrows) on NECT, relative to the left MCA (dotted 
arrows), likely due to beam hardening artifact. MRA superior (upper right) and AP (bottom right) views were normal

Fig. 45.8  35-year-old with a hyperdense MCA. The right MCA was 
hyperdense (arrows) on NECT (left), but the patient lacked stroke 
symptoms. The vessel was not dense on an adjacent slice (middle); the 
left MCA and basilar (dotted arrows) were not as dense. The dural 

sinuses were only mildly hyperdense (thin arrows). A coronal MPR 
(right) confirmed that the right MCA was mildly hyperdense. Thus, this 
finding was probably related to dehydration combined with beam hard-
ening artifact

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT
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Fig. 45.9  46-year-old with a dense basilar artery. The basilar is dense 
(arrows) on consecutive slices from NECT (left and middle), likely 
because of beam hardening artifact, as evident by streak artifact from 
dense bony clivus and basisphenoid at the skull base (thin arrows). The 

other vessels were not hyperdense. There were no symptoms of stroke. 
This finding was not present on NECT performed 6 months later (right), 
although beam hardening and streak artifacts were present

Fig. 45.10  23-year-old with bilaterally dense MCAs. On NECT, there were bilaterally dense MCAs (arrows) on axial images (left) from beam 
hardening artifact. The relationship to beam hardening artifact and streak was more apparent (thin arrows) on coronal reformats (right)

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT
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Fig. 45.11  45-year-old with diffusely dense vasculature. NECT dem-
onstrates diffusely hyperdense arteries (arrows) as well as diffusely 
hyperdense dural venous sinuses (thin arrows). Clinically, these 

findings were thought to be related to dehydration. The patient lacked 
symptoms of stroke

Fig. 45.12  49-year-old with diffusely dense vasculature. Note dense 
arteries (arrows) and veins (thin arrows) on NECT, likely from dehy-
dration. The left MCA was initially deemed hyperdense by the radiol-

ogy resident, as there was a clinical question of stroke, but the arteries 
and veins appeared equally dense, and the patient’s symptoms were 
transient

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT
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Fig. 45.13  34-year-old with diffusely dense vasculature. On an NECT 
performed for “psychosis,” dense arteries (large arrows) were noted 
diffusely, likely related to dehydration. The MCAs (arrows, left and 

middle) and ACAs (dotted arrow, right) were bilaterally hyperdense, 
and the venous sinuses (thin arrows) similarly appeared hyperdense

Fig. 45.14  22-year-old with diffusely dense vasculature. On axial 
NECT, dense MCAs were noted bilaterally (arrows, left and middle), as 
well as hyperdense dural venous sinuses diffusely (thin arrows, right), 

in a patient clinically suffering headaches. The hyperdensity was due to 
dehydration

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT
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Fig. 45.15  4-day-old with dense dural sinuses. Axial (left) and sagittal (right) NECT images show dense venous sinuses (large arrows) due to 
fetal hemoglobin and a high hematocrit. There was no venous thrombosis. The arteries are mildly hyperdense (thin arrows)

Fig. 45.16  4-day-old with dense dural sinuses. On NECT, hyperdense dural venous sinuses (arrows) were noted on axial (left) and sagittal 
(right) MPRs

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT



1316

Fig. 45.17  6-day-old with dense dural sinuses. Dense dural venous 
sinuses (arrows) were seen on consecutive slices from NECT, as a 
result of normal neonatal hemoconcentration. Note the lack of paren-

chymal hemorrhage or venous distention, which would typically be 
seen in venous thrombosis. Also, note mild hyperdensity of the left 
sphenoparietal sinus (thin arrow)

Fig. 45.18  7-day-old with dense dural sinuses. Diffusely dense venous 
sinuses were noted on serial NECT images (arrows), related to normal 
neonatal high hematocrit. The arteries (thin arrows) are not as dense, 
but the patient had a normal clinical follow-up. These findings raise the 

question whether this hyperdensity is not only from neonatal hemocon-
centration but also from mild posterior fossa hemorrhage, which can be 
seen in up to 30–40 % of normal, spontaneous, asymptomatic live births

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT
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Fig. 45.19  14-year-old with 
diffusely dense vasculature. On 
NECT, hyperdense arteries 
(arrows) and dural sinuses along 
the tentorium (thin arrows) are 
present, presumably secondary to 
dehydration, in a patient with 
headaches

Fig. 45.20  38-year-old with a 
dense superficial vein. A 
radiology resident questioned 
subdural hematoma (arrow) on 
NECT (left), which, on coronal 
MPR (top right), was found to be 
a vein of Labbé that appeared 
dense owing to beam hardening; 
it was not dense dorsally (bottom 
right)

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT
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Fig. 45.21  Comparison case of a dense MCA and an acute infarct. In 
a 41-year-old, NECT (top left) found a dense left MCA (large arrows), 
with focal loss of gray-white differentiation (“insular ribbon” sign) 
(dotted arrows, middle). The internal carotid artery (ICA) and MCA 

were occluded (arrows) on a 3DTOF MRA superior view (bottom left), 
with contralateral MCA patency (thin arrow). DWI MRI 2 days later 
(right) confirmed the presence of an infarct, which had expanded since 
the NECT

Fig. 45.22  Comparison case of dense dural sinuses from thrombosis. 
A 35-year-old with dense transverse and sigmoid sinuses (arrows) on 
NECT (left and left middle). A CTV with 16-mm axial MPR (right 
middle) and a 3D VR RPO view (right) showed thrombus (arrows) 

within the torcular, extending into both transverse sinuses, and within 
the right sigmoid sinus (asterisk). Note how the thicker MPR and 3D 
VR images clearly confirmed the presence of thrombus

45  Dense Vessels Simulating Thrombosis on Nonenhanced CT
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A
Abnormal gait, 681
Abusive head trauma (AHT), 677
AC. See Anterior clinoid (AC)
ACA. See Anterior cerebral artery (ACA)
ACA fenestrations, 1066–1070
Accessory anterior cerebral artery. See Median artery of the corpus 

callosum (MACC)
Accessory middle cerebral artery, 1089, 1090, 1092–1094, 1096
AcoA. See Anterior communicating artery (AcoA)
Acoustic neuroma resection, 110
Acute disseminated encephalomyelitis (ADEM), 528, 531
Acute hepatic encephalopathy (AHE), 527
Acute lacunar infarcts, 323
ACVs. See Anterior caudate veins (ACVs)
Adenohypophysis, 89
Adenoma, 116, 117
Adrenoleukodystrophy (ALD), 717
Adult skull

intrasutural bones, 840, 842, 843
scaphocephaly, 845–849

AHT. See Abusive head trauma (AHT)
Air-bone interface artifacts

anterior clinoid processes, 464, 465
ethmoid air cells, 463
focal temporal hemorrhage, 468
frontal sinuses, 464
mastoid air cells, 462, 463
petrous apex, 466, 467
sphenoid sinus, 465, 466

ALD. See Adrenoleukodystrophy (ALD)
ALIC. See Anterior limb of the internal capsule (ALIC)
Altered mentation, 694, 704, 708
Alzheimer disease, 239
Amyotrophic lateral sclerosis (ALS), 528, 532
Anaplastic oligastrocytoma, 232
Aneurysm, 897, 903, 909, 913, 914
Angiomatosis, 938
Anterior basioccipital clefts (ABOCs), 786, 791–792
Anterior caudate veins (ACVs), 1153–1157, 1159, 1166
Anterior cerebral artery (ACA), 304–311

callosal hypogenesis, 310
GLD, 309
iatrogenic atrophy, 311
MS, 309
perinatal ischemia, 308
remote injury, 310
seizures, 306
traumatic lesions, 307

Anterior cerebral artery A1 segment, 1071–1073
Anterior circulation variants

ACA fenestrations, 1066–1070
azygous ACA, 1074–1078
bihemispheric ACA, 1063, 1071, 1074, 1076, 1077, 1079
DOA, 1065
hypoplastic ACA A1 segment, 1071–1073
ICA fenestrations, 1064
lenticulostriate branches, 1096–1099
MACC, 1079–1081
MCA

accessory, 1089, 1090, 1092–1094
duplicated, 1089–1092
early branching, 1085–1088
fenestration, 1089, 1094, 1095

OFA, 1083, 1084
POA, 1082

Anterior clinoid (AC), 913–915
Anterior communicating artery (AcoA),  

1063, 1066–1071, 1079–1082, 1086,  
1096, 1103, 1113, 1114

Anterior fontanelle (AF), 814–823
Anterior foramen (AF), 775–777
Anterior inferior cerebellar artery (AICA), 43, 1033
Anterior intercavernous sinus (AIS), 1144–1148
Anterior intra-occipital synchondrosis (AIOS), 749, 750, 752
Anterior limb of the internal capsule (ALIC), 646, 648, 649
Anterior pituitary hyperintensity, 726–729
Anterior pontomesencephalic vein (APMV), 1131, 1150–1152
Anterior septal veins (ASVs), 1153–1157, 1164, 1165
Anterior temporal white matter (ATWM), 666, 672
Aortic arch variations

asymptomatic, 949
congenital cardiac syndromes, 949
distal, aberrant, retroesophageal RVA, 966
double aortic arch, 957, 958
external carotid artery, arch origin of, 967
great vessel origin, 950
hypoplastic right vertebral artery, 950
innominate artery, 949, 951, 961
left common carotid artery, 949, 951, 952, 961
left subclavian artery, 949, 951
left vertebral artery, arch origin of, 961–964
on neck, 949
normal aortic arch, 950
normal left-sided arch, 950
right-sided aortic arch, 957–960
RSCA

left-sided aortic arch, 955–956
truncus bicaroticus, 949, 951–954

truncus bicaroticus, 951–954
Apparent diffusion coefficient (ADC), 633
Aqueductal stenosis, 347, 361
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Arachnoid cysts (ACs), 66, 150, 174, 379
cerebellar volume loss, 369
cerebral volume loss, 369
NEC, 213, 219, 221, 289
SAS, 380–382, 386, 387
trigonal cysts, 213

Arachnoid granulations
adjacent filling defects, thrombi, 1236
anterior frontal, 927
bilateral frontal, 928
bilateral paramedian irregular parieto-occipital arachnoid, 925
cortical vein/plexus, 922
CT and MRI correlation, appearance on, 922
diagnosis, 1227
diploic veins, 922
within dural sinuses, 921
identification, 1227
incidental, 927
lobulated, 924
location, 922
LTS filling defects, 1232
lytic lesions, 929
lytic metastasis, 923
MRI, appearance on, 922
occipital, 923, 924
parietal foramina, incidental, 927
presence, 1227
prostate cancer, 926
septate and partly ossified arachnoid granulation, 930
skull, indentations of, 926
SSS, 1235, 1236
straight sinus, 1234
thrombus, 1228
tiny infarct, 929
torcular, 1233
transverse sinuses

headaches, 1229
intraluminal thrombus, 1231
multiple filling defects, 1229
two filling defects, 1230

unilateral, left frontal, 928
Arrested pneumatization, 916–919
Arteria lusoria, 955
Arteriovenous malformations (AVMs), 875, 969
Artifacts

from air-bone interfaces and gas, 461–468
craniocervical arterial (see Craniocervical arterial system artifacts)
craniocervical CT angiography (see Craniocervical CTA artifacts)
craniocervical venous system (see Craniocervical venous artifacts)
DWI

brain MRI evaluation, 550
brainstem infarct, 551, 553
bright signal intensity, 550
CSF hyperintensity, 551–554
directional anisotropy, 556–560
DSCP, 556, 559
Eddy currents, 589–591
field inhomogeneity artifacts, 592–593
head coil/“bird cage” coil, 592–593
HIE, 551, 555
mechanical vibration, 589–591
motion-related artifacts, 586–587
normal white matter anisotropy, 551–554
phase ghosting artifact, 584–585
pyramidal decussation, 556, 560
SCP, 556, 559
susceptibility artifacts, 577–583, 592–593
unfolding artifacts, parallel acquisition, 588

from metal, cranium, 469–471
motion-related, 472–474
phase wrapping artifact, 460
simulating hemorrhages, 460
simulating pituitary microadenomas, 116–119

Aspiration pneumonia, 958
ASSET (GE), 1284
Asymmetric prominence, IJV, 1137
Ataxia-telangiectasia, 425
ATWM. See Anterior temporal white matter (ATWM)
Autism, 704
Azygous ACA, 1074–1078

B
Basal cell nevus syndrome, 407
Basal ganglia (BG), 621–623

acute hemorrhage, 425
congenital disorders, 425
hyperparathyroidism, 425
hypoparathyroidism, 425, 435
hypoxic-ischemic insult, 425
incidence, 425
ingested/enviromental toxic insults, 425–426
ingestion of extraneous or environmental toxins, 425–426
IPHs, 426
metabolic disorders, calcium, 425
metabolic insult, 425
on NECT, 426–431
neoplastic disorders, 425
occasionally hypothyroidism, 425
parathyroid hormone metabolism, 425
parenchymal hemorrhage, 425
pseudohypoparathyroidism, 425, 435
pseudo-pseudohypoparathyroidism, 425
unilateral/asymmetric, 432–437

Basal vein of Rosenthal (BVR), 1131, 1150
deep middle cerebral veins asymmetry, 1169–1172
SWI, 1166–1168

Base emissary veins, 1132, 1135
Basioccipital raphe, 799–800
Basioticum variant, 793–794
Bathrocephaly, 854–855, 901
BBB. See Blood–brain barrier (BBB)
Bell palsy, 55, 56
Benign enlargement of the subarachnoid spaces of infancy (BESSI), 

595, 730–740
irritability, 731
with macrocephaly, 733–736
mucopolysaccharidosis, 740
SDHs, 737, 738
trauma, 731, 735
ultrasound, 732

Bihemispheric anterior cerebral artery, 1063, 1071, 1074, 1076, 1077, 
1079

Bilateral hearing, 44
Blake pouch cyst (BPC), 19, 20, 39, 40
“Blister-like” aneurysms, 1103
Blood–brain barrier (BBB), 89
Blood oxygen level-dependent (BOLD) imaging, 439, 443, 455, 485, 

489, 1239
Blunt cerebrovascular injury (BCVI), 969, 975
BPC. See Blake pouch cyst (BPC)
Brachium of the inferior colliculus (BIC), 610, 618–620
Bradycardia, 599
Brain, 3
Brain capillary telangiectasias (BCTs)

appearance, MRI, 485
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cerebellar and medullary locations, 493
pontine BCTs, 486–492
vascular malformations, 486

Burnt-out meningioma, 177

C
Calcifications, 157–164

CP, 178
acute weakness patient, 189, 190
altered mental status patient, 188, 191
anterior third ventricle, 194
asymmetric, 179, 194
bilateral, 179, 181, 187, 193, 199
centrally within fourth ventricle, 184
cerebellar nodulus, fourth ventricle, 186
cerebellopontine angle lesion, 183
choroidal fissure, 198
headaches patient, 186, 191
lateral fourth ventricle, 185
midline of fourth ventricle, 184, 185
mild, 182
moderate, 180
pathologic lesions, 177
post-trauma, 202
temporal horns, 200, 202
trauma patient, 188, 189
unilateral, 179

dural, 389–408
basal cell nevus syndrome, 407
bright anterior falx, 394
etiologies, 389
extra-axial lesions, 389, 391
falcine calcification, 390, 396
falx and left convexity, 398
headaches, 393
head trauma patients, 391
idiopathic hypertrophic pachymeningitis, 408
incidental pineal calcification, 390
interhemispheric SAH, 405, 406
interhemispheric SDH, 405
large midline, 394
left convexity calcification, 398
meningiomas, 389, 406, 407
neurocysticercosis, 408
occurrence, 389
PCL, 400, 401
retroclival, 402
tentorial calcifications, 403, 404
trauma, 399

pineal gland
germinoma, 162
NECT, 157–159
pineal metastasis, 161
pineal region meningioma, 164
pineoblastoma, 162
pineocytoma, 163
susceptibility effect, 160

Callosal agenesis, 364, 365
Callosal brain capillary telangiectasias, 498–499
Callosal dysgenesis, 688
Callosal genu (CG), 665
Callosal hypogenesis, 310
Callosal isthmus, 300–303
Callosal-septal pseudolesions, 296–299
Callosal splenium (CS), 646, 665
Calvarial depressions, 921, 928, 929

cortical vein, 931

hemangiomas, 921, 934
angiomatosis, 938, 942
enhancement pattern, 938
frontal bone lesion, 940
midline parietal bone lesion, 941
occipital hemangioma, 939
orbital hemangioma, 942
peripheral enhancement, 941
plasmacytoma, 938
sessile and smaller globular lesions, 938
signal intensity, 938
vascular-derived lesions, 938
vascular malformations, 938

intraosseous lipomas
bone infarcts, trauma, and infections, 934
focal calvarial hypodensity, 936
internal fat signal, 937
right frontal lipoma, 937
right parietal calvarium, focal lesion, 936
small left parietal lipoma, internal fat density, 935

lytic lesion, 933
vs. pacchionian granulations, 931
vascular channels, 931, 932

Canalicular segment, 43
Canalis basilaris medianus (CBM), 795–798
Capillary telangiectasias

callosal and cingulate BCTs, 498–499
capsular enhancement, 495, 497
cranial nerve VI palsy, 495, 497
diagnosed lung cancer, 493, 494
frontobasal and thalamic BCTs, 495–497
hyperesthesias, 493
insular, 495
lobar, 500–501
sphenoidal meningioma, 495, 497
spinal myelitis, 495

Carotid-basilar anastomoses, 1121–1128
incidence, 1121
otic artery, 1121, 1123
PHA, 1121, 1125
PIA, 1121, 1128
PTA, 1121–1125

Carotid stenosis, 1170
Carotid-vertebral anastomoses, 1121–1128. See also Carotid-basilar 

anastomoses
Caudate tail pseudolesion, 253–259
Cavernous sinus fat, 71, 72, 76, 77
Cavernous sinus pseudomass, 83–86
Cavum septum pellucidum (CSP), 277–281, 288
Cavum septum pellucidum et vergae (CEV), 277, 282–285
Cavum velum interpositum (CVI), 277, 285–287
CECT. See Contrast-enhanced computed tomography (CECT)
CEMRV. See Contrast-enhanced MRV (CEMRV)
Central nervous system toxoplasmosis, 325
Cephaloceles, 885
Cerebellar flocculus pseudomass, 13–17
Cerebellar tonsillar ectopia, 5
Cerebellar vermian hypoplasia (CVH), 19, 35, 37
Cerebellar volume loss, 369–387
Cerebellopontine angle (CPA), 13, 43
Cerebral volume loss, 369–387
Cerebrospinal fluid (CSF), 90
Cervical spine fracture, 977
Cervical venous variants

EJV, 1026–1027
IJV asymmetry, 1022–1025
plexus simulating dissection, 1028–1030
vertebral venous plexus normal progressive enhancement, 1031
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CEV. See Cavum septum pellucidum et vergae (CEV)
CFCs. See Choroidal fissure cysts (CFCs)
Chiari malformation, 6, 10, 11, 885, 887
Cholesterol granuloma, 909
Choroidal fissure cysts (CFCs), 206, 213–224, 348

arachnoid cyst, 213, 223
ependymal/choroid plexus cells, 213
epidermoid cyst, 213, 221
ganglioglioma, 221
hand numbness patient, 219
intraventricular cysts, 213, 222
mimics edema, 218
MTS, 220
neonatal age, 213
PVL, 224
racemose neurocysticercosis, 220
seizures, 217
tuberous sclerosis, 219

Choroid plexus (CP), 177–236
abnormal enhancement, 177
calcification, 178

acute weakness patient, 189, 190
altered mental status patient, 188, 191
anterior third ventricle, 194
asymmetric, 179, 194
bilateral, 179, 181, 187, 193, 199
centrally within fourth ventricle, 184
cerebellar nodulus, fourth ventricle, 186
cerebellopontine angle lesion, 183
choroidal fissure, 198
headaches patient, 186, 191
lateral fourth ventricle, 185
midline of fourth ventricle, 184, 185
mild, 182
moderate, 180
pathologic lesions, 177
post-trauma, 202
temporal horns, 200, 202
trauma patient, 188, 189
unilateral, 179
ventral third ventricle, 195, 196

CFC (see Choroidal fissure cysts (CFCs))
Colloid cyst, 197
CPC, 206–212
CPL, 233–236
CPXG, 225–232

anaplastic oligastrocytoma, 232
bilateral, 228, 229
choroid plexus papilloma, 231
unilateral, 228

fourth ventricular hemorrhage, 192
glioblastoma, 204
lateral ventricles, 348
linear/non-nodular, 177
lung cancer metastasis, 203
neurocysticercosis, 197, 203
noncalcification, 177
seizure, 201
traumatic hemorrhage, 192
tuberous sclerosis, 197
tumors, 177

Choroid plexus cysts (CPCs), 206–212
Choroid plexus lipomas (CPLs), 233–236, 287
Choroid plexus papilloma, 231
Choroid plexus simulating microhemorrhages, 477–478
Choroid plexus xanthogranulomas (CPXGs), 225–232

anaplastic oligastrocytoma, 232
bilateral, 228, 229

choroid plexus papilloma, 231
unilateral, 228

Chronic daily headaches, 715
Chronic headaches, 75, 711
Chronic lacunar infarcts, 324
Chronic small vessel ischemic disease, 243
Chronic visual symptoms, 419
Cingulate brain capillary telangiectasias, 498–499
Circular sinus. See Intercavernous sinuses
CISS. See Constructive interference in the steady state (CISS)
Cisternal segment, 43
Clivus, 39, 68, 80, 915, 917, 1141, 1142, 1144, 1286, 1310
CNV. See Cranial nerve V (CNV)
Cobalamin C defect, 651
Cockayne syndrome, 425, 437
Collagen vascular disease, 994, 1000, 1015
Colloid cyst, 195, 197, 213
Computed tomography (CT), 71, 83–86
Computed tomography angiography (CTA), 76
Concussion, 705
Condylar canal, 864–865
Congenital cardiac syndromes, 949
Connatal cysts, 267, 273
Constructive interference in the steady state (CISS), 147
Contrast-enhanced computed tomography (CECT), 91
Contrast-enhanced MRV (CEMRV), 1131, 1139, 1178,  

1199–1201, 1212–1214, 1216–1219, 1256, 1305
Convolutional markings, 885, 886
Coronal reformats, 63
Coronal ultrasound, 600
Corona radiata, 624–626
Corticospinal tracts (CST), 603

globoid cell leukodystrophy, 533, 536
IR, 533, 534
lacunar infarct, 533, 535
MS, 533, 536
posterior limb of the internal capsule (PLIC), 533

CP. See Choroid plexus (CP)
CPCs. See Choroid plexus cysts (CPCs)
CPLs. See Choroid plexus lipomas (CPLs)
CPXGs. See Choroid plexus xanthogranulomas (CPXGs)
Cranial nerve V (CNV), 559, 610, 614–617
Cranial nerve VII (CN7), 43
Cranial nerve XII symptoms, 420
Cranial sutures, 837–839
Craniocervical arterial system artifacts

arterial stenoses simulation, 1271–1276
CEMRA, 1271–1276
3D TOF MRA

in-plane saturation, 1277–1280
sensitivity encoding parallel imaging, 1284–1285
T1 shine-through effect, 1286–1288

2D TOF neck MRA, 1263–1270
in-plane saturation effect, 1263, 1265, 1266, 1268, 1269
PCMRA, 1263, 1264
renal failure, 1267
stenosis, 1266, 1268, 1269
stepladder artifacts, 1265–1267, 1269
venetian blind artifacts, 1264, 1269
vertebral dissection, 1270
vs. 3DTOF, 1263

FRE, 1259–1262, 1278, 1282, 1286
in-plane saturation effect, 1277–1280
tortuous ICAs, 1259

Craniocervical CTA artifacts
carotid dissection and pseudoaneurysm, 1303
contrast reflux artifact, 1292–1295
metallic streak artifacts, 1291, 1294
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performance, 1291
pseudodissection, 1299–1302

carotid dissection and, 1303
flow-related, 1300, 1302
posttraumatic, 1300
trauma and, 1301

64-section CT scanners, 1291
shoulder streak artifact, 1296, 1297
streak artifact from dental amalgam, 1298, 1299
streak reflux, 1292, 1294, 1296–1299
vertebral artery stenosis, 1296

Craniocervical junction, 611–613
Craniocervical vasculature, 947–948
Craniocervical venous artifacts

CTV, 1239
2D TOF MRV

dural sinus thrombosis, 1256
headaches, 1249
hypoplastic sinus, 1248, 1250
in-plane saturation effects, 1247, 1251–1253
patient motion, 1254, 1255
pseudotumor cerebri with transverse sinus stenoses, 1257
slow flow, 1247–1251

fast flow or turbulence within dural sinuses
postcontrast T1WI, 1240–1243

initial evaluation, MRI with MRV, 1239
slow flow bright dural sinus signals

noncontrast T1WI, 1244–1246
Craniolacunae. See Lacunar skull
Craniopharyngeal canal (CPC), 778–780
Craniopharyngioma, 145
Craniosynostosis, 888
Crista galli, 888–891

dark on axial FS T2WI, 889
incidental falx calcification, 890
internal fatty marrow, presence of, 889, 890
petrous apices and dorsum sella, aeration of, 891
on sagittal precontrast and postcontrast T1WI, 889

Cryptoccal meningitis, 421
Cryptococcal meningitis, 324, 343, 423
CSF. See Cerebrospinal fluid (CSF)
CSP. See Cavum septum pellucidum (CSP)
CST. See Corticospinal tracts (CST)
CSTs. See Corticospinal tracts (CSTs)
CTA. See Computed tomography angiography (CTA)
Culpocephaly, 347–348, 356, 364, 365
CVH. See Cerebellar vermian hypoplasia (CVH)
CVI. See Cavum velum interpositum (CVI)
Cystic dilatation, 23

D
Dandy-Walker malformations (DWM), 19, 20

in chronically shunted patient, 39
with ICVH, 38

Decussation of the superior cerebellar peduncle (DSCP)
mid pons to mid mesencephalon, 618–620
rhombencephalitis, 537, 540
Wernicke encephalopathy, 537, 539

Deep middle cerebral veins asymmetry, 1169–1172
Dementia, 139
Dense vessels simulating thrombosis

dense basilar artery, 1310
dense dural sinuses, 1313, 1314
dense MCA

bilateral, 1310, 1312
comparison of acute infarct and, 1316
hyperdense, 1306, 1309

psychosis, 1306
seizure, 1307
stroke-like symptoms, 1306, 1307, 1309
unilateral, 1306–1309

dense superficial vein, 1315
diffusely dense vasculature, 1311, 1312, 1315
hemoglobin, 1305
thrombosis, dense dural sinuses from, 1316

Descending segment, 43
Developmental delay, 709, 711
Developmental venous anomalies (DVAs)

and capillary telangiectasia, 511–512
catheter angiography, 515
with cavernoma and AVM, 515–517
cavernous angiomas, 502
cerebellar, 503–505
Giant/holohemispheric DVAs, 509–510
hemorrhage rate, 502
incidental BCTs, 503
lobar cerebral DVAs, 506–508
SWI MRI, 502
symptomatic, 513–514
thrombosis, 502

3D FLAIR pseudolesions, 546–548
Diffuse axonal injury (DAI), 251, 719
Diffuse metastatic disease, 885
Diffusion tensor imaging (DTI), 633
Diffusion-weighted imaging (DWI), 603

brain MRI evaluation, 550
brainstem infarct, 551, 553
bright signal intensity, 550
CSF hyperintensity, 551–554
directional anisotropy, 556–560
DSCP, 556, 559
field inhomogeneity artifacts, 592–593
head coil/“bird cage” coil, 592–593
HIE, 551, 555
mechanical vibration and Eddy current artifacts,  

589–591
motion-related artifacts, 586–587
normal white matter anisotropy, 551–554
phase ghosting artifact, 584–585
PVWM (see (Periventricular white matter 
(PVWM)))
pyramidal decussation, 556, 560
SCP, 556, 559
subcortical low signal, 633–635
susceptibility artifacts, 577–583, 592–593
“T2 blackout” effect, 573–572
3 T cortical hyperintensity (see (Hypoxic-ischemic  

injury (HII)))
at 3 T MRI

AHE, 527
amygdalae, 541, 544
carbon monoxide toxicity., 541, 545
CSTs, 533–536
DSCP, 537–540
hippocampi, 541–545
HSV encephalitis, 527
hyperintense cingulate cortices, 522–526
hypoxic ischemic encephalopathy (HIE), 527
insula cortices, 522–527
mesial temporal sclerosis, 541, 545
orbito-frontal gyri cortices, 522–525
PVWM, 528–532

“T2 shine-through” effect, 567–569
“T2 washout” effect, 570–572
unfolding artifacts, parallel acquisition, 588
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Dilated perivascular space, 313–345
CSF, 314
differential diagnosis, 314
état criblé, 313, 320–325
giant PVS, 314
hippocampal cysts, 313
type I, 313, 315–319
type II, 313, 326–337
type III, 313, 338–343
vasculopaths, 313

Diploic/intradiploic veins, 875–878
DNET. See Dysembryoplastic neuroepithelial tumor (DNET)
Dolichoectasia, 993, 994, 1000, 1002–1007, 1009, 1259
“Don’t touch” lesions, 994
Dorsal ophthalmic artery (DOA), 1065
Dorsum sella, 913, 915
Double aortic arch, 957, 958, 967
3D rotational digital subtraction angiography (3DDSA)

infundibula and aneurysm, 1115–1117
PcoA, 1106–1108

DSCP. See Decussation of the superior cerebellar peduncle (DSCP)
2D time-of-flight MR venography (2D TOF MRV)

central SSS bulbous enlargement, 1214
craniocervical venous artifacts

dural sinus thrombosis, 1256
headaches, 1249
hypoplastic sinus, 1248, 1250
in-plane saturation effects, 1247, 1251–1253
patient motion, 1254, 1255
pseudotumor cerebri with transverse sinus stenoses, 1257
slow flow, 1247–1251

SSS signal loss, 1212
thrombosis/stenosis, simulating, 1247–1257
transverse sinus, visualizing, 1139

Duplicated MCA, 1089–1092, 1096
Dural arteriovenous fistula (DAVF), 1132, 1178, 1179
Dural calcifications, 389–408

basal cell nevus syndrome, 407
bright anterior falx, 394
etiologies, 389
extra-axial lesions, 389, 391
falcine calcification, 390, 396
falx and left convexity, 398
headaches, 393
head trauma patients, 391
idiopathic hypertrophic pachymeningitis, 408
incidental pineal calcification, 390
interhemispheric SAH, 405, 406
interhemispheric SDH, 405
large midline, 394
left convexity calcification, 398
meningiomas, 389, 406, 407
neurocysticercosis, 408
occurrence, 389
PCL, 400, 401
retroclival, 402
tentorial calcifications, 403, 404
trauma, 399

Dural lymphoma, 913
Dural venous sinuses, 1131

basilar plexus, 1131
cavernous and intercavernous, 1131
inferior sagittal, 1131
lateral tentorial, 1131
MRV vs CTV, 1131–1132
petrosal, 1131
sigmoid, 1131

sphenoparietal, 1131
spin-echo T2WI, 1132
straight, 1131
superior sagittal, 1131
SWI, 1132
transverse, 1131

DVAs. See Developmental venous anomalies (DVAs)
DWI. See Diffusion-weighted imaging (DWI)
DWM. See Dandy-Walker malformations (DWM)
Dysembryoplastic neuroepithelial tumor (DNET), 213, 252, 337
Dysphagia lusoria, 955

E
ECA. See External carotid artery (ECA)
EDHs. See Epidural hematomas (EDHs)
EJV. See External jugular vein (EJV)
Emissary veins

hypoglossal canal, 862–863
linear vascular channels, 879–882
mastoid, 866
sphenoidal, 861

Encephalomalacia, 369, 379, 381
Enostosis, 897–899. See also Exostosis in calvarium

calcified meningioma, 905
osteoma, 898

Entry-slice phenomenon, 1244
EOP. See External occipital protuberance (EOP)
Ependymitis granularis, 267–275, 296, 298
Epidermoid cysts, 16, 68, 151, 213
Epidural hematomas (EDHs), 369
Esotropia, 418
Exostosis in calvarium

calcified meningioma, inflammation, infection, 897, 904
hyperostosis frontalis

benign, 897–898
bilaterally, 901
left-sided, 901
along petrous apex, 902

incidental mild normal bathrocephaly, 901
osteochondroma, 897, 903
osteoma, 897–904

along petrous apex, 903
frontal scalp "lump," 899
inward ridging over right spheno-squamosal suture, 902
lack of cartilaginous cap enhancement, 902
left sphenoid, inner table of, 898
osteoid osteomas, 898
outward-protruding exostosis, 900
small pedunculated exostosis, 900

right frontal, 901
External capsules (ECs), 662, 663
External carotid artery (ECA), 967, 973, 989–991
External jugular vein (EJV), 1021, 1022, 1024, 1026, 1027
External occipital protuberance (EOP), 906–908
Extradural origin, PICA, 1040
Extratemporal segment, 43

F
Facial pain

contrast enhancement, 50
pituitary hypertrophy, 102

Fahr disease, 425, 437
Falcine venous plexus, 1204–1206
Familial idiopathic basal ganglia calcification, 425
Fatty petrous apices, 885
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Febrile seizures, 259, 682
Fenestration, 1089, 1094, 1095
Fetal posterior cerebral artery, 1033, 1045, 1051, 1057–1060, 1063, 

1103, 1116
Fibrous dysplasia, 885, 892, 895
FLAIR. See Fluid-attenuated inversion recovery (FLAIR)
Floccular vein. See Petrosal vein (PV)
Flow-related artifacts, 118
Flow-related enhancement (FRE), 1259, 1260, 1263, 1278, 1282, 1286
Fluid attenuated inversion recovery (FLAIR), 595, 596

brain evaluation, 521
and DWI pseudolesions, 3T (see (Diffusion-weighted imaging 

(DWI), pseudolesions))
pseudoabnormalities, 521

Focal atrophy, 366
Foramen cecum, 767–770
Foramen ovale, 809–810
Frontal-orbital artery. See Obitofrontal artery (OFA)
Frontobasal brain capillary telangiectasias, 495–497
Frontopolar artery (FPA), 1083, 1084

G
Gait abnormalities, 710
Gait symptoms, 706
Ganglioglioma, 213, 221
Gardner syndrome, 897
Geniculate ganglion, 43, 47
Germ cell tumor, 94, 413
Germinoma, 162
GLD. See Globoid leukodystrophy (GLD)
Glioblastoma, 204
Globi pallidi (GP), 603–605
Globoid cell leukodystrophy (GLD), 309, 697
Gray’s anatomy, 1144
Great anterior cerebellar vein. See Petrosal vein (PV)
Great vessel origins, 994–999
Group B streptococcal meningitis, 631

H
Habenular commissure (HC), 621, 623, 638, 643
Headaches

cavernous sinus fat, 73, 78, 79, 84
infundibular shift, 109
myelination, 707, 712, 714
pars intermedia cysts, 138
PES, 121, 126, 128
pituitary hypertrophy, 101, 102, 105
pituitary infundibulum, 91
RCC, 138

Head motion artifacts, 1259, 1281, 1282
Hearing loss

cerebellar flocculus pseudomass, 16
lateral anterior lobe pituitary enhancement, 97
LM, 149
pars intermedia cysts, 134
RCC, 134
vestibular aqueduct enhancement, 53

Hemangiomas, 921, 934
angiomatosis, 938, 942
calvarial depressions, 921, 934

angiomatosis, 938, 942
enhancement pattern, 938
frontal bone lesion, 940
midline parietal bone lesion, 941
occipital hemangioma, 939

orbital hemangioma, 942
peripheral enhancement, 941
plasmacytoma, 938
sessile and smaller globular lesions, 938
signal intensity, 938
vascular-derived lesions, 938
vascular malformations, 938

enhancement pattern, 938
frontal bone lesion, 940
midline parietal bone lesion, 941
occipital hemangioma, 939
orbital hemangioma, 942
peripheral enhancement, 941
plasmacytoma, 938
sessile and globular lesions, 938
signal intensity, 938
vascular-derived lesions, 938
vascular malformations, 938

Hemorrhagic adenoma, 144
Hemorrhagic periventricular leukomalacia, 213
Hemorrhagic pineal cyst, 171
Herniation, 5
Herpes simplex virus (HSV), 423, 527
HFI. See Hyperostosis frontalis interna (HFI)
HIE. See Hypoxic-ischemic encephalopathy (HIE)
High-riding jugular bulb or dehiscence, 803–804
HII. See Hypoxic-ischemic injury (HII)
Hippocampal anatomy, 253–259
Hippocampal corrugated appearance, 260–266

MTS, 265, 266
polymicrogyria., 264
PVNHs, 265

Hippocampal cysts, 239–252
cystic ganglioglioma, 250
DAI, 251
DNET, 252
hippocampal sulcus, 239
low-grade astrocytoma, 249
low-grade glioma, 250
multiple sclerosis, 251
PVS, 239, 313
seizures, 243

Hippocampal sulcus, 239, 248, 249
Honeycomb-lacunar skull, 888
Horizontal segment, 43
Hurler syndrome, 337, 690
Hydrocephalus, 150, 171, 885, 887, 888.  

See also Lateral ventricles
CSP, 277, 278, 280
giant PVSs, 314
secondary findings, 347

Hyperactivity disorder, 710
Hyperintense pituitary gland, 728
Hyperostosis calvaria diffusa (HCD), 892
Hyperostosis frontalis interna (HFI),  

885, 892–896
asymptomatic HCD, 895
axial and coronal reconstructions, 892
bright fatty marrow, suppression of, 895
contiguous with falx cerebri, 894
early/mild, 894
fibrous dysplasia, 895
non-FS FLAIR, 894
osteopetrosis, 896
Paget disease, 896
on T1-and T2-inversion recovery, 894
temporal bone hyperostosis, 895
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Hyperprolactinemia, 96, 100
Hypoglossal canal, 862–863, 1132–1136
Hypogonadism, 141
Hypomyelination, 632
Hypopituitarism, 95
Hypoplasia, 1131
Hypoplastic ACA A1 segment, 1071–1073
Hypoplastic internal carotid artery, 986–988
Hypoplastic vertebral artery, 981–985
Hypothalamic glioma, 293
Hypothyroid symptoms, 107
Hypotonia, 132, 680
Hypoxic ischemic encephalopathy (HIE), 624

cortical hyperintensity at 3 T, DWI pseudolesions, 561–563
3 T MRI, 527

Hypoxic-ischemic injury (HII), 281, 347
AHT from, 677
benign enlargement of subarachnoid spaces, 645
febrile illness, prolonged seizure, 663
and insults in term neonates

after fetal distress, 630
with birth asphyxia., 629
group B streptococcal meningitis, 631
hypomyelination and delayed sulcation, 632
with hypotonia, 627
prolonged seizures, 628
with respiratory distress, 627
respiratory failure, 630

neonates with hypoxic event, seizure, and an abnormal EEG, 608
Hypoxic white matter injury, 723

I
Iatrogenic atrophy, 311
Iatrogenic gas, 82
ICA. See Internal carotid artery (ICA)
ICP. See Inferior cerebellar peduncles (ICP)
ICVH. See Inferior cerebellar vermian hypoplasia (ICVH)
ICVs. See Inferior cerebellar veins (ICVs)
Idiopathic hypertrophic pachymeningitis, 408
Iduseum riseum, 1079
IIS. See Inferior intercavernous sinus (IIS)
IJV. See Internal jugular veins (IJV)
Incomplete pneumatization. See Arrested pneumatization
Infarction, sequela of, 664
Inferior cerebellar peduncles (ICP), 611–613
Inferior cerebellar veins (ICVs), 165–168, 173, 1154–1157, 1159, 

1162, 1168, 1169, 1172
Inferior cerebellar vermian hypoplasia (ICVH), 19, 36–38
Inferior intercavernous sinus (IIS), 1144, 1146, 1148, 1149
Inferior petrosal sinuses, 1141, 1142
Inferior vermian veins (IVVs), 1162–1164, 1166–1168
Infundibular hyperintensity, 113–115
Infundibular outpouchings. See also Infundibulum

AcoA origin, 1113–1114
anterior temporal artery origin, 1111
diagnosis, 1103–1104
early anterior temporal branch, 1112
fetal PCA, 1116
histologic data, 1103
lenticulostriate artery origin, 1118
OA origin, 1109–1110
PCA and SCA origin, 1104
PcoA, 1105–1109, 1115–1117
PICA origin, 1104, 1105

Infundibular shift, 107–112
Infundibulum, 1103–1118. See also Infundibular outpouchings

aneurysms and, 1103

definition, 1103
identifying, 1103
occurrence, 1103
PcoA, 1103
sessile/blister-like aneurysms vs., 1103

Intercavernous sinuses
AIS, 1144–1148
APMV, 1150–1152
basilar plexus, 1144
circular enhancement, 1145–1146
hypophysis, 1141
IIS, 1144, 1146, 1148, 1149
PIS, 1144–1148

Internal auditory canal (IAC), 43–45, 805, 808–809
Internal carotid artery (ICA), 71

from external carotid branches, 989–991
hypoplasia, 986–988

Internal cerebral vein (ICV), 165, 167, 1153, 1166
Internal jugular veins (IJV), 1022–1025, 1131, 1132
Internal occipital protuberance (IOP), 906, 907
Interpeduncular fossa, 1131, 1150–1152, 1166
Interplanum ethmoidal defects (IED), 771–772
Intracranial hemorrhage,  

596–598, 845, 849, 1104, 1151
Intracranial venous system

asymmetric prominence, of IJV, 1137–1140
basilar plexus, 1141–1143
BVR (see (Basal vein of Rosenthal (BVR)))
deep venous system, 1131
dural sinuses, 1131
falcine venous plexus, 1204–1206
hypoglossal canal, 1132–1136
LTS

DAVF, 1179
dural AVF with pulsatile tinnitus, 1178
type I, 1173–1178
type II, 1173–1177, 1179
type III, 1173, 1175, 1176

MRV vs CTV, 1131–1132
occipital sinus, 1196–1198
persistent falcine sinus, 1207–1210
SMCV

aneurysm, 1182
basal type, 1180
basal vein type, 1180
cavernous type, 1180
confusion, 1181
emissary type, 1180
large outpouching, 1183
mycotic aneurysm, 1183
prominent vascular structure, 1180
small outpouching, 1182
sphenoparietal type, 1180
squamosal type, 1180
sylvian fissure, 1180

sphenoparietal sinus variants
after trauma, 1187
appearances and drainage routes, 1184
bilateral flow voids from SPSs, 1185
focal bulbous flow void, 1184
focal hyperdensity from SPSs, 1186
MCA aneurysm, 1188
similarity with SMCV, 1184

spin-echo T2WI, 1132
SSS

actual thrombus and normal split, 1223
bulbous/patulous appearance, 1211, 1214
central split, 1215
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dorsal multiple fenestrations, 1220, 1222
dorsal split, 1216–1220
dorsal unilateral drainage, 1221–1222
midportion, 1211
mild rostral hypoplasia, 1212
moderate rostral hypoplasia, 1212, 1213
posterior (dorsal) segment, 1211
rostral variants, 1211
severe rostral SSS atresia, 1213
straight sinus, 1211
thrombosis, 1223
torcular herophili, 1211
transverse sinus, 1211

superficial anastomotic veins
dominant/prominent VOL, 1189, 1190
dominant VOT, 1194, 1195
headaches, 1191
memory loss, 1195
pain, 1193
SMCV drainage, 1189
thrombosis, ruling out, 1192
venous phase CTA, negative, 1194

SWI (see (Susceptibility-weighted images (SWI)))
transverse-sigmoid sinus hypoplasia, 1199–1203

Intralateromedial defects (ILMDs), 775, 781–782
Intra-occipital synchondroses, 751
Intraosseous lipomas, 921

bone infarcts, trauma, and infections, 934
calvarial depressions

bone infarcts, trauma, and infections, 934
focal calvarial hypodensity, 936
internal fat signal, 937
right frontal lipoma, 937
right parietal calvarium, focal lesion, 936
small left parietal lipoma, internal fat  

density, 935
focal calvarial hypodensity, 936
hemangiomas, 934
internal fat signal, 937
right frontal lipoma, 937
right parietal calvarium, focal lesion, 936
small left parietal lipoma, internal fat density, 935

Intraparenchymal hemorrhages (IPHs), 426
Intrapostphenoidal pseudoforamen (IPSP), 783–785
Intrasellar arachnoid cyst, 145
Intraventricular arachnoid cyst., 289
Iron deposition

accelerated/abnormal concentrations, 443
NBIA disorders, 443
pallidal, 443
putaminal, 443
60 years age and older on SWI, 455–459
0–10 years age, SWI, 444–445
10–20 years age, SWI, 446–448
20–40 years age, SWI, 449–451
40–60 years age, SWI, 452–454

IVVs. See Inferior vermian veins (IVVs)

J
Jugular bulb/foramen, 1137–1140, 1199
Jugular diverticulum, 803–804

K
Kartagener's syndrome, 960
Kernicterus, 609
Kinking, 993, 1009–1012, 1015

L
Labyrinthine segment, 43
Lacunar infarct, 321, 322, 334, 335, 342
Lacunar skull, 885, 888
Lambdoid suture, 837, 838
Langerhans cell histiocytosis (LCH), 93, 716
Lateral anterior lobe pituitary enhancement

anterior lobes, lateral aspects, 98
hearing loss, 97
hyperprolactinemia, 96, 100
hypopituitarism, 95
panhypopituitarism, 100
vertigo, 99
vision loss, 97

Lateral leminisci (LL), 614
Lateral tentorial sinus (LTS)

DAVF, 1179
dural AVF with pulsatile tinnitus, 1178
type I, 1173–1178
type II, 1173–1177, 1179
type III, 1173, 1175, 1176

Lateral ventricles, 347–366
aqueductal stenosis, 361
cerebral aqueduct, 347
cerebral volume loss, 357
choroidal fissure, 348
culpocephaly, 347–348, 356, 364, 365
diagnosed atrophy, 358
focal atrophy, 366
hippocampal corrugated appearance, 262
hippocampal cyst, 245
meningitis, 362
mild hydrocephalus, 362
PVL, 363
size, 347

LCH. See Langerhans cell histiocytosis (LCH)
Left common carotid artery (LCCA), 949, 951, 952, 961
Left subclavian artery (LSCA), 949, 951
Left vertebral artery (LVA), 961–965
Leigh disease, 425
Lenticulostriate branches, 1096–1099
Leptomeningeal contrast enhancement (LMCE), 411, 421–423
Leptomeninges, 411
Leukemic infiltrates, 54
Leukoariosis, 323
Leukomalacia, 688
Liliequist membrane (LM), 147
Linear vascular channels, skull, 879–882
Lipoid proteinosis, 425
LMCE. See Leptomeningeal contrast enhancement (LMCE)
Lobar cerebral developmental venous anomaly, 506–508
Lobar holoprosencephaly, 1078
Longitudinal caudate veins, 1153, 1156–1159
Low-grade astrocytoma, 249
Low-grade ganglioglioma, 250
Low-grade glioma, 250, 295, 340
LTS. See Lateral tentorial sinus (LTS)
Luckenschadel. See Lacunar skull
Lung cancer metastasis, 203, 923
LVA. See Left vertebral artery (LVA)
Lymphocytic hypophysitis, 93

M
MACC. See Median artery of the corpus callosum (MACC)
Macroadenoma

pars intermedia cysts, 143, 144
pituitary hypertrophy, 106
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Macrocephaly, 733, 735, 736
Macrocephaly-polydactyly-polymicrogyria-hydrocephalus  

(MPPH) syndrome, 288
Magendie, 20
Magnetic resonance imaging (MRI), 3
Mandibulofacial dysostosis, 1209
Massa intermedia pseudomass, 294–295
Mastoid emissary vein, 866
Mastoid fontanelle, 765
MAVs. See Medial atrial veins (MAVs)
MCM. See Mega cisterna magna (MCM)
Meckel cave, 59, 60, 62–65
Medial atrial veins (MAVs), 1153–1156, 1159
Medial leminisci (ML), 614, 615
Median artery of the corpus callosum (MACC), 1063, 1074, 

1079–1081
Medulloblastoma, 422
Mega cisterna magna (MCM), 19, 21–27, 29, 30
Megancephalic leukoencephalopathy, 651
Mendosal sutures, 758
Meningeal inflammation, 416, 418, 419
Meningiomas, 16, 68, 85, 389, 391, 406, 407, 897, 903–905, 909, 913, 

914
Meningitis, 362
Mental status, 77
Mesial temporal lobe/uncus (MTL), 147
Mesial temporal sclerosis (MTS), 201, 220, 242, 265, 266, 348
Metachromatic leukodystrophy (MLD), 696
Metal-related artifacts, 469–471
Metastasis, 46, 94
Methemoglobinopathy, 425
3-Methylglutaconic aciduria, 676
Metopic suture (MS), 814–823
Microadenoma, 99, 100
Microhemorrhages (MHs), 251, 322–324, 439, 443, 460, 495, 497, 

502, 572, 1153, 1162
choroid plexus simulating, 477–478
vasculature simulating, 475–476

Middle cerebral artery (MCA), 1085–1088
accessory, 1089, 1090, 1092–1094
duplicated, 1089–1092
early branching, 1085–1088
fenestration, 1089, 1094, 1095

Mid medulla, craniocervical junction, 611–613
Mid mesencephalon, mid pons, 618–620
Mid pons

to mid mesencephalon, 618–620
upper medulla to, 614–617

Migraines, 140, 707
Mild cognitive impairment, 239
Mild hypomyelination, 651
Mild tonsillar ectopia, 7, 8
Misnomers, 277
MLD. See Metachromatic leukodystrophy (MLD)
Moderate tonsillar ectopia, 9
Motion-related artifact, 472–474
Motor delays, 683
MS. See Multiple sclerosis (MS)
mSENSE (Siemens), 1284
Mucolipidosis II, 678
Multicystic pineal gland, 156
Multiple artifacts, 119
Multiple overlapping thin slab acquisition (MOTSA), 1259, 1263
Multiple sclerosis (MS), 169, 251, 267, 275, 296, 297, 299, 309, 314, 

326, 336, 341, 528, 531
Multisegment CN7 enhancement, 51
Myelomeningoceles, 885

N
N/2 artifact. See Diffusion-weighted imaging (DWI), phase ghosting 

artifact
NAT. See Nonaccidental trauma (NAT)
Nausea, 708
Neck pain, 127
NECT. See non-enhanced CT (NECT)
Neonatal patchy white matter hypoattenuation, 596

bradycardia, 599
coronal ultrasound, 600
nondisplaced right temporal skull fracture and cephalohematoma, 

597, 598
perinatal respiratory depression, 597
PVWM, 601
venous stenosis, eversible edema from, 602

Neuro-Behçet syndrome sequela, 325
Neurocutaneous melanosis, 609
Neurocysticercosis, 151, 197, 203, 408
Neuroepithelial cyst (NEC). See Choroidal fissure cysts (CFCs)
Neurofibromatosis, 425
Neurohypophysis, 89
N/2 ghost. See Diffusion-weighted imaging (DWI), phase ghosting 

artifact
Nodular heterotopia, 254, 255, 271, 272
Nonaccidental trauma (NAT), 730, 739
Noncavitary white matter injury, 723
non-enhanced CT (NECT), 13, 61, 596–602
Nonmigraine headaches, 716
Normal-appearing white matter (NAWM), 225

O
Obitofrontal artery (OFA), 1083–1084
Occipital foramina, 867
Occipital sinus, 1196–1198
Occipitomastoid (OM) sutures, 751, 866
Oculomotor membrane (OMM), 147, 150
OFA. See Obitofrontal artery (OFA)
Ofactory course of the ACA, 1082
Olfactory nerve hyperintensity, 114
Oligomenorrhea, 135
Olivopontocerebellar hypoplasia, 37
OMM. See Oculomotor membrane (OMM)
Optic chiasm (OC), 638, 639
Optic glioma, 293
Orbital trauma, 74
Orbitofrontal artery (OFA), 1083, 1084
Orbitofrontal white matter (OFWM), 672
Orbit protocol MRI, 45, 47
Osteochondroma, 897, 903
Osteoid osteomas, 898
Osteolipomas, 934
Osteoma, 897–904

exostosis in calvarium
along petrous apex, 903
frontal scalp "lump," 899
inward ridging over right spheno-squamosal suture, 902
lack of cartilaginous cap enhancement, 902
left sphenoid, inner table of, 898
osteoid osteomas, 898
outward-protruding exostosis, 900
small pedunculated exostosis, 900

partially cleft EOP, 908
Osteopetrosis, 896
Otalgia, 127
Otic artery, 1121, 1123
Overlapping sutures/ridging, newborns, 845–849
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P
Pacchionian/arachnoid granulations, 857
Pacchionian depressions. See Calvarial depressions
Pacchionian granulations. See Arachnoid granulations
Pachymeninges, 411
Paget disease, 885, 892, 896
Pallidal calcification, 426, 432
Panhypopituitarism, 100, 130
Parallel imaging artifact, 1260, 1281, 1284
Parasagittal tubular defects, 793–794
Paraterminal pseudomass, 291–293
Parietal foramina, 867–874
Parieto-occipital flattening, 850–853
Parotid malignancy, 55
Parotid squamous cell cancer, 55
Pars intermedia cysts, 131

craniopharyngioma, 136, 137
dementia, 139
dizziness, 133
headaches, 138
hearing loss, 134
hemorrhagic adenoma, 144
hypogonadism, 141
hypotonia, 132
intrasellar arachnoid cyst, 145
macroadenoma with hemorrhage, 143, 144
migraines, 140
oligomenorrhea, 135
pituitary symptoms, 136, 137
retinoblastoma, 132
retro-orbital pain, 141
seizures, 134, 136, 142
stroke, 140

PCL. See Petroclinoid ligament calcification (PCL)
PcoA. See Posterior communicating artery (PcoA)
Pediatric brain

HII and insults, term neonates, 627–632
after fetal distress, 630
with birth asphyxia., 629
group B streptococcal meningitis, 631
hypomyelination and delayed sulcation, 632
with hypotonia, 627
prolonged seizures, 628
with respiratory distress, 627
respiratory failure, 630

neonatal patchy white matter hypoattenuation, 596–602
normal myelination and variation, term neonates at 3T, 610–611

basal ganglia and thalami, 621–623
craniocervical junction to mid medulla, 611–613
mid pons to mid mesencephalon, 618–620
perirolandic cortex and corona radiata, 624–626
upper medulla to mid pons, 614–617

normal myelination, infants, 636–637
1–2 months age, 638–645
3–4 months age, 646–651
5–6 months age, 652–659
7–8 months age, 660–664
9–10 months age, 665–671
11–13 months age, 672–678
14–18 months age, 679–690
18–24 months age, 691–697
2 years, terminal zones after, 698–719

normal T1-bright basal ganglia, term neonates on 3T MRI, 
603–609

variants, 691–697
young infants, variants

anterior pituitary hyperintensity, 726–729

BESSI, 730–740
residual germinal matrix term infants, 720–725

Pediatric skull
anatomy of, 747
anterior fontanelle, 814–823
intraoccipital suture intrasutural bone normal variant, 752
intraoccipital sutures, 749–751
intrasutural bones, 840–844
kerckring ossicle

cartilaginous inclusion, 753
frontosphenoidal suture, 759, 763–764
mastoid fontanelle, 765
mendosal sutures in young infants, 758
occipito-mastoid suture, 756–757
pseudoforamen, 753–755
sphenoethmoidal suture, 759, 762
sphenoid fontanelle, 763
sphenosquamosal and squamosal sutures, 759–761
sphenosquamosal suture, 763–764
in supraoccipital foramen, 749
zygomaticofrontal, 759, 762
zygomaticosphenoidal sutures, 759, 762

occipitomastoid sutures, 751
parieto-occipital skull, 850–853
patent sutures, 747, 748
petro-occipital sutures, 751
posterior fontanelle, 828–836
pseudoforamen, 753–755

Pericallosal pseudolesions, 296–299
Perinatal ischemia, 308
Perinatal respiratory depression, 597
Perirolandic cortex (PRC), 603, 624–626, 642, 660, 672
Perivascular space (PVS)

dilated PVS, 313–343
CSF, 314
differential diagnosis, 314
état criblé, 313, 320–325
giant PVS, 314
hippocampal cysts, 313
type I, 313, 315–319
type II, 313, 326–337
type III, 313, 338–343
vasculopaths, 313

hippocampal cysts, 239, 241, 243, 244
tumefactive PVS, 344–345

Periventricular ependymal pseudolesion (PEP), 267–275
Periventricular leukoariosis, 271
Periventricular leukomalacia (PVL), 224, 267, 273, 336, 363, 687, 718
Periventricular nodular heterotopia (PVNH), 265, 267, 274, 678, 725
Periventricular white matter (PVWM), 267, 596, 633

ADEM, 528, 531
ALS, 528, 532
callosal isthmus, 300
DWI pseudolesions, 564–566
lateral ventricles, 347, 363
MS, 528, 531
on 3 T FLAIR and DWI, 528–530
type II, PVS, 313, 326–337

Persistent falcine sinus, 1207–1210
Persistent hypoglossal artery, 1121, 1125
Persistent trigeminal artery (PTA), 1121–1125
Petechial hemorrhages, 1153
Petroclinoid ligament calcification (PCL), 400, 401
Petro-occipital sutures, 751
Petrosal sinuses, 1131, 1132, 1141, 1142, 1189
Petrosal vein (PV), 1143, 1162, 1164, 1165
Petrosquamosal fissure persistence, 824–827

Index



1332

Petrous apex, 885, 891, 909–912
artifacts, 909, 911
bilateral normally aerated petrous apices, 909, 911
cholesterol granulomas, 909
focal hyperostosis, 909, 912
normal fatty marrow, bilateral, 909, 910
unilateral aerated left petrous apex, 911

Petrous apex cephaloceles (PACs), 59, 67
Phase-contrast MRA (PCMRA), 1263, 1264
Photophobia, 122
Pimitive olfactory artery (POA), 1082
Pineal cysts, 165–174
Pineal gland, 153–156

calcifications
germinoma, 162
NECT, 157–159
pineal metastasis, 161
pineal region meningioma, 164
pineoblastoma, 162
pineocytoma, 163
susceptibility effect, 160

pineal cysts, 165
arachnoid cyst, 174
calcifications and internal heterogeneous density, 170
complex pineal cyst, 172
developmental delay, 166
hemorrhagic pineal cyst, 171
with mass effect, 173
multiple sclerosis, 169
seizure, 167
3 T MRI, 168, 169

Pineal metastasis, 161
Pineal region meningioma, 164
Pineoblastoma, 162
Pineocytoma, 163
Pituitary asymmetry

acoustic neuroma resection, 110
disequilibrium, 110
headaches, 109
hypothyroid symptoms, 107
infundibular shift and, 112
3 T MRI, 107, 108
trauma, 109
vasculitis, 111
visual symptoms, 108, 111

Pituitary gland, 89
Pituitary hypertrophy, 104

borderline enlarged pituitary, 103
facial pain, 102
headaches, 101, 102, 105
macroadenoma, 106
visual symptoms and pituitary hypertrophy, 104

Pituitary infundibulum, 91, 92, 108
Pituitary symptoms, 136, 137
Plagiocephaly, 850–853
Plasmacytoma, 938
Plexus simulating aneurysm. See Superficial middle cerebral vein 

(SMCV)
Plexus simulating dissection, 1028
PLIC. See Posterior limb of the internal capsule (PLIC)
Polymicrogyria (PMG), 678
Pontine brain capillary telangiectasias, 486–492
Postcontrast susceptibility-weighted imaging (SWI), 479–483
Posterior clinoid, 913
Posterior communicating artery (PcoA), 1103, 1105–1110, 1115–

1117, 1121
Posterior condylar canal, 864–865

Posterior fontanelle (PF), 828–836
Posterior fossa

versus true abnormalities, 34–40
Posterior inferior cerebellar artery (PICA), 981, 1033
Posterior intercavernous sinus (PIS), 1144–1148
Posterior limb of the internal capsule (PLIC), 603, 610, 621–623
Posterior petro-occipital synchondrosis (PIOS), 749, 753
Posterior putamina (PP), 603–606
Posterior reversible encephalopathy syndrome (PRES), 243, 479
Posterior sphenoid, 778, 783, 1141–1143
Posterior sphenoidal foramen, 778–780
Postsphenoidal clefts (PSCs), 786–787
PRC. See Perirolandic cortex (PRC)
Primary empty sella (PES), 90

altered mental status, 120
headaches, 121, 122, 126, 128
hydrocephalus and enlarged suprasellar cistern, 129
otalgia and neck pain, 127
panhypopituitarism, 130
PES

incidental complete form, 129
incidental partial form, 123

photophobia and incidental partial PES, 122, 124
seizures, 120, 125
3 T MRI, 122, 124
vision loss, 121

Primitive olfactory artery (POA), 1082
Proatlantal intersegmental artery (PIA), 1121, 1128
Prolactinemia, 135
Prominent frontopolar artery (FPA). See Obitofrontal artery (OFA)
Prostate cancer, 926
Pseudo-leptomeningeal contrast enhancement (Pseudo-LMCE), 

411–423
chronic headaches and memory loss, 421
chronic visual symptoms, 419
cranial nerve XII symptoms, 420
cryptoccal meningitis, 421
cryptococcal meningitis, 423
esotropia, 418
fever and headache patients, 412
germ cell tumor, 413
HIV-positive female, 413
HSV, 423
intravenous sedation, 411, 412, 416, 418
lung cancer patient, 414
medulloblastoma, 422
nausea and vomiting patient, 419
nystagmus, 415
prominent venous vasculature, 411
remote neonatal infection and lacked acute symptoms, 417
viral meningitis, 422

Pseudo-occlusions. See Pseudo-stenoses
Pseudo-stenoses, 1260, 1263, 1269, 1271, 1281–1283, 1298
Pseudotumor, 83, 86
Pulsation artifacts, 118, 703, 738, 1260, 1281, 1283
Pulsation-related artifact, 117, 118
PVL. See Periventricular leukomalacia (PVL)
PVNH. See Periventricular nodular heterotopia (PVNH)
PVS. See Perivascular space (PVS)
PVWM. See Periventricular white matter (PVWM)
Pyramidal decussation (PD), 611

R
Racemose neurocysticercosis, 220
RACs. See Retrocerebellar arachnoid cysts (RACs)
RAPID (Hitachi), 1284
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Rathke cleft cysts (RCCs), 90, 131–145
craniopharyngioma, 136, 137
dementia, 139
dizziness, 133
headaches, 138
hearing loss, 134
hemorrhagic adenoma, 144
hypogonadism, 141
hypotonia, 132
intrasellar arachnoid cyst, 145
macroadenoma with hemorrhage, 143, 144
migraines, 140
oligomenorrhea, 135
pituitary symptoms, 136, 137
retinoblastoma, 132
retro-orbital pain, 141
seizures, 134, 136, 142
stroke, 140

RCCs. See Rathke cleft cysts (RCCs)
Recurrent artery of Heubner, 1096
Remote injury, 310, 369
Residual germinal matrix (RGM), 720–722
Retinoblastoma, 132
Retrocerebellar arachnoid cysts (RACs), 19, 21, 23, 25–27, 31–33
Retro-orbital pain, 141
Retropharyngeal internal carotid artery

biopsy, 1015
left nasopharyngeal mass and, 1017
midline right, 1016
occurence, 1015
palatine mass and, 1017
tonsillar lesion and, 1018
unilateral right, 1015, 1016

RGM. See Residual germinal matrix (RGM)
Right subclavian artery (RSCA), 954, 970, 971

left-sided aortic arch, 955–956
truncus bicaroticus, 949, 951–954

Right vertebral artery (RVA), 966
hypoplastic, 981, 982, 985
RCCA, 970–972

Root entry zone (REZ), 59
Rostro-orbital pseudoforamen (ROPF), 773–775
RSCA. See Right subclavian artery (RSCA)
RVA. See Right vertebral artery (RVA)

S
Saccular/berry aneurysms, 1103
SAS. See Subarachnoid space (SAS)
Scaphocephaly, 845–849, 888
Schwannomas, 16, 54, 177, 909
Sclerosis, 885
Sclerotic lesions, 897
SCWM. See Subcortical white matter (SCWM)
SDHs. See Subdural hematomas/hygromas (SDHs)
SENSE (Philips), 1284
Septopreoptic holoprosencephaly, 1078
Sequelae of PVL, 724
Sessile/blister-like aneurysms, 1103
Skin spots, 701
Skull

calvarial variants, 745
lytic neoplasms or erosions, 745
pediatric (see (Pediatric skull))
vascular channels, 745, 857–860

Skull base foramina
ABOC, 791–792

anterior foramen of presphenoid, 775–777
asymmetric foramen ovale, 809–810
basioccipital raphe, 799–800
CBM, 795–798
CPC, 778–780
foramen cecum, 767–770
hypoglossal foramen, 800–802, 805, 806
IACs, 808, 809
IED, 771–772
ILMDs, 781–782
IPSP, 783–785
jugular diverticulum, 803–804
jugular foramen, 800–802, 805, 807
parasagittal tubular defects, 793–794
postsphenoidal cleft, 786–787
ROPF, 773–775
SOS, 788–790

Sleep disorder, 713
Slow-flow vascular malformations

BCTs (see (Brain capillary telangiectasias (BCTs)))
capillary telangiectasias, 495–501
DVAs (see (Developmental venous anomalies (DVAs)))

Solitary seizure, 706
SPEEDER (Toshiba), 1284
Sphenoidal emissary vein, 861
Spheno-occipital synchondrosis (SOS), 751, 788–791
Sphenopetrosal sutures, 751
Spinal tracts of V (STV), 611, 612
Squamosal suture, 824–827
Squamous cell sarcinoma (SCC), 86
SSS. See Superior sagittal sinus (SSS)
Stepladder artifacts, 1259
Stroke, 140, 322
Stroke-like migraine attacks after radiation therapy (SMART) 

syndrome, 480
Stroke-like symptoms, 139
Stroke symptoms, 122
Subarachnoid hemorrhage (SAH), 177, 190, 191, 377, 405, 406, 482, 

1150, 1152, 1166, 1288
Subarachnoid space (SAS), 379–387

AC, 382
acute subdural hygromas from trauma, 385
asymmetric extra-axial, 380
BESSI, 730, 731, 733–736, 740
bilateral cerebral convexity ACs, 386
chronic SDH, 383–385
convexity AC, 386
cyst, 380–382
dizziness and focal SAS prominence, 379
headaches patients, 381
Meckel cave, 59
parafalcine AC, 387
posterior fossa postsurgical subdural collections, 384
prominent cyst-like collection, 383
PVS, 313

Subcallosal pseudomass, 291–293
Subcortical cysts, 651
Subcortical low signal, 633–635
Subcortical white matter (SCWM), 596, 633

PVS, 244
type II, PVS, 313, 314, 326–337

Subdural hematomas/hygromas (SDHs), 384, 730, 738, 739
cerebellar volume loss, 369–376
cerebral volume loss, 372–378
chronic, 383–385
dural calcifications, 389
long-term anticoagulation therapy, 369
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Superficial anastomotic veins
dominant/prominent VOL, 1189, 1190
dominant VOT, 1194, 1195
headaches, 1191
memory loss, 1195
pain, 1193
SMCV drainage, 1189
thrombosis, ruling out, 1192
venous phase CTA, negative, 1194

Superficial middle cerebral vein (SMCV), 876, 1131
aneurysm, 1182
basal type, 1180
basal vein type, 1180
cavernous type, 1180
confusion, 1181
emissary type, 1180
large outpouching, 1183
mycotic aneurysm, 1183
prominent vascular structure, 1180
small outpouching, 1182
sphenoparietal type, 1180
squamosal type, 1180
sylvian fissure, 1180

Superior cerebellar peduncle (SCP), 556, 559
Superior cerebellar veins (SCVs), 1162
Superior petrosal sinus, 1141, 1142, 1166
Superior sagittal sinus (SSS)

actual thrombus and normal split, 1223
bulbous/patulous appearance, 1211, 1214
central split, 1215
dorsal multiple fenestrations, 1220, 1222
dorsal split, 1216–1220
dorsal unilateral drainage, 1221–1222
midportion, 1211
mild rostral hypoplasia, 1212
moderate rostral hypoplasia, 1212, 1213
posterior segment, 1211
rostral variants, 1211
severe rostral SSS atresia, 1213
straight sinus, 1211
thrombosis, 1223
torcular herophili, 1211
transverse sinus, 1211

Superior thalamic vein (STV), 1153, 1155
Superior vermian vein (SVV), 1162
Supraoccipital foramen/Kerckring ossicle, 749
Suprasellar arachnoid cyst, 129
Suprasellar cistern, 129
Susceptibility artifacts, 577–580, 1259, 1281

alcohol intoxication, 577, 581
focal cortical infarct, 577, 582–583

Susceptibility effect, 160
Susceptibility-weighted images (SWI)

basal cerebral venous system
distal segment, 1166
middle segment, 1166
MIPs/MinIPs, 1166
proximal segment, 1166

BVRs, 1166–1168
cerebellar veins

ICVs, 1162
IVVs, 1162–1164
LICV, 1162–1164
MICV, 1162, 1163

PV, 1162
SCVs, 1162
sliding MIPs, 1162
SVV, 1162
tentorial sinuses, 1165

deep/transmedullary veins
acute ischemic stroke, 1160, 1161
ACVs, 1153–1157
altered mental status, 1155
ASVs, 1153–1157
choroidal veins, 1153
DLVs, 1153–1155
DVA, 1156
ear lesion, 1159
extremity numbness, 1154
headaches, 1157
hypointense artery, 1153
ICV, 1153
MAVs, 1153–1156, 1159
multiple sclerosis, 1156
normal venous anatomy, 1154
petechial hemorrhages, 1153
seizure, 1155, 1158
stroke-like symptoms, 1159
STV, 1153, 1155
TSVs, 1153–1156, 1158, 1159
weakness, 1155, 1157

Susceptibility-weighted imaging (SWI), 603
artifact from metal, cranium, 469–471
artifacts from air-bone interfaces and gas, 461–468
artifacts simulating hemorrhages, 460
calcium/metals deposits, 439
choroid plexus simulating microhemorrhages, 477–478
cortical vein thrombosis, 482
description, 439
filtered phase map (see (SWI-generated phase maps))
hemorrhage, 439
manganese deposition, 457
motion-related artifact, 472–474
normal BG iron deposition, 443–444
normal venous vasculature, 439–440
postcontrast appearance, 479–483
subtraction imaging, 479–483
vasculature, 439
vasculature simulating microhemorrhages, 475–476

Suspected stroke, 15
SWI. See Susceptibility-weighted imaging (SWI)
SWI-generated phase maps, 440–442
SWI subtraction, 480–483
Sylvian fissure, 192, 360, 730, 731, 733–735, 1089, 1093, 1161, 1183, 

1189, 1253
Syndromes of neurodegeneration with brain iron accumulation 

(NBIA)
aceruloplasminemia, 444
acute stroke and hemosiderin, 458
fatty acid hydroxylase-associated neurodegeneration, 444
INAD, 459
Kufor-Rakeb disease, 444
mitochondrial-membrane protein-associated neurodegeneration, 

444
neuroaxonal dystrophy, 444
neuroferritinopathy, 444
PKAN, 459
Woodhouse-Sakati syndrome, 444
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T
Tentorial sinuses, 1173
Tetralogy of Fallot, 957, 967
Thalami, 621–623
Thalamic brain capillary telangiectasias, 495–497
Thalamostriate veins (TSVs), 1153–1156, 1158, 1159
Thalassemia, 885
Third ACA. See Median artery of the corpus callosum (MACC)
Third ventricular colloid cyst, 289
Tinnitus, 46, 49
Tolosa-Hunt syndrome, 83, 86
Tonsillar ectopia, 9
Tonsillar herniation, 5
Tortuosity

great vessel origins, 994–999
vertebral arteries

catheterization, 993, 994
in cervical segments, 993
“corkscrew” appearance, 993
stenosis stimulation, 993
“vascular” contact, 993

Transmedullary veins, 1153, 1157
Transverse-sigmoid sinus hypoplasia, 1199–1203
Transversovertebral venous plexus, 1028
Traumatic gas, 81
Traumatic hemorrhage, 192
Traumatic lesions, 307
Treacher-Collins syndrome, 1209
Triple ACA. See Median artery of the corpus callosum (MACC)
Truncus bicaroticus, 951–954
T1 shine-through effects, 479, 603–606, 608, 609, 625, 1084, 1260, 

1281, 1286–1288
Tuberous sclerosis (TS), 197, 219, 425, 689, 717
Tumefactive perivascular spaces, 344–345

U
Ultrasound, 732
Upper cervical internal carotid artery

bilateral, 1009
mild cavernous, 1014
occurence, 1009
supraclinoid, 1014

Upper medulla, mid pons, 614–617
Urea cycle disorder (UCD), 677
Usher syndrome, 67

V
Van der Knaap disease, 651
Vascular calvarial depressions, 857

Vascular channels, skull, 857–860
Vascular-containing foramina, 857
Vascular dementia, 322
Vasculature simulating microhemorrhages, 475–476
Vasculitis, 111
Vasculopathy, 313, 320, 437, 994
VCFS. See Velocardiofacial syndrome (VCFS)
Vein of Dandy. See Petrosal vein (PV)
Vein of Galen (VOG), 234, 1131, 1153–1156, 1166, 1168, 1171, 

1207–1210, 1220
Vein of Labbé, 1131
Vein of Trolard, 1131
Velocardiofacial syndrome (VCFS), 697
Venetian blind artifacts, 1259
Venous angiomas. See Developmental venous anomalies (DVAs)
Venous angle, 1153
Venous contamination, 1021
Venous lakes, 875–878
Ventrolateral thalami (VLT), 603, 604, 621, 622
Vertebral artery (VA)

duplicated/triplicated origin, 973, 974
dura, 975, 980
external carotid artery, 973
hypoplastic VAs, 981–985
ICA

from external carotid branches, 989–991
hypoplastic ICA, 986–988

retroesophageal RSCA, 970, 971
right vertebral artery, 970–972
transverse foramen, 975–979

Vertebral vein (VVs), 967, 1021, 1028–1031, 1135, 1294
Vertebral venous plexus (VVP), 1028–1031, 1132, 1293, 1294
Vertebrobasilar fenestrations, 1034–1039
Vertigo, 48, 54, 99
Vestibular aqueduct (VA) enhancement, 52–56
Virchow-Robin space. See Perivascular space (PVS)
Vision loss, 97, 121
Visual deficit, 14
Visual symptoms, 705

infundibular shift, 108, 111
and pituitary hypertrophy, 104

VOG. See Vein of Galen (VOG)
VLT. See Ventrolateral thalami (VLT)

W
White matter disease, 718

X
Xanthogranuloma, 177, 214, 215, 217, 287
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