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Foreword

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 Krayenbiihl and Yasargil’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
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Preface

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
S0, 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

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
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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

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

© Springer International Publishing Switzerland 2017

BFFE
CECT

CISS

DWI

FFE
FLAIR
GE

GE T2*WI
IR

T1IR
T2IR
MiniP
MIP

MPR
MRA
TOF MRA
NECT
SWI
TIWI
T2WI
T2*WI

uUsS

Three dimensional

Balance FFE (similar to CISS)
Contrast-enhanced computed tomography
(CT)

Constructive interference in steady state,
similar to T2WI, emphasizes cerebrospinal
fluid hyperintensity

Diffusion-weighted image

Fast field echo (either T1- or T2-weighted)
Fluid-attenuated inversion recovery imaging
Gradient echo

Gradient echo T2*-weighted imaging
Inversion recovery imaging

T1-weighted IR imaging

T2-weighted IR imaging

Minimum intensity projection

Maximum intensity projection

Multiplanar reformat

MR angiography

Time-of-flight MRA

Non-enhanced CT

Susceptibility-weighted imaging
T1-weighted imaging

T2-weighted imaging

GE T2*WI

Ultrasound

A.M. McKinney, Atlas of Normal Imaging Variations of the Brain, Skull, and Craniocervical Vasculature,

DOI 10.1007/978-3-319-39790-0_1



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

© Springer International Publishing Switzerland 2017

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 fonsillar 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
T2WTI surrounding the junction is effaced).

A.M. McKinney, Atlas of Normal Imaging Variations of the Brain, Skull, and Craniocervical Vasculature,

DOI 10.1007/978-3-319-39790-0_2



2 Cerebellar Tonsillar Ectopia

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
I 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

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 TIWI (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



8 2 Cerebellar Tonsillar Ectopia

Fig.2.2 A 2.5-year-old child had mild tonsillar ectopia (arrows) onan  spinal signal surrounding the cervicomedullary junction at the level of
otherwise negative 1.5 T MRI for febrile seizures. On axial T2ZWI (fop  the foramen magnum. Sagittal TIWI (bottom left) and coronal T2WI
left), FLAIR (top middle), and TIWI (top right), there was mild tonsil-  (bottom right) measured 2.8-3.0 mm of tonsillar descent

lar ectopia with narrowing but not complete effacement of the cerebro-



2 Cerebellar Tonsillar Ectopia

Fig.2.3 A 7-year-old child with tonsillar ectopia (arrows) on an oth- ~ was lacking. Sagittal TIWI (middle) and T2WI (right) measured 4.5—
erwise negative 1.5 T MRI for seizures. On axial T2WI (left), there was 4.9 mm of tonsillar descent below the foramen magnum, as measured
tonsillar ectopia, with narrowing of the cerebrospinal signal surround-  from the bottom of the basion (dotted arrows) to the opisthion (thin
ing the cervicomedullary junction, but brainstem or cord compression  arrows)

Fig. 2.4 A 6-year-old child with moderate tonsillar ectopia (arrows)  tonsillar descent ranged from 4.7 to 5.3 mm on several measurements.
on an otherwise negative 1.5 T MRI for febrile seizures. Axial (fop left) At 17 years of age, on axial (bottom left) and coronal (bottom middle)
and coronal T2WI (top middle) demonstrate decreased CSF surround-  T2WI, the tonsillar descent/ectopia had improved to only 1.7 mm on
ing the cervicomedullary junction at the level of the foramen magnum, sagittal TIWI (bottom right)

without mass effect on the brainstem. On sagittal TIWI (top right), the




10 2 Cerebellar Tonsillar Ectopia

Fig.2.5 A 49-year-old patient with a 1.5 T MRI performed for mild  decreased but present CSF surrounding the cervicomedullary junction
cognitive impairment noted mild 5.8 mm of tonsillar ectopia (arrows)  without mass effect on the medulla. This illustrates how adults may
on sagittal TIWI (left) and was unchanged 6 months later (middle). occasionally have greater than 5 mm of asymptomatic tonsillar
The patient did not have headaches. Axial T2WI (right) depicts descent

Fig.2.6 Comparison case of Chiari 1 malformation without syrinx. A T2WT’s (middle and right). Note the mild compression of the cervico-
26-year-old patient with tussive headaches had 11 mm of tonsillar her-  medullary junction (dotted arrows) and the effacement of CSF fluid
niation (arrows) on a 1.5 T MRI with sagittal TIWI (left) and axial  within the foramen magnum



2 Cerebellar Tonsillar Ectopia 1

Fig. 2.7 Comparison case of Chiari 1 malformation with syrinx. An  (arrowheads) extending down to the midthoracic region. A 3 T brain
18-year-old patient with upper extremity symptoms and headaches had ~ MRI with T1WI (right middle) and a cerebrospinal flow study (right)
10 mm of tonsillar ectopia/herniation (arrows) on a 1.5 T MRI with  showed flow ventrally (open arrows) but not dorsally above the tonsils
sagittal T2WI (left) and TIWI (left middle) as well as a syrinx

Fig. 2.8 Comparison case of improved Chiari 1 malformation. A  and the tonsillar descent measured 11.5-12 mm. By 13 years of age,
5-month-old infant with speech delays had tonsillar herniation (arrows)  sagittal TIWI (right) shows that the tonsillar herniation had improved
on 1.5 T MRI axial T2WI (left) and sagittal TIWI (middle). The cere-  to being only 7.8 mm, but the headaches persisted

brospinal fluid signal was effaced on T2WI at the foramen magnum,
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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

© Springer International Publishing Switzerland 2017

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  depict asymmetry of the left cerebellar flocculus (arrows) as compared
(negative study). On NECT (fop left), there was a prominent hyperden-  to the right one (dotted arrows). The prominence of the left flocculus
sity within the left CPA (arrows), unchanged from 5 years previously = was attributable to normal asymmetry, and the CT appearance was
(top middle). A 1.5 T MRI axial FLAIR (top right), T2WI (bottom left),  exacerbated by beam-hardening artifact

coronal TIWI (bottom middle), and postcontrast TIWI (bottom right)

Fig. 3.2 The patient was a 70 year old with visual deficit (negative  on TIWI (middle images) and T2WI (right images). Note the smaller
1.5 T MRI). On NECT (left), there was a hyperdense pseudomass of the  right flocculus (dotted arrows). The flocculus appeared dense because
left CPA (arrows), which was shown to be the left cerebellar flocculus  of beam hardening
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Fig. 3.3 A 39-year-old patient with a suspected stroke (negative 3 T  middle) and postcontrast TIWI (top right). Coronal FLAIR (bottom
MRI). On NECT (top left) a right CPA apparent pseudomas (arrows) left) and postcontrast TIWI (bottom right) also depicted the left floc-
was questioned but was found to be the flocculus on axial T2WI (top  culus (dotted arrows)
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Fig.3.4 A 57-year-old patient with hearing loss. On a negative 1.5 T  structed in coronal (bottom left) and sagittal (bottom middle: right side,
MRI, noncontrast TIWI (top left) demonstrated a right CPA pseudomas  bottom right: left side) planes confirmed asymmetry of the right cere-
(arrows) that did not enhance on postcontrast TIWI (top middle). Axial  bellar flocculus as compared with the left (dotted arrows)

(top right) and three-dimensional-acquired “balanced” T2WIs recon-

Fig. 3.5 Comparison case of a CPA schwannoma: a 50-year-old culus inferolaterally (dotted arrows) and the extension of the tumor into
patient with left-sided hearing loss had a CPA extra-axial mass (arrows)  the internal auditory canal via the porus acousticus (thin arrows). Also
ona 1.5 T 3D T2WI MRI (/eft), which enhanced on postcontrast axial — note a normal, incidental mega cisterna magna (+)

(middle) and coronal (right) T1WIs. Note the compression of the floc-
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Fig. 3.6 Comparison case of a CPA meningioma: a 70 year old with  (middle) and coronal (right) TIWIs. Note a normal cerebellar flocculus
left-sided hearing loss had an extra-axial mass (arrows) within the left  inferolaterally (dotted arrows) and the thin dural tail of enhancement
CPA on a 1.5 T T2WI MRI (left), which enhanced on postcontrast axial ~ (thin arrows) consistent with a meningioma rather than a schwannoma

Fig.3.7 Comparison case of a CPA epidermoid: a 27-year-old patient  to cerebrospinal fluid on DWI (right middle) as confirmed on ADC
with headaches and hearing loss had an extra-axial cystic mass (arrows)  maps (right). Note the compression of the right flocculus (dotted
on a 1.5 T T2WI MRI (left), which did not enhance on postcontrast — arrows) as compared to a normal contralateral flocculus (thin arrows)
T1WI (left middle). However, it had reduced diffusivity (bright) relative
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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

© Springer International Publishing Switzerland 2017

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
DWYV. Notably, BPC could theoretically be considered on
the milder edge of the spectrum of DWM-DWY, since DWM
and DWYV 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,
44,45,4.6,4.7,4.8,49,4.10,4.11, 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
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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 (/eft) 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)
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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

a0

o

Fig.4.5 A 34 year old was examined and a retrocerebellar cystic dilata-  reconstruction (right). The appearance favors a MCM, particularly given
tion (*) was found with a mildly enlarged posterior fossa and promi-  the lack of mass effect on the cerebellum. Note that the falx is asymmet-
nence of the retrocerebellar SAS bilaterally. The cyst is traversed by the  ric to the right within the MCM. Thus, it does not have to be exactly at
falx (arrows) on axial NECT images (left two images) and on a sagittal ~ the midline within a MCM and there may be asymmetry in the SAS
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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 TIWI (left), T2WI (left middle), axial thin 2-mm T2WI (right
middle), and balanced echo T2WI (right) 3 T MR images. The

8

A
Fig. 4.7 An 8 year old with a prominent retrocerebellar cystic space
(*) on sagittal TIWI 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 TIWI (bottom left) and

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

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
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Fig. 4.8 A 40 year old had a prominent left retrocerebellar space (*) on  cystic region. A NECT obtained 8 years later (right two images) showed
axial NECT (left two images). The retrocerebellar SAS is also prominent  no significant change in size or extent. The lack of mass effect, the appear-
to a lesser degree on the right side. The falx (arrows) partially traverses the  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  effect is also suggestive of a MCM. A NECT obtained 13 years later (bot-
subarachnoid spaces (¥) seen on the NECT (fop row). The falx (arrows)  tom row) shows that there is no significant change, likely confirming this is
traverses the cystic region, suggesting an MCM. The lack of notable mass ~a MCM. Coronal reformats (bottom middle and right) are also provided
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Fig.4.10 A 65 year old with what was called a retrocerebellar cyst (*)  cyst on axial T2WT and postcontrast TIWI (bottom right). The appear-
on axial T2WI MRI (top left), FLAIR (top middle), and TIWI (top  ance favors a MCM, given a lack of mass effect on the cerebellum.
right), with high diffusivity akin to CSF on DWI (bottom left) and ADC  Notice falx asymmetry to the right within the MCM

map (bottom middle). There is likely falx (arrows) to the right of the
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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 TIWI (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 (+)
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Fig.4.12 A 65 year old was seen to have a cystic dilatation (*) poste-  T2WI (left), axial thin 1 mm T2WI (middle), and FLAIR (right) MR
rior to the cerebellar midline and vermis, with a mildly enlarged SAS  images. The appearance would favor a MCM but a RAC cannot be
and posterior fossa. The cyst is traversed by the falx (arrows) on sagittal ~ excluded

Fig.4.13 A 59 year old with an incidental small cyst (*) posterior to ~ T2WI (right middle) and DWI (right) images. This would favor a MCM
the right hemicerebellum, lying to the right of midline and to the right  since the falx traverses it, but a RAC cannot be excluded
of the falx (arrows) on axial NECT (left), and MRI FLAIR (left middle),
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Fig. 4.14 An 18 year old had a prominent retrocerebellar space (*)  sequences. The falx (arrows) partially traverses the cystic region, and
shown on axial NECT (top left), 3 T MRI T2WI (top middle), FLAIR  the posterior fossa appears slightly enlarged, suggesting a MCM. The
(top right), SWI (bottom left), TIWI (bottom middle), and sagittal lack of a significant mass effect also suggests a MCM

TIWI (bottom right). This cyst-like space follows the CSF on all
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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
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Fig. 4.17 A 21 year old was thought to have a possible cyst (*) on  (arrows) and seems to cause mild occipital scalloping. The appearance
NECT posterior to the cerebellar midline, as shown on brain windows  favors a RAC, since the falx does not traverse it. However, an MCM
(left and middle) and bone window (right). The cyst displaces the falx  cannot be excluded

‘*—- -

Fig. 4.18 A 20 year old who had a slightly enlarged cisterna magna  partially traverse through the cyst (arrows) on an axial image (right).
with a retrocerebellar cyst-like focus (*) on sagittal (leff) and coronal — The appearance is indeterminate for an MCM versus a RAC
(middle) reformats from an axial NECT (right). The falx appears to
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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

Fig.4.19 A 40 year old who was found to have NECT axial (leff) 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

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).

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
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Fig.4.21 A 24 year old with a moderate sized retrocerebellar cyst (*)  not appear enlarged. Four years later, axial (middle) and coronal (right)
posterior to and compressing the left hemicerebellum on an axial CECT ~ CECT images confirmed that there was no change in size but there was
image (left); this was not traversed by the falx. The posterior fossa did  continued mass effect from the RAC

Fig.4.22 A 59 year old had an axial NECT (top left two images) with  gesting a RAC. Images from a cervical MRI 5 years prior were then
coronal reformats (fop right) performed to evaluate for a new stroke.  obtained, including sagittal T2WI (bottom middle) and axial GET2*WI
Note encephalomalacia (—-) of the right frontal and temporal opercu-  (bottom right), which confirmed no change in the cyst. The walls of the
lar structures. A cyst-like structure was noted to mildly compress the RAC were subtle (arrows)

cerebellum (*) from posteriorly on sagittal reformats (bottom left), sug-
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Fig.4.23 A 66 year old had a cystic-like structure posterior to the cer-  cerebellar subarachnoid spaces are mildly enlarged, with questionable
ebellum (*) on axial (left) and sagittal (right) NECT images, where the = mass effect from the cyst. Therefore, this cyst is indeterminate for being
cyst was to the right of the falx (arrows), although the falx is nearly at an MCM versus a RAC

the midline and is not clearly displaced. The posterior fossa and retro-
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Fetal MRI of the Normal Posterior
Fossa Versus True Abnormalities

4.2

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 (/eft), axial
(middle), and coronal (right) ultrafast T2WI, there is mild prominence

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) tast T2WI, there is mild prominence of the SAS sur-

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

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  axial (right two images) planes without enlargement of the posterior
fossa abnormality. A retrocerebellar cystic dilatation (*) is noted bilat-  fossa. This could be considered either normal or an early MCM
erally and symmetrically on ultrafast T2WIs in the sagittal (left) and

WE

Fig. 4.27 Comparison case of Dandy-Walker malformation (DWM). posterior fossa and lateral ventricular enlargement (hydrocephalus).
A 19-week-old fetus had a cystic-appearing posterior fossa (*) on US  The posterior angle of the fourth ventricle, i.e., the fastigium (arrows),
(left), confirmed on fetal MRI fast T2WIs in sagittal (left middle), coro-  is absent. Thus, the combination of findings indicates a DWM

nal (right middle), and axial (right) planes. There was a mildly enlarged

Fig.4.28 Comparison case of cerebellar vermian hypoplasia (CVH). A tricular enlargement. The posterior angle of the fourth ventricle (arrows)
19-week-old fetus had a cystlike posterior fossa (*) on US. On MRI, is curtailed and the vermis (-) is small, suggesting CVH. Caution must be
ultrafast T2WIs in sagittal (left and left middle) and axial (right and right  exercised in the late second trimester, as the SAS in the posterior fossa
middle) planes depict a normal size posterior fossa without lateral ven-  can normally appear somewhat prominent relative to cerebellar size
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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 (leff). 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 TIWI 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 TIWI 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



4.2 Fetal MRI of the Normal Posterior Fossa Versus True Abnormalities 37

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 a4  cystic cerebellar hemispheres (—). The inferior vermis is small on coro-
month old, a 3 T MRI showed a prominent SAS (*) below the vermis  nal T2WI (left middle), while the superior segment is hypoplastic on
(+), fourth ventricular enlargement, an obtuse posterior angle (fastig-  axial TIWIs (right two images). The pons (/) is quite hypoplastic

ium) of the fourth ventricle (arrows) on sagittal T2ZWI MRI (left), and
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Fig. 4.35 Comparison case of Dandy-Walker syndrome with cerebellar  axial (right middle) T2WI. The cerebellar hemispheres (arrows) are dis-
vermian hypoplasia ICVH). In a 3 month old with mild hydrocephalus,  placed laterally by the cyst, which suppresses with CSF on FLAIR (right).

an MRI showed a large posterior fossa (or fourth ventricular) cyst (*) and ~ T2-dark hemosiderin lines the lateral ventricles and choroid plexus
an absent vermis on sagittal T1WI (leff) and on coronal (left middle) and  (dashed arrows), which are sequelae of intraventricular hemorrhage

Fig. 4.36 Comparison case of Dandy-Walker syndrome. In a 10 day  visualized. The cerebellar hemispheres (arrows) are displaced laterally.
old with severe hydrocephalus, an MRI showed an enormous posterior ~ The cyst extends far superiorly and anteriorly, severely compressing the
fossa (or fourth ventricular) cyst (¥) on sagittal TIWI (left), on T2ZWI  brainstem (/) against the sphenoid bone

(left middle), and on T1WI (right middle and right); the vermis is not
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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 (lef?), sagit-

tal TIWI (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 TIWI, 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 TIWI (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 (fop left). Sagittal TIWI (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 T2ZWI 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 Vil: 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 TIWI 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 TIWI (FS TIWI).

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 TAC): 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.

© Springer International Publishing Switzerland 2017

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 TAC 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 TIWI (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,
5.3,54,55,5.6,57,58,5.9, 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

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)

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)

Tie

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)
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Fig.5.3 A 50-year-old patient with a history of dizziness and giddiness ~ This is not as well visualized on the coronal image (right). Note inci-
underwent an IAC protocol MRI at 1.5 T. Postcontrast FS SET1WI in  dental, normal enhancement of the geniculate (GG) and horizontal
the axial (left) plane depicts normal mild, wispy perineural enhance- (tympanic) segments of CN7 on the left as well (thin arrow)

ment surrounding the intracanalicular portion of the left CN7 (arrows).

Fig. 5.4 A 38-year-old patient with an orbit protocol MRI at ganglia (arrows), the right greater than the left, as well as bilateral
3 T. Postcontrast FS SET1WIs in the axial (leff) and coronal (right) enhancement of the proximal portions of the horizonal/tympanic seg-
planes depict avid, bilateral normal enhancement of the geniculate ments of CN7 (thin arrows)
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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)
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Fig. 5.8 A 4l-year-old patient with an orbit protocol MRI at the left geniculate ganglion (arrows) as well as enhancement of the
1.5 T. Postcontrast FS spoiled GET1WIs (T1FFE) in the axial (left proximal portions of the left horizonal/tympanic segment of CN7 (thin
images) and coronal (right) planes depict normal mild enhancement of  arrows)

Fig.5.9 A 55-year-old patient with a negative 1.5 T MRI for dizziness.  fact (circle tip arrows) as compared with SET1WI. Such susceptibility
On axial (left) and coronal (right) postcontrast FS spoiled GETIWI  artifacts (often from aerated mastoid air cells or petrous apices) may
(T1FFE) there is mild left geniculate ganglion enhancement (arrows).  obscure regions of CN7 enhancement on GETIWI

Note that on this sequence there are more regions of susceptibility arti-
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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 SET1WTI there is mild
normal bilateral geniculate ganglion enhancement (arrows), with
incidental normal faint perineural enhancement (arrowhead) within
the left IAC
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Fig.5.11 A 31-year-old patient. A negative 1.5 T MRI
postcontrast coronal FS SET1WTI 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-  of CN7 (arrows). On a coronal image (right), enhancement of the right
col for vertigo. Axial (left) postcontrast FS SET1WIs demonstrate bilat-  descending segment is depicted
eral, symmetric, avid enhancement of the descending (mastoid) segments
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Fig.5.13 A 60-year-old with a negative 1.5 T MRI for tinnitus. Axial — which is greater on the left side. Also, note mild enhancement within
(left) and coronal (right) postcontrast FS SET1WIs depict mild bilateral ~ the IAC bilaterally (arrowheads), likely from the AICAs looping into
enhancement of the descending segments of CN7 (dotted arrows), the IACs

Fig.5.14 A 55-year-old patient with a 1.5 T MRI for chronic hearing  vestibular aqueducts (curved arrows), a finding that has debatedly been
loss. There is normal bilateral enhancement of the descending (mas-  associated with sudden sensorineural hearing loss and is probably inci-
toid) segments of CN7 (dotted arrows). Also, note enhancement of both  dental in this case

Fig.5.15 A 58-year-old patient with a negative 3 T MRI IAC protocol  arrows). On a FS T2WI (right), there is only a faint signal with no
for dizziness. An axial postcontrast FS SET1WI (left) depicts mild edema or enlargement of the nerve, further confirming that this appear-
enhancement of the right descending (mastoid) segment of CN7 (dotted  ance is normal
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Fig. 5.16 A 31-year-old patient with a negative 3 T MRI for facial suppression was incomplete. On axial images more superiorly (bottom
pain. There is asymmetric enhancement of only the left descending row), note normal, bilateral enhancement of the geniculate ganglia
CN7 segment (dotted arrows) on axial FS SET1WIs (top row); the fat  (arrows)

Fig.5.17 A 79-year-old patient with a negative 3 T MRI IAC protocol = ment of CN7 (dotted arrows), the left being greater than the right. On a
for tinnitus. Axial postcontrast FS SETIWIs (left and middle) show  coronal image (right), the enhancement is seen to stop just as CN7 exits
bilateral but asymmetric enhancement of the descending (mastoid) seg-  the skull base
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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 (/eft), 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
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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

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)

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).
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Fig.5.21 A 55-year-old patient with a negative 3 T MRI for dizziness. — image, right), there is right VA enhancement (curved arrows). Note a
On a 0.5-mm thickness postcontrast FS spoiled GET1WI (T1FFE, left)  greater degree of susceptibility artifact on such gradient echo images
and on a postcontrast 3D TOF MRA source image (also a gradient echo

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)
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Fig. 5.23 Comparison case of schwannoma and FS SETIWI versus trast FS spoiled GET1WI (T1FFE) and 2-mm (bottom left) and 4-mm
GETIWI. A 37-year-old patient with vertigo had an enhancing lesion  thick (bottom right) FS SET1WI. Note the greater degree of susceptibil-
(wide arrows) of the left porus acousticus (opening of the IAC), as dem- ity artifact on the GET1WI as compared to SET1WI, making it more
onstrated on 1.5 T 2-mm (top left) and 4-mm thick (top right) postcon-  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 trast non—FS (leff) and postcontrast FS (right) SET1WIs. Note normal
patient with leukemia had bilateral enhancing lesions (wide arrows) enhancement of the geniculate ganglia as well (arrows)
within the distal portions of the IACs, as shown on 1.5 T 3-mm precon-



5.1 Vestibular Aqueduct Enhancement 55

Fig.5.25 Comparison case of parotid squamous cell cancer. A 75-year-  than the same contralateral segment (dotted arrows). A lack of edema
old patient with a parotid malignancy (*) also had mild enlargement and  on T2WI (middle) or FLAIR (right) argues against but does not defini-
enhancement of the right descending segment of CN7 (wide arrows) on  tively exclude perineural invasion by tumor

1.5 T 3-mm postcontrast FS SET1WI (/eft), which was more prominent

Fig.5.26 Comparison case of Bell palsy. A 20-year-old patient with ~ SET1WIs in axial (leff) and coronal (right) planes. Note the enhance-
right facial weakness had abnormal enhancement of the fundus of the  ment of the right geniculate ganglion as well (arrow), which can be
right IAC (wide arrows), as shown on 1.5 T 3-mm postcontrast FS  normal

Fig.5.27 Comparison case of Bell palsy. A 53-year-old patient with  SET1WIs in axial (leff) and coronal (right) planes. Note the enhance-
right facial weakness had abnormal enhancement of the fundus of the ment of the right geniculate ganglion as well (arrow), which can be
right IAC (wide arrows), as shown on 1.5 T 3-mm postcontrast non-FS  normal
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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 SETIWI

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  which can be normal. On coronal images (right), CN7 enhances below
facial weakness had enhancement of the fundus of the right IAC (wide  where it has exited the stylomastoid foramen, which is also abnormal
arrows), as shown on 1.5 T 3-mm postcontrast axial FS SET1WIs (left  although less commonly seen

and middle). Also, note right geniculate ganglion enhancement (arrow),
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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 VI (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,
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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 middle) and coronal (bottom right) TIWIs. Note that, on postcontrast
caves (arrows) bilaterally on a 3 T MRI with axial TIWI (top left), T1WIs the trigeminal ganglion appears as a “filling defect.” The ICAs
T2WI (top middle), FLAIR (top right), and postcontrast axial fat sup- are visualized anteromedially and superiorly (*)

pressed TIWI (bottom left) as well as non—fat suppressed axial (bottom
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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 TIWI (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
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Fig. 6.3 A 69-year-old patient with moderately prominent Meckel cranial nerve VI (dotted arrows). On DWI, Meckel caves are usually
caves (arrows) bilaterally on a 1.5 T MRI with axial TIWI-IR (fop left),  dark due to CSF, but in this patient they are mildly heterogeneous as a
T2WI (top middle), FLAIR (top right), coronal TIWI-IR (bottom left),  result of artifact; this is probably from a combination of arterial pulsa-
T2WI (bottom middle), and axial DWI (bottom right). Note the cister-  tion (from the internal carotid arteries) and gas from the sphenoid sinus
nal courses of the right cranial nerve V (thin arrows) and the bilateral

Fig.6.4 A 62-year-old patient with migraines presented for MRI (neg-  T1WI (right). They should not be mistaken for arachnoid cysts or
ative). Axial T2WIs (left and left middle) demonstrate mildly prominent  petrous apex cephaloceles, since there is no mass effect and they do not
subarachnoid spaces extending into Meckel caves bilaterally (arrows).  extend into the petrous apices

These appear normal on coronal T2WI (right middle) and postcontrast
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Fig. 6.5 A (9-year-old patient with trauma; there are moderately to be Meckel caves. A repeat NECT 10 year later (bottom left) with
prominent Meckel caves (arrows) bilaterally on axial NECT (fop left  coronal reconstructions (bottom middle and bottom right) demonstrated
and top middle). Note the left anterior temporal encephalomalacia (¥).  no significant change in their size

On a 1.5 T MRI at that time with T2WI (top right), these are confirmed

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)
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Fig.6.7 A 56-year-old patient with 3 T MRI sagittal TIWI (leff) of an  foramina of ovale (*), which transmit V3. This could be confused with
asymmetric left Meckel cave (arrows), on coronal pre- (left middle) and  a cephalocele, but note that it does not extend below the skull base

postcontrast (right middle) TIWI and on axial TIWI (right). Note the
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Fig.6.8 A 63-year-old patient with a contrast-enchanced CT (CECT) and on sagittal reformats of the left (right middle), and right (right)
axial image (/eft) reconstructed from a CT angiography, demonstrating  sides. Note the faintly visualized cisternal course of the trigeminal
asymmetric prominence of the right Meckel cave as compared to the  nerves (thin arrows) and the asymmetry in the size of the foramina of
left (arrows). This is more evident on coronal reformats (left middle)  ovale (¥)




6 Meckel Cave Prominence, Asymmetry, and Petrous Apex Cephaloceles 65

Fig.6.9 A 25-year-old female patient with a unilaterally prominent left ~ the seizure was a cortical contusion. The prominent left Meckel cave
Meckel cave (arrows) on axial NECT (left) and on a 3 T MRI with coro-  had not changed on a follow-up MRI performed 6 months later (not
nal T2WI (left and left middle) and coronal FLAIR (right). The cause of ~ shown)
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Fig. 6.10 Comparison case of arachnoid cyst (AC). A 60-year-old  (bottom left), SWI (bottom middle), and on postcontrast coronal T1WI
female patient with headaches had asymmetric enlargement of the right  (bottom right). These findings were consistent with an AC. Note the
Meckel cave (arrows) on axial NECT (top left), which on 3 T MRI fol-  cisternal segments of CNV (thin arrows)

lowed the CSF signal on DWI (top middle), T2WI (top right), FLAIR
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Fig. 6.11 Comparison case of petrous apex cephaloceles (PACs). A 1.5 T MRI axial T2WI (right middle) while suppressing with CSF on
58-year-old male with Usher syndrome had bilateral erosive lesions of ~ FLAIR (right). Such PACs as well as diffusely dilated subarachnoid
the petrous apices contiguous with Meckel cave (arrows) on axial spaces can be seen with this syndrome

NECT bone (left) and brain (left middle) windows, with bright signal on

Fig.6.12 Comparison case of lymphoma. A 64-year-old patient with ~ Postcontrast axial TIWI (right middle) and T2WI (right) illustrate
lymphoma was shown to have an enlarged left Meckel cave on both  enlargement compared with the opposite side (dashed arrows) as a
pre- (left) and postcontrast (left middle) coronal 1.5 T TIWIs. result of a tumor
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Fig.6.13 Comparison case of meningioma. A 58-year-old patient had  postcontrast TIWI (right). Note the normal size and appearance of the
a left-sided enhancing mass within Meckel cave (arrows) on 1.5 T MRI  right Meckel cave (thin arrows), which suppresses like CSF on FLAIR
axial T2WI (left), coronal FLAIR (middle), and coronal fat-suppressed

Fig.6.14 Comparison case of epidermoid cyst. A 20-year-old patient  (right middle) and later identified as an epidermoid cyst. Note that both
with 1.5 T MRI axial T2WI (left) and FLAIR (left middle) had an  the right Meckel cave and a normal mega cisterna magna (+) had isoin-
normal incidental enlarged right Meckel cave (arrows). A T2- and tense signals on DWI, probably from the CSF pulsation artifact. NECT
FLAIR-bright lesion (—) was also noted within the clivus and prepon-  (far right) confirmed bony clival erosions

tine cistern that did not enhance (not shown) that was bright on DWI
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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

© Springer International Publishing Switzerland 2017

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,
7.1,78,79,7.10, 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-  gas (*). However, on soft tissue (mmiddle) and bone windows (right), it is
mal cavernous sinus fat (arrows) bilaterally on the brain windows (left)  clear that this is not gas and also that there is no evidence of fracture
simulating fracture-related gas. Note the similarity to sphenoid sinus

‘L 1}

Fig.7.2 A 60-year-old male with cognitive decline with normal cav- it is clear that this is not gas and also that there is no evidence of frac-
ernous sinus fat (arrows) bilaterally on brain windows (left). Note the  ture. Coronal brain windows (right) also depict the fat
similarity to sphenoid sinus gas (*), but on soft tissue windows (middle)
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Fig.7.3 An 83-year-old female with facial trauma and normal bilateral ~ (thin arrows) as demonstrated on axial soft tissue windows (left, mid-
cavernous sinus fat (arrows); note hemorrhage (+) within the sphenoid  dle), and on 1.5 T FLAIR MRI (right, no fat suppression)
sinus. This fat is contiguous with the fat of the superior orbital fissures

Fig.7.4 A 57-year-old male with headache incidentally having normal  arrows), as demonstrated on brain windows (left), soft tissue windows
cavernous sinus fat bilaterally (arrows). The cavernous sinus fat is con-  (middle), and bone windows (right)
tiguous with fat within the superior orbital fissures bilaterally (thin
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Fig. 7.5 An 83-year-old female with orbital trauma. Dashed arrows  ally (arrows), which is contiguous with the fat of the superior orbital
denote a retrobulbar hematoma with fat stranding posteriorly, as demon-  fissures (thin arrows). No fracture of the bony orbital apex was noted on
strated on axial (/eff) and coronal (middle) brain windows and on bone  bone windows

windows (right). There is incidental normal cavernous sinus fat bilater-

Fig.7.6 A 39-year-old female post trauma with an otherwise negative  this finding had slightly progressed based on brain (left middle) and
head CT scan. There was normal cavernous sinus fat bilaterally (arrows)  soft-tissue windows (right middle) and on coronal reformats (right)
on the brain windows (left). A NECT 10 years later demonstrated that
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Fig. 7.7 A 73-year-old female with a neck CT scan performed for a  The right parotid mass was later biopsied and proved to be a rare,
right parotid mass (/), having incidental, normal cavernous sinus fat  benign parotid oncocytoma
bilaterally (arrows) on soft-tissue window coronal reformatted images.

Fig.7.8 A 55-year-old female with chronic headaches and an other-  sella as well (-). These findings were unchanged on repeat NECTs at 1
wise negative head CT scan with normal cavernous sinus fat bilaterally  year (middle) and at 5 years later (right)
(arrows) on brain windows (left). Note an incidental primary empty
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Fig.7.9 A 61-year-old female with trauma and normal cavernous sinus  (*) on the brain windows, while on the bone windows (righr) it becomes
fat bilaterally (arrows) on the brain windows (left, middle) that sur-  clear that this is indeed not gas and that there is no fracture
round the ICAs (+). Note the dark density similar to sphenoid sinus gas

Fig.7.10 A 45-year-old male with headaches with normal cavernous  (middle), at which time computed tomography angiography (CTA) was
sinus fat bilaterally (arrows) that surrounds the ICAs (+), as demon-  performed; hybrid bone/soft-tissue windows (right) demonstrate the
strated on the brain windows (/eff). This was unchanged 2 months later ~ 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-  soft-tissue (fop middle), and bone (top right) windows and on magnified
ernous sinus fat (arrows) that is contiguous with the superior orbital  coronal brain (bottom left) and soft-tissue (bottom right) windows
fissure (thin arrows) and surrounds the ICA (+) on axial brain (top left),
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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
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Fig.7.16 A 69-year-old male with trauma; a CT of facial bones dem-  dows (right); these findings could mimic the condition of fracture-
onstrates right-sided cavernous sinus fat (arrows) posteriorly on brain  related gas. The coronal windows demonstrate that the fat partially
windows (left), soft-tissue windows (middle), and coronal brain win-  surrounds the ICA (+)
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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) TI1WIs, with T1-bright fat
diffusely along the dural (arrowheads), and cavernous sinuses (arrows).
This was unchanged 2 years later on a 3 T sagittal TIWI (middle row,
left). Middle row: Sagittal TIWI shows the findings described above,

while fat-suppressed, postcontrast TIWI (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  poral (thin arrows) and sphenoid (arrowheads) fractures. Catheter angi-
with trauma having cavernous and intrasellar gas (dashed arrows) on  ography (oblique view, right) found a cervical left ICA pseudoaneurysm
NECT soft tissue (left) and bone (middle) windows from adjacent tem-  (¥)

e

Fig. 7.19 Comparison case of iatrogenic gas. A 90-year-old patient middle) images. The patient had intravenous access via the jugular vein.
without trauma and with cavernous and intrasellar gas (dashed arrows)  The next day, a repeat NECT (right) showed resolution of the gas with
on axial NECT (left). There was also gas in the location of the superior  a residual hyperdense varix

ophthalmic vein (thick arrows) on axial (left middle) and coronal (right
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Fig. 7.20 Comparison case of iatrogenic gas from intravenous injec-  dow (right middle) demonstrated cavernous sinus gas (dashed arrows)
tion. A 46-year-old patient with altered mental status (soon resolved), and gas within the right pterygoid plexus (small arrow). This resolved
had a comparison CT 3 weeks earlier (/eft) that was normal but the cur- 12 h later on axial NECT (right)

rent axial NECT (left middle and middle) and coronal soft tissue win-
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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

i

Fig. 7.21 A 5l-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

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).

(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-  (middle and right) confirmed this to be contiguous with a mildly tortu-
dense prominence along the lateral aspect of the right cavernous sinus  ous right ICA, which appears normal. Note a tiny focus of normal fat
(arrows) on an axial NECT image (left). However, more inferior images  (tiny arrow) within the right cavernous sinus as well

Fig.7.23 A 38 year old male with seizure, having prominence of the  fat suppressed FLAIR (bottom left), coronal T2WI (bottom middle), and
left cavernous sinus (arrow) on axial NECT (top left and top middle);  coronal postcontrast TIWI (bottom right) were normal. Note the left
coronal reformats (fop right) were indeterminate. On 1.5 T MRI, axial 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  FLAIR MRI (middle), and on postcontrast TIWI (right). Note the left
mass within the left cavernous sinus (arrows) that was isodense to the  ICA (*) surrounded by the mass on FLAIR
ICA and overall mildly hyperdense on axial NECT (leff), on 1.5 T
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Fig. 7.26 Comparison case of squamous cell sarcinoma (SCCa). A  cave (arrows), as compared with the left side (dashed arrows). The
54-year-old with SCCa underwent 1.5 T MRI axial T2WI (leff), post-  postcontrast images depict the extensive, enhancing mass as contiguous
contrast fat-suppressed axial (middle), and coronal (right) TIWIs, with the upper cervical region

which depicted a replaced, T2-dark right cavernous sinus and Meckel

L

Fig.7.27 Comparison case of Tolosa-Hunt (pseudotumor). A 29-year-  ICA (*) on 1.5 T MRI axial TIWI pre- (left), and postcontrast (middle),
old female with painful ophthalmoplegia had a left-sided mass within  and on postcontrast coronal fat-suppressed T1WI (right)
Meckel cave and the left cavernous sinus (arrows) surrounding the left
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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 TIWI and T2WI in these planes are necessary; an
initial evaluation optimally implements both dynamic post-
contrast TIWI (over the first 0-2 min after the intravenous
gadolinium bolus) and a delayed postcontrast TIWI (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

© Springer International Publishing Switzerland 2017

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 T1WTI). 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

89

A.M. McKinney, Atlas of Normal Imaging Variations of the Brain, Skull, and Craniocervical Vasculature,

DOI 10.1007/978-3-319-39790-0_8



90 8 Pituitary Variations, Artifacts, Primary Empty Sella, and Incidentalomas

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- and on subtracted postcontrast TIWI (with precontrast images sub-
strated a normal, enhancing pituitary infundibulum (arrows) relative to  tracted from the postcontrast images, right). Also note enhancement of
the nonenhancing optic chiasm (thin arrows). The pituitary (*) was nor-  the median eminence of the hypothalamus (dashed arrows) and of the
mal and borderline enlarged because the patient was of childbearing tuber cinereum (circle tip arrow)

age, as shown on postcontrast coronal (left) and sagittal TIWI (middle)

4 ﬂ‘

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) TIWIs 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.8.4 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.8.5 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.8.6 A 22-year-old male patient with 3 T MRI sagittal pre- (left)  (thin arrows). Also, note the enhancement of the median eminence
and postcontrast (right) TIWIs demonstrating normal enhancement of  (dashed arrows) and of the tuber cinereum (circle tip arrows)
the infundibulum (arrows) relative to the nonenhancing optic chiasm
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Fig.8.7 Comparison case of Langerhans cell histiocytosis: A 3-year- ittal TIWIs and on axial postcontrast TIWI (right). Axial (bottom left)
old male patient with diabetes insipidus; a 3 T MRI demonstrates mod-  and coronal (botfom right) images depict the bone lesions typically
erate thickening of the pituitary stalk (arrows), which is as thick as the  associated with Langerhans cell histiocytosis (dashed arrows)

basilar artery (thin arrows) on pre- (left) and postcontrast (middle) sag-

Fig. 8.8 Comparison case of lymphocytic hypophysitis (biopsy  (leff), coronal T2WI (middle), and coronal postcontrast TIWI (right).
proven): A 16-year-old male with growth delay; a 1.5 T MRI depicts  Note that the stalk indents the optic chiasm (dashed arrows)
moderate enlargement of the stalk (arrows) on noncontrast axial FLAIR




94 8 Pituitary Variations, Artifacts, Primary Empty Sella, and Incidentalomas

Fig.8.9 Comparison case of germ cell tumor: A 7-year-old patient with
amild to moderately enlarged pituitary stalk (arrows) on 3 T MRI sagittal
noncontrast (top left) and postcontrast (fop middle) TIWI and on coronal
postcontrast TIWI (fop 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) TIWI 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 TIWI (left) and postcontrast coronal TIWI (left middle). This
was termed indeterminate for malignancy. However, 1 year later, post-

contrast coronal (right middle) and sagittal (right) TI1WIs 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

15 seconds

0 seconds

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 O (noncontrast) to 60 s, the lateral aspects of the
anterior lobes (arrows) filled with contrast more slowly than the stalk

22 seconds

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).

30 seconds 60 seconds

(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 (*)
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30 seconds

0 seconds

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 O s (noncontrast) to 300 s depict the lateral anterior lobes

0 seconds 30 seconds
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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 TIWI (left). The lateral,
peripheral portions of the anterior lobes (arrows) are mildly hypointense at

120 seconds

300 seconds

180 seconds

(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 (¥)

180 seconds

30 s (left middle) but fill in by 180 s (right middle). The sagittal TIWI
(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  (arrowhead) appears normal in that it mildly enhances and is at mid-
13-year-old female with hearing loss (negative 1.5 T MRI), the lateral, line. Note the mildly enhancing cavernous sinus (dashed arrows). Thus
peripheral portions of the anterior lobes (arrows) remain mildly hypoin-  the examination was interpreted as normal

tense on axial (left) and coronal (middle and right) images. The stalk

7 seconds 30 seconds 60 seconds 120 seconds 420 seconds

Fig.8.15 Normal delayed enhancement peripherally. In a 35-year-old  more slowly than expected; mild hypointensity remains on delayed
female with vision loss, 3 T MRI (interpreted as normal) coronal T2ZWI  images. Note the enhancing cavernous sinus (dashed arrows). The find-
(left), and serial dynamic enhanced T1WIs from time 7—420 s postcon-  ings were unchanged 1 year later (not shown)

trast depict the lateral areas (arrows) filling with contrast, although
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30 seconds 180 seconds 300 seconds

Fig. 8.16 Normal lateral anterior lobe enhancement with persistent as normal. Dynamic enhanced images at O (top right) through 300 s (bot-
hypointensity. In a 22-year- old hypernatremic male, the lateral aspects of  fom right) depict normal persistence of the hypointense lateral anterior
the anterior lobes (arrows) are hypointense prior to contrast on 3 T MRI  lobes, even on delayed images. The enhancing stalk (arrowheads) and
coronal T2WI (top left) and T1WI (top middle); the MRI was interpreted ~ cavernous sinus (dashed arrows) enhance earlier and more avidly
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Fig. 8.17 Normal lateral anterior lobe enhancement on delayed axial (right middle) and coronal (right) TIWIs depict the hypointense
images. In a 36-year-old female with vertigo, the lateral anterior lobes lateral anterior lobes, which persist even on 5-7-min delayed postcon-
(arrows) are hypointense prior to contrast on 1.5 T MRI axial FLAIR trast images. The examination was called normal

(left) and T2WI (left middle) but not on TIWI (middle). Postcontrast

51

Fig. 8.18 Comparison case of microadenoma. A 31-year-old female coronal T1WIs show that this 4-mm focus does not follow the enhance-
with hyperprolactinemia in whom coronal T2WI (left) demonstrates a  ment pattern of the stalk (arrowheads) or the left side of the gland (*),
bright focus in the lateral right anterior lobe (arrows). Pre- (left middle) ~ which indicates an adenoma

and postcontrast 60-s delay (right middle), and 5-min delayed (right)
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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

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

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

(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)ona 1.5 T
MRI measured 8.7 mm in height on sagittal noncontrast (/eft) and post-

Fig. 8.22 An 18-year-old female with right-sided headaches but an
otherwise normal MRI. The mildly enlarged pituitary (arrows) ona3 T
MRI measured 10.3 mm in height on coronal noncontrast TIWI (left);

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

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-  both pre- (leff) and postcontrast (middle). Note the mild shift of the
aches but an otherwise normal MRI. The borderline enlarged pituitary  stalk to the right (thin arrow) on postcontrast coronal TIWI (right),
(arrows) on a 1.5 T MRI measured 9.3 mm in height on sagittal TIWI  which is another normal variation

Fig. 8.24 The patient was a 42-year-old female with facial pain; the unchanged 6 months later. The stalk is mildly displaced (thin arrows)
pituitary (arrows) was mildly enlarged (10.1 mm in height) on noncon-  upward toward the chiasm (dashed arrows), i.e., tenting. On dynamic
trast sagittal (left) and coronal (left middle) TIWIs and on postcontrast — images (not shown), the gland homogeneously enhanced

sagittal (right middle) and coronal (right) T1WIs. The hypertrophy was
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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 — middle) reconstructions. This was unchanged 1 year later on coronal
(arrows) at the top of a CECT of the neck (obtained to follow lymph-  (right middle) and sagittal (right) reformats. Note the stalk (thin arrows)
adenopathy). The height was 9.3 mm on sagittal (left) and coronal (left
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Fig. 8.27 A 2l1-year-old female with visual symptoms and pituitary
hypertrophy (arrows) on 1.5 T MRI noncontrast coronal (fop 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 TIWI 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  coronal image. Balanced echo coronal T2WI performed at that time
had a borderline enlarged pituitary (arrows) that measured 9.1 mm on  (right middle) and 2 years later (right) showed no change. The pituitary
sagittal (left) and coronal (left middle) postcontrast T1WIs; there was  did not abut the chiasm (dashed arrows)

mild tenting of the gland upward (thin arrows) at the midline on the
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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 TIWI (fop left) and coronal TIWI (top
middle). On coronal T2WI (top right), a T2-dark focus measures just

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 TIWI (left) that suffered from motion; note the tenting

under 1 cm in size (¥). Postcontrast sagittal (bottom left) and coronal
(bottom middle and right) TIWIs confirm a nonenhancing adenoma.
The adenoma’s dark signal on T2W1 is likely caused by the presence of
either hemorrhage or proteinaceous debris

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

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 TIWI

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

(left) as well as on the 5-min delayed postcontrast coronal T1WI (mid-
dle). Postcontrast sagittal TIWI (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- ~ On a magnified postcontrast sagittal TIWI (right) also note the median
mal enhancement of the pituitary infundibulum (arrows) relative to the  eminence of the hypothalamus (dashed arrow) and the tuber cinereum
nonenhancing optic chiasm (thin arrows). The infundibulum has a nor-  (circle tip arrow)

mal shift to the left on coronal delayed 5-min postcontrast TIWI (left).

Fig.8.34 The patient was a 34-year-old female with visual symptoms  incidentally noted on noncontrast coronal TIWI (leff) and T2WI (mid-
(thought related to demyelinating disease) with a 3 T MRI that demon-  dle). The shift was not changed 1 year later on coronal T2WI (right)
strated normal mild infundibular shift to the left (arrows). This was
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Fig. 8.35 The patient was a 12-year-old female with headaches TI1WI (left). There was borderline pituitary hypertrophy (*). The pitu-
(thought related to migraines), with a 1.5 T MRI that demonstrates nor-  itary height measured 9.3 mm, also depicted on sagittal postcontrast
mal mild infundibular shift to the right (arrow) on postcontrast coronal ~ TIWI (right)

Fig.8.36 A 34-year-old female soon after trauma (but no brain injury)  (middle) and sagittal (right) TIWI. There was a partially empty sella (*)
with a 1.5 T MRI that depicts normal mild infundibular shift to the right ~ with pituitary tissue along the floor of the sella, a normal variation
(arrow) on noncontrast coronal T1WI (/eft) and on postcontrast coronal
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Fig. 8.37 A 57-year-old male patient with disequilibrium (from an right lobe appears slightly larger than the left on postcontrast coronal
inner ear abnormality) had a 1.5 T MRI that depicted moderate stalk ~ T1WI (leff) and axial T2WI (right). There was no history of a sellar
shift to the right (arrows) as well as asymmetry of the lobes (*); the tumor or prior surgery

Fig. 8.38 The patient was a 54-year-old male who underwent an  metry of the lobes (*); the left lobe is slightly taller than the right on
unrelated acoustic neuroma resection many years earlier. A 3 T MRI  postcontrast coronal TIWI (left). The findings were not changed 1
depicts incidental, leftward infundibular shift (arrows) as well as asym-  (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 TIWI (left). There was no history of prior

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

sellar surgery. Postcontrast sagittal TIWI (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

lobe was slightly taller than the left on coronal T2WI (/eft) and on post-
contrast TIWI (middle). This was unchanged 1 year later on postcon-
trast TIWI (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 TIWI (top
left), T2WI (top right), and
postcontrast coronal TIWI
(bottom left). Tightly windowed
postcontrast TIWI (bottom right)
raises the question of whether
there is an incidental
microadenoma; this study was
considered indeterminate for the
presence of tumor

r
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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 (/eft) 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 (fop
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 (/eft) that was not present on a slice just anterior (/eft
middle), thus simulating an adenoma. Coronal T2WI (right middle)

confirmed that this focus had signal intensity similar to the rest of the
sella. Sagittal TIWI (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 (/eff) and postcontrast
(middle) coronal TIWIs, 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 images), this was found to be volume averaging of the gland with the
patient had a hypointense focus (arrows) on postcontrast TIWI (left two ~ bony dorsum sella. Note T1-bright fatty marrow medially (*)
images), simulating an adenoma. On noncontrast TIWI (right two

Fig.8.50 Flow-related artifact simulating an adenoma. A 64-year-old  trast (left middle) and on coronal T2WI (right middle). A repeat
patient with a history of a prior adenoma resection (and no recurrence  postcontrast T1WI was normal (right). This artifact was deemed likely
for 5 years) had T1-bright signal (arrows) to the left of the stalk (arrow-  related to CSF pulsation

heads) on coronal TIWI performed both precontrast (left) and postcon-

Fig. 8.51 Pulsation-related artifact. A 32-year-old patient had pulsa-  dle). Axial SWI (right middle) and T2WI (right) depict a normal varia-
tion artifact in the phase direction (dotted arrows) that obscured the tion: bilateral medially oriented cavernous segments of the internal
gland (arrows) on postcontrast coronal T1WI (left and left middle). The  carotid arteries (¥), which were the source of the artifact

addition of a flow compensation technique removed the artifact (mid-
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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 (/eft); the extent of the
artifact is better shown on axial TIWI (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 TI1WI (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 (fop left)
and dynamic postcontrast 30-s (top, left middle) and 1-min delay (fop,
right middle) on coronal T1WIs, simulating an adenoma. However, sag-
ittal postcontrast TIWIs 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 TIWI (bottom right)
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8.6 Primary Empty Sella (PES): Partial Form presence of PES becomes more of an issue with smaller pitu-

itary volumes and enlarged bony sellar contours, particularly
Again, PES is more common in women, obese patients, in obese females or children (Figs. 8.55, 8.56, 8.57, 8.58,
hypertensive patients, and patients with multiple pregnan- 8.59, 8.60, 8.61, 8.62, 8.63, 8.64, 8.65, 8.66, 8.67, 8.68, 8.69,
cies. It is more commonly incidental than symptomatic. The 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 =~ FLAIR (left middle) and on postcontrast coronal (right middle) and
negative 1.5 T MRI had a mildly enlarged, partial form of PES (*¥). Note  axial (right) TIWIL. Note normal pituitary tissue peripherally (thin
a normal stalk (arrows) on noncontrast sagittal TIWI (left) and coronal  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-  a three-dimensional FLAIR sagittal reformat (left middle). On postcon-
coma) and an otherwise negative 3 T MRI but a partial PES (*). Note a  trast coronal (right middle) and axial (right) T1WIs, note normal pitu-
normal stalk (arrows) on sagittal TIWI (left) that was mildly bright on itary tissue (thin arrows)

Fig. 8.58 A 40-year-old female patient had headaches and a partial T2WI (top righr). Seven years later there are unchanged postcontrast
PES (*) on an otherwise negative 1.5 T MRI; the stalk was not seen at  sagittal (bottom left) and coronal (bottom middle) T1WIs; axial FLAIR
that time. Note a thin rim of tissue (thin arrows) on sagittal noncontrast  depicts the stalk posteriorly (arrow, bottom right)

(top left) and coronal postcontrast (top middle) TIWIs and on coronal




122 8 Pituitary Variations, Artifacts, Primary Empty Sella, and Incidentalomas

Fig.8.59 A 49-year-old female patient had photophobia and an inci-  barely visible on the coronal reformats. There is likely a thin rim of
dental partial PES (*) on a 16-slice NECT, visualized on sagittal (leff), pituitary tissue (thin arrows) inferiorly within the sella
axial (middle), and coronal (right) reconstructions. The stalk (arrows) is

YV
Fig.8.60 An 80-year-old female had a 3 T MRI performed for stroke  images reformatted from a three-dimensional acquisition (left middle

symptoms (interpreted as negative) and an incidental partial form of  and right middle). The stalk (arrows) enhances on postcontrast coronal
PES (*) on NECT coronal reformats (left) and on coronal FLAIR  T1WI (right)

madlh .*
Fig. 8.61 A 38-year-old female patient with headaches after trauma confirmed on 1.5 T MRI noncontrast sagittal (right middle) and post-
had an incidental partial form of PES (*) on CECT axial (leff), sagittal  contrast coronal (right) TIWIs. The stalk/infundibulum (arrows) is

(left middle), and coronal (middle) reformats, where a rim of pituitary  posteriorly located where it abuts the dorsum sella
tissue (thin arrows) was present along the floor of the sella. This was
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Fig.8.62 A 54-year-old female patient with an incidental partial form 1.5 T MRI sagittal TIWI (middle) and T2WI (right). The stalk/infun-
of PES (*) on a CECT (left), where a rim of pituitary tissue (thin  dibulum (arrows) is posteriorly located, where it abuts the dorsum sella
arrows) was present along the floor of the sella. This was confirmed on

Fig. 8.63 A 34-year-old female patient had an incidental partial PES  contrast coronal T2WI (left) or on postcontrast coronal TIWI (middle)
(*) on a 1.5 T MRI after a motor vehicle accident. The contour of the  but is seen posteriorly within the sella on postcontrast sagittal TIWI
sella is moderately enlarged. The stalk (arrows) is not visible on non-  (right)
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Fig.8.64 A 35-year-old female patient had an incidental PES (*) ona  clearly visualized as located posteriorly within the sella on axial FLAIR
1.5 T MRI. The bony contour of the sella is slightly enlarged. The stalk  (middle) and T2WI (right)
(arrows) was not visible on noncontrast sagittal TIWI (leff) but is

Fig.8.65 A 66-year-old female patient had a 3 T MRI performed for  from a three-dimensional acquisition in sagittal (left), coronal (left mid-
stroke-like symptoms that was read as negative and an incidental near-  dle, right middle) and axial (right) planes. The stalk (arrows) is noted
complete form of PES (*) on noncontrast FLAIR images reconstructed  posteriorly within the sella
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Fig.8.66 A 52-year-old female with seizures had an incidental, near-  left on coronal FLAIR (left middle), T2WI (middle), and postcontrast
complete PES (*) and a mildly enlarged bony sella on 1.5 T MRI non-  T1WI (right middle). A PES was noted on a NECT 10 years earlier
contrast sagittal TIWI (left). The stalk (arrows) is shifted slightly to the  (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 TIWT (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 TIWI (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  middle) and postcontrast (right) axial FLAIR images. The stalk (arrows)
stroke had an incidental complete form of PES (*) on noncontrast (leff)  is posteriorly located as well as deviated to the left
and postcontrast (left middle) coronal TIWIs and on noncontrast (right
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Fig.8.70 A 45-year-old female patient was seen with otalgia and neck  The stalk (arrows) is shifted to the right of midline on postcontrast axial
pain. A complete form of PES (*) was found incidentally with a mod-  (left middle) and coronal (middle) TIWI as well as on a coronal three-
erately enlarged sella on a cervical 3 T MRI. Note the thin posterior  dimensional balanced T2WI (right middle) and a coronal CECT (right)
wall of the sella (dashed arrow) on noncontrast sagittal TIWI (left).

Fig.8.71 A 47-year-old male patient was seen with neck pain; acom-  noncontrast sagittal T2WI (leff) and T1WI (middle) but had been pres-
plete PES (*) was noted incidentally on a cervical 3 T MRI. The bony ent but barely visible (arrows) on an axial NECT 8 years earlier (right)
contour of the sella is enlarged. The stalk (arrows) was not visible on
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-

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

{ >

Fig.8.73 A 56-year-old female patient with confusion and an other-  middle) TIWI. On CECT axial (right middle) and sagittal (right) refor-
wise negative 1.5 T MRI had a completely empty PES (*). Note a nor-  mats, the stalk is also visualized. Note that normal pituitary tissue is
mal stalk (arrows) on postcontrast sagittal (left) and coronal (left 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 TIWI (right)
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Fig.8.75 A 53-year-old asymptomatic female had an incidental com-  and right). The stalk/infundibulum is present (arrows) but is somewhat
plete form of PES (*) on a 1.5 T MRI sagittal STIR (left) and T2WI (left ~ difficult to visualize
middle). This was confirmed on CECT axial reformats (right middle

Fig.8.76 Comparison case of suprasellar arachnoid cyst. A 43-year-  axial (bottom left) and coronal (bottom middle) TIWI. The cyst does
old male with hydrocephalus and an enlarged suprasellar cistern (***)  not have reduced diffusivity on DWI and ADC maps (bottom right).
as compared to the sella (*) on 3 T MRI noncontrast sagittal TIWI (fop  Note the displaced third ventricle (——)

left), axial T2WI (top middle), FLAIR (top right), and postcontrast
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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 TIWI (fop left), coronal T2WI (top middle), and dynamic
1-min postcontrast TIWI (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 TIWIs 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 asymptromatic
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.8.78 The patient was a 9-month-old male infant with hypotonia  nal T2WI (left middle), sagittal postcontrast TIWI (middle), and on
(due to mild myelination delay). A 3 T MRI demonstrated a small, postcontrast coronal TIWI (right middle). At 18 months age, the RCC
3-mm size pars intermedia cyst (RCC) at the junction of the anterior  is unchanged on a noncontrast sagittal T1WI (right)

and posterior lobes (arrows) on sagittal noncontrast TIWI (left), coro-

N\

Fig.8.79 The patient was a 2-month-old male with a right retinoblas-  being hyperintense on coronal (bottom left) and axial (bottom middle)
toma; on a 3 T MRI, the pituitary appeared normal on a sagittal non-  T2WI. On SWI (bottom right), the RCC does not exhibit the dark sig-
contrast TIWI (top left). However, by 8 months age, a 3.5-mm pars nal of hemorrhage. Note the calcified residual retinoblastoma
intermedia/RCC (arrows) was noted on a repeat TIWI (top right), (arrowheads)
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Fig. 8.80 The patient was a 51-year-old male with dizziness (no  superior surface of the gland (arrows) on sagittal precontrast TIWI
pituitary-related symptoms). A 1.5 T MRI demonstrated a tiny, 2-mm  (left), postcontrast TIWI (middle), and an axial T2WI (right)
pars intermedia cyst (RCC) just posterior to the stalk and along the
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Fig.8.81 The patient was a 49-year-old female with hearing loss (no  coronal T1WI pre- (bottom left) and postcontrast dynamic (bottom, left
pituitary-related symptoms). A 1.5 T MRI depicted a 3-mm RCC middle) and 120-s delayed (bottom, right middle) images confirmed a
(arrows) located just posterior to the stalk on axial pre- (top left) and lack of enhancement and no definite change. A coronal T2WI (bottom
postcontrast (fop, left middle) TIWI, on FLAIR (top, right middle), and  right) confirmed bright signal akin to that produced by CSF

on postcontrast sagittal TIWI (fop right). On an MRI 1.5 years later,

Fig. 8.82 The patient was an 18-year-old female with seizures (no  contrast T1WI (left), on coronal T2WI (middle), and on coronal FLAIR
pituitary-related symptoms). A 3 T MRI demonstrated a 4-mm RCC  (right). Note that the signal intensity is as bright as cerebrospinal fluid
(arrows) located just posterior to the stalk (thin arrows) on sagittal non-  on T2WI but does not suppress as does the fluid on FLAIR
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Fig.8.83 The patient was a 25-year-old female with oligomenorrhea.  sagittal TIWI (leff) and coronal TIWI (middle). The RCC is bright on
A 1.5 T MRI demonstrated a 4-5-mm RCC (arrows) located just poste-  coronal T2WI (right). The symptoms were thought to be unrelated to
rior to the stalk (thin arrows) that appeared hypointense on noncontrast  the RCC

Fig.8.84 The patient was a 23-year-old female with prolactinemia. A coronal T2WI (left), on postcontrast coronal TIWI (middle), and on
1.5 T MRI depicted a tiny 1.5- to 2-mm pars intermedia cyst (RCC) just  postcontrast sagittal TIWI (right). The symptoms were considered
posterior to the stalk along the superior surface of the gland (arrows) on  unrelated to the RCC



8 Pituitary Variations, Artifacts, Primary Empty Sella, and Incidentalomas

Fig. 8.85 The patient was a 27-year-old female without pituitary  right). A repeat MRI 3 years later showed that the cyst became T1-bright
symptoms. A 1.5 T MRI delineated a small, 5-mm pars intermedia cyst  on pre- (bottom left) and on postcontrast (bottom middle) sagittal T1WIs
(RCC) within the anterior pituitary (arrows) that was hypointense on  and on coronal TIWI (bottom right), presumably due to an accumula-
both noncontrast sagittal TIWI (top left) and postcontrast sagittal TIWI  tion of mucinous products internally

(top middle), with signal intensity similar to that of CSF on T2WI (top

Fig.8.86 The patient was a 33-year-old female with seizures lacking  tal TIWI (left), on coronal FLAIR (left middle), and on postcontrast
pituitary symptoms. On a 3 T MRI, a 4-5-mm Tl-isointense RCC  coronal T1WI (right middle). Note stalk enhancement (thin arrow) on
(arrows) is along the superior aspect of the gland on noncontrast sagit-  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: a3 T MRI depicted a small, 5-mm RCC (arrows) just anterior
to the stalk (thin arrows) that was bright on sagittal (/eft) 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 TIWI (right) showed that the RCC was clearly situated just ante-
rior to the stalk and did not enhance. Botfom 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  on precontrast TIWI (left middle), on postcontrast TIWTI (right middle),
weight gain. A 1.5 T MRI noted a 6-mm T1-isointense (to gland) RCC  and on sagittal postcontrast TIWI (right)
(arrows) within the gland but lateral to the stalk on coronal T2WI (left),

Fig.8.89 The patient was a 33-year-old female with headaches butno  FLAIR (fop right) because of averaging with the normal gland. On a

pituitary-related symptoms. A 1.5 T MRI depicted a tiny, 2-mm pars 1.5 T MRI 9 years later, there was no change on coronal T2WI (bottom
intermedia cyst (RCC) within the left side of the pituitary (arrows) on  left), FLAIR (bottom middle), or postcontrast TIWI (bottom right)
coronal IR TIWI (top left) and T2WI (top middle) but not seen on axial
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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 TIWI (leff) 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 TI1-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 TIWI (left) and

coronal T1WI (left middle) with intensity similar to the rest of the gland
postcontrast coronal TIWI (right middle). A repeat postcontrast TIWI
(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) TIWI (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 (fop 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 T1WTI (left middle), on postcontrast coronal TIWI (right middle), and
3 T MRI demonstrated a 11x19 mm T1- and T2-dark RCC (arrows)  on coronal T2WI (right). A hemorrhagic macroadenoma was in the dif-
that replaced most of the gland and compressed the stalk (thin arrows)  ferential diagnosis but a hemorrhagic RCC was confirmed at biopsy

superiorly on noncontrast sagittal TIWI (leff), on postcontrast sagittal

Fig.8.95 The patient was a 27-year-old male with retro-orbital pain. A later depicted mild enlargement to 13x11 mm on precontrast TIWI
1.5 T MRI noted a 10x9 mm RCC (arrows) on sagittal precontrast (fop  (bottom left) and postcontrast sagittal (bottom, left middle) and coronal
left) and postcontrast (fop, left middle) T1WIs, on coronal postcontrast  (bottom, right middle) T1WIs and on coronal T2WI (bottom right)

T1WI (top, right middle), and on T2WI (top right). An MRI 7 years
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Fig. 8.96 The patient was a 16-year-old female with seizures (no  (bottom, left middle) TIWIs, coronal postcontrast TIWI (bottom, right
pituitary-related symptoms). A 1.5 T MRI noted a T1-bright 11 x9 mm  middle) and on axial FLAIR (bottom right). Although it was enlarging,
RCC (arrows) on noncontrast sagittal (fop left) and coronal (fop, left  the patient was still not symptomatic from the RCC. The thin arrows
middle) TIWIs and on postcontrast coronal TIWI (top, right middle)  denote the normal bright spot of the posterior pituitary gland, which is
and T2WI (top right). An MRI 9 years later depicted slight enlargement ~ separate from the RCC

to 13x10 mm on sagittal precontrast (bottom left) and postcontrast
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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 (fop left) and coro-
nal (fop middle) T1WIs that was isointense to the surrounding glandular
tissue on postcontrast sagittal T1WI (fop 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) TIWI. On postcontrast TIWI
(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 ~However, dynamic postcontrast coronal TIWIs (rightmost images)
patient was a 12-year-old male with hypogonadism; 3 T MRI depicted illustrate that although the lesion was T1-bright, it progressively
a 6-mm Tl1-bright and T2-dark lesion simulating an RCC (dotted  although slowly enhanced with contrast at 30, 120, and 300 s

arrows) on noncontrast sagittal TIWI (left) and T2WI (left middle).

Fig. 8.99 Companion case of hemorrhagic adenoma. A 53-year-old FLAIR (right middle), and postcontrast sagittal TIWI (right) showed a
male with visual symptoms underwent NECT (left), which demon-  T1-bright and T2-bright component peripheral to an isointense region.
strated a 2525 mm sellar and suprasellar mass (*). A 1.5 T MRI non- At resection, this was found to be an adenoma

contrast sagittal TIWI (left middle), coronal T2WI (middle), axial
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Fig. 8.100 Companion case of intrasellar arachnoid cyst. A 30-year- noid cyst. At 6 months postsurgery, a repeat sagittal TIWI (middle)
old female with seizures; a 3 T MRI depicted an incidental, 11-mm  showed no recurrence. However, 2 years later, the cyst was shown to
intrasellar cyst (*) on noncontrast sagittal TIWI (leff) and on coronal  have recurred on sagittal precontrast (right middle) and postcontrast
T2WI/FLAIR (left middle); the cyst suppressed with CSF on FLAIR  (right) TIWIs

(left middle and bottom). It was resected and confirmed to be an arach-

Fig. 8.101 Companion case of craniopharyngioma. A 60-year-old postcontrast coronal (middle) and sagittal (right middle) T1WIs showed
female with visual symptoms underwent a 1.5 T MRI, which demon-  small, cystic components. Four months later, postcontrast sagittal T1WI
strated a suprasellar mass connected to a T1-bright lesion (¥) within the  (right) showed enlarged cystic regions

sella. Noncontrast sagittal (left) and coronal (left middle) TIWIs and
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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 fentorium 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

© Springer International Publishing Switzerland 2017

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
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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)
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Fig.9.3 A 65-year-old with an incidental LM seen clearly only on the  negative skull base MRI for tinnitus. On a three-dimensional coronal
left (arrows), which was demonstrated by coronal three-dimensional ~ FLAIR reconstruction at a similar thickness (right), the LM is not well
reconstruction 0.5-mm thickness BFFE images (leff) on an otherwise  visualized, probably due to mild motion

~

Fig. 9.4 A 55-year-old with hearing loss and an incidental LM  (arrowheads) lateral to the LM and the pituitary stalk (dotted arrows)
(arrows) on three-dimensional Constructive Interference in the Steady  ventral to the LM. On a right of midline sagittal reformat (right), note
State (CISS) T2WI with 0.5-mm thickness reformats in coronal (top left ~ that the LM attaches superiorly at the mammillary bodies (diamond tip
and middle) and axial (bottom left and middle) planes. Note CNIII  arrow) and inferiorly at the superior pons (open arrow)
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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 (/eff) 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 TIWI (right)
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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 TIWI (left), axial postcontrast TIWI (left middle), noncontrast
axial FLAIR (right middle), and DWI (right). The complex, non-CSF

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

TN

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

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

© Springer International Publishing Switzerland 2017
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in Sect. 10.2). Thus, a homogeneously enhancing gland up
to l-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.
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Fig.10.1 A 57-year-old patient with an incidental upper limit of a nor-  on DWI (right middle). There is normal enhancement on postcontrast
mal sized pineal gland (arrows), measuring 9 mm on three dimensional  axial TIWI (right). Note that the gland does not compress or abut the
sagittal (left) and axial (left middle) FLAIR, without reduced diffusion 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
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Fig. 10.3 A 27-year-old with a homogeneously enhancing 9-mm  axial FLAIR (bottom middle). No reduced diffusion is noted (bottom
pineal gland (arrows) on postcontrast axial (fop left) and coronal (fop  right). It is adjacent to but does not compress the tectum (dotted arrows)
right) TIWI, on coronal balanced CISS/T2WI (bottom left), and on
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P
Fig. 10.4 A 68-year-old patient with a homogeneously enhancing asmall dark focus probably represents a tiny internal calcification. This

8-mm pineal gland (arrows) on postcontrast coronal (fop left), sagittal  is not changed from 3 years earlier on sagittal postcontrast TIWI (bot-
(top right), and axial (bottom left) TIWI. On axial SWI (bottom middle),  tom right)

Fig.10.5 A 14-year-old with a faintly enhancing but multicystic pineal ~ was favored, it was elected to follow it at 1 and 2 years to exclude a
gland (arrows) on postcontrast sagittal TIWI (left) and T2WI (middle). = mass. Postcontrast TIWI 2 years later (right) was unchanged, consis-
The gland was borderline enlarged, being 11 mm maximum in diame-  tent with a normal albeit atypical pineal gland

ter, but it did not abut the tectum; thus, although a normal pineal gland
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10.1 The Pineal Gland: Normal than 5 years of age but may progressively calcify into adult-

Calcifications hood. Since pineal glands may appear partially cystic in up

to 50-60 % of patients, it is not uncommon to note a partially

Again, the pineal gland slightly increases in size and amount calcified pineal gland with interspersed small cysts and mild

of calcification with age, but the degree of calcification contrast enhancement. However, the gland should not be

should not significantly increase after 30—40 years of age. enlarged (>10 mm size) and should not compress the aque-
Calcifications are typically not present in children younger 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
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Fig.10.8 A 43-year-old with a normal, nearly completely calcified pineal gland (arrows) on axial (leff) and sagittal (right) NECT

0

Fig.10.9 A 75-year-old patient with calcification of most of the pineal ~ consistent with the concept that the amount of calcification is stable
gland (arrows) on axial NECT (left); 6 years later at 81 years of age after 3040 years of age. Sagittal reconstructions (right) are also
(middle), the pineal gland’s degree of calcification had not changed, provided
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Fig. 10.10 A 2-year-old patient with no calcification noted of the appearing as a punctate hypointensity on 3 T axial SWI (right). This is
pineal gland (arrows) on NECT at that age (left). Six years later at §  consistent with the concept that the pineal gland progressively calcifies
years of age, there was a tiny, central calcification on NECT (middle), from ages 5—40 years

. T

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)
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Fig. 10.12 A 31-year-old patient with a large focus of susceptibility =~ T2WI (middle). A scout sagittal image from a cervical spine CT that did
effect (arrows) with dark blooming on gradient-echo T2*WI not cover the head (right) confirms that this is caused by a prominent
(GRET2*WI), with a less prominent dark signal on turbo spin echo  pineal calcification

Fig. 10.13 A 52-year-old patient with a completely calcified pineal effects of calcium. A postcontrast sagittal TIWI (right) shows minimal
gland (arrows) on axial (left) and sagittal (left middle) NECT, with a  enhancement, since it is largely calcified. Also, note an incidental dural
focus of dark signal on SWI (right middle) from the susceptibility calcification (dotted arrow)

Vo

Fig. 10.14 A 55-year-old with a nearly completely calcified pineal effects of calcium. A postcontrast sagittal TIWI (right) does not dem-
gland (arrows) on axial (left) and coronal (left middle) NECT. There is  onstrate any enhancement, since the pineal gland is largely calcified
dark signal on GRET2*WI (right middle) caused by the susceptibility
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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) TIWIs with a focus of dark signal on GRET2*WI
(right middle), thought to be calcium. A NECT (right) showed that cal-

~
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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 TIWI (left), which mildly indented the superior aspect of the mid-

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)

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)
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Fig. 10.17 Comparison case of pineoblastoma: a 2-year-old patient reduced diffusion on DWI (right, top image) and ADC map (right, bot-
with a sizeable pineal mass (arrows) on precontrast (left) and postcon-  tom image). Note enhancing leptomeningeal metastases along the
trast (middle) sagittal T1WIs that completely effaced the tectum. A ven-  brainstem and cerebellum (thin arrows)

triculostomy had already been placed for hydrocephalus. The mass had

Fig.10.18 Comparison case of germinoma: a 17-year-old patient with  ventriculostomy on T2WI (+), which is intended to decompress the
a sizeable pineal mass (arrows) on NECT (left), which displaced a cal-  third ventricle. Axial DWI (right, top image) and postcontrast TIWI
cification peripherally (arrowhead) and caused hydrocephalus by com-  (right, bottom image) show that the tumor does not appear to be high
pressing the tectum (thin arrows) and subsequently the cerebral grade, while it enhances avidly

aqueduct, as depicted on a 3 T sagittal T2ZWI MRI (middle). Note a third
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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 (fop 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
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Fig.10.20 Comparison case of pineal region meningioma (benign): a  diffusivity on DWI (right, top image) or on ADC map (right, bottom
52-year-old patient with a 20-mm pineal mass (arrows) on postcontrast — image). A dural tail (which is typical of meningioma) was not
axial (left) and sagittal (middle) T1WIs. The mass did not have reduced  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
I-mm thickness TIWI (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 TIWI
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 TIWI (top left), axial
T2WI (top middle), FLAIR (top right), and axial TIWI (bottom left).
This was unchanged from 5 years earlier (1.5 T) on T2WI (bottom mid-

dle) and on postcontrast TIWI (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.  images. The cyst is isointense on FLAIR. Note the ICVs (arrowheads)
Present was a small, 9-mm pineal cyst (thin arrows) posterior to the  coursing superior to the cyst. Subtle inferior cerebellar vermian hypo-
tectum and aqueduct (larger arrows) shown on 3-mm thickness sagittal ~ plasia (+) was questioned in this patient

TIWI (left), coronal TIWI-IR (middle), and coronal FLAIR (right)

Fig.10.24 A 64-year-old patient with a small, 9-mm pineal cyst (thin  and enhancing rim on postcontrast TIWI. The enhancing rim is isoin-
arrows) adjacent to but not compressing the tectum (dotted arrows) on  tense on FLAIR, while the cyst is centrally dark on FLAIR. Note an
a 5-mm thickness sagittal TIWI (leff), axial postcontrast TIWI (mid- ICV (arrowhead, middle) just posterior to the cyst

dle), and axial FLAIR (right) images. The cyst has a slightly thickened
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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 TIWI (/eft)

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 TIWI

Fig. 10.28 A 33-year-old female patient was evaluated for multiple compress the tectum (dotted arrows). The cyst had increased diffusion
sclerosis, with an incidental bilobed 1.4-cm pineal cyst (thin arrows) on DWI and ADC map (right middle). A NECT (right) performed later
noted on the top of a sagittal T2WI of the cervical spine (leff), later ~ showed typical pineal calcifications peripheral to the cyst

confirmed by sagittal FLAIR (left middle). It came close to but did not
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Fig.10.29 A 65-year-old patient with an incidental 1.1-cm pineal cyst FLAIR (right, top), while the rim mildly enhanced on postcontrast
with peripheral calcifications and internal heterogeneous density (thin ~ FLAIR (right). The recommendation was to follow this cystin 1 year to
arrows) on NECT axial (left) and coronal (middle) reformats. This did  exclude enlargement

not cause hydrocephalus. The cyst had a non-CSF signal on noncontrast
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Fig.10.30 Companion case of hemorrhagic pineal cyst. A 14-year-old
patient was evaluated by NECT (fop 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 TIWI (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
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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
TIWI (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
TI1WI (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  a thin rim of enhancement on coronal TIWI (bortom middle) and was
36-year-old, a NECT (fop left) 1 month post-trauma (no initial images  dark on DWI (bottom right). It was unchanged 5 months later, but a
obtained) found a 2.5-cm pineal cyst (thin arrows) that displaced calci-  skull CT found from 2 years prior measured the cyst at 2.2 cm. A fol-
fications peripherally (larger arrow). 3 T sagittal TIWI (top middle) low-up MRI was recommended at 1 year as a result of size, enlarge-
showed that the cyst compressed the tectum but without hydrocephalus.  ment, and mass effect but was not performed. Note ICVs (arrowheads)
The cyst was bright on T2WI (fop right) and FLAIR (bottom left). lthad  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 TIWI (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.

© Springer International Publishing Switzerland 2017
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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 Fig.11.5 An 82-year-old patient with bilateral calcifications of the CP
(arrow) within the left foramina of Luschka on axial NECT (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
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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 TIWI
(left) but is invisible on NECT
(right) because it is noncalcified
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Fig. 11.10 A 52-year-old patient; CP on NECT (zop) in the foramina
of Luschka (arrows) enhance on postcontrast TI1WI (bottom)

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

4

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 TIWI (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-  on TIWI (middle) and is only slightly calcified on NECT (right). The
men of Luschka simulating a cerebellopontine angle lesion on noncon-  asymmetry is also exacerbated by the fact that the patient’s head is
trast TIWI (left), which mildly enhances after contrast administration  slightly tilted

Fig.11.14 A 42-year-old patient with the CP within the right foramen men of Luschka extending into the fourth ventricle on postcontrast
of Luschka that is relatively invisible on noncontrast FLAIR (left). FLAIR (middle) and TIWI (right). This CP enhancement simulates
However there is moderate, linear enhancement within the right fora-  leptomeningeal inflammation
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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

Fig. 11.15 An 87-year-old patient with calcified CP (arrow) located
centrally within the fourth ventricle on NECT
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Fig. 11.16 A 40-year-old patient with calcified CP (arrow) located
centrally within 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 (lef?). It was
unchanged at 1 year (right)

h

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
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Fig. 11.21 A 44-year-old patient with headaches and calcified CP
(arrows) within the fourth ventricle on NECT (fop left). On a 1.5 T MRI
the CP is seen not on spin-echo T2WI (fop 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

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

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 (leff). Its location was
unchanged 4 years later, but it became more hyperdense (right), which could simulate hemorrhage

vV

Fig. 11.25 A 6l-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)  was susceptibility effect from the calcium on coronal GE T2*WI (mid-
of the fourth ventricle on axial NECT (left), mimicking subarachnoid  dle), and CP enhanced avidly on coronal postcontrast TIWI (right)
hemorrhage (SAH). A 3 T MRI confirmed that this was CP since there

Fig. 11.29 A 53-year-old patient with weakness. There was calcified  mildly on postcontrast TIWI (left middle). The CP is also prominent in
CP (arrows) throughout the fourth ventricle and foramina of Luschka the temporal horns of the lateral ventricles (thin arrows, right middle)
on 1.5 T MRI axial SWI (left) simulating SAH, but the CP enhanced and atria (dotted arrows, right)



11 Choroid Plexus: Normal Locations and Appearances 191

—adl

.

Fig.11.30 A 67-year-old patient with headaches with mildly calcified  showed that these were in nondependent locations and that the CP cal-
CP (arrows) within the fourth ventricle and laterally along the left floc-  cifications along the cerebellar flocculi were bilateral, as confirmed on
culus on axial NECT (left) that simulated SAH. Hemorrhage was not  coronal reformats (right)

found elsewhere. Reangled images (left middle and right middle)
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Fig. 11.31 A 30-year-old patient with altered mental status and with  cranially. Note that the focus is not located in a dependent location on
mildly calcified CP (arrows) within the fourth ventricle on axial NECT  coronal (middle) and sagittal (right) reconstructions
(left) that simulated SAH. Hemorrhage was not noted elsewhere intra-
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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, —ment on TIWI MRI is actually larger than the areas of calcified foci on
punctate CP calcifications (arrows) of the foramina of Monro on axial ~NECT. Sagittal TIWI (right) illustrates enhancing CP of the right fora-

NECT (left). On postcontrast coronal TIWI MRI (middle), avid men of Monro and lateral ventricle

enhancement confirms CP in that location, as the extent of the enhance-

g

Fig.11.35 A 36-year-old patient was given a NECT that depicts calci-  images (middle and right), simulating hemorrhage. Note that the CP in
fied CP bilaterally within the foramina of Monro (arrows) on NECT  this case is confluent through these locations and varies in the degree of
(left). There is also a partially calcified CP of the third ventricle on other  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 (lefr). 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  middle). SWIMRI at 1.5 T (right middle) depicted a focal susceptibility
ventral third ventricle on NECT (left) simulating hemorrhage or a col-  artifact in that location from calcification, whereas FLAIR (right) was
loid cyst. Its location and appearance were unchanged 4 years later (left  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 TIWI (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 (leff) and on coronal (right)
reconstructions

4

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  noncontrast TIWI (righr) and obstructed CSF flow. A colloid cyst may
phase): a 27-year-old patient with hydrocephalus. An intermediate den-  appear similar on MRI but is usually hyperdense on CT
sity lesion (arrows) in the third ventricle on NECT (left) was bright on

JL <G - i
Fig.11.43 Comparison case of tuberous sclerosis: a 33-year-old male  images) and coronal (right) reformats from a NECT. These may calcify

patient with tuberous sclerosis had a subependymal calcified lesion just — over time and/or enhance with contrast medium
above the left foramen of Monro (dotted arrows) on axial (left two

\

Fig.11.44 Comparison case of colloid cyst: a 25-year-old patient had  hydrocephalus. The patient returned 5 years later with neurologic
a hyperdense lesion (noncalcified) at the midline within the anterior = symptoms, as the cyst had enlarged on T2WI (right) with enlarging
third ventricle on NECT (leff) and on T2WI MRI (middle) without 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
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Fig. 11.46 A 53-year-old patient with NECT with calcified CP (arrows) within the left CF on NECT (leff). 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  trast FLAIR (right), the CP enhances moderately, illustrating how it is
CP with the temporal horns bilaterally (arrows). On noncontrast axial — actually much larger than the calcified portions
FLAIR MRI (middle), the CP is nearly invisible. However, on postcon-

Fig.11.50 A 61-year-old patient with CP visualized (arrows) on non-  blood-brain barrier. GE T2*WI (right) does not depict any dark foci of
contrast FLAIR images (left) and with quite avid enhancement on post-  susceptibility within the CP, suggesting a lack of calcium within the CP
contrast FLAIR images (middle), which occurs because the CP lacks a
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Fig.11.51 A 59-year-old patient with a seizure. A 3 T MRI with coro-  postcontrast TIWI (middle) and was found to be within the choroidal
nal FLAIR images (left) demonstrated a bright signal (arrows) overly-  fissure on T2WI (right) consistent with CP. Note the normal hippocam-
ing the right hippocampus that initially simulated a hippocampal lesion  pus just inferior to the CP (thin arrows)

such as mesial temporal sclerosis. However, this region enhanced on

Fig.11.52 A 57-year-old patient was given a 1.5 T MRI, including an  (middle) and coronal (right) TIWI. This was consistent with normal,
axial TIWI (left) that demonstrated a prominent CP (arrows) within the ~ prominent CP within the choroidal fissure. Note the normal hippocam-
trigones and temporal horns that avidly enhanced on postcontrast axial ~ 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  contrast TIWI (right middle) depicts less enhancement and no dark
enhancement of the CP with the temporal horns bilaterally (arrows); it~ signal on SWI (right) consistent with the finding that the CP is incom-
was only mildly hyperdense on NECT (left middle). 3 T MRI axial post-  pletely calcified

-

Fig. 11.54 A 50-year-old patient with an axial NECT (lefr) and coro-  (arrows) may appear hyperdense within the choroidal fissures. The
nal NECT (right) obtained post-trauma (negative examination). This  bilateral appearance makes it clear that this does not represent
examination demonstrated how the bilateral, incompletely calcified CP  hemorrhage

'

Fig. 11.55 A 3-year-old patient with a NECT (left) obtained post- by aradiology resident as representing hemorrhage. A 3 T MRI the next
trauma, which demonstrates how incompletely calcified CP (arrows)  day depicted the asymmetric CP on axial FLAIR (middle) and T2WI
may appear hyperdense within the choroidal fissure. It was questioned  (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 l-cm-thick coronal reformats (fop right) and was actually located

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 TIWI (middle), it was con-

within the right parahippocampal gyrus. A 3 T MRI axial T2WI (bottom
left) and a coronal postcontrast TIWI (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

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 TIWI (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 TIWI (middle) and avid enhancement surrounding

the hemorrhage on postcontrast coronal TIWI (right). Bottom row:
using axial postcontrast TIWI (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
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Fig. 11.59 A 35-year-old patient with a NECT (lefr) 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

SWlindicates 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 (fop
left), right lateral (fop 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
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noted, and the patient did not have a history of syndromic abnormality.

Fig. 11.63 A 6-day-old premature infant (born at 30+ weeks’ gesta-
This cyst measured 1.9 mm

tional age) with a tiny, incidental CPC (arrows) within the left lateral
ventricle on coronal US images. No other significant findings were

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  visualized on axial (bortom left) or coronal (bottom middle and bottom
at birth) with a 2.5-mm CPC (arrows) within the left lateral ventricle on  right) images. Therefore, the CPC was presumed to have regressed or
sagittal (fop left), and coronal (fop right) US images. No other findings ~ was too small to visualize. Note a normal cavum septum pellucidum
were noted; the patient did not have a syndromic abnormality. On a3 T  (tiny arrows)

MRI at term-equivalent age (about 3 months postnatal), the cyst was not
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Fig.11.66 A 13-month-old infant with a mild developmental delay but  axial TIWI (right middle). No other findings were noted, and the
lacking evidence of syndromic or other abnormality on clinical exami-  myelination pattern was normal for age. The CPC is nearly invisible on
nation and on a 3 T MRI. A CPC (arrows) was incidentally noted within  axial T2WI (right, top image) and SWI (right, bottom image)

the left lateral ventricle on axial FLAIR (left and left middle) and on

Fig.11.67 An 18-month-old infant with developmental delay and tri-  the difficulty in visualizing the CPCs on axial T2WI and DWI (bottom
somy 21 who underwent a 3 T MRI. Two CPCs (arrows) within the left  left). Coronal FLAIR (bottom, left middle), and coronal (bottom, right
lateral ventricle were depicted on axial FLAIR (top, left, and left mid-  middle) and sagittal (bottom right) TIWIs also illustrate the cysts

dle), axial T2WI (top, right middle), and axial TIWI (top right). Note
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Fig. 11.68 A patient with trisomy 21 and developmental delay had  righr). On a 3 T MRI at 2 years of age, axial TIWIs (bottom left and
bilateral CPCs (arrows) noted both within the right lateral ventricle on  middle) showed the cysts, although they were not seen on DWI (bottom
a sagittal US image at 3 months of age (top left) as well as within the  right). No other findings were noted, and the myelination was normal
lateral ventricles of both sides on coronal US images (top middle, and
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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, TIWI, 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 CSE. 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) TIWIs. 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 (fop 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 TIWI (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 (leff) and coronal (middle) — on CTA coronal images (right). A 1.5 T MRI with axial FLAIR (bottom
NECT images that depict right choroidal fissure prominence from a CFC  left), SWI (bottom middle), and magnified coronal TIWI (bottom right)
(arrows). Note the ambient cistern (thin arrows), within which is the = images is also provided

posterior cerebral artery and anterior choroidal artery (double arrows)
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Fig.11.72 A 6-year-old patient with a well-defined 1.5 cm right CFC 1 year later on FLAIR (right). This could simulate a low-grade tumor
(arrows) on a 3 T MRI with axial T2WI (left), having a CSF-like signal ~ on T2WI and FLAIR, but note the lack of surrounding bright T2 edema
on DWI (left middle) and FLAIR (right middle). There was no change

——

Fig.11.73 A 46-year-old female underwent a 3 T MRI performed for  leff). On FLAIR (bottom middle), the signal within the cyst suppresses
seizures that shows prominence of the right choroidal fissure represent-  similar to that of CSF. A 1.5 T FLAIR image from 3 years earlier (bot-
ing a CFC (arrows), as shown on a coronal T2WI (left), axial DWI (fop  tom right) confirms no significant change over time

middle), ADC maps (top right), and postcontrast coronal T1WI (bottom
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Fig.11.74 A 12-year-old patient with a small CFC (arrows) on a3 T  ittal TIWI (right). Note a normal xanthogranuloma within the atrium of
MRI with coronal T2WI (left), axial T2WI (middle), and sagittal TIWI  the right lateral ventricle (tiny arrow, right)
(right). The cyst can be localized to within the choroidal fissure on sag-

i

Fig.11.75 A 59-year-old with a 3 T MRI of a CFC (arrows) that mim-  how the cyst mildly displaces adjacent structures. On a 1.5 T MRI from
ics edema from mesial temporal sclerosis on coronal T2*WI (top left). 10 years earlier, the cyst appeared the same on FLAIR (bottom middle)
The cyst has high diffusivity on an ADC map (top middle) and is bright — and T2WI (bottom right)

on T2WI (top right). A sagittal postcontrast TIWI (bottom left) depicts
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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 TIWI (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 TIWI-IR
(bottom middle), and coronal T2WI (fop 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 (fop 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 TIWI (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 (leff) and coronal (middle)
T2WIs depicted a potentially cystic lesion; the temporal horns (dashed
arrows) were normal. However, the lesion’s internal signal was less

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

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

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 (/eff). 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 TIWI MRI (left), with
a CSF-like signal on DWI/FLAIR (top and bottom, left middle). T2W1

(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 (fop 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)
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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 DWTI 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

W
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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) ona 1.5 T MRI  bottom, respectively) are also provided. Again, there is reduced diffusiv-
with noncontrast axial TIWI (top left), FLAIR (top middle), GE T2*WI ity relative to CSF as the CPXGs are brighter than CSF on DWI, but they
(top right), and DWI (bottom left) with associated ADC maps (bottom  have greater diffusivity than deep white matter since they are not as dark
middle). Postcontrast coronal and sagittal TIWIs (bottom right, top and  as the periventricular white matter on ADC maps (bottom right)

Fig. 11.91 A 50 year old with a tiny, unilateral right CPXG (arrows)  FLAIR (right middle). A three-dimensional TOF MRA (0.8-mm thick-
on a 3 T MRI, measuring 2 mm as noted on axial DWI (/eff) and the ness) with magnified postcontrast axial images (right) happened to
corresponding ADC map (left middle). This focus was not seen on delineate this tiny CPXG
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Fig. 11.92 A 38 year old with bilateral CPXGs (arrows) on a 1.5 T  FLAIR (bottom right) images depict slight internal enhancement and
MRI with axial T2WI (top left), SWI (top middle), FLAIR (top right), avid peripheral enhancement owing to the choroid plexus’ lack of a
and DWI (bottom left). Postcontrast axial TIWI (bottom middle) and  blood—brain barrier

Fig.11.93 A 79 year old with bilateral CPXGs (arrows). A 1.5 TMRI, darker signal on the ADC map relative to CSF while darkening on the
axial T2WI (left), FLAIR (left middle), ADC (middle), DWI (right of  exponential DWI. Thus most of the bright signal is related to the T2
middle), and “exponential” DWI (right, removes the T2 contribution  contribution rather than to reduced diffusivity

from the DWI) show that the CPXGs suppress on FLAIR but have a
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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
TIWI (middle), and postcontrast TIWI (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




230 11 Choroid Plexus: Normal Locations and Appearances

Fig. 11.95 Comparison case of choroid plexus papilloma. A 7 month  avidly enhances on postcontrast T1WI (bottom left) and FLAIR (bottom
old with a mass (arrows) within the atrium of the right lateral ventricle  right). DWI and ADC map (bottom middle) are also shown
on MRI TIWI (top left), T2WI (top middle), and FLAIR (top right). It
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Fig.11.96 Comparison case of anaplastic oligastrocytoma. A 39 year  images in the early, middle, and late phases, respectively. A small focus
old with a mass adjacent to and compressing the atrium of the right  of susceptibility-dark hemorrhage is present (arrows), with increas-
lateral ventricle on MRI postcontrast TIWI (top left), DWI (top middle, ingly susceptibility-dark contrast that persists into the late phase. This
the reduced diffusivity is suggestive of malignancy), and noncontrast indicates a high-grade tumor, also confirmed by an elevated CBV two
FLAIR (top right). The bottom row images are dynamic MR perfusion  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 TIWI (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  postcontrast TIWI, the lipoma can be seen between the internal cere-
lipoma (arrows) without callosal dysgenesis on coronal FLAIR (left),  bral veins (thin arrows) and the great vein of Galen (dashed arrow)
sagittal TIWI (middle), and postcontrast axial TIWI (right). On the
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11.5 Choroidal Fissure Asymmetry leukomalacia) or within the anterior temporal lobes (such as
from prior traumatic brain injury), or evidence of mass

The choroidal fissure is not uncommonly asymmetric, as can ~ obstructing the ventricles. Also, this is normal variant is dis-

occur with normal variation lateral ventricular asymmetry. tinct from the choroidal fissure cyst variant (Figs. 11.99,

This is normal as long as there are no other findings of focal 11.100, 11.101, 11.102, and 11.103).

atrophy around the ventricles (such as from periventricular

v .'P‘"

Fig.11.99 A 48 year old who had multiple images from a routine head  cistern medially (tiny arrow, right) and the normal sized temporal horn
CT (which was negative) after a fall. There is asymmetric prominence  of the right lateral ventricle laterally (dashed arrow, right)

of the right choroidal fissure (arrow). Note the location of the ambient
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Fig. 11.100 A 2 year old had a negative NECT (left images) after a  another CT was performed (middle), which was unchanged. A coronal
fall. Asymmetric prominence of the right choroidal fissure was noted reformat confirmed that this is normal asymmetry; a CFC/NEC is also
(arrows) and was considered a normal variation. Seven years later, a possibility
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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

N

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 TIWI of the right (top middle), as compared to the left side (fop

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

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 T2ZWI  internally bright FLAIR signal. Thus the location is suggestive of two
(left), FLAIR (left middle), SWI (right middle), and postcontrast sagit- CFCs/NECs. A more normal appearance of the choroidal fissure (thin
tal TIWI (right). The images showed asymmetry of the right choroidal  arrows) is seen posteriorly on the sagittal TIWIs

fissure, probably from two cystic foci (arrows) without mass effect or
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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
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12

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 (leff) and coronal (right)  arrows). There are also incidental slightly dilated PVSs within the sub-
T2WIs from a 1.5 T MRI that demonstrated hippocampal cysts bilater-  insular white matter bilaterally, cerebral peduncles, and the anterior
ally (arrows), located medial to the lateral ventricles’ temporal horns  perforated substance (dotted circles)

(dashed arrows). On the coronal image, note the choroidal fissures (thin
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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 (fop right) T2W1s, 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 TIWI (bottom right)
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Fig. 12.3 A 47 year old underwent a 1.5 T MRIL. 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 (fop middle) and 6

years earlier (fop 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 T2ZWI 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 T2ZWI MRI
(left) demonstrated tiny, right hippocampal cysts (arrows), with a signal
akin to that of CSF on FLAIR (middle) and sagittal TIWI (right). These
are visualized on the opposite side to a lesser degree. This hypertensive

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

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)

(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
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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 (fop 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 (lef?) 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 TI1WI (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 (/eft) 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 TIWI (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 TIWI (right)

Fig.12.18 A 10 year old had a 3 T MRI that depicted very tiny cysts  represent cavities of the residual hippocampal sulcus. On coronal T2WI
within the right hippocampal sulcus (arrows) on sagittal T2WI of the  (bottom left) and FLAIR (bottom right), the cysts are not seen
right side (fop left), not seen on the left side (top right). These may
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Fig.12.19 A 68 year old had a 3 T MRI that showed a right hippocam-  (black arrowhead) and the dentate gyrus medially (dotted arrow). The
pal cyst (arrows), which may represent a remnant hippocampal sulcus.  cyst is similar to CSF on FLAIR (middle) and T1WI (right)
On coronal T2WI (/eft), note the hippocampus’ cornu ammonis laterally

Fig. 12.20 Comparison case of low-grade astrocytoma. A 51 year left temporal lobe mass (dotted arrows) that was hyperintense on
old with seizures underwent a 1.5 T MRI with axial TIWI (fop left), T2WI but not cystic on FLAIR. This was later proven to be a low-
T2WI (top middle), FLAIR (top right), coronal T2WI (bottom left),  grade astrocytoma. It was unchanged 3 years later on coronal T2WI
and postcontrast coronal TIWI (bottom middle). All showed a medial  (bottom right)
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Fig.12.21 Comparison case of cystic ganglioglioma. A 26 year old with  hyperintense on FLAIR (left middle). The mass did not enhance on post-
seizures had a right medial temporal lobe mass that appeared multicystic ~ contrast TIWI (right middle). It was later proven to be a low-grade gan-
on a 1.5 T MRI with axial T2WI (left); however, the lesion was entirely  glioglioma and was unchanged 3 years later on axial T2WI (right)

Fig. 12.22 Comparison case of presumed low-grade glioma. A 25 it was unchanged 4 years later on FLAIR (right). Note the normal tem-
year old with seizures had a right medial temporal lobe massona 1.5T  poral horn of the lateral ventricle (thin arrows) just posterior to the cys-
MRI with axial T2WI (left) and FLAIR (left middle). The mass did not  tic portion of the mass on T2WI and FLAIR

enhance on postcontrast TIWI (right middle) and was not biopsied but
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Fig. 12.23 Comparison case of diffuse axonal Injury (DAI). In an 8  and middle), with microhemorrhages (thin arrows) on SWI (top right)
year old who had seizures several months post-trauma the 3 T MRI  and coronal T2*WI (bottom left and middle). A coronal TIWI (bottom
depicted focal left temporal atrophy (dotted arrows) on T2WI (top left  right) also showed the focal atrophy

Fig.12.24 Comparison case of multiple sclerosis. On axial T2WI (left ~ Coronal FLAIR (right) shows other plaques, such as a right temporal
and middle), a 32 year old had bilateral temporal plaques (dotted  plaque (arrowhead); also note midbrain lesions (open arrows)
arrows). Note and compare to normal hippocampal cysts (arrows).
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Fig. 12.25 Comparison case of dysembryoplastic neuroepithelial on postcontrast TIWI (left middle). Coronal T2WI (right middle)
tumor (DNET). A 23 year old with seizures had a left temporal and sagittal FLAIR (right) confirmed that the lesion was within the
lesion (dotted arrows) on axial T2WI (left), which did not enhance  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
TTWI (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 (fop 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 TIWIs 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 (fop) 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
(AQ), 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 3T ~ The medial and lateral geniculate nuclei (dotted arrows) are located
MRI evaluation. On coronal T2WIs through the hippocampus anteri-  medially, relative to the caudate tails. Also note the alveus (arrowhead),
orly (top left) and more posteriorly (bottom left), the caudate tail  hippocampal sulci (tiny arrows), dentate gyri (*), and the choroidal fis-
(arrows) is defined bilaterally and is slightly more prominent on the sures (—). Localizers were used to find the caudate tails on axial T2WI

right side. This could simulate nodular (subependymal) heterotopia.

(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- ~ This could simulate nodular heterotopia. Sagittal TIWIs of the right
ation. On coronal TIWI (top), a nodular focus of gray matter signal  (bottom left) and left (bottom right) sides confirmed that this is indeed
(arrows) is noted just superior to the posterior portion of the hippocam-  the caudate tail, which is present bilaterally

pus (* denotes the dentate gyrus within the center of the hippocampus).

Fig.12.31 The patient was a 7 year old with developmental delay. On  visualize the caudate tail on coronal FLAIR (middle) and axial T2WI
a negative 3 T MRI, a coronal T2WI (left) depicts the left caudate tail. ~ (top right). In this patient, the asymmetry of the caudate tail could simu-
Localizer arrows (tiny dotted arrows) demonstrate how difficult it is to  late nodular heterotopia
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Fig. 12.32 A 4 year old with seizures had a negative study. Ona 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 (/eft), the caudate
tail (arrows) is seen on the left better than on the right; this is consistent
with a sagittal TIWI (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 (/TG)
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Fig.12.34 A 3 year old with new seizures. On a negative 3 T MRI, a  caudate nucleus (top right) shows the course of the nucleus by arrows,
coronal TIWI (top left) demonstrates the left caudate tail. Reconstruction ~ while images in similar planes with localizer cross-hairs (bottom row)
of a three-dimensional TIWI in a sagittal, oblique plane along the confirm its location

Fig.12.35 A 54 year old with seizures; on a negative 3 T MRI, coronal  inferiorly (*) as well as a contralateral hippocampal cyst (dotted arrows,
T2WI (left) depicts the right caudate tail (arrows), which is not well — note suppression with CSF on FLAIR), which is another normal
visualized on coronal FLAIR (right). Note the hippocampus/CA2  variation
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Fig.12.36 A 30 year old with seizures; on a negative 3 T MRI, a coro- CA2s inferomedially bilaterally (*), the hippocampal sulci (finy
nal T2WI (left) delineates both caudate tails (arrows), which are also  arrows), and the bright signal of the normal choroid plexus on FLAIR
visualized on a coronal FLAIR image (right). Note the hippocampi/  (open arrows)
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Fig.12.37 A 3 year old with febrile seizures; on a negative 3 T MRI,  reconstructed in the axial (bottom left) and sagittal (bottom right, of the
axial DWIs (top left and middle) showed mild, linear bright signal left side) planes. The arrows in the bottom right images outline the
within what was confirmed to be the caudate tail (arrows) on T2WI (top  entire caudate nucleus

right). This was seen as well on three-dimensional TIWI that was
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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, 1241,
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 (fop row) and right (bottom left) sides. A

coronal TIWI (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-  present within the hippocampi (the hippocampi are located between
tion of the right hippocampus (arrows) on a 1.5 T MRI with a 1-mm-  the arrows). Also, note the normal caudate tails (dotted arrows) on the
thickness sagittal TIWI (left image). Coronal FLAIR (fop right) and  coronal T2WI (bottom right)

coronal T2WI (bottom right) confirm that there is no abnormality

Fig. 12.40 A 7 year old whose images showed a corrugated appear-  (bortom) TI1WIs have scout cross-hairs on the left hippocampus. On the
ance of the left hippocampus (arrows) on a 3 T MRI with a 1-mm thin ~ coronal TI1WI, the hippocampi appear normal (located between the
sagittal TIWI of the left side (top left). Axial (top right) and coronal  arrows)
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Fig. 12.41 A 48 year old with a corrugated appearance of the hippo-  hippocampi appear normal bilaterally (arrows). Also, note the inciden-
campi bilaterally (arrows) on a 3 T MRI with thin sagittal TIWI of the  tal enlargement of the temporal horn (*) of the right lateral ventricle
left (top left) and right (bottom left) sides. On an axial T2WI (right), the

Fig. 12.42 A 53 year old whose testing showed a corrugated appear-  axial TIWI (bottom left) and coronal TIWI (right), the hippocampi
ance of the hippocampi bilaterally (arrows) on a 3 T MRI with a thin  appear normal (arrows)
sagittal T1WI of the left (fop left) and right (top right) sides. On the thin
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Fig. 12.43 A 58 year old whose images showed a relatively uniform s of the left (fop left) and right (fop right) sides. On coronal TIWI
and smooth but slightly corrugated appearance of the hippocampi bilat-  (bottom left) and axial T2WI (right), the hippocampi appear normal
erally (arrows) on a 3 T MRI with thin (1-mm thickness) sagittal TIWI  (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 TIWI. 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) TIWI. The PVNHs are situated opposite the caudate tails

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

\

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

3 i

coronal T2WI (bottom middle). Dotted arrows outline the normal right
hippocampus, which has mild normal corrugation. *FDG-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 sides and axial FLAIR (right). The dotted arrows denote the outline of
year old with seizures had right-sided hippocampal atrophy (between  the normal left hippocampus, which has mild normal corrugation
arrows) on comparing sagittal T1WIs of the right (left) and left (middle)
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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
T2WTI 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  granularis may exhibit subtle enhancement. On dynamic postcontrast
caudate heads on coronal T2WI (top left) and TIWI (top middle). T1WIs (bottom row, 20 s apart), gradual enhancement occurs
Postcontrast sagittal T1WIs (top right) illustrate how PEPs/ependymitis
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Fig.12.49 A 53 year old showed mild hyperintense signal (arrows) in  areas also demonstrate mild, faint enhancement bilaterally along the
a parallel configuration to the lateral ventricles on sagittal FLAIR  frontal horns typical of PEP/ependymitis granularis. Demyelinating
images of the left (leftmost image) and right (left of middle) sides, lesions typically have hyperintensities perpendicular to the lateral ven-
which is immediately superior to the caudate heads (*) on axial (right tricles on FLAIR images

of middle) and coronal (rightmost image) postcontrast TIWIs. These

. P

Fig. 12.50 A 9 month old with a left-sided PEP (arrows) on coronal is too young for. Postcontrast TIWI (right) depictd faint enhancement,
T2WI MRI (left), not well seen on TIWI (left middle). One year later, ~which can be seen in PEP/ependymitis granularis. Note the caudate
FLAIR images (right middle) show that the PEP appears asymmetric  head just inferior to the PEP (¥)

and could be mistaken for a focus of demyelination, which this patient
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Fig. 12.51 A 52 year old with a right-sided PEP (arrows) seen on  (right middle) depicts faint enhancement, which can be seen in PEP/
axial FLAIR MRI (left). It became more discernible and likely wors-  ependymitis granularis. SWI (right) demonstrates mild, linear hyperin-
ened because a left-sided PEP had developed as well on a FLAIR MRI  tensity in these regions of PEP bilaterally

2 years later (left middle) and on T2WI (middle). Postcontrast T1WI

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  leukoariosis, which augments the appearance of the PEPs. The PEPs
(arrows), the left greater than the right on axial (leff) and coronal enhance mildly on coronal postcontrast TIWI (right)
(middle) FLAIR images. Note the mild underlying periventricular

Fig. 12.54 A 27 year old volunteer whose tests showed coronal 3 T  heterotopia. However, these are not nodular and have slight hyperinten-
MRI T2WI (left) and FLAIR (right) images, which demonstrate bilat-  sity along the ependymal surface on FLAIR, consistent with ependymi-
eral PEPs (arrows) that have signal intensity similar to the caudate tis granularis, which is seen in association with PEPs

heads (*). This caused the radiologist to initially call the PEPs nodular
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Fig. 12.55 A 50 year old volunteer with 7 T MRI coronal T2WIs  multiple, incidental, tiny dilated perivascular spaces located diffusely
showing a left PEP (arrows); similar periependymal hyperintensity is  throughout the basal ganglia
present to a lesser degree on the right side. Additionally, note the

Fig.12.56 A 7 year old had a 3 T MRI performed for seizures (nega-  they are not well visualized on sagittal TIWI (righr). Their signal inten-
tive study). Bilateral PEPs (arrows) are noted immediately superior to  sity is similar to the caudate nuclei and may be mistaken for nodular
the caudate nuclei (*) on coronal T2WI (left) and FLAIR (middle), but  heterotopia
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Fig.12.57 In a 29-week-old premature infant, an US a few days after
birth in coronal (fop 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 TIWI (bottom left) and on sagittal TIWI (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
1V) 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  on the opposite side (dashed arrows) as shown on coronal TIWTI (lef?),
(PVNH). In a 2 year old with seizures, a 3 T MRI demonstrated left  sagittal TIWI (middle), and coronal FLAIR (right)
PVNH (arrows) that appears similar to normal ependymitis granularis

e

Fig. 12.60 Comparison case of bilateral PVNH. In a 19 year old with  (bottom left) confirmed the nodularity of these foci, although the nodular
seizures, a 3 T MRI with coronal T2WIs (fop left and middle) showed  appearance was more difficult to discern on coronal T1WI (bottom middle).
bilateral gray matter-like nodular foci (arrows) just above the caudate  The faint enhancement noted just outside of these lesions (tiny arrows),
nuclei (*) but difficult to visualize on FLAIR (top right). Axial TIWI  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  normal. Thin-section coronal T2WIs (bottom row) further demonstrated
old with seizures, a 1.5 T MRI demonstrated focal periependymal sig-  that peripherally there is faint cortical hyperintensity with blurring of
nal (arrows) on coronal FLAIR (top left), with a radiating, tangential  the gray-white matter junction (arrowhead)

band on axial FLAIR (fop middle). An axial T1WI (top right) appeared

Fig.12.62 Comparison case of multiple sclerosis. A 49 year old had a  lesion has the appearance of a black hole that does not enhance on post-
demyelinating lesion (arrows) noted on the left on coronal FLAIR MRI  contrast TIWI (right). Note the faint enhancement of a normal PEP
(left), with typical striations (tiny arrows) oriented perpendicular to the  (dashed arrows) on the right side

lateral ventricles on sagittal 2-mm thin FLAIR images (middle). The
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Midline Variants of the Septum
Pellucidum, Corpus Callosum,

13

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.

© Springer International Publishing Switzerland 2017

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 seenona  seen on axial T2WI (top right), FLAIR (bottom left), and axial (bottom
7-mm thickness NECT (left). A 2-mm thickness NECT 8 years earlier  middle) and coronal (bottom right) postcontrast T1WIs
(middle) better demonstrates the CSP. This is only present anteriorly, as
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Fig. 13.3 A 19 year old with a NECT showing a cystic CSP (arrows).
There is no hydrocephalus Fig. 13.5 A 7-day-old infant with a small normal CSP (arrow) on a
coronal US image. The ventricles are normal in size

Fig. 13.4 A 6 year old with a tiny CSP on NECT that does not extend
posteriorly (arrows). The ventricles are normal
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Fig.13.6 A 2-day-old term infant with severe hypoxic-ischemic injury  punctate thalamic reduced diffusion on DWI (tiny arrow, right middle).
(HII, dashed arrows) on MRI and an incidental, tiny CSP (arrows) Note the lack of abnormalities on FLAIR (right), which may appear
anteriorly. The HII is represented by bright T1 signal within the poste-  normal in neonates even with severe HII

rior putamina on axial TIWI (dashed arrows, left two images) and by

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. 13.9 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)



286 13 Midline Variants of the Septum Pellucidum, Corpus Callosum, and Massa Intermedia

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), TIWI (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)

A

Fig. 13.17 A 22-year-old patient; a presumed CVI (arrows) exists into the suprapineal region (beneath the callosal splenium) implies the
along with a CEV (dashed arrows) on NECT. While the septae of the  existence of a CVI. Alternatively, this could be a CEV with an inciden-
CSP-CEV are split anteriorly (tiny arrows), the extension of the cyst tal pineal cyst
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Fig. 13.18 A 20 year old with a CVI (arrows) shown on MRI T2WI  Note an internal cerebral vein (tiny arrow) coursing along the floor of
(top left and top middle), FLAIR (top right), DWI (bottom left), coronal ~ the CVI and that the pineal region is not involved. Also, note the third
T1WI (bottom middle), and postcontrast sagittal TIWI (bottom right).  ventricle (¥)

Fig. 13.19 A 5 month old with a CVI (arrows) as well as choroid have T1-bright, T2-dark, and DWI-dark signal, distinguishing them
plexus lipomas (tiny arrows) on MRI. Choroid plexus lipomas are often  from normal xanthogranulomas. Xanthogranulomas are more common
associated with callosal/pericallosal (interhemispheric) lipomas, which  in the elderly and are less frequent in children

may be associated with callosal dysgenesis (not seen here). They also
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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 (fop left
and top middle) and coronal (top right) T2WIs and on an axial TIWI
(bottom left). On a sagittal TIWI (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 TIWI (right). The septum pellucidum is normal

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

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 TIWI-IR (top middle),
and nonenhancment on postcontrast TIWI (top right). The cyst extends
into and displaces the third ventricle (*) and left lateral ventricle, as

shown on coronal FLAIR (bottom left) and sagittal TIWI (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 TIWI (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

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 TIWI (left). Axial TIWI (middle) and coronal T2WI (right) do

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).

A

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 (—)
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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 TIWI (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 TIWI 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 TIWI (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 TIWI (left) and coronal
T2WI (right). Note a normal
subcallosal pseudolesion
superiorly (*), with the lamina
terminalis located
posteroinferiorly (thin arrow)
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13.3 Massa Intermedia Pseudomass
on Sagittal T1WI

At the midline on sagittal TIWI, the massa intermedia (i.c.,
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 TIWI, 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 TIWIs 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.13.30 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 (/eft). This was confirmed to be normal on
axial (middle) and coronal (right) T2WI. On sagittal TIWI, 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

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 TIWI (left), T2WI (middle), and FLAIR

(right). Note the internal cerebral veins (thin arrows) just posterior to
the massa intermedia and the third ventricle anteroinferiorly (-)
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Fig. 13.32 A 25 year old who underwent a 3T MRI performed as part ~ This appears mass-like as a result of CSF flow artifacts in the third
of a research study; it demonstrated a mass intermedia pseudomass (*)  ventricle (=) on TIWI and T2WI, which disappear on FLAIR. Note the
on a midline sagittal TIWI (left), T2WI (middle), and FLAIR (right).  internal cerebral veins (arrows)

Fig.13.33 A 27 year old who had a 3T MRI performed for headaches,  did not confirm a mass and depicted the thin connection between the
which showed a pseudomass of the massa intermedia (*) on a midline  thalami. Note the internal cerebral veins (arrows) behind the massa
sagittal TIWI (left). Coronal T2WI (middle) and axial FLAIR (right)  intermedia

Fig. 13.34 Comparison case of low-grade glioma. An 18 year old with ~ T1WI (right) confirm a mass in that region. Note the body of the fornix
a 3T MRI that depicts a mass involving the massa intermedia (+) on a  superiorly (thick arrow). A biopsy found a low-grade astrocytoma
midline sagittal TIWI (left). Axial FLAIR (middle) and a postcontrast
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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.

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

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. 13.36 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  the right (right middle) and left (right) sides, similar hyperintensities
(arrows) in a parallel, nonirregular orientation relative to the lateral are visualized (dashed arrows). Multiple sclerosis lesions are typically
ventricles on midline 3T sagittal FLAIR images (left two images) at the  oriented perpendicular to the lateral ventricles

callosal-septal interface. More laterally, at the subcallosal interfaces on

Fig. 13.38 A 53 year old who had normal bright signal (arrows) paral-  sity is noted on the right (dashed arrows). Axial FLAIR images (right)
lel to the lateral ventricles on a midline sagittal FLAIR image (leff) at  do not depict any periventricular white matter abnormalities. This
the callosal-septal interface, not seen on a sagittal TIWI (left of middle).  patient was not found to have demyelinating disease clinically

More laterally, at the subcallosal interface, similar normal hyperinten-

Fig. 13.39 A 37 year old with a 3T MRI that was performed for head-  image (leff). A midline sagittal FLAIR image repeated 1 year later at 3T
aches (interpreted as negative) demonstrating mild, normal hyperinten-  (right) showed that the hyperintensity was less apparent
sity anteriorly and posteriorly (arrows) on a midline sagittal FLAIR
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Fig. 13.40 A 63 year old who underwent a 3T MRI (interpreted as  FLAIR images (top right). FLAIR images of the left (bottom left) and
negative) that demonstrated minimal, normal hyperintensity anteriorly — right (bottom right) sides also depict minimal focal hyperintensity
(arrows) on a midline sagittal FLAIR image (fop left) with normal axial  anteriorly

Fig. 13.41 A 24 year old with normal, mild hyperintense signal anormal, regular contour of the subcallosal interface bilaterally (dashed
(arrows) parallel to the lateral ventricles on a midline sagittal FLAIR  arrows), which is probably related to ependymitis granularis. This
image (left) at the callosal-septal interface. More laterally, sagittal patient did not have a history of demyelinating disease

FLAIR images of the right (middle), and left (right) sides demonstrate
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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 (/eft). Just left of the midline (left middle), there
was an MS lesion (tiny arrow) within the callosal genu. More laterally

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 (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

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 (*)
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13.5 Callosal Isthmus

At the midline on sagittal TIWI, 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-

Fig. 13.44 A 49 year old with a typical normal-appearing corpus cal-
losum that lacks thinning of the isthmus

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

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. 13.45 A 29 year old with a normal region of slight thinning
located at the callosal isthmus (arrow)

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 TIWIs (left and middle). An axial T2WI (right) did not show the thinning clearly

w
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Fig. 13.48 A 4 year old with an otherwise negative 3T MRI obtained  (right) through the isthmus demonstrated the disparate thickness of the
for a behavioral disorder. It depicted a normal, moderately thin callosal  isthmus relative to the anterior body (dashed arrows)
isthmus on a midline sagittal TIWI (arrows, left). An axial TIWI

Fig. 13.49 A 3 year old with an otherwise negative 3T MRI obtained  the level of the isthmus (right) confirmed the disparate thickness of the
for seizures that demonstrated a normal, moderately thin callosal isth-  callosal isthmus relative to the anterior body (dashed arrows)
mus (arrows) on a midline sagittal T2WI (left). An axial T2WI through
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Fig. 13.50 A 46 year old with an MRI obtained to rule out an aneu-  image (right) confirmed the disparate thickness of the isthmus (arrows)
rysm (the MR angiogram was negative). There was a normal, thin cal-  relative to the anterior body (dashed arrows)
losal isthmus on a midline sagittal TIWI (arrows, left). An axial FLAIR

Fig. 13.51 A 31 year old with an otherwise negative MRI obtained for  (middle) and anterior body (right) demonstrated the disparate thickness
headaches, which showed a normal callosal isthmus on a midline sagit-  of the isthmus (arrows) relative to the anterior body (dashed arrows)
tal TIWI (arrow, left). Coronal T2WIs through the callosal isthmus
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Fig.13.52 A 44 year old with an otherwise negative MRI obtained for ~ and an axial FLAIR image (right) show the disparate thickness of the
nonspecific symptoms that demonstrated a normal isthmus on a midline  isthmus (arrows) relative to the anterior body (dashed arrows)
sagittal TIWI (arrow, left). Coronal T2WI through the isthmus (middle)

Fig. 13.53 A 28 year old with a normal isthmus (arrows) shown on a  isthmus (arrows) and the anterior body (dashed arrows). Indentation by
3T MRI sagittal TIWI (left). Coronal T2WIs through the anterior body  the pericallosal arteries (thin arrows) may contribute to the apparent
(middle) and isthmus (right) show the disparate thickness between the  thinning
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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).

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

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 TIWI (left) and FLAIR image

T2WI (middle) showed that this compression was from the right peri-
callosal artery (thin arrows). A sagittal TIWI 2 years later (right)
showed that this was unchanged

-

(middle). This compression is from a pericallosal artery (thin arrow). A
sagittal TIWI 6 months later (right) showed that this was unchanged
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Fig.13.56 A 49 year old underwent an MRI (negative result) showing  line (middle), simulating a congenital defect. An axial T2WI at that
apparent compression of the anterior body of the corpus callosum level (right) showed that this relates to compression from the right peri-
(arrows) on T1WIs at the midline (/eff) and just to the right of the mid-  callosal artery (thin arrow)

Fig. 13.57 A 45 year old who underwent a 1.5T MRI demonstrating  T1WTI (left). This was unchanged 8 years later on pre- (middle) and
normal, mild compression of the callosal posterior genu—anterior body  postcontrast (right) TIWIs. Note a normal callosal isthmus posteriorly
(arrows) from a pericallosal artery (thin arrow) on a sagittal midline  (dotted arrows)
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Fig. 13.58 A 35 year old who underwent with a 3T MRI (negative)  (left), FLAIR (middle), and coronal T2WI (right). Note the normal
demonstrating mild compression (arrows) of the midposterior callosal  callosal-septal interface signal (arrowheads) on FLAIR, which is ori-
body from pericallosal arteries (thin arrows) on a midline sagittal TIWI  ented parallel to the ventricular margin

Fig. 13.59 A 69 year old with seizures. There was normal, mild com-  (thin arrows). On a sagittal TIWI (right), this indentation may mimic
pression of the corpus callosum (arrow) on serial coronal T2WIs (left  focal callosal atrophy or gliosis. Note the normal callosal marginal
three images) by pericallosal anterior cerebral artery (ACA) branches  arteries (dashed arrows)
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Fig. 13.60 A 54 year old with a 3T MRI performed to evaluate for
traumatic lesions. 7op 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 (/eft) and postcon-
trast (right) GE TIWI confirm that this impression is related to

pericallosal or other distal ACA branches (thin arrows). Bottom row:
sagittal SWIs at 2-mm (leff) 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
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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 TIWI (top left), unchanged 10 years later on a

TIWI (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  arrow). There were typical abnormalities along the path of the cortico-
(GLD). A 1 year old female had no callosal atrophy at birth on sagittal ~ spinal tracts (arrowheads) and within the deep white matter (dotted
T1WI (left), but by 3 years of age (middle) there was severe atrophy of  arrows) on FLAIR (right)

the posterior body (arrows) and to a lesser degree of the splenium (thin

Fig. 13.64 Comparison case of multiple sclerosis (MS). A 44 yearold  callosal-septal interface at the midline, one being in the isthmus
with chronic MS had focal atrophy (dashed arrows) of the callosal body  (arrows). An axial FLAIR image (right) further depicts the white matter
on sagittal FLAIR (left) and TIWI (middle). Note lesions of the lesions
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Fig. 13.65 Comparison case of callosal hypogenesis. A 2 year old had  oped than the posterior body (arrows) and splenium, as depicted on
a diffusely severe hypogenetic corpus callosum, while the anterior body  sagittal (left), coronal (middle), and axial (right) TIWIs
of the corpus callosum (dashed arrows) was thicker and more devel-

Fig. 13.66 Comparison case of callosal hypogenesis. A 12 year old as shown on sagittal TIWI (left), coronal TIWI (middle), and axial
had hypogenesis of the posterior body and callosal splenium (arrow), FLAIR (right). Note the slightly enlarged lateral ventricles posteriorly
where the anterior body (dashed arrows) was thicker and more normal,

Fig. 13.67 Comparison case of remote injury. A 55 year old with isthmic hemorrhage (arrowheads), with periventricular abnormalities
severe isthmic atrophy (arrows) on 3T sagittal TI-FLAIR (left) and  on FLAIR (right). The insults were thought to be related to an old trau-
SWI (middle). On SWI, there were frontotemporal hemorrhages and  matic or perinatal injury
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Fig. 13.68 Comparison case of atrophy. An 8 year old with cerebral tensity (dotted circles) on the left side on coronal T2WI (middle) and on
palsy had a 3T MRI that showed focal atrophy of the callosal isthmus  sagittal FLAIR (right); ex vacuo dilatation of the left lateral ventricle
(dashed arrows) on sagittal T2WI (left), with periventricular hyperin-  was also observed

Fig. 13.69 Comparison case of iatrogenic atrophy from shunting. An  on sagittal T2WI (left) and TIWI (middle). On a coronal TIWI (right),
11 month old had had a shunt catheter since birth. 3T MRI demon- note the catheter with enlarged frontal horn caused by instrument-
strated severe thinning and focal atrophy of the callosal body (arrows) 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,
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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 érat 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 MR, 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 CSFE, 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 TIWI 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 TIWI, 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-
Behcet 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-Behget). 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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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).

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 CSE. Note the lack of surrounding edema and mass effect
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Fig. 14.2 A 48 year old with a dilated PVS (arrow) within the anterior
perforated substance inferior to the putamen

Fig. 14.3 A 46 year old had dilated PVSs bilaterally (arrows) within  optimizes CSF versus a parenchymal signal. The PVSs do not enhance
the inferior putamina on axial NECT (top left), T2WI (top, left middle),  on postcontrast TIWI (bottom right), although small enhancing lenticu-
FLAIR (top, right middle), and an ADC map (top right). The PVSs sup- lostriate vessels (tiny arrows) are seen to perforate the PVSs; they were
press with CSF on FLAIR and are bright on ADC maps. Thin-section  unchanged 3 years later (not shown)

(0.8 mm) balanced echo three-dimensional T2WI (bottom left)
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Fig. 14.4 A 52 year old had a dilated PVS (arrows) within the inferior ~ FLAIR (bottom middle), and an ADC map (bottom right). As expected,
right putamen on a NECT (top left), sagittal TIWI MRI (top middle), the PVS suppresses with CSF on FLAIR and is bright on the ADC map
postcontrast axial TIWI MRI (top right), axial T2WI (bottom left),

Fig. 14.5 A 55 year old with a dilated PVS (arrows) within the ante-  sagittal TIWI MRI of the right side (right) also depicts the perforating
rior perforated substance/inferior putamen on a 3T axial T2WI MRI  vessel as it penetrates and passes through the dilated PVS. Note a
(left) in which a faint, tiny, perforating lenticulostriate vessel may be smaller, dilated PVS on the left side in a similar location

seen (tiny arrows, left). The PVS suppresses on FLAIR (middle). A
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Fig. 14.6 A 35 year old with a dilated PVS (arrows) on a sagittal ~PVS surrounds a tiny lenticulostriate vessel (tiny arrows) that travels up
T1WI (top left), axial T2WI (top middle), FLAIR (top right), SWI (bot-  into the basal ganglia. On an MRI 1 year later (not shown), the PVS was
tom left), DWI (bottom middle), and an ADC map (bottom right). The  unchanged

Fig. 14.7 In a 35-year-old volunteer a dilated PVS (white arrows) is ~ Smaller PVSs are noted in a similar contralateral location (dashed cir-
noted on a 7T scanner within the inferior right putamen on coronal (fop  cle, bottom right). Also note an incidental right ACA Al segment fen-
row) and on axial (bottom row) T2WIs. There is a tiny vessel (tiny black  estration (dotted black arrow, bottom left)

arrows) traversing the PVS centrally, probably a lenticulostriate vessel.
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Fig. 14.8 A 52 year old had bilateral dilated PVSs of the posterior  suppress on FLAIR (middle) and are hyperintense on ADC maps
putamina/insula (arrows), also with poorly defined PVSs more anteri-  (right). The ill-defined PVSs border on being état criblé (dashed
orly of the anterior perforated substance on axial T2WI (left). Al PVSs  circles)

Fig. 14.9 A 65 year old had a dilated PVS (arrows) of the left anterior ~ vessels (tiny arrows) that traverse the PVS. Additionally, there is an
perforated substance on T2WI at 3T (left) and on postcontrast TIWI  appearance bordering on état criblé on the right (dashed circles)
(right); it suppresses on FLAIR (not shown). There are tiny perforating

Fig. 14.10 A 30 year old with an otherwise normal MRI had a dilated  tions in axial (fop right), coronal (bottom left), and sagittal (bottom
PVS (arrows) of the left inferior putamen on T2WI (top left), FLAIR  right) planes. A small vessel (tiny arrows) traverses the PVS, arising
(top middle), and magnified 3D time-of-flight (TOF) MRA reconstruc-  from a lenticulostriate artery
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14.2 Extensive Type 1 Dilated Perivascular
Spaces: Etat Criblé

The cribriform appearance (i.e., status cribrosum) of érat
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-  middle), and coronal T1WI (bottom right). There are mild chronic small
glial PVSs (i.e., état criblé between arrows) on NECT (top left), T2ZWI  vessel ischemic findings/leukoariosis (¥*) without lacunar infarcts
(top middle), FLAIR (top right), DWI (bottom left), ADC map (bottom

v

Fig. 14.13 Comparison case of lacunar infarct. A 54 year old had a  (bottom middle) with tiny PVSs posteriorly (thin arrows). There was no
lacune (dashed arrows) identified on NECT (fop left), as its density was  definite hemorrhage associated on SWI, where the signal appeared to
greater than that of the CSF. On MRI it was dark on DWI MRI (fop  be that of CSF (bottom right)

right), bright on FLAIR (bottom left), and had CSF-like signal on T2WI
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new from images that were done 9 months prior on T2WI (bottom left),

Fig. 14.14 Comparison case of lacunar infarct. A 51 year old had a
FLAIR (bottom middle) and SWI (bottom right). Note tiny PVSs in the

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  right putamen (arrows)

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)

Fig. 14.15 Comparison case of vascular dementia, stroke, and érar
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
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Fig. 14.16 Comparison case of leukoariosis superimposed on diffuse  nearly invisible on TIWI (middle) and FLAIR (right), although exten-
PVSs (état criblé). A 73 year old had a diffuse, cribriform appearance  sive findings of chronic small vessel ischemic disease (leukoariosis) are
of PVSs throughout the basal ganglia (éfat criblé) and the subcortical —noted on FLAIR (tiny arrows)

white matter on a 0.8-mm thickness coronal T2WI (left). The PVSs are

Fig. 14.17 Comparison case of acute lacunar infarcts superimposed on ~ FLAIR (bottom left), while two had reduced diffusion, indicating acute
PVSs (état criblé). A 69 year old had diffuse, PVSs (solid arrows) of the  infarcts (bottom middle). A right putaminal lesion had remote gliosis on
basal ganglia on TIWI (dashed arrows, top left) and T2WI (top middle =~ FLAIR, with remote microhemorrhage on SWI (tiny arrow, bottom right).
and top right), but within the left putamen some did not suppress on  This case illustrates how état criblé may coexist with acute lacunar infarcts




326 14 Dilated Perivascular Spaces

Fig. 14.18 Comparison case of chronic lacunar infarcts. A 59 yearold  caused by resultant gliosis. Note that on SWI (right), these lacunar
with dementia had chronic lacunar infarcts (dotted arrows) on T2WI  infarcts also contain internal remote punctate microhemorrhages (thin
(left), with mild surrounding hyperintense signal on FLAIR (middle)  arrows)

Fig. 14.19 Comparison case of cryptococcal meningitis. On a 3T  (right middle). On postcontrast TIWI (right), most lesions enhanced.
MRI, an HIV+ 33 year old had numerous bright basal ganglia lesions  There was also abnormal enhancement of the leptomeninges (thin
on T2WI (left), which were also bright on FLAIR (left middle) and DWI  arrows)
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Fig. 14.20 Comparison case of central nervous system toxoplasmosis.  throughout the subcortical white matter on a 3T MRI with axial T2WI
An immunocompromised 42 year old had numerous hyperintense (left) and FLAIR (middle). On postcontrast TIWI (right), some lesions
lesions throughout the basal ganglia (dotted arrows) as well as enhanced (thin arrows)

A

Fig. 14.21 Comparison case of neuro-Behget syndrome sequela. Ina  enhancement on postcontrast TIWI (middle) and hemorrhage on GE
40-year-old male with prior neuro-Behget a focal hyperintensity was — T2*WI (right middle). An MRI 2 years prior at the time of onset of
seen within the left basal ganglia (dotted arrows) on a 1.5T MRI with  disease showed edema of the basal ganglia on FLAIR (right)

axial T2WI (left) and FLAIR (left middle), with faint surrounding
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14.3 Dilated Perivascular Spaces: Type Il

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

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

(left), suppress on FLAIR (middle), and are invisible on SWI (right) and
DWI. These were unchanged on an MRI 1 year later (not shown)

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 ~ ADC map (right). On the T2WI, smaller PVSs with a radiating appear-
white matter of the temporal stems (arrows) bilaterally on coronal —ance (tiny arrows) are visualized within the subcortical frontal white
T2WI (left) and sagittal TIWI (middle), with increased diffusion on an  matter

Fig. 14.25 A 24 year old had PVSs of the parieto-occipital white matter bilaterally (berween 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 (berween arrows). The PVSs are ovoid, radiating foci
on T2WI (left) that suppress on FLAIR (middle). They appear linear on sagittal TIWI (right)
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Fig. 14.27 A 35 year old had dilated PVSs within the posterior frontal  suppress on FLAIR (middle), and are nearly as dark as CSF on TIWI
and anterior parietal white matter bilaterally (arrows). They appear (right). Tiny PVSs are also noted within the temporal stems (tiny
radiating and ovoid and are hyperintense on coronal T2WI (left), arrows)

Fig. 14.28 A 41 year old with dilated PVSs within the right frontal radiating appearance. There are no definite findings of chronic small
subcortical white matter (arrows) on axial (left and middle) and coronal  vessel disease (i.e., leukoariosis) or lacunar infarcts, which PVSs can
(right) NECT images. The coronal reformat illustrates their linear and ~ mimic
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Fig. 14.29 A 13 year old had mildly dilated PVSs throughout the sub- ~ ADC maps (top right), FLAIR, and sagittal TIWIs (bottom right) con-
cortical white matter (arrows) on 3T MRI axial T2WIs (top, left two  firmed their CSF-like signal. This boy had new seizures; note mildly
images), being nearly invisible on FLAIR (bottom, left two images). These ~ hyperintense periventricular terminal zones (*), a normal variant. Notably,
appear to radiate from the lateral ventricles and corpus callosum. Axial  subcortical PVSs can mimic the radial bands seen in tuberous sclerosis
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Fig. 14.30 A 59 year old had dilated PVSs within the right parietal —medullary veins (thin arrows) on SWI (middle). These PVSs suppress

deep white matter bilaterally (arrows) ona 7T T2ZWIMRI (left), seen as  on 3T FLAIR images from a different magnet (right) in the same patient
radiating, ovoid, and linear foci similar in orientation to radiating peri-
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Fig. 14.31 A 62 year old had dilated PVSs within the parietal-occipi- FLAIR (middle), along with increased diffusion on ADC maps (right).
tal subcortical white matter bilaterally (arrows) on T2WI (left), seen as  Such discrete, type II PVSs can be seen in patients of nearly any age
radiating, ovoid, and linear foci that suppress and are nearly invisible on

Fig. 14.32 A 23 year old had extensive radiating hyperintensities If one is solely viewing the T2WIs, the findings could resemble the
throughout the deep white matter of the supraventricular white matter — radiating bands (abnormal migration tracts) of tuberous sclerosis.
on 3T MRI T2WI (left and middle), which suppress on FLAIR (right). ~ 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 TIWI (left) and 3D FLAIR (right), the dilated PVSs
are delineated but are still not as well visualized as on the T2WIs




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

TI1WI (middle) and T2WI (right). Middle row: the PVSs are radiating,
ovoid, and orient perpendicular to the ventricles on DWI (/eff), an ADC
map (middle), and SWI (right). Bottom row: on coronal T2WI (left),

Dilated Perivascular Spaces

sagittal three-dimensional TIWI 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 TIWI (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 ~ T2WI (middle) and suppressed on FLAIR (right). Thus PVSs located
left parietal PVWM, adjacent to the lateral ventricle on NECT (left). A within the PVWM may be solitary and may simulate a small lacunar
3T MRI confirmed this to be a focal PVS, as it was hyperintense on  infarct

Fig. 14.38 A 57 year old had a single dilated PVS (arrows) within the  (right). This is an example of how PVSs may be solitary and can mimic
right parietal PVWM adjacent to the lateral ventricle on NECT (leff).  lacunar infarcts. Thin PVSs are also present on T2WI within the sub-
On a 3T MRI, it was hyperintense on a coronal T2WI (left middle), sup-  cortical white matter bilaterally (tiny arrows)

pressed on axial FLAIR (right middle), and was barely visible on SWI
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Fig. 14.39 A 10 year old with headaches had a dilated PVS (arrows)  next to the ventricle, given the lack of hyperintensity around the PVS on
of the left temporal lobe near the left lateral ventricle on sagittal TIWI ~ FLAIR (right). Thus, this did not represent gliosis or leukomalacia
(left) and coronal T2WI (middle). There was no white matter atrophy

Fig. 14.40 Comparison case of lacunar infarct. A 76 year old had a  suppressed on FLAIR (right middle), with high diffusivity on an ADC
focal hypodensity (arrows) of the centrum semiovale on NECT (left) map (right). A dilated PVS of that size should entirely suppress on
that was hyperintense on T2WI MRI (left middle) and only partially =~ 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 (fop 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 (/eft) that were severely dark on sagittal TIWI (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 lll

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 T2WT (left), which suppress with CSF and
are nearly invisible on FLAIR (middle). These PVSs are also barely visualized on TIWI (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 throughout the subcortical white matter and inferior putamina bilater-
(arrows) on 3T MRI coronal T2WI (left two images), which suppress  ally (tiny arrows). This MRI was interpreted as normal for the patient’s
similar to CSF on FLAIR (right). Dilated PVSs are also noted on T2ZWI  age
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Fig. 14.49 A 62 year old had dilated PVSs within the midbrain/cere-  suppress on FLAIR (top right). The PVSs are also noted on axial
bral peduncles (arrows) on coronal T2WI (top left and top middle) and ~ FLAIR (bottom left), axial TIWI (bottom middle), and coronal TIWI
within the subcortical white matter posteriorly (tiny arrows), which  (bottom right)

Fig. 14.50 Comparison case of low-grade glioma. A 15 yearoldhada  midbrain tegmentum and tectum. It did not enhance on postcontrast
hyperintense abnormality (arrows) on a 3T MRI with T2WI (leff) and  axial TIWI (right). This lesion did not change over several years
FLAIR (middle); the lesion surrounded the aqueduct, involving the left
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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 (lef?); 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 (fop row) that suppressed on FLAIR

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 (fop 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)

(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

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 TIWI (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 TIWI (left), T2WI (middle), and a matching ADC map (right)
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14.5 Tumefactive Perivascular Spaces on FLAIR, possibly due to gliosis. Distinguishing factors
may be the lack of enhancement, reduced diffusion, and the
Tumefactive PVSs (>1.5-2 cm) are rare. They can be difficult  fact that the size of the PVSs is disproportionate to the degree
to distinguish from low-grade gliomas containing cystic com- of FLAIR hyperintensity. (Usually cystic gliomas have a
ponents, since huge PVSs can be surrounded by a mild signal ~ 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  right), SWI (bottom left), TIWI (bottom middle), and DWI (bottom
there was a cyst greater than 2 cm (arrows) with CSF density located in  right). Note that this is not a neuroepithelial cyst, since it is not within
the lateral left midbrain. A 3T MRI two days later showed that the cys-  the choroidal fissure (thin arrows)

tic lesion had CSF signal intensity on T2WI (top middle), FLAIR (top
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Fig. 14.56 Tumefactive (giant) dilated PVSs. A 38 year old had mild,  left, bottom middle) but with surrounding hyperintensity that is thought
chronic headaches and a reportedly stable brainstem lesion (arrows) for  to be related to gliosis. No enhancement was noted on TIWI (bottom
11 years (old images were not available). The PVSs are multiloculated,  right, top) and there was no reduced diffusion on DWI (bottom right,
with CSF intensity on axial (fop left) and coronal (top right) T2WIs and  bottom). Five years later, the patient remained without related symp-
suppression of the majority of the spaces on FLAIR images (bottom  toms. Also, note an incidental scalp epidermoid cyst (tiny arrows)
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Enlargement or Asymmetry
of the Lateral Ventricles Simulating

15

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

© Springer International Publishing Switzerland 2017

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- unchanged 1 month later on another NECT (righr). Again this should
strated an asymmetrically enlarged body of the right lateral ventricle not be mistaken for PVL because there is no significant PVWM thin-
without enlargement of the temporal horns (arrows). This was ning or focal atrophy

Fig. 15.4 A 45 year old’s NECT images demonstrated asymmetric  because there is no significant PVWM thinning/atrophy. The asymme-
enlargement of the body of the left lateral ventricle without enlarged  try is exacerbated by the tilting of the patient’s head within the gantry
temporal horns (arrows). Again, this should not be mistaken for PVL
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Fig. 15.5 A 49 year old’s initial NECT images (left and middle) dem-  mistaken for PVL because there is no significant PVWM thinning. This
onstrated asymmetric enlargement of the body of the right lateral ven-  was unchanged on a NECT performed 4 years later (right)
tricle without enlarged temporal horns (arrows). This also should not be

Fig.15.6 A 59 year old whose NECT images (left and middle) demon-  (arrow). This should not be mistaken for PVL because there is no sig-
strated asymmetric enlargement of the body and trigone of the left lat-  nificant PVWM thinning. A CECT (right) weeks later appears similar
eral ventricle without enlarged anterior recess of the third ventricle
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Fig. 15.7 A 38 year old had axial NECT (left), axial FLAIR (middle), and coronal postcontrast TIWI (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  FLAIR images (right) are also shown. This should not be mistaken for
(middle) that demonstrated asymmetric enlargement of the body of the ~ PVL because there is no significant PVWM thinning
right lateral ventricle without enlarged temporal horns (arrows). Axial
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Fig.15.9 A 55-year-old patient in whom coronal T2WI (leff) and axial ~ optic recess (thin arrow) is not enlarged, confirming that there is no
FLAIR (middle) images showed asymmetric enlargement of the left lat-  hydrocephalus. Note a normal artifactual CSF flow-related hyperinten-
eral ventricular body. On sagittal TIWI (right), the third ventricle’s  sity (dotted arrow) on FLAIR

Fig. 15.10 A 12-year-old patient whose 3T MRI included axial TIWI  asymmetric and enlarged body of the left lateral ventricle. Sagittal
(top left), T2WI (top middle), FLAIR (top right), coronal TIWI (bottom  T1WI confirms that the optic recess of the third ventricle (thin arrow) is
left), and sagittal TIWI (bottom right). The MRI depicts a slightly  not enlarged
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Fig.15.11 A 32 year old with normal, mild, and asymmetric enlarge-  and bottom), the asymmetry is slightly less pronounced, and the tempo-
ment of the body and trigone of the right lateral ventricle on NECT  ral horns (arrows) and the remainder of the ventricles are within normal
(left). On an MRI with FLAIR (middle) and coronal T1WIs (right, top,  limits

Fig. 15.12 A 14 year old underwent axial TIWI (top left), T2WI (fop  the contralateral temporal horn (thin arrows) and lateral ventricular
middle), proton-density-weighted (fop right), FLAIR (bottom left, and  bodies are not enlarged. This should not be called a choroidal fissure
middle), and coronal T2WI (bottom right) that depicted an enlarged (neuroepithelial cyst) since it is not within that fissure and is not round
right temporal horn (arrows) that was focal and asymmetric. Note that
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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
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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 TIWI (bottom left) as compared to TIWIs
of the right side (bottom middle). A midline TIWI (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 TIWI (fop left), FLAIR
(top middle and right), and coronal TIWI (bottom left), there are
enlarged temporal horns (arrows) and lateral ventricular bodies (fop

right). However, on midline sagittal TIWIs (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 tricular bodies (*). However, on sagittal TIWI (top right), the optic
hydrocephalus. Axial T2WIs (top left and middle) showed a small col-  recess (dotted arrows) was normal. Six months later, the axial TIWI
loid cyst at midline where the foramina of Monro meet (thin arrows),  (bottom left), T2WI (bottom middle), and sagittal TIWI (bottom right)
and there are prominent temporal horns and mildly enlarged lateral ven- ~ 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 TIWI (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 TIWI
(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,

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

note the sulcal prominence and that on sagittal NECT (right middle)
and TIWIMRI (right), the third ventricle‘s optic recess (dotted arrows)
is not enlarged

L

enlarged, simulating hydrocephalus, along with the bodies of the lateral
ventricles. However, sagittal reformats (botfom 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  (+) and scattered prominent sulci (—); these were indications of atrophy,
row) and FLAIR (bottom left and middle) depicted normal-sized tem-  not hydrocephalus. On sagittal TIWI (bottom right), the third ventricu-
poral horns (arrows) but mildly enlarged atria of the lateral ventricles lar recesses are normal (thin arrows)
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Fig. 15.22 A 58 year old who showed mild prominence of the tempo- NECT 7 years prior (bottom row), but this did not represent hydro-
ral horns (arrows) on NECT (top left and middle), and on 1.5T FLAIR  cephalus because the sulci, including the sylvian fissures (¥), are simi-
MRI (top right). The temporal horns were noted to be larger than on a  larly enlarged
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Fig. 15.23 A 7 year old with mild prominence of only the anterior  middle) 3T MRI T2WIs. On sagittal T2WI (right), note that the anterior
temporal horns bilaterally (arrows) compared with the posterior/occipi-  recesses of the third ventricle (dotted arrows) have normal acute angles
tal horns (thin arrows) on axial (left and left middle) and coronal (right

Fig. 15.24 Comparison case of hydrocephalus from aqueductal steno-  anterior third ventricle (dofted arrow) was also enlarged. Note the nor-
sis. A 48 year old had mild enlargement of the temporal horns anteri- mal-sized infundibular recess (thin arrow) just posterior to the optic
orly (arrows) and the third ventricle (+) on serial FLAIR images (left  recess, while there is an enlarged cerebral aqueduct (-)

three images), while on sagittal TIWI (right) the optic recess of the
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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 TIWI (right middle) and FLAIR (right),
the optic recess of the anterior third ventricle (dotted arrows) is mildly

o\

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

L $A

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

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
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Fig.15.27 Comparison case of PVL.In a3 yearold, a 3T MRIshowed hyperintense and thinned PVWM (thin arrows). Both the temporal
mildly enlarged posterior bodies (*) of the lateral ventricles on axial —horns (arrow) and optic recess (dotted arrows) appear normal, exclud-
FLAIR (top left and middle), coronal FLAIR (top right), coronal TIWI  ing hydrocephalus

(bottom left), and sagittal TIWI (bottom middle and right). Note the

Fig. 15.28 Comparison case of PVL. A 5 year old who underwent a ~ TIWI (bottom left), FLAIR (bottom middle), and sagittal TIWI (bottom
3T MRI had an enlarged left lateral ventricular posterior body (*) on  right). SWI depicts a tiny germinal matrix hemorrhage (dotted circle).
axial TIWI (zop left), FLAIR (top middle), and SWI (top right), with  The normal optic recess (dotted arrows) excludes hydrocephalus
thinned PVWM (thin arrows). The findings are also shown on coronal
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Fig. 15.29 Comparison case of culpocephaly from callosal agenesis. A agenesis is suggested by straightened lateral ventricles on axial images,
12 year old had enlarged posterior bodies (*) and temporal horns (arrows)  and a steer horn appearance on coronal T2WI (bottom left) with Probst
of the lateral ventricles that mimic hydrocephalus on TIWI (fop left and  bundles (thin arrows). Midline sagittal T2WI (bottom middle) and TIWI
left middle), FLAIR (top, right middle), and T2WI (top right). Callosal  (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-  with a steer horn appearance on coronal T1WI (bottom left and middle).
esis. A 2 day old infant had enlarged temporal horns (arrows) and cul-  On a sagittal TIWI (bottom right), the optic recess (dotted arrow)
pocephaly (*), which simulate hydrocephalus on T2WI (fop left), and  appears normal, which excludes hydrocephalus

FLAIR (top right three images). Note the straightened lateral ventricles
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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

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-

T1WI (top right). On sagittal TIWI 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

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,

16

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,

© Springer International Publishing Switzerland 2017

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).

371

A.M. McKinney, Atlas of Normal Imaging Variations of the Brain, Skull, and Craniocervical Vasculature,

DOI 10.1007/978-3-319-39790-0_16



372 16 Cerebral or Cerebellar Volume Loss Simulating Subdural Hematomas, Hygromas, and Arachnoid Cysts

Fig.16.1 The NECT (top row) of a 62 year old shows bilateral, promi-  SASs along the cerebellar convexities and sylvian fissures progressed,
nent SASs (¥) along the cerebellar convexities that simulate chronic  confirming atrophy. The bilateral, prominent SASs in the middle cranial
SDHs and are disproportionate to the SASs around the cerebrum; note  fossa (—) also increased, thus simulating ACs

the mildly prominent sylvian fissures. On a NECT 2 years later, the
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Fig. 16.2 A 63 year old underwent an axial NECT (left) that depicted  the cerebral sulci. These represent prominent SASs, as evidenced by the
fluid collections (*) along the cerebellar convexities, simulating chronic ~ small veins (arrows) traversing them. The patient was found to be on
SDHs. However, CECT axial (left middle) and coronal (right middle)  chronic antiepileptic medication, which can cause disproportionate cer-
images show that these do not have a mass effect and that they have the  ebellar atrophy

density of CSF. The cerebellar sulci are also quite prominent relative to
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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

16 Cerebral or Cerebellar Volume Loss Simulating Subdural Hematomas, Hygromas, and Arachnoid Cysts

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 TIWI (leff) 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 TIWI (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 (rop row) of a 72 year old showed prominence of  fluid in several areas (thin arrows), consistent with atrophy. Additionally,
the SAS (*) along the right cerebellar convexity (fop left and middle),  there was focal atrophy along the left cerebral convexity that simulated
simulating a chronic SDH. A repeat NECT 5 years later (top right) an AC (bottom middle), which is also traversed by cortical veins. A
showed that the volume loss remained prominent along the right cere-  focus of encephalomalacia/gliosis (non-CSF density) is noted (—), as
bellar convexity. Contrast-enhanced computed tomogaphy (CECT) on  shown on a coronal reformat (bottom right)

the same day (bottom left) confirmed prominent veins within the SAS
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Fig.16.5 A NECT (top row) from a 92 year old showed bilateral prom-  However, note the severe volume loss of the sylvian fissures and the
inence of the SAS (*) along the cerebellar convexities and orbitofrontal  cortical veins superficial to the fluid in several areas (thin arrows), indi-
convexities (top middle), with asymmetry of the interhemispheric fissure  cating atrophy. Chronic SDHs would displace the cortical veins inward.
(top right); together, such findings simulate bilateral chronic SDHs.  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 (leff) and coronal ~However, the cerebral sulci are prominent relative to the cerebellar
(middle) reformats showed CSF-density collections (*) along the cere-  sulci, which is due to prominent SASs (*), as noted on a higher axial
bellar convexities, simulating chronic SDHs, hygromas, or ACs. image (right)
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Fig. 16.7 A 69 year old underwent a NECT (top left and middle) left) reformats depicted cortical veins (thin arrows) superficial to
that demonstrated prominent SASs (*) along the cerebellar and cere-  and crossing these spaces, confirming atrophy. An MRI also defined
bral convexities and within the prepontine cistern (—), which simu-  the cortical veins on axial T2WI and FLAIR (bottom middle and
lated chronic SDHs. CECT axial (top right) and coronal (bottom  bottom right)
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Fig. 16.8 A 58 year old had a NECT that showed prominent SASs (*)  were visible cortical veins (thin arrows) passing through the SASs in some
along the cerebral convexities simulating bilateral chronic SDHs. However,  areas, along with a prominent cisterna magna (+); this is consistent with
the SASs were also prominent along the cerebellar convexities, and there  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 TIWI (right)
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16.3 Cerebral (Without Cerebellar) diffuse and can be more focal or regional in certain neuro-
Atrophy Simulating Chronic Subdural degenerative disorders, some of which can even be
Hematomas or Hygromas asymmetric from side-to-side (e.g., the semantic variant of

frontal-temporal dementia). Again, the cortical vein sign is
Again, cerebral volume loss or atrophy can be present to a typically visible on multiplanar CT with reconstructions,
much greater degree than or even in the absence of cere- while MRI can help in difficult cases (Figs. 16.10 and
bellar volume loss. Cerebral atrophy may not always be 16.11).

Fig. 16.10 A NECT (left) of an 80-year-old patient showed asymmet-  chronic SDHs. Note that there are prominent cortical veins superficial
ric prominence of the SAS (¥) along the left temporal convexity. Higher  to the fluid (thin arrows), also consistent with atrophy. Also note a focal
images (middle and right) showed a milder prominence of the right beam hardening artifact that simulates SAH (dotted arrow, right)

SAS as well. Such prominence of the SASs may simulate bilateral,
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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 occasionally can be problematic on MRI if the acquisition is
Simulating Cyst, Subdural, or not multiplanar. Fortunately, T2WI often depicts small,
Encephalomalacia 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,
Focal enlargement of the subarachnoid spaces may simulate  16.24, 16.25, 16.26, 16.27, 16.28, and 16.29).
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  an AC or focal encephalomalacia. However, note the vascular structures
focal SAS prominence (*) on 1.5T MRI axial T2WI (top left), T1 inver-  (dotted arrows) passing through the SAS and the incidental benign
sion recovery (top middle), FLAIR (top right), SWI (bottom left), DWI  hyperostosis frontalis (+)

(bottom middle), and sagittal T2WI (bottom right). This could simulate
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Fig. 16.13 Axial (left), coronal (middle), and sagittal (right) reformats  hygroma, or AC. However, the sagittal reformat (right) clearly showed
of a NECT of a 73 year old depicted asymmetric extra-axial SAS prom- that the cortical veins (dotted arrows) were not displaced inward
inence along the right cerebral convexity (*) that mimicked a SDH,

Fig. 16.14 Axial (left) and coronal (left middle) NECT images of a 65  small SDH on the coronal image. A 1.5T MRI with axial T2WI (right
year old depicted asymmetric SAS prominence (¥) of the right frontal — middle) and SWI (right) confirmed that vessels traversed the SAS
convexity, simulating an AC, while a small vessel (arrows) simulated a
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Fig. 16.15 A 7 year old underwent axial (left and left middle) refor-  extra-axial cyst. On repeat CT images 6 months later (right middle and
mats of a NECT that depicted a cyst-like focus (arrow) within the right  right), this was confirmed to be simply a prominent fissure relative to
sylvian fissure, simulating an AC, neurocysticercosis, or other type of  the remainder of the cerebral sulci
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Fig. 16.16 The patient was a 50 year old with headaches. Focal SAS ~ NECT 5 years later with slightly different angulation (right) confirmed

prominence (*) on axial (left) and coronal (middle) reformats simulated  this to be a prominent sulcus that was volume-averaged with the
an AC, an extra-axial collection, or focal encephalomalacia. However,a  cerebrum

Fig. 16.17 A NECT of a 37-year-old patient shows cyst-like fluid (*)  middle), with a coronal reconstruction (right). The SASs are prominent
within the left middle cranial fossa anterior to the temporal pole (leff), along the convexities, while a vein was noted to traverse the cyst (thin
which mimics an AC. An axial NECT was unchanged 2 years later (left  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 TIWI
(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  and coronal reformats (right) illustrated that the SASs are prominent
two images) that showed a prominent cyst-like collection (*) within the  bilaterally in similar locations (*) and that veins (thin arrows) traverse
left postcentral sulcus that simulated an AC. However, sagittal refor-  these cysts, confirming atrophy

mats of the left (right middle, top) and right (right middle, bottom) sides

Fig. 16.21 Comparison case: chronic SDH. In a 72 year old without  age (bright on T2WI, FLAIR, and T1WI). Compare this to the right-
known trauma, a NECT (left) depicted an isodense SDH (+) along the  sided volume loss with SAS prominence (—). The left-sided SDH had
left cerebral convexity. On a 1.5T MRI with FLAIR (left middle) and a  resolved 30 days later on a repeat NECT (right)

coronal TIWI (right middle), the SDH was confirmed to be subacute in
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Fig. 16.22 Comparison case of posterior fossa postsurgical subdural — hemorrhage (not shown). Repeat NECT axial (right middle) and coro-
collections. NECT axial (left) and coronal (left middle) reformats in a  nal (right) reformats 1 week later showed that each collection had
47 year old showed small bilateral subdural collections along the cere-  enlarged with worsening midline shift

bral (+) and cerebellar (x) convexities after evacuation of a cerebellar

Fig. 16.23 Comparison case of chronic SDH. In a 67 year old non-  Compare this to the left-sided volume loss with SAS prominence () on
trauma patient a NECT (left) depicted an isodense SDH (+) that was  a coronal reformat (right), which is from the 5-month follow-up NECT

unchanged at 3 months (left middle) and 5 months later (right middle).
1 . |

Fig. 16.24 Comparison case of SDHs. NECT (left, left middle) in a 76 chronic. A tiny EDH is noted along the right convexity (thin arrow). On
year old who suffered head trauma. There are small, bilateral SDHs (+) a 7-month follow-up NECT (right middle and right), the fluid collec-
along the frontal convexities; their low density indicates that they are  tions have resolved, with residual moderate diffuse cerebral volume loss
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Fig. 16.25 Comparison case of unilateral chronic subdural hematoma  (right middle and right) demonstrated a small unilateral hypodense
or hygroma (SDH). A NECT (left, left middle) in an 80 year old was  SDH or hygroma along the left frontal convexity (+)
normal for age. One month later, performed just after a fall, a NECT
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Fig. 16.26 Comparison case: acute subdural hygromas from trauma. and right) noted new, bilateral subdural hygromas (+). In this case, the
An initial NECT (left) was interpreted as negative in an 18 year old the  hygromas may have arisen from a tear in the dura, through which CSF
day of the traumatic incident. However, a NECT one day later (middle leaked
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Fig. 16.27 Comparison case of bilateral cerebral convexity ACs. In a  middle), and DWI (bottom right middle) demonstrate that the signal
76 year old with headaches, sagittal TIWIs showed left- (top left) and intensity is akin to CSF, but SWI (bottom right) and T2WI depict the
right-sided (fop right) ACs (x) displacing cortex and adjacent vascular  displaced vasculature

structures (thin arrows). Axial T2WI (bottom left), FLAIR (bottom left

Fig. 16.28 Comparison case of a convexity AC. A 46 year old asymptom-  left frontal convexity AC (x) only slightly displacing the adjacent cortex.
atic patient underwent a routine post-trauma NECT otherwise (negative). ~ Bone windows (bottom right) demonstrated mild scalloping of the inner
Axial images in the brain window (left two images) demonstrated a small  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 dle), FLAIR (right middle), and sagittal T2WI (right) demonstrated the
asymptomatic patient underwent an MRI for routine follow-up of acyst ~ AC (x), which displaced adjacent arteries (thin arrows)
from an outside institution. Axial T2WI (left), inverted T1IR (left mid-
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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-
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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 T1WTIis 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 DWTI 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 (/eft). Also note a
normal, pineal calcification (thin
arrows). These are relatively
invisible on sagittal SE TIWI
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)
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Fig. 17.4 A 30 year old with a large, extra-axial lesion that is isoin-  (bottom left), mistakenly thought to be a meningioma. A NECT (bottom
tense (arrows) to gray matter as shown on a noncontrast 3T MRI with  middle) confirmed a falcine calcification with dural calcifications poste-
sagittal SE TIWI (top left), coronal T2WI (top middle), and FLAIR  riorly partially surrounding the superior sagittal sinus (bottom right)
(top right). There is pseudo-enhancement on postcontrast SE T1WI

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)
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Fig.17.6 A 35 year old who had dark dural calcifications (arrows) on  and bone windows (bottom right) demonstrated the calcification along
sagittal SE TIWI (top left), axial FLAIR (top middle), T2ZWI (top right),  the falx as well as its lateral extension along the convexities (thin
and SWI (bottom left). On NECT, coronal soft tissue (bottom middle)  arrows)
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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 TIWIs
attributable to falx calcification.
Middle row: this is also defined
on sagittal (middle left) and
coronal (middle right) SW1s.
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
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Fig.17.8 A 68 year old had a bright anterior falx (arrows) on noncon- T2 blackout dark signal on an ADC map (bottom, right middle). It was
trast sagittal SE T1WI (top left), which is less bright than on axial GE  initially thought to be a meningioma, but a subsequent postcontrast CT
T1WI (top middle) and is dark on T2WI (top right). It is nearly invisible  (bottom right) confirmed calcification

on FLAIR (bottom left) and was dark on SWI (bottom, left middle), with

Fig.17.9 A 38 year old had a large midline dural calcification (arrows) — dows (right). This falcine calcification is so large that it mildly dis-
of the falx within the anterior interhemispheric fissure, as demonstrated  places the adjacent superior frontal lobe on both sides
on sagittal NECT (left), axial brain windows (middle), and bone win-
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Fig. 17.10 A 29 year old was shown to have a tiny T1-bright focus  on repeat sagittal (fop right) and axial (bortom left) SE TIWIs. It was
(arrows) on a midline sagittal SE T1WI (top left) that probably repre-  dark on GE T2*WI (bottom middle) and slightly bright on coronal
sented a tiny falcine calcification. This was slightly larger 8 years later ~ FLAIR (bottom right)
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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 TIWI
(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
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Fig.17.13 A 54 year old with dural calcifications along the right tem-  tom left) and axial T2WI (bottom right), dural calcifications in this loca-
poral pole (arrows) in the middle cranial fossa on NECT (fop row). tion are quite dark and nearly invisible. This illustrates how dural
Also note mild benign hyperostosis (thin arrows) along the inner aspect  calcifications may occur in conjunction with hyperostosis

of the sphenoid’s greater wing contralaterally. On sagittal TIWI (bot-
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Fig.17.14 A 25 year old with a
dural calcification along the falx
and left convexity (arrows) on
NECT brain (/eft) and bone
(right) windows. The
configuration and patient age
raise the question if this is from a
prior SDH

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
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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 (fop
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)

401
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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

Fig. 17.18 An 81 year old with a calcified right PCL on NECT (top  (bottom left), while on SWI (bottom middle), artifact from gas within
left), which had further calcified on a NECT 7 years later (fop middle, the mastoids obscured the PCLs. On coronal GE T1WI (bottom right),
with bone windows at fop right); the left PCL had also further calcified  the posterior clinoids (dashed arrows) are also depicted

(thin arrows). The calcifications are not visualized on T2WI MRI
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Fig.17.19 A 40 year old with
ossified PCLs bilaterally (arrows)
on brain windows (/eft) 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
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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)
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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. 17.25 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)
Y | ' anteriorly as well

Fig.17.24 A 75-year-old patient had bilateral, multifocal tentorial cal-
cifications (arrows) on NECT
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Fig. 17.28 A 77 year old with only mild tentorial calcifications
(arrows). Also, note profound calcification of the PCL bilaterally (thin
arrows)

Fig. 17.27 A 22 year old was found to have tentorial calcifications
(arrows) surrounding a transverse sinus. Note a falcine calcification
(dashed arrow)

L T S

Fig.17.29 A 95 year old who had left-sided tentorial dural calcifica- lower dose images of the skull base from 7 years earlier (not shown)
tions (arrows) on axial NECT (left), which were unchanged on axial  confirmed that these had not changed
(middle) and coronal (right) NECT images | year later. Additional
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Fig.17.30 Comparison case of interhemispheric SDH. An 84 year old  tion (thin arrows). The SDH had not been present on a NECT 10 years
with SDH along the falx (arrows) on axial (left and left middle) and  prior (right). Note an incidental arachnoid cyst (¥)
coronal (right middle) NECT images also had a normal dural calcifica-

Fig. 17.31 Comparison case of interhemispheric subarachnoid hem- fication and vice versa. Also, dense venous vasculature, as in this patient
orrhage (SAH). A 42 year old had SAH along the falx (arrows) onserial ~ (arrowheads), may be mistaken for hemorrhage
NECT images. Interhemispheric SAH may be mistaken for early calci-
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Fig.17.32 Comparison case of interhemispheric SAH. A 77 year old  greater density of tiny falcine dural calcifications (thin arrows). A fol-
had SAH along the falx (arrows) on an initial NECT (left and middle), low-up NECT 1 month later (right) was normal
along with a small epidural hemorrhage (dashed arrows). Note the

Il

Fig. 17.33 Comparison case of calcified meningioma. A 49 year old lesion enhances avidly on postcontrast axial (right middle) and coronal
had a focal extra-axial mass (arrows) along the right frontal convexity  (right) TIWIs. Note a dural tail (thin arrow) extending from the mass
on NECT brain (left) and bone (left middle) windowed images. The
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Fig.17.34 Comparison case of calcified meningioma. An 82 year old  sagittal TIWI (bottom left), with mild enhancement on postcontrast
with a history of lung cancer had an extra-axial calcification (arrows)  TIWI (bottom middle). A PET-CT (bottom right) did not show elevated
on lateral (top left) and anteroposterior (top middle) plain films. On  metabolic activity, confirming a benign mass

MRI, there was dark signal on GE T2*WI (top right) and noncontrast

Fig. 17.35 Comparison case of basal cell nevus syndrome (Gorlin  giomas (dashed arrows), mandibular keratocysts (not shown), and scalp
syndrome). A 52 year old had marked dural calcifications on NECT  lesions (not shown), all features of this syndrome that occur in addition
(left). Postcontrast axial (middle) and coronal (right) TIWIs showed to profound dural calcifications

dark calcium mixed with diffuse dural enhancement (arrows), menin-
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Fig.17.36 Comparison case of neurocysticercosis. A 38 year old with ~ MRI with SWI in coronal reformats (right middle and right) confirmed
seizures had a focal parietal calcification (arrows) that could either be  their parenchymal locations, and it was later found that the patient had
intra- or extra-axial on axial NECT (left and left middle). A second been previously treated for neurocysticercosis

right-sided parenchymal calcification was noted (thin arrows). A 3T

Fig. 17.37 Comparison case of idiopathic hypertrophic pachymenin- SDH unlikely. A 3T MRI showed dark signal on SWI (middle) and
gitis (inflammatory pseudotumor). A 22 year old had hyperdensity of T2WI (not shown); the region lacked enhancement on postcontrast
the right tentorium (arrows) on a NECT (left), but the lack of a history ~ T1WI (right). The patient improved with steroid therapy

of trauma as well as the degree of hyperdensity made a diagnosis of
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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

© Springer International Publishing Switzerland 2017
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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
CET1IWI 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 TIWI (GET1WI). To this author’s
knowledge this has not yet been directly compared to spin
echo TIWI (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 CETIWI
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 SETIWI. Second, fat suppression for
FLAIR or TIWI 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 CO, 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 TIWI
compared with GE T1WTI; 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
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Fig. 18.2 A 25 year old male with new headaches. The patient had a normal NECT (leff) 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 415

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
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Fig. 18.5 A 57 year old male with a history of lung cancer underwent ~ was negative. A 3T MRI did not depict LMCE on postcontrast coronal
CECT (top row) to evaluate for metastatic disease. There was an appear-  (bottom left) or axial (bottom middle and bottom right) SE TIWIs
ance of pseudo-LMCE (arrows) on CECT. However, a lumbar puncture
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Fig.18.6 A 9 month old male with nystagmus underwent an otherwise  acute. The pseudo-LMCE was less pronounced on CEMRI GET1WIs
normal 3T MRI with sedation. CEMRI axial (top left and top middle)  (bottom left and middle). Note that on noncontrast GETIWI (bottom
and coronal (top right) SE T1WIs showed pseudo-LMCE (arrows)  right) some vessels were already bright (dotted arrows)

simulating meningeal inflammation. However, the symptoms were not



418 18 Pseudo-leptomeningeal Contrast Enhancement

Ve

R, Sk

Fig. 18.7 A 10 month old with developmental delay underwent a 3T  (left). A 10-mm sliding MIP SWI (right) at the same level of a SETIWI
MRI with IV sedation. Diffuse pseudo-LMCE was present on postcon-  (right middle) demonstrated that the pseudo-LMCE was present in
trast axial SET1WIs (leftmost three images) simulating meningeal regions of prominent venous vascularity

inflammation. Note that the pseudo-LMCE spares the posterior fossa

Fig. 18.8 A 10 month old male with developmental delay who under-  there were no acute symptoms. Note that this was not present along the
went a 3T MRI with sedation. CEMRI SET1WI depicted mild to mod-  cerebellum. Also, on noncontrast FLAIR (right), there was no hyperin-
erate pseudo-LMCE (arrows) simulating meningeal inflammation, but  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
GETIWI (top left) with mild pseudo-LMCE (arrows) on CEMRI

GET1WIs obtained with fat suppression (fop middle and right). SWI
(bottom left) and subtraction images (precontrast subtracted from post-
contrast GETIWIs, bottom middle and right) also depict such
vasculature
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Fig. 18.10 A 2 year old with esotropia (nonacute) had a negative 3T  on fat-suppressed SE T1WIs (middle column). On SWI (right column),
MRI with IV sedation that showed mild pseudo-LMCE (arrows) on  the visibility of the venous vasculature is probably attributable to
postcontrast GET1WIs (left column), which was a bit more pronounced  deoxyhemoglobin

Fig. 18.11 A 4 year old with developmental delay: a negative 3T MRI ~ were no acute symptoms. This was less prominent on GE TIWI (mid-
with IV sedation showed moderate, diffuse pseudo-LMCE (arrows) on  dle). SWI (right) demonstrates venous structures in these locations
CEMRI SE T1WI (left) simulating meningeal inflammation, but there
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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. 18.12 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 (fop right) SET1WIs.
On 10 mm-thick sliding MIP SWIs (bottom left and middle), these sites
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some for meningeal inflammation. However, on 20-mm thick SWI

Fig. 18.13 A 6 year old with nausea and vomiting underwent a 3T
(right), these foci corresponded to vasculature. A lumbar puncture was

MRI with IV sedation. A CEMRI with sagittal (/eff) and axial (middle)

GET1WIs showed mild sulcal enhancement (arrows), initially worri-  negative
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Fig.18.14 A 40 year old with cranial nerve XII symptoms had anega- GET1WIs (bottom row). This demonstrates how there can be subtle
tive 3T MRI (without sedation) that showed slight pseudo-LMCE differences in the degree of vascular or leptomeningeal enhancement
(arrows) on CE SETIWIs (top row), which disappeared on CE between sequences
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Fig. 18.15 A 24 year old with chronic headaches and memory loss  worrisome for meningeal inflammation. However, there was no sulcal
had a 1.5T MRI (without sedation) with CEMRI coronal (/eft) and axial — hyperintensity on noncontrast FLAIR (right). A lumbar puncture was
(middle) GET1WIs that showed mild pseudo-LMCE (arrows), initially  also negative

Fig. 18.16 Comparison case of cryptoccal meningitis. A 33-year-old inflammation. True LMCE (arrows) was noted on both postcontrast
HIV+ man had diffuse LMCE on CECT (left). A 3T MRI with FLAIR  FLAIR (right middle) and SET1WI (right). Note the thickened appear-
(left middle) and DWI (not shown) showed bilateral acute periventricu-  ance of the enhancing leptomeninges

lar and basal ganglia infarcts (dotted arrows) probably due to vascular
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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-

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 GETIWI (right middle) confirmed true LMCE. Note

noid spread (arrows). Only 13 days later, a repeat 3T CEMRI (bottom
row) depicted worsening spread, along with the development of
hydrocephalus

the mildly thickened enhancing sulci (arrows). In comparison to
SWI results (right), the sulcal enhancement on postcontrast TIWI
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 (lefr). 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 GETIWI (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

© Springer International Publishing Switzerland 2017

19

increasingly so with higher field strengths and dark on SWI,
FLAIR, and DWI, while the signal of calcium is variable on
TIWI depending on the sequence. Larger amounts of cal-
cium may have combinations or heterogeneous mixtures of
bright and dark signals on TIWI, 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, 194, 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

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

hypodense edema. Axial SWI (middle) and T1WI (right) also depict the
areas of calcification

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  On the left side, the calcium is large enough to appear dark (i.e., dia-
showed left side dominant BG calcifications (arrows) that were dark on ~ magnetic). Note the susceptibility artifact at air-bone interfaces on the
T1WI (left middle) and dark on a magnified SWI image (right middle).  phase map (*). On some scanners, calcium is dark and iron bright on the
Surrounding mildly dark signal on SW1 is bright on an unfiltered phase =~ SWI phase maps, while others show the opposite effect because of
map (right) owing to larger areas of paramagnetic iron deposition ().  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)  of the globi pallidi, which was dark on T2WI. There is probably iron
on a NECT (left). Axial TIWI (middle) and T2WI (right) from a 3T  deposition as well, since the area of the T2-dark signal is larger than
MRI demonstrated a combination of a mildly bright but speckled signal  that of calcium on NECT
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Fig.19.11 A 27 year old with faint, early, BG calcifications (arrows)  a lesser degree the putamina) probably also related to iron deposition,
on NECT (left) that were unchanged 1 year later (middle). A coronal  since the region of dark signal on T2W1I is larger than that of calcium on

T2WI MRI at 3T (right) showed dark signal of the globi pallidi (and to NECT

Fig. 19.12 A 49 year old with bilateral very tiny BG calcifications  extent of the T2-dark signal on SWI is disproportionate to the degree of
(arrows) on NECT images (left and middle). On SWI MRI at 1.5T calcium on the NECT examination
(right), there was a larger region of iron deposition as well, since the
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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

Bomd s

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

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)

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
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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)  images remove much of the susceptibility effects of calcium by multi-
on NECT (left) and on a 1.5T MRI with GE T2*WI (middle). On rou-  ple 180° refocusing pulses (turbo factor)
tine T2WI (right), the calcification is not noted, as turbo spin echo

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 ~ Additionally, the calcifications are also abnormal in that they involve
old male had profound, diffuse BG calcifications on a NECT. The the cerebellar (left) and cerebral (right) deep white matter
degree of calcification is disproportionate to the patient’s age.

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




438 19 Basal Ganglia: Physiologic Calcifications

Fig.19.22 Comparison case of hemorrhage. An 82 year old had a right
BG hemorrhage that lacked surrounding edema on NECT
.- . o4

Fig.19.23 Comparison case of cavernoma and developmental venous  hemosiderin on GE T2*WI (middle). There is an associated DVA with
anomaly (DVA). A 75 year old had hyperdensity of the lateral left puta- a small vein (tiny arrow) draining the cavernoma, best visualized on
men (dashed arrows) on NECT (left). This hyperdensity is not physio-  sagittal postcontrast TIWI (right). The cavernoma faintly enhances
logic, as it is not located within the globus pallidus and contains
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calcified basal ganglia are variably bright and dark in signal. On FLAIR
images (bottom right), there is diffuse deep white matter hyperintensity,

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. ~ presumably caused by concomitant vasculopathy
On a 3T MRI with GE TIWI (bottom left and middle), the heavily

Fig. 19.25 Comparison case of Cockayne syndrome. A 13-year-old showed moderate to severe cerebral and cerebellar atrophy on axial
male had severe BG calcifications and subcortical calcifications that ~FLAIR (left middle), on T2WI (right middle), and on a coronal T2WI
were quite disproportionate to his age on a NECT (left). A 1.5T MRI  (right)
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Susceptibility-Weighted Imaging:
Concepts, Basal Ganglia Variation

20

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

© Springer International Publishing Switzerland 2017

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*WTI (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-
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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
aright-handed system (Figs. 20.1, 20.2, and 20.3).


http://dx.doi.org/10.1007/978-3-319-39790-0_40

20.1  Susceptibility-Weighted Imaging: Phase Maps

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 TIWI (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
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pallidi (arrowheads). Bottom row: the pineal calcification is dark on
both SWI (leff) 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 TIWI (right). The
bright portion of the pallidal signal is likely related to paramagnetic
iron deposits
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Fig. 20.2 In a 51 year old pallidal calcium (arrowheads) on a NECT  dark signal on SWI is from paramagnetic iron; smaller amounts of dia-
(top left) are, on a left-handed 3T MRI, located within larger areas of = magnetic calcium are dark on phase maps. TIWI (bottom right) does
dark signal on SWI (top middle) that are bright on phase maps (fop  not show bright pallidal signal, excluding manganese

right) and dark on T2WI (bottom left) and DWI (bottom middle). The

Fig. 20.3 Example of hemosiderin (ferritin) outside of the basal gan-  SWI (left), phase map (middle), and FLAIR (right). The paramagnetic
glia: On a 1.5T left-handed MRI, a 28 year old had hemosiderin deposi-  property of hemosiderin causes it to appear bright on phase maps
tion (arrows) within a region of encephalomalacia (post-trauma) on
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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 pf-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 T2WTI is
relatively insensitive to susceptibility effects compared to
other MR sequences; therefore the presence of dark signal on
T2WTI 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
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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.
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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  deposition within the SN (thin arrows) and GP (dotted arrows). Arrows
MRI to evaluate the pituitary. Axial SWIs show no visible deposition of  indicate putamina
iron within the dentate nuclei (arrowheads), while there is early iron
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20.4 Susceptibility-Weighted Images: substantia nigra (typically the earliest structures to accu-
Normal Iron Deposition at 10 to 20 mulate physiologic iron); however, it should not be exceed-
Years of Age ingly dark and not within the putamina. The red nuclei and

perhaps even the dentate nuclei may have a very faintly
At the age of 10-20 years on SWI, there should be a clearly dark signal in in this age group (Figs. 20.7, 20.8, 20.9,
visibly dark signal from iron within the globi pallidi and 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  but not the putamen (arrows). Also, note faint iron within the red nuclei
SWIs illustrate early iron deposition within the dentate nuclei (arrow-  (chevrons)
heads) as well as within the SN (thin arrows) and GP (dotted arrows)
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Fig.20.9 A 15 year old with a negative 3T MRI for headaches. Axial ~ Also, note faint iron deposition within the red nuclei (chevrons). Arrows
SWIs show early iron deposition within the dentate nuclei (arrow- indicate putamina
heads) as well as within the SN (thin arrows) and GP (dotted arrows).

Fig.20.10 A 15 year old with a normal 3T MRI for headaches. There  putamen (arrows) has not yet accumulated much iron. T2WIs are also
is mild, early iron deposition within the dentate nuclei (arrowheads),  provided (bottom row). The amount of visible iron within these struc-
SN (thin arrows), and GP (dotted arrows) on axial SWIs (fop row). The  tures varies mildly in this age group
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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 2040 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)
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Fig.20.14 A 35 year old with a negative 3T MRI performed to evalu-  T2WI (middle) in the middle aged and elderly as a result of the T2*
ate for multiple sclerosis. SWI (left) depicts iron within the dentate effects of iron. This dark signal from iron is usually less visible on
nuclei (arrowheads). The dentate nuclei can often be visualized on  FLAIR (right)

Fig.20.15 A 39 year old with a negative 3T MRI for headaches. SWIs  nuclei (chevrons). The putamina have become darker in signal as iron
(top row) show iron deposition within the dentate nuclei (arrowheads),  continues to accumulate (arrows, right). These nuclei are also dark on
SN (thin arrows), GP (dotted arrows), putamina (arrows), and red 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- and putamina (arrows). The putamina have darkened in signal, particu-
zures. SWIs depict iron deposition within the dentate nuclei (arrow-  larly more laterally
heads), SN (thin arrows), GP (dotted arrows), red nuclei (chevrons),
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20.6 Susceptibility-Weighted Images: quite as dark as the one from the globi pallidi, although the
Normal Iron Deposition at 40 to 60 lateral edges of the putamen may appear quite dark. The den-
Years of Age tate nuclei may be almost as dark as the globi pallidi (Figs.

20.17, 20.18, 20.19, 20.20, and 20.21).

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

Fig. 20.17 A 41 year old with a negative 3T MRI performed for ina (arrows), and red nuclei (chevrons). The putamina are becoming
altered mental status. SWIs demonstrate iron deposition within the den-  more hypointense
tate nuclei (arrowheads), SN (thin arrows), GP (dotted arrows), putam-

Fig. 20.18 A 45 year old with a negative 3T MRI performed for altered mental status. SW1Is 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
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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
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Fig.20.21 A 64 year old; on a 3T MRI (negative study), SWI (top left)  signal within the GP (thin arrows) and putamina (arrows) are from
shows dark signal from iron within the putamina (arrows), with smaller ~ paramagnetic iron. T2WI (bottom left) shows dark iron within the lenti-
areas of dark signal within the GP (dotted arrows). An unfiltered phase ~ form nuclei. Axial (bottom middle) and coronal (bottom right) NECT
map (top right) shows that the smaller foci of the dark signal centrally —images confirm GP calcium

within the GP are diamagnetic calcium, while the larger areas of bright
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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
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Fig. 20.23 A 79 year old with a negative 1.5T MRI performed for  (right), the bright signal represents paramagnetic iron deposition. In
seizures. On SWI (/ef?), there is dark signal from iron deposits medially ~ contrast, note the dark signal that results from calcifications of the cho-
within the GP (dotted arrows), along with a crescent of dark signal roid plexi (circle tip arrows), as calcium is a diamagnetic substance
along the lateral margin of the putamina. On a filtered phase map

Fig. 20.24 An 81 year old had a negative 3T MRI performed for T2WI (middle) shows similarly dark signal. A NECT (right) confirms
altered mental status. An SWI (left) demonstrates iron deposition within  that the dark signal is largely due to iron, as there is only a small amount
the lentiform nuclei (i.e., GP [dotted arrows] and putamina [arrows]).  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

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 TIWI (middle),
and dark on T2WI (right). On a NECT (not shown), no calcium was
noted within the GP, thus indicating paramagnetic manganese within

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

Y
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the GP. As compared to the GP, the putamina (arrows) are less dark on
SWI and less bright on TIWI, suggesting iron deposition within the GP
rather than manganese. In liver disease, manganese selectively collects
within the GP



460 20 Susceptibility-Weighted Imaging: Concepts, Basal Ganglia Variation in Age-Related Iron Deposition, and Artifacts

Fig.20.27 Comparison case: acute stroke and hemosiderin. A 73 year  infarct there on DWI. On a filtered phase map (bottom middle), the right
old had an acute left MCA infarct (*) on 1.5T DWIMRI (top left), ADC  putaminal abnormality exhibited bright signal because of paramagnetic
map (top middle), and T2WI (top right). SWI (bottom left) also showed  iron from hemosiderin. On NECT (bottom right), no calcium was noted
focal dark signal within the contralateral right putamen (dotted circles),  there

with only scant iron deposition of the GP (dotted arrows). There was no
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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), TIWI (bottom middle), and sagittal TIWI (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. TIWI (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 (*)
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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

20 Susceptibility-Weighted Imaging: Concepts, Basal Ganglia Variation in Age-Related Iron Deposition, and Artifacts

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
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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, 2042, 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. 20.31 (continued)

Fig. 20.32 Air-bone interface artifact from the mastoid air cells. A 47  rior temporal gyri. Also, artifact from air within the ethmoid air cells
year old was found to have prominent T2* effects just above the mas-  (arrows) obscures the orbitofrontal gyri and anterior cranial fossa on
toid air cells (*) on 1.5T MRI 3-mm-thick axial (fop left) and coronal ~ 3-mm thick axial (bottom left) and coronal (bottom middle) SW1Is; the
(top middle) SWI and on coronal T2*WI (fop right), obscuring the infe-  artifact is less severe on coronal T2*WI (bottom right)
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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 minlPs (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  on 12-mm-thick sliding minIP (middle), the artifact appears bilateral.
year old with trauma having asymmetric T2* effect from right ethmoid =~ On a SE T2WI (right), the artifact disappears owing to the relative sup-
and frontal sinus gas (arrows) on 2-mm-thick SWI at 1.5T (left), which  pression of susceptibility effect by the multiple echoes (turbo factor)
could simulate hemorrhage from an orbitofrontal contusion. However,

Fig. 20.36 Air-bone interface artifact from anterior clinoid processes.  are present to a lesser degree on T2WI (middle). NECT (right) confirms
A 54 year old with T2* effects bilaterally due to aerated anterior cli- the aerated clinoid processes. Also note the orbitofrontal artifact
noids (thin arrows), as shown on 2-mm-thick SWI at 3T (left), which  (arrows) caused by aeration of the ethmoid air cells

Fig. 20.37 Air-bone interface artifact from anterior clinoid processes. — and middle), and present to a lesser degree on GE T1WI (right). Also,
A 24 year old with T2* effects bilaterally caused by aerated anterior  note artifact along the temporal convexities (*), arising from aeration of
clinoids (thin arrows) as demonstrated on 2-mm-thick SWI at 3T (left  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

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 (leff) and 5-mm-thick sagittal (left

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

i

(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 (*)

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)

(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*WTI 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

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

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

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 “F-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
S0 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 (/eft) and most of the cranium at the level of the bodies
of the lateral ventricles (left middle) on axial SWI. At that same level,

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 musculature (dotted arrow)

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)

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
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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-  does not incorporate phase data. Note the “stretching” of brain in the
tal amalgam that obscured the frontal lobes on 2-mm-thick (fop left), anteroposterior direction on DWI (bottom left), while FLAIR (bottom,
magnitude (fop, left middle), and 10-mm-thick (fop, right middle) left middle) and T2WI (bottom, right middle) are normal. A coronal SE
SWIs, with a corresponding phase map (top right). This mimics sub-  T2WI (bottom right) depicts the artifact’s source (dotted arrows)
arachnoid hemorrhage (thin arrows) on the magnitude image, which
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Fig.20.50 Metal-related artifact. An 8 year old with artifact from den-  arrows) on the magnitude image. Sagittal SE T2WIs (bottom row) show
tal amalgam that obscured the frontal lobes on 2-mm-thick (fop left), the source of the artifact (dotted arrows) with mild motion artifact as
magnitude (top, left middle), and 10-mm-thick (top, right middle)  well (arrowheads). Even on SE T2WI, the posterior fossa is completely
SWIs, with a phase map (fop right). This mimics hemorrhage (thin  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

Fig.20.51 Motion-related artifact. A 65 year old with diffuse, moder-
ate artifact from motion on 2-mm- (leff) and 10-mm-thick (middle)
SWIs at 1.5T as well as on SE T2WI (right). This patchy artifact pre-
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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).

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

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
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Fig. 20.53 Motion-related artifact. A 67 year old with a severely

degraded image on 2-mm-thick SWI (leff) caused by a severe degree of
motion-related artifact. This is mitigated to some degree on ultrafast

Fig. 20.54 Motion-related artifact. A 2 year old with subtle motion-
related artifact on 2-mm-thick (leff) 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

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

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



476 20 Susceptibility-Weighted Imaging: Concepts, Basal Ganglia Variation in Age-Related Iron Deposition, and Artifacts

Fig. 20.55 Motion-related artifact. The patient was 12 months old with  middle) SWIs at 3T. The artifact appears blotchy (arrows), while T2WI
congenital cytalomegalovirus infection. There is subtle motion-related or  (right middle) and FLAIR (right) are not affected. Such an artifact can
pulsation-related artifact on 2-mm-thick (leff) and 10-mm-thick (left simulate MHs or vasculature of an AVM. Note a true MH (dotted arrows)

Fig.20.56 Motion-related artifact. A 70 year old with mild to moder-  ume averaging of parenchyma with darker CSF, vasculature, or regions
ate motion artifact on 2-mm-thick (left and left middle) SWIs at of gas. Motion artifact is noted to a lesser degree on T2WI (right mid-
1.5T. The artifact appears hazy or blotchy (arrows), perhaps due to vol-  dle) but disappears on FLAIR (right)
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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),

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
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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).

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 SWTI’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-  tate focus is shown to be a small cortical vessel on coronal (leff) and
tense focus (arrows) is noted within the right temporal lobe, which  sagittal (right) SWIs. Bottom row: that region also appears normal on
simulates a MH on 2-mm-thick SWIs obtained at 3T. This does not coronal T2WI (left) and axial FLAIR (right)

appear to connect to a vessel. Middle row: using localization, the punc-
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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

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 (leff), simulating a MH. However, axial
postcontrast FLAIR (middle) depicted enhancement within the left

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).

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 (fop 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 TIWI (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

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

draining veins. On another postcontrast SWI at a lower level (right), the
large AVM nidus is shown (¥)

over half of PRES patients). On postcontrast SWI, (right middle), pial
enhancement was present (thin arrows), which was confirmed on post-
contrast TIWI (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 TIWI (bottom left), which resolved 11 days
later on postcontrast TIWI (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 TIWI (top middle). On 16-mm-thick precontrast SWI (fop
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 a 1.5T MRI, postcontrast SE TIWI (middle) also depicted the enlarged
left frontal subarachnoid hemorrhage that was initially noted on NECT  draining vein, deep to which a cavernoma (arrows) was found on a
(not shown). A CT venogram (left) demonstrated an enlarged draining  2-mm-thick SWI (right)

vein (thin arrows). A subsequent catheter angiogram was negative. On

Fig. 20.66 Comparison case of cavernomas. A 58 year old with weak-  cavernoma (arrows) appeared necrotic on 2-mm SWI (bottom left) with an
ness had a MH (thin arrows) that was obscured on a 10-mm-thick SWI (top  enhancing rim on postcontrast SE T1WI (bottom middle), thus simulating
left) but was shown to be separate from medullary veins on a 2-mm-thick  a high-grade glioma. After resection, this was proven to be a cavernoma. It
SWI (top middle) and on GE T2*¥WI (top right). A larger, symptomatic  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) SW1s. 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).  T2*WI (left). However, 2-mm-thick SWI (middle) depicted multiple
A 42 year old with cranial irradiation more than 20 years prior for  punctate, dark foci (thin arrows), with even more foci visualized on
medulloblastoma had no tumor recurrence and had no lesions on GE ~ 10-mm-thick minIPs (right)
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Slow-Flow, Asymptomatic Vascular
Malformations: Brain Capillary

21

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
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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 TIWI 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] TIWI
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 TIWI 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 TIWI as well as
on noncontrast SWI. Occasionally, small BCTs may be rela-
tively invisible on a prior postcontrast T1 WI 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 TIWI, 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 1In 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) TIWI, being invis-

ible on noncontrast TIWI (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-  noncontrast TIWT (right middle). SWI depicts an associated faint puff
ment within a small pontine BCT (arrows) on 1.5T MRI postcontrast  of dark signal on SWI (right)
axial (left) and coronal (left middle) TIWIs, which was invisible on

[

Fig. 21.3 A 26 year old who had a frontal tumor (not shown). Mild ~ T2*WI (left middle), with a normal T2WT (middle). Postcontrast axial
enhancement is demonstrated within a pontine BCT (arrows) ona 1.5T  (right middle) and coronal (right) TIWIs 3 years later show no change
MRI with postcontrast TIWI (left). There is a puff of dark signal on GE
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Fig.21.4 A 17 year old experiencing nausea had faint enhancement of  and a dilated draining vein (thin arrow). This was unchanged on SWI 3
a pontine BCT (arrows) on a 1.5T MRI with a postcontrast coronal — months later (right middle), while FLAIR remained normal (right)
GRE T1WI (left), a faint dark signal on a 2-mm-thick SWI (left middle),

Fig. 21.5 A 43 year old was examined for altered mentation. There = middle). Seven years later, the BCT was unchanged on a postcontrast
was faint enhancement of a pontine BCT (arrows) on a 1.5T MRI with ~ SE TIWI (right middle) and on a GE T2*WI (right)
postcontrast SE TIWI (left), and a faint dark signal on GE T2*WTI (left

> T"' '

Fig. 21.6 A 41 year old was found to have a schwannoma (dashed T1WI (left), which was unchanged on an MRI obtained 7 years later
arrows) within the right internal auditory canal. Additionally, there was  (middle). SWI at that time (right) depicted “spidery” dark signal of
a blush of enhancement from a pontine BCT (arrows) on a postcontrast ~ deoxyhemoglobin
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Fig.21.7 A 39 year old with hearing loss underwent a 1.5T MRI that GE T2*WI (bottom left) due to gas artifact from the sphenoid sinus.
included a normal-appearing precontrast TIWI (top left). There was DWI is normal (bottom middle). Postcontrast sagittal FLAIR (bottom
faint enhancement of a ventral pontine BCT (arrows) on postcontrast  right) also depicts the enhancing telangiectasia

GE T1WI (top middle) and on SE T1WI (top right). This is obscured on

Fig. 21.8 A 64 year old with altered mentation who had only faint  tensity was more evident. BOLD imaging (right) from MR perfusion
enhancement within a BCT located at the pontomedullary junction data demonstrated the BCT to a lesser degree, since BOLD does not
(arrows) on a 1.5T MRI with postcontrast coronal (left) and axial (left  optimize phase data to the degree that SWI does

middle) GE TIWIs. On SWI (right middle), the telangiectasia’s hypoin-
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Fig. 21.9 A 26 year old with hearing deficits had a pontine BCT and SWIs (bottom row). The BCT mildly enhanced and was quite
(arrows) on otherwise negative serial 1.5T MRIs that were obtained hypointense on SWI but appeared normal on T2WI/FLAIR (not shown)
annually over 3 years; this included postcontrast axial T1WIs (top row)

Fig.21.10 A 37 year old with altered mentation who had had either a  trast sagittal (left) and coronal (left middle) GE T1WIs. On an SWI that
diffuse, multilevel BCT or three separate BCTs at the level of the mid- ~ was mildly compromised because of motion (right middle), the BCT
brain, mid-pons, and lower pons (arrows) on a 1.5T MRI with postcon-  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  SWIs (left middle and right middle). T2WI (right) and FLAIR (not
1.5T MRI demonstrated only faint enhancement of a right pontine BCT ~ shown) were normal. This subtle case of BCT could have been missed
(arrows) on postcontrast TIWI (left), with a small vascular tuft on if SWI had not been obtained

Fig.21.12 Large pontine BCT in a 58 year old with ataxia. On a 1.5T  contrast GE TIWI (bottom left) shows that the BCT is more discrete,
brain MRI, postcontrast SE TIWI (top left) depicted rather avid while SWI (right middle) shows a darker signal than is typically seen
enhancement, whereas precontrast TIWI (top middle) and T2WI (top  within a BCT. The T2WI (bottom right) is unchanged

right) were unremarkable. On a 1.5T MRI obtained 15 years later, post-
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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 TIWI (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 TIWI (bottom
middle), with persistent hyperintensity on T2WI (bottom right)
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21.2 Capillary Telangiectasias: Cerebellar pontine BCTs, but they are often much smaller and at times
and Medullary hardly visible. Some BCTs in these locations may be large and
focal enough to resemble an enhancing focus of metastatic
Cerebellar and medullary locations of BCTs are much less disease or infectious etiology (e.g., tuberculoma) (Figs. 21.14
common than pontine types. Their appearance on SWI and and 21.15).
enhancement pattern on postcontrast T1WI are similar to the

Fig.21.14 A 55 year old with hyperesthesias had faint enhancement of  on FLAIR (right middle) and T2WI (right) but does not simply repre-
a medullary BCT (arrows) on 1.5T MRI postcontrast axial SE TIWI  sent flow void artifact from the vertebral artery since it is not present on
(left), with faint low signal on SWI (left middle). The BCT is invisible T2WI
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Fig.21.15 A 42 year old had newly diagnosed lung cancer, with a 1.5T  and there were no enhancing lesions elsewhere. Repeat postcontrast
screening MRI that showed faint enhancement within the cerebellum  T1WI at 3 months (bottom left) and 6 months (bottom middle) with coro-
(arrows) on a postcontrast SE TI1WI (top left), which was questioned to  nal images (bottom right) showed no change in the presumed BCT. An
be a metastasis. T2WI (top middle) and FLAIR (fop right) were normal,  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-

A

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 TIWI (left) and
faint hypointensity on GE T2*WI (left middle). On MRI 2 years later,

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

-

postcontrast SE TIWI (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,  and coronal (middle) T1WIs, without corresponding edema on coronal
which showed a small, faint focus of enhancement within the right =~ T2WI (right). SWI was not available at that time, but the findings were
thalamus that simulated a solitary neoplasm on postcontrast axial (leff)  considered consistent with a BCT

Fig.21.19 A 27 year old with dizziness; on a 1.5T MRI, there was a  (left) with only faint internal dark signal on GRE T2*WI (middle),
region of poorly circumscribed but a moderate degree of enhancement ~ while T2WI (right) appeared normal. No other enhancing lesions were
(arrows) within the left caudate head on postcontrast coronal SE TIWI  noted
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Fig. 21.20 A 44 year old with a tiny sphenoidal meningioma whose  dle) and normal FLAIR (right) signal were indicative of a BCT. On
Initial 1.5T MRI showed a small focus of left putaminal enhancement ~ SWI, this basal ganglial BCT could simulate a subacute infarct with
(arrows) on postcontrast SE TIWI (left). This was unchanged 6 years microhemorrhage if no follow-up MRI was available

later on GE T1WI (left middle). The hypointensity on SWI (right mid-

Fig. 21.21 An 11 year old with an unrelated cranial nerve VI palsy  postcontrast coronal SE TIWI (left) and on GE phase contrast images
underwent an otherwise negative 1.5T MRI on which faint enhance-  (middle). SWI (right) demonstrated a faint focus of signal loss consis-
ment was demonstrated (arrows) within the left internal capsule on tent with a BCT
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21.2.2 Capillary Telangiectasias: Callosal (when focally avidly enhancing), focal traumatic brain
and Cingulate injury (due to a dark signal on SWI), or a neoplasm (e.g., a
solitary enhancing lesion of metastatic disease or primary
Callosal and cingulate BCTs are rare. BCTs in these loca-  brain tumor) (Figs. 21.22, 21.23, and 21.24).
tions may mimic pathology such as demyelinating disease

Fig.21.22 A 69 year old who had visual deficits underwent an other-  (left) and axial (left middle) SE T1WIs. This BCT was not as well visu-
wise negative 3T MRI that demonstrated a small, faint focus of enhance-  alized on postcontrast axial GE T1WIs (right middle) and was not vis-
ment (arrows) within the right cingulate gyrus on postcontrast coronal  ible on FLAIR (right)

N%

Fig.21.23 A 65 year old with dizziness underwent an otherwise nega-  and sagittal (right middle) SE T1WIs. There was only very faint hypoin-
tive 1.5T MRI that depicted a small enhancing focus (arrows) within  tensity on axial GE T2*WI (right). This BCT was not visible on T2W1/
the left cingulate gyrus on postcontrast axial (/eft), coronal (left middle), ~FLAIR (not shown)
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Fig.21.24 A 42-year-old post-trauma patient with two BCTs. Ona 1.5T  injury. Also, a second small lobar BCT was found within the right parietal
brain MRI, postcontrast axial (fop left) and coronal (top middle) GE lobe, as shown on postcontrast SE TIWI (bottom left) and SWI (bottom
T1WIs showed focal enhancement of a BCT within the callosal splenium,  middle) but normal on FLAIR (bottom right). These were not trauma-
while GE T2*WI (fop right) was normal, indicating this was not a shear  related hemorrhages, as they enhanced and were not punctate on SWI



502 21

Slow-Flow, Asymptomatic Vascular Malformations: Brain Capillary Telangiectasias and Developmental Venous Anomalies

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
TIWI (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) TIWIs were unchanged, consistent with a
BCT. Note that spoiled postcontrast GE TIWI (bottom right) hardly
shows the enhancing BCT, as the contrast-to-noise ratio of GE TIWI is
not as high as SE TIWI
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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).

505

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 TIWI 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 (leff) and on postcontrast axial (left middle)

and coronal (right middle) SE TI1WIs. T2WI (right) appeared normal
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Fig. 21.28 A 25 year old with chronic headaches: axial NECT, GE  (bottom middle) and coronal (bottom right) GE T1WIs showed a caput
TI1WI, FLAIR, and T2WI (fop row, respectively) did not depict a  of left cerebellar enhancement with an enlarged vein draining medially
DVA. However, noncontrast TOF MRV (PA view, bottom left) and axial ~ (arrows)

Fig. 21.29 A 48 year old with memory loss in whom an otherwise — FLAIR (left middle), 2 mm SWI (right middle), and thick 15 mm SWI
negative 1.5T brain MRI noted a small draining vein (arrows) within  (right). Note how thicker SWI images better illustrate the course of the
the left hemicerebellum on postcontrast SE TIWI (left), postcontrast — draining vein
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Fig.21.30 A 49 year old followed for a frontal oligodendroglioma in  (right middle), and on 2-mm SWI (right). Note that SWI delineates
whom a 1.5T brain MRI noted a small vein (arrows) that drained medi- DVA better than GE T2*WI, probably because SWI better displays
ally from a caput of vessels (thin arrows) within the right hemicerebel- ~ deoxygenated blood. Also, postcontrast SE T1WI may better portray a
lum on postcontrast SE TIWI (leff) and on GE T2*WI (left middle). A DVA than GE TIWI

repeat MRI 8 years later was performed with postcontrast GE TIWI

Fig. 21.31 A 64 year old followed for a pituitary lesion in whom a  (right middle) SE T1WIs. The caput is better visualized on postcontrast
1.5T brain MRI noted a moderate-sized vein (arrows) draining inferi- T1WIs in this patient, which is atypical. The DVA is not visualized on
orly from a caput of vessels (thin arrows) within the right hemicerebel- a 3DTOF MRA, which portrays only arterial flow (right)

lum on SWI (left) and on postcontrast axial (left middle) and sagittal
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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 TIWI 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 (leff) 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
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Fig. 21.34 A 37 year old with headaches had a 1.5T MRI with axial  vessels (thin arrows). On FLAIR (right), there was faint hyperintense
postcontrast TIWI (left) and SWI (middle) that depicted a mildly prom-  signal, which can be seen in some DVAs. DWI was normal (not shown)
inent right temporal draining vein (arrows) from a DVA, fed by caput

Fig. 21.35 A 50 year old with psychosis in whom a NECT (leff) 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
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Fig.21.36 A 44 year old with headaches, in whom a 1.5T MRI with  draining vein is difficult to visualize, while on postcontrast GE TIWI
SWI (left) demonstrated both the DVAs draining vein (arrows) and its  (right) the draining vein is invisible with the caput barely visualized
associated caput (thin arrows). On postcontrast SE T1WI (middle), the

Fig.21.37 A 48 year old with vertigo, in whom a 1.5T MRI with SWI  Sagittal reformats best depicted the draining vein (arrows), while a
(left) demonstrated a DVA’s caput of hazy vessels (thin arrows), which  postcontrast SE TIWI (right) depicted the caput better than the draining
was unchanged on a 1.5T MRI with SWI 1 year later (left middle). vein
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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).

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)

Y ™

Fig.21.39 DVA: Giant draining vein simulating hemorrhage. In a 56
year old with chronic headaches, a NECT (lefr) 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

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)

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
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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 (leff) and sagittal (left middle) TIWIs 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-

lutionimaging, 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 TIWI 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) SW1Is, 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 TIWI
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-  (left middle), with a small draining vein (thin arrows), perhaps a
strated faint enhancement of a pontine BCT (arrows) on postcontrast DVA. This was unchanged on SWI 3 months later (right middle).
coronal GE T1WI (left) having faint dark signal on 2-mm-thick SWI ~ 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
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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 TIWI 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 SETIWI (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-
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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 (fop
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 TIWI (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  and middle) and postcontrast T1WI (bottom right) showed that the cav-
had focal hemorrhage of the left hemipons on a 1.5T MRI (dotfed ernoma became entirely dark, while caput flow voids (thin arrows)
arrows) with FLAIR (top left), SWI (top middle), and coronal TIWI  became better visualized from the underlying DVA

(top right). At 6 months, SWI 2-mm and 4-mm reformats (bottom left

Fig.21.48 Comparison case of a cavernoma with DVA. A 28 year old  noncontrast TIWI (left middle). Postcontrast TIWI (right middle) and
with an abrupt-onset headache and vertigo had a left cerebellar hemor- ~ SWI (right) depicted caput vessels (thin arrows) from an underlying DVA
rhage (dotted arrows) on NECT (left), also shown on a 3T MRI with
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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 (fop, left middle) and on a 1.5T MRI with postcontrast
TIWI (top, right middle) and T2WI (top, right). On a right internal

4

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 T2WT in the
coronal plane. Such cortical hyperintensity also may be dif-
fuse throughout the cerebrum or cerebellum and may simulate
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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 s 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
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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 Brain MRI Pseudolesions: 3.0 T Imaging, FLAIR, and Diffusion-Weighted Imaging

22.1 FLAIR and DWI Pseudolesionsat3 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)
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Fig.22.2 A 27-year-old underwent a 3 T MRI that shows hyperintense ~ ADC maps (right middle). Also note normal hyperintensity within the
cortices of the cingulate (arrows) and insular (thin arrows) gyri, relative  periventricular white matter (PVWM) on DWI (asterisk) and within the
to the parieto-occipital gyri, on axial FLAIR (left), DWI (left middle),  hippocampi on coronal T2WI (dotted circles), which may also simulate
and coronal T2WI (right). These gyri exhibit normal signal intensity on ~ HIE

Fig.22.3 A 37-year-old underwent a 3 T MRI that illustrates hyperin-  these gyri are also bright on coronal FLAIR (bottom middle) and T2W1
tense cortices of the cingulate (arrows), insular (thin arrows), and orbi-  (bottom right). The hippocampi (dotted circles) are also relatively
tofrontal (dashed arrows) gyri on axial FLAIR images (fop row). Only  hyperintense (but normal) on the coronal images

the insular gyri are hyperintense on DWI (bottom left). The cortices of




526 22 Brain MRI Pseudolesions: 3.0 T Imaging, FLAIR, and Diffusion-Weighted Imaging

Fig. 22.4 A 064-year-old underwent a 3 T MRI that demonstrates  middle). These gyri are also hyperintense on DWI (right). Note the nor-
hyperintense cortices of the cingulate (arrows), insular (thin arrows), mal signal intensity of the temporal and parieto-occipital gyri
and orbitofrontal (dashed arrows) gyri on axial FLAIR images (left and

Fig.22.5 A 62-year-old underwent a 3 T MRI that illustrates hyperin- FLAIR images. On a 2-year follow-up 1.5 T MRI with axial (right
tense cortices of the cingulate (arrows), insular (thin arrows), and orbi-  middle) and coronal (right) FLAIR images, these gyri appear to have
tofrontal (dashed arrows) gyri on axial (left) and coronal (left middle)  normal signal intensity
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Fig.22.6 A 64-year-old underwent a 3 T MRI that shows asymmetri- motion-corrected PROPELLER FLAIR images (right) have inherently
cally hyperintense left insular cortex (thin arrows) and left orbitofrontal ~ decreased signal and thus cause the hyperintensity to appear less
gyri (dashed arrows) on FLAIR (left) and DWI (middle). Repeat  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
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Fig. 22.8 A 19-year-old with weakness (which resolved soon after) and DWI (bottom middle). This hyperintensity simulates diffuse corti-
had a normal 3 T MRI that illustrates diffusely hyperintense cerebellar  cal injury of HIE, but the ADC maps appear normal (bottom right),
and cerebral cortices on FLAIR images (top row), T2WI (bottom left),  indicating that HIE is not present

Fig.22.9 A 24-year-old with headaches had a 1.5 T MRI that depicts  demonstrates how normal hyperintensity can occur even at 1.5 T,
mild, diffusely hyperintense cingulate (arrows) and insular (thin  although to a lesser degree (and less commonly) than at 3 T
arrows) cortices on FLAIR (left and middle) and DWI (right). This case




22.1 FLAIR and DWI Pseudolesionsat3 T 529

Fig.22.10 Comparison case of acute hepatic encephalopathy (AHE)  characteristic involvement of the thalami (dashed arrows). On FLAIR
with diffuse cortical involvement: This 57-year-old with hyperammo- images 13 days later (right), there was mild residual cortical edema
nemia from hepatic failure had a 1.5 T MRI that showed diffuse cortical ~ (arrows). Diffuse cortical involvement shows a relatively severe form
edema on FLAIR (left images) and DWI (right middle), particularly — of AHE, which can be fatal

involving the cingulate gyri (arrows) and insula (thin arrows), with

Fig.22.11 Comparison case of herpes simplex viral (HSV) encephali- involving the cingulate gyri (arrows) and insula (thin arrows). Postcontrast
tis: This 37-year-old underwent a 3 T MRI, which demonstrated subtle, ~FLAIR images (middle) demonstrated diffuse leptomeningeal enhance-
multifocal cortical edema on FLAIR (left) and DWI (right), particularly = ment (dotted arrows). Serology found evidence of HSV infection

Fig. 22.12 Comparison case of hypoxic ischemic encephalopathy middle). An exponential DWI (right middle) removes the T2 compo-
(HIE) in a 58-year-old after an overdose of sedatives. A 3 T MRI  nent of edema and shows diffuse cortical injury from HIE, as confirmed
showed mild, diffuse cortical edema on FLAIR (leff) and DWI (left by dark cortical signal diffusely on an ADC map (right)
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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) TIWI (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
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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-

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

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

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
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Fig.22.16 A 19-year-old had concussive symptoms that resolved soon  on each sequence, centered in the centrum semiovale (asterisk). Also,
after. A negative 3 T MRI with FLAIR (left), DWI (middle), and T2ZWI  note the normal, mildly hyperintense frontal cortices (arrows) on
(right) showed normal, subtle hyperintensity of the PVWM bilaterally ~FLAIR

Fig.22.17 A 60-year-old with altered mental status had symptoms that  throughout the PVWM and within the corona radiata, extending up to
resolved within 1 day. A 3 T MRI with FLAIR (left and left middle) and  the centrum semiovale (asterisk). Also, note the normally bright cingu-
DWI (right and right middle) showed normal, mild hyperintensity late cortices (arrows)
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Fig.22.18 Comparison case of confluent lesions in multiple sclerosis  and middle) and sagittal (right) FLAIR images. Note the irregular
(MS) in a 44-year-old with worsening symptoms. A 1.5 T MRI demon- PVWM lesions that are oriented perpendicular to the ventricles, typical
strated confluent abnormalities throughout the PVWM on axial (left  of MS

Fig.22.19 Comparison case of acute disseminated encephalomyelitis  (left), but did not show reduced diffusivity on DWI (middle). Six
(ADEM). A 58-year-old underwent a 1.5 T MRI, which demonstrated  months later, the abnormalities had entirely resolved on FLAIR (right)
confluent abnormalities throughout the deep PVWM on axial FLAIR
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Fig.22.20 Comparison case of amyotrophic lateral sclerosis (ALS). A into the subcortical white matter of the precentral gyri (primary motor
54-year-old with progressive motor weakness underwent a 3 T  region). Such findings can be seen in ALS. FLAIR images obtained 5
MRI. FLAIR images (left and middle) demonstrated subtle abnormal years later remained unchanged (right)

signal within the posterior PVWM (dotted arrows), which extended
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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 (lef?),
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)
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Fig.22.22 A 27-year-old underwent a 3 T MRI. Axial FLAIR (leff) of the CSTs within the cerebral peduncles at the level of the midbrain.
demonstrates that the CSTs (arrows) are hardly bright, but the bright ~This case demonstrates how CST hyperintensity may appear more
signal of the CSTs is much more prominent on a coronal FLAIR image  prominent in the coronal plane on FLAIR or T2WI

(middle) and on a T2WI (right), which illustrate normal hyperintensity

Fig.22.23 A coronal FLAIR image (left) froma 3 T MRI in a 37-year-  orbitofrontal cortices (thin arrows), a normal finding at 3 T. ADC maps
old shows normal, but quite hyperintense, CSTs (arrows) within the  (right) do not show dark signal within the CSTs (arrows), although
cerebral peduncles and subthalamic regions; these are less intense on  there is a curvilinear inhomogeneity artifact, likely representing
axial FLAIR (left middle) and DWI (right middle). Also note the bright ~ “unfolding” artifact from parallel acquisition (curved arrows)

Fig.22.24 A 23-year-old underwent a 1.5 T MRI. Axial FLAIR (left)  bral peduncles. The CSTs also appear mildly hypointense on IR TIWI
and inversion recovery (IR) T2WI (middle) images show that the CSTs  (right). Thus, this case demonstrates how such normal CST hyperinten-
(arrows) are mildly bright and have a linear appearance within the cere-  sity may also appear linear
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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-
inenteven 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  Note mild, normal hyperintensity within the left CST/PLIC (dashed

(arrows) on FLAIR (left) and T2WI (middle). The lesion was brighter

on DWI (right), consistent with an acute/early subacute lacunar infarct.

arrows)
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Fig.22.27 Comparison case of multiple sclerosis (MS). A 36-year-old ~ were noted within the medial temporal lobes (arrowheads). This patient
had a 3 T MRI that showed bilateral CST lesions (arrows) on FLAIR ~ was known to have MS, a demyelinating disease
(left), T2WI (middle), and DWI (right). Other periventricular lesions

Fig.22.28 Comparison case of globoid cell leukodystrophy (Krabbe FLAIR (leff) and T2WI (middle), being contiguous with subcortical
disease). In a 3-year-old with Krabbe disease, a 3 T MRI depicted char- ~ white matter hyperintensity (asterisk). There was moderate precentral
acteristic bilateral CST abnormalities (arrows) within the PLICs on  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 thombencephalitis (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 (leff), 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 Ina54-year-old with a 1.5 T MRI, the DSCP (open arrows)
was hyperintense on axial T2WI (/eft) 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 (leff) appear mildly hyperintense on one sequence and have normal or even
shows that the DSCP (open arrows) appeared mildly bright, but was  low signal intensity on another. Again, note how the DSCP may appear
slightly dark on T2WI (middle), and unremarkable on postcontrast —mildly bright on an MRI, even at the lower 1.5 T field strength

T1WI (right). These images are an example of how the DSCP may

]
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Fig.22.32 A 52-year-old volunteer with a 7 T MRI. Coronal (leff) and axial (right) T2WTIs 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)  hyperintensity within the CSTs (arrows). This case demonstrates how
and T2WI (top right) show mildly bright signal of the DSCP (open  mild hyperintensity within the DSCP on FLAIR, T2WI, or DWI may
arrows), which is also mildly hyperintense on DWI (bottom left), with-  not be apparent on all three sequences or may be present in only one
out corresponding hypointensity on the ADC map (bottom middle), or  plane or only on one sequence

bright signal on FLAIR (bottom right). Additionally, there is normal

Fig.22.34 Comparison case of Wernicke encephalopathy in a 65-year- DSCP (open arrows), which was unchanged 3 weeks later on T2WI
old with confusion. On a 1.5 T MRI, periaqueductal edema (arrows)  (right middle). The periaqueductal gray was mildly bright on DWI (right),
was noted on FLAIR (left) and T2WI (left middle), just dorsal to the  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

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

extent, it involved the DSCP (open arrows) and was bright on DWI
(right middle), perhaps owing to “T2 shine-through” (see ADC map,
right)

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 (lef) 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 (fop left) and sagit- remained hyperintense at 1 year on a repeat 3 T MRI, as shown on axial
tal FLAIR images of the right (rop middle) and left (top right) sides, T2WI (bottom left) and on paired sagittal FLAIR images of the right
which depict bilaterally hyperintense hippocampi, amygdala, and supe-  (bottom middle) and left (bottom right) sides

rior temporal gyri (all between arrowheads). These temporal lobe areas
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Fig.22.40 A 27-year-old with a first-time seizure had a 3 T MRI with  (dotted arrows), without atrophy. The MRI was deemed negative. The
coronal FLAIR (left) and T2WI (right), which showed mildly bright cingulate and insular cortices (thin arrows) were also slightly
hippocampi (arrowheads) and cortices of the parahippocampal gyri  hyperintense

Fig. 22.41 A 37-year-old with transient ischemic symptoms under-  (arrowheads) and the parahippocampal gyri (dotted arrows) on coronal
went a 3 T MRI that was interpreted as negative. The MRI demon-  FLAIR (left) and T2WI (right). Normal CST hyperintensity (arrows) is
strated normal hyperintensity of the cortices of the hippocampi also seen
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Fig.22.42 A 22-year-old with headaches months after trauma. An oth-  the T2 component of the hyperintensity, thereby ruling out cytotoxic
erwise normal 3 T MRI illustrates mildly hyperintense hippocampi edema. This normal “pseudo-signal” within the medial temporal lobes
(small arrowheads) and amygdalae (large arrowheads) bilaterally on  is quite common at 3 T

FLAIR (left) and DWI (middle). An exponential DWI (right) removes

Fig. 22.43 Comparison case of herpetic encephalitis. A 50-year-old  (left) and T2WI (middle), with mildly reduced diffusion on DWI (right).
with altered mental status underwent a 3 T MRI, which demonstrated  Later, serology tests confirmed the presence of herpetic encephalitis
edema of the hippocampi bilaterally (arrowheads) on axial FLAIR
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Fig. 22.44 Comparison case of carbon monoxide toxicity. An unre- edema on coronal FLAIR (right). On FLAIR and DWI, carbon monox-
sponsive 27-year-old patient underwent a 1.5 T MRI, which demon- ide toxicity usually presents with involvement of either the hippocampi,
strated edema of the hippocampi bilaterally (arrowheads) on axial periventricular white matter, or (in severe cases) the basal ganglia
FLAIR (left), with moderately reduced diffusion on DWI (middle) and

\
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Fig.22.45 Comparison case of mesial temporal sclerosis. A 35-year-  (left) and coronal (right) FLAIR images, which correlated with the
old with seizures underwent a 1.5 T MRI that showed subtle hyperin- EEG findings. Note the normal right hippocampus (dotted arrows)
tensity and mild atrophy of the left hippocampus (arrowheads) on axial
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22.2 FLAIRPseudolesions at 3 T Due to 3D more prominent at 3 T, but they can also be noted from 3D
Acquisition acquisition with 1.5 T magnets. Again, the cause is not well
understood. Differential considerations are as mentioned
On 3 T FLAIR, pseudolesions from normal, mild hyperin- previously for the individual regions. Comparison to 2D
tensity may be noted in areas identical to the aforementioned FLAIR proves that these pseudolesions are nonpathologic
locations, such as the DSCPs, SCPs, CSTs, cingulate corti-  (Figs. 22.46, 22.47, 22.48, 22.49, 22.50 and 22.51).
ces, medial lemnisci, and insulae. These pseudolesions are
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Fig.22.46 Ina 53-year-old, axial reformats from a 3D FLAIR acquisi-  signal is seen within the CSTs (arrows), SCPs (thin dotted arrows),
tion at 3 T (fop row) show normal hyperintensity in various sites, being  hippocampi (arrowheads), insula (thin arrows), and cingulate gyri (dot-
brighter than 2D FLAIR images from 2 years prior (bottom row). Bright  ted circles)
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Fig. 22.47 An 84-year-old underwent a 3 T MRI with a 3D FLAIR  hippocampi (arrowheads), and cranial V cisternal segments (thin cir-
acquisition. Axial (left) and coronal (middle and right) reformats show  cles). Also note scattered leukoaraiosis of the periventricular white
hyperintensities of the SCPs (thin dotted arrows), DSCP (open arrow), — matter

Fig. 22.48 1In a normal 16-year-old, axial reformats (left) from a 3D (thin arrows), substantia nigra (dotted arrows), and hippocampi (arrow-
FLAIR at 3 T show normal, slightly bright medial lemnisci (long heads) are also bright. Sagittal reformats (right) also define the substan-
arrows). On coronal reformats (middle), the CSTs (arrows), insulae  tia nigra
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Fig.22.49 A 59-year-old with headaches had a 3 T MRI with an axial  the dorsal brainstem. Only the right medial lemniscus is prominent on
3D FLAIR reformat (left) that depicts normal, mild hyperintensity of = DWI (middle), but they are clearly visible bilaterally on T2WI (right)
the SCPs (thin dotted arrows) and medial lemnisci (long arrows) within

Fig.22.50 A 51-year-old with a 3D FLAIR acquisition at 3 T. Axial —medial lemnisci (long arrows) within the dorsal brainstem. The medial
reformats of the FLAIR images (left and middle) demonstrate hyperin-  lemnisci also appear mildly hyperintense on T2WI (right)
tensities of the inferior cerebellar peduncles (wide arrows) and of the
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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,
itis 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 roxic 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/mm?) and the maximum in rou-
tine brain imaging is typically 1000 (i.e., b=1000 s/mm?).
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 TIWI, 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/mm?. 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/mm? (left), and b=1000 s/mm? (middle) are shown. Note that
the closer the b value is to zero, the more T2 weighting is present,

although DWTI 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 MRL. DWI was obtained with b values of 0 (left), 500 (middle), and 1000 (right) s/mm?. 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. 22.54 A 59-year-old with a 1.5 T MRI had DWI that utilized »  disease (leukoaraiosis) within the periventricular white matter (arrows),
values of 500 (leff) and 1000 (middle) s/mm?> FLAIR images (righf)  without an acute infarct. Note the darkening of CSF with increasing b
show the classic T2 hyperintensities of chronic small vessel ischemic  value

Fig. 22.55 An 81-year-old with a 1.5 T MRIL Top row: A b=1000 at that site. Middle row: Matched ADC maps are shown for b=1000
DWI (left) shows normal mild hyperintensity of the DSCP (arrows),  (left), b=1500 (middle), and b=2000 (right) s/'mm?. Bottom row: T2WI
which is increasingly visible at b values of 1500 (middle), and 2000  (left) and FLAIR (right) are normal, and lack the DSCP hyperintensity
(right) s/mm?. The brightness is due to intense white matter anisotropy
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Fig.22.56 Comparison case of brainstem infarct. A 66-year-old had a  (bottom middle). On the b=2000 DWI (top right) and its corresponding
left-sided brainstem infarct (arrows) on a 1.5 T MRI, which is not well ~ADC map (bottom right), the infarct is more clearly visualized. This
visualized on b=1000 DWI (top left) or ADC map (bottom left), but is  example illustrates the utility of DWI with higher b values

better visualized on DWI at b=1500 (fop middle) with its ADC map

Fig.22.57 An 80-year-old with a 1.5 T MRI. There is increasing normal  the right CST/PLIC on DWI at b values of 1000 (bottom left), 1500 (bot-
hyperintensity (from anisotropy in the craniocaudal direction) of the left  tom middle) and 2000 (bottom right) s'mm?. The unilateral appearance is
PLIC/CST (arrows) on DWIs with b values of 1000 (top left), 1500 (top ~ from the patient’s head being tilted; brighter signal occurs when the CST
middle) and 2000 (top right) s/mm? More superiorly, this occurs within  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/'mm?. 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/mm?. The uni-
laterality may be due to head tilt relative to the scanner’s z axis and
mimics a focal splenial lesion on the »=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/mm?. Second row: The ADC maps appear almost
normal at b=1000 s/mm? (left) but seem more abnormal at b=2000 s/
mm? (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/mm?>.
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
DWTl 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
donotappear brightin 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/mm> 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  map (right). The PLIC (dashed arrows) is dark on craniocaudal images;
normal anisotropy in a 24-year-old normal volunteer. A “b0” (i.e., the splenium (thin arrows) is dark on transverse images. These images
b=0 s/mm?) map appears similar to a rudimentary T2WI (leff). The illustrate how a structure appears dark on DWI sensitized to the same
DWIs are provided for 5=1000 s/mm?, as shown in AP (left middle), plane in which the white matter tract travels

craniocaudal (middle), and transverse (right middle) planes, with trace

Fig.22.62 A 49-year-old with a 3 T MRI that demonstrates hyperin-  that location on T2WI (right middle) and FLAIR (right). This hyperin-
tensity within the PLICs bilaterally (arrows) on the regular “trace” tensity likely results from the normal, relatively high anisotropy present
DWI map (left) but without corresponding bright signal (i.e., edema) on  within the tightly-packed white matter tracts of the PLIC and CSTs

the ADC map (left middle). There is also normal, bright signal within
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Fig. 22.63 A 3 T MRI in a 50-year-old illustrates hyperintensity — bright signal within that location on T2WI (right) and FLAIR (not
within the PLICs and CSTs bilaterally (arrows) on DWI (left), but with- ~ shown). This signal results from perhaps either a relatively higher
out corresponding bright signal on exponential DWI (middle), which  degree of anisotropy within the CST as compared to surrounding struc-
removes the T2-bright component of the image. There is also normal,  tures, or from increased interstitial fluid

Fig.22.64 A 1.5 T MRI in a 78-year-old shows unilateral hyperinten- ~ T2-bright signal (i.e., vasogenic edema) from the image, and no edema
sity within the left PLIC/CST (arrows) on DWI (left). On initial review, on the ADC map (right middle) or FLAIR (right). This finding results
this appeared to be a small lacunar infarct, but there was no correspond-  from normal anisotropy of the CST

ing bright signal on exponential DWI (left middle), which removes
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Fig. 22.65 A 1.5 T MRI in a 49-year-old contains hyperintensity — on T2WI (right) and FLAIR (not shown). This finding is most likely a
(arrows) within the superior cerebellar peduncle (SCP) bilaterally on  result of the normal, relatively high degree of anisotropy present from
DWI (left), but without corresponding bright signal (i.e., edema) on the  tightly-packed fibers in that location

ADC map (middle). There is normal bright signal within that location

Fig.22.66 A 1.5 T MRI in a 35-year-old shows hyperintensity of the  simulate an infarct or an inflammatory lesion (e.g., from MS). There is
SCPs (arrows) and their decussation (DSCP) (dotted arrows) on DWI  also normal, hyperintense signal within that location on coronal T2WI
(top left and top middle), but without corresponding dark signal on the  (fop right), which is less bright on axial (bottom left and bottom middle)
ADC map (not shown). The hyperintensity within the DSCP could 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  Bottom row: There are bright medial lemnisci (dotted arrows) on DWI
hyperintensity within the pyramidal decussation (thin arrows) on DWI  (left), with dark signal on the ADC map (left middle). 3D FLAIR (right
(left), but no corresponding dark signal on the ADC map (left middle);  middle) and T1WI (right) appear normal

3D-reformatted FLAIR (right middle) and TIWI (right) are normal.

Fig.22.68 A 54-year-old with a normal 3 T MRI. Top row: There is  There is hyperintensity within the ICPs (arrows) on DWI (left), without
hyperintensity within the pyramidal decussation (thin arrows) on DWI  dark signal on the ADC map (middle) or on 3D FLAIR (right). Bottom
(left), without dark signal on the ADC map (middle) or on 3D-reformatted  row: There is bright signal on DWI within the medial lemnisci (dotted
FLAIR (right). There is also bright signal on DWI within the inferior — arrows) without abnormal signal on the ADC map (middle) or on 3D
cerebellar peduncles (ICPs) bilaterally (arrowheads). Middle row: 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 (fop 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  poles (thin arrows), mimicking HIE. These areas do not appear dark on
normal, multifocal cortical hyperintensity on DWI (left), FLAIR (right  the ADC map (left middle), and note the lack of cortical swelling or
middle), and T2WI (right), particularly in the cingulate gyri and frontal  sulcal effacement

Fig. 22.71 Comparison case of HIE. In a 13-year-old, a 3 T MRI At 9 days after the arrest, the abnormalities involved the deep periven-
obtained 5 days after cardiac arrest from drowning showed multifocal  tricular white matter on DWI (right middle) and the ADC map (right),
hyperintense cortices on DWI (left), with corresponding dark signal on  a phenomenon that often occurs in the subacute phase of HIE

ADC maps (left middle), and with hyperintensity on FLAIR (middle).
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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 (fop 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 MRIin 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-  PVWM on DWI (leff), ADC map (left middle), and FLAIR (right middle).
ible) from carbon monoxide toxicity. An unresponsive 20-year-old under- Two weeks later, the abnormalities on DWI (righf) had markedly
went a 3 T MRI, which demonstrated diffuse abnormalities throughout the  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-

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

out the PVWM on DWI (left) and FLAIR (middle), along with mild sulcal
effacement. FLAIR images | year later (right) showed resultant severe
global cerebral atrophy, predominantly involving the white matter

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
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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 These regions are depicted as bright on an ADC map (middle). A
shows T2 shine-through bright signal (arrows) from PRES-related FLAIR image (right) demonstrates the typical cortical-subcortical
vasogenic edema within the temporo-occipital regions on DWI (left). edema from PRES

Fig.22.81 A 1.5 T MRI in a 26-year-old with MS depicts a masslike ~ map (left middle) and T2WI (right middle), and enhances on postcon-
lesion (arrows) of T2 shine-through hyperintense signal on DWI (left)  trast TIWI (right), representing active demyelination
within the periventricular white matter. The lesion is bright on an ADC
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Fig.22.82 Ina 34-year-old with MS, a 1.5 T MRI demonstrates aright  the ADC map (left middle). T2WI (right middle) and FLAIR (right)
frontal focus of hyperintense signal (arrows) on DWI (left) from MS,  demonstrate the T2-hyperintense focus along with other lesions
representing T2 shine-through, based on corresponding bright signal on

Fig.22.83 In a 10-year-old with PRES from methotrexate, a 3 T MRI ittal locations, which have mildly reduced diffusion (thin arrows) and
shows parieto-occipital vasogenic edema with T2 shine-through signal  are darker on the ADC map. About 15-20 % of PRES cases show focal
(arrows) on DWI (left), ADC map (middle), and T2WI (right). There regions of cytotoxic edema on DWI

are also bilateral, smaller areas of cytotoxic edema medially in parasag-
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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 DWL. 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 1l-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”

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 (leff), being bright on the ADC map (middle).

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

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. A3 T edema along the tumor’s posterior border. There is corresponding
MRI showed avid contrast enhancement on TIWI (not shown), with  extremely bright signal in that location on an ADC map (middle) and on
dark signal from T2 washout on DWI (left), caused by peritumoral FLAIR (right)

Fig. 22.87 A 3 T MRI in a 60-year-old with PRES from rituximab DWTI (/eft) and was bright on the ADC map (middle). There was severe
therapy. The bright vasogenic edema (arrows) from PRES caused T2  subcortical edema on FLAIR (right), as the edema extended to the ven-
washout unilaterally within the left temporal and occipital lobes on tricular margins
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Fig. 22.88 In a 30-year-old with PRES from eclampsia, profound weighted imaging (SWI) (bottom left) shows a microhemorrhage (dot-
vasogenic edema (arrows) caused left occipital T2 washout on DWI  ted arrow), which is present in 5070 % of PRES cases. Leptomeningeal
(top left) and the ADC map (top middle), with a moderate degree of enhancement (thin arrows) on postcontrast TIWI (bottom middle) or
cortical-subcortical edema on FLAIR (top right). Susceptibility- FLAIR (bottom right) is present in 30-40 %

Fig. 22.89 A 55-year-old with PRES from gemcitabine. On DWI at  T2-bright edema, but isointense signal on DWI remains, suggesting that
1.5 T (left), there is T2 washout from vasogenic edema (arrows) within  there is mild cytotoxic edema centrally within the larger region of vaso-
the left occipital region, with gyriform bright signal centrally (asterisk)  genic edema, which is demonstrated on FLAIR (right)

within the larger area of edema. An exponential DWI (middle) removes
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22.3.7 DWI:T2 Blackout Effect glia calcification or iron). T2 blackout can occur from com-
mon, normal, highly concentrated deposits of calcium or

“T2 blackour” occurs when dark T2 signal causes resultant metals such as iron, but it can also occur from deposits of

dark signal on the DWI, which is dark on ADC maps and on  uncommon materials (such as manganese in hepatic failure),

T2WI and FLAIR. T2 blackout will typically appear dark on  albeit to a lesser degree (Figs. 22.90, 22.91, 22.92, 22.93,

all other MRI sequences. It can be either abnormal (e.g., 22.94,22.95,22.96, and 22.97).

hemorrhage) or a normal variant (e.g., age-related basal gan-

Fig.22.90 A 1.5 T MRl in a 53-year-old that illustrates “T2 blackout”  PRES within the occipital regions on the ADC map (left middle) and on
(arrows) from focal, acute parenchymal hemorrhage that resulted from  FLAIR (right middle). A CT scan from 2 days earlier (right) showed
PRES due to cyclosporine toxicity. The hemorrhage is dark on DWI  edema, without overt hemorrhage at that time

(left). There was also T2-bright vasogenic edema (thin arrows) from

Fig.22.91 A 3 T MRI in a 58-year-old shows two foci of T2 blackout  (left), SWI (middle), and FLAIR (right). There is “mild-moderate”
(arrows) in acute parenchymal hemorrhages that arose from PRES. cortical-subcortical vasogenic edema from PRES (thin arrows) on
(The patient had received chemotherapy.) These foci are dark on DWI ~ FLAIR
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Fig.22.92 A 1.5 T MRl in a 39-year-old shows a large occipital acute ~ DWI (left), ADC map (middle), and T2WI (right). There is “mild-
parenchymal hematoma, the result of PRES in a chemotherapy patient.  moderate” bilateral cortical-subcortical edema on T2WI
T2 blackout (arrows) results from the blood being acute age, dark on

Fig. 22.93 A 3 T MRI DWI (left) in a 48-year-old has dark signal  ceptibility artifact is probably due to iron, or less likely, calcium. In this
within the globi pallidi owing to T2 blackout, which also appears dark  patient, the blackout most likely results from prominent iron deposition
on an ADC map (middle) and SWI (right). SWI suggests that this sus-  for age
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Fig.22.94 A 56-year-old with chronic hepatic failure had moderately s likely due to pallidal manganese deposition, based on bright signal on
T2-dark signal (arrows) that caused a milder degree of T2 blackout TI1WI (right middle), along with mildly dark signal on SWI (right), and
within the lentiform nuclei (especially the globi pallidi) ona 1.5 T MRI  a lack of hyperdensity on CT (not shown)

with DWI (left) and ADC map (left middle). The blackout in this patient

Fig. 22.95 A 79-year-old with a 1.5 T MRI that shows T2 blackout  middle) was normal. This finding represents age-related iron deposition
(arrows) within the lentiform nuclei on DWI (top left), ADC map (fop  rather than calcium, given the lack of pallidal calcium (thin arrows) on
middle), T2WI (top right), and SWI (bottom left). TIWI (bottom  NECT (bottom right)
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Fig.22.96 A 3 T MRI from a 62-year-old demonstrates a mild degree  is due to iron deposition focally within the globi pallidi, which is nor-
of T2 blackout (arrows) on DWI (left), ADC map (left middle), T2ZWI  mal for age. In this case, the putamen laterally is not dark on the MRI
(right middle), and coronal gradient-echo T2*WI (right). The blackout  sequences

Fig.22.97 A 1.5 T MRI in a 48-year-old shows T2 blackout (arrows).  for age. The presence of iron rather than calcium is clear from its loca-
It is dark on DWI (left), T2WI (left middle), and SWI (right middle),  tion, its dark signal on TIWI (right), and its profoundly dark appear-
from accelerated deposition of pallidal iron, which is disproportionate  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 T2ZWI 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 (fop 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 (fop right). The artifact is far less
noticeable on TSE T2WI (bottom left). A sagittal TIWI (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-
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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 TIWI (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 (fop 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  not noted, as TSE T2WI is one of the sequences most resistant to sus-
susceptibility artifact (arrows), which is only minimally visible on an  ceptibility artifacts because of the multiple echoes used to form the
ADC map (middle). On T2WI (right), the air-bone interface artifact is image

Fig. 22.104 A 53-year-old with alcohol intoxication had two sus- ness with slight reangling (bottom left and middle), and were called
pected punctate abnormalities (arrows) on 4 mm-thickness DWI at  negative. Note other foci of susceptibility artifacts along the frontal
1.5 T, located within the left precentral gyrus (fop left) and postcentral — convexities (dashed arrows). Coronal DWI (bottom right) confirmed
gyrus (fop middle), simulating cortical infarcts. The ADC maps that the suspected foci were due to susceptibility artifacts

appeared normal (fop right). The DWIs were repeated at 5 mm thick-
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Fig.22.105 1In a 60-year-old with tinnitus, two punctate abnormalities  along the temporal and cerebellar convexities (dashed arrows). A nor-
(arrows) on coronal DWI at 1.5 T (left) simulated cortical infarcts. mal axial FLAIR image through the left frontal focus (right) confirmed
These were deemed to be due to susceptibility effects, as the ADC maps  that the foci were susceptibility artifacts

appeared normal (middle). Note other foci of susceptibility artifacts

Fig. 22.106 Comparison case of focal cortical infarct. A 44-year-old A repeat MRI the next day with slightly different positioning clearly
with acute speech difficulties underwent a 3 T MRI, which showed focal  depicted the cortical infarct on axial DWI (bottom left) and coronal DWI
bright signal in the right precentral gyrus (arrows) on DWI MRI (top  (bottom middle), with areas of true susceptibility effect denoted (dotted
left), but it was not noticed on an ADC map (top middle) or on FLAIR  arrows). Repeat FLAIR images showed the infarct (bottom right), as
(top right). It was mistakenly thought to represent susceptibility artifact. ~ 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-
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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 (leff) 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)  view in the AP direction, which simulates bilateral occipital infarcts or
and ADC map (middle) are affected by phase ghosting artifact (N/2  cytotoxic edema on DWI (arrows). This artifact is not present on
artifact). This artifact is represented as a shift of one half of the field of =~ 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”)
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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

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
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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 » value also
can alleviate the artifact (Figs. 22.113 and 22.114).

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-
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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

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

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)

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  (middle). Contralateral edema (thin arrows) is also seen. On a repeat
1.5 T DWI MRI (left) that demonstrated focal reduced diffusion FLAIR image 1 month later, the edema had improved bilaterally (right)
(arrows) within a larger region of “mild” cortical edema on FLAIR
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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 (fop 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
CBYV 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
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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.
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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).
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Fig. 23.1 An 8-day-old term neonate had a nondisplaced right temporal ~ white matter (PVWM) (arrows). Two years later, a 3T MRI was normal,
skull fracture and an overlying cephalohematoma (asterisk) after being ~ without hemorrhage or atrophy, as shown on fluid-attenuated inversion
dropped, without intracranial hemorrhage on a nonenhanced CT (NECT)  recover (FLAIR) (bottom left) and T2-weighted imaging (T2WI) (bottom
(top row). There were patchy, hypodense areas throughout the periventricular  middle and right). The patient’s clinical developmental was normal

Fig. 23.2 A 7-day-old term neonate underwent a NECT for perinatal — performed, but the infant’s development was normal. Note the normal
respiratory depression. There were patchy areas of low attenuation scat-  sutural overlap posteriorly (arrowheads), due to compression from
tered throughout the PVWM (arrows) that were more prominent delivery, which typically resolves by 3—4 weeks of age

posteriorly in the parieto-occipital regions. A repeat NECT was not
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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  lap (arrowheads). One year later, a 3T MRI with T1-weighted imaging
negative NECT (fop row) that showed patchy areas of hypoattenuation  (T1WI) was normal (bottom row). The infant’s neurologic development
throughout the PVWM (arrows). Note the normal, slight sutural over- ~ was normal
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Fig.23.5 A 3-day-old term neonate with decreased responsiveness had a  (middle and right) showed only patchy regions of hypoattenuation through-
coronal ultrasound (left), which was questioned to have a tiny amount of  out the PVWM (arrows), with normal, slight sutural overlap (arrowheads).
intraventricular hemorrhage. An otherwise negative NECT the next day  The infant’s clinical neurologic development was subsequently normal

Fig.23.6 A 4-day-old term neonate with a possible hypoxic eventhad  ing cortical gray matter. A repeat NECT at 6 months of age (bottom
an otherwise negative NECT (top row), which showed scattered, patchy  middle and bottom right) showed resolution of the patchy white matter,
regions of hypoattenuation throughout the PVWM (arrows). A coronal  and the patient’s neurologic development at that time was considered
ultrasound (bottom left) was also called negative. Note the intact overly-  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) TIWI (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)
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Fig.23.9 Comparison case of HII. A 2-day-old term neonate had a CT
scan (/eft) 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 hto 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 TIWI, T2WI,
or DWI, however, the appearance of bright signal on TIWI
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 HIL, 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 TIWT 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 TIWI (SE T1WI).
Therefore, various other methods of obtaining TIWI have
arisen to better visualize the contrast between gray and white
matter at 3T. These include spoiled gradient echo TIWI (GE
T1WI), inversion recovery TIWI (IR T1WI), video inversion
of T2WI (from whichever type of acquisition), and 3D SE
TIWI. Preliminary data have shown that, at 3T, GE TIWI
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 TIWI 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 TIWI 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].
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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
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Fig.23.12 A 3-day-old term neonate with a seizure had a normal 3T  (STN) (dotted arrows), being brighter on GE TIWI. The habenular
MRI, which included spoiled GE TI1WIs (left two images) and SE  commissure (chevrons) is also bright, being normal. The infant’s 1-year
T1WIs (right two images). Note the bright signal of the GP (double  clinical exam was normal

arrows), PP (arrowheads), VLT (arrows), and subthalamic nuclei

Fig.23.13 A 4-day-old term neonate with a hypoxic event had a nor-  TIWL On T2WI, the PLIC (thin arrows) is tiny but is visible, as is the
mal 3T MRI, which included spoiled GE T1WI (top left), SE TIWI (fop  normal, dark cortical ribbon. On SWI, the LN are bright, perhaps due to
middle), SE T2WI (top right), DWI (bottom left), FLAIR (bottom mid- ~ “T1 shine-through.” The 1-year clinical exam was normal

dle), and SWI (bottom right). Note that the LN are brighter on GE
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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) (/eft) 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 TIWI 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 GETIWI and SE
T1WI. Note the normal, dark perirolandic cortex (PRC) (open arrows)
bilaterally, which is darker than the normally dark “ribbon” of cortices
elsewhere
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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 TIWI (top left) and SE TIWI (top middle).

MR spectroscopy (fop 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)

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 TIWI (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)
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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 TI1WI (top left and left middle) and postcontrast TIWI (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
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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, TI1-bright sig-
nal may be present in term infants at birth within the poste-
rior limb of the internal capsule (PLIC), ventrolateral thalami
(VLY), 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 3842
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

Table 23.1 Normal Myelination in Term Neonates at 3T

term-equivalent age include the optic tracts (OT) on both GE
T1WI and SE T2WI. On GE T1W]I, 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 TIWI 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 TIWI,
DWI, and SWI, along with the oft-helpful findings of

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, /CP 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 TIWI 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).
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23.3.1 Normal Myelination in Term Neonates
at 3T: Craniocervical Junction
to the Mid Medulla

On 3T axial GE TIWI 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 TIWI (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 TIWI (middle) and SE T2WI (right). Note
the mildly TI-bright and T2-dark PD (tiny arrows) and inferior

cerebellar peduncles (ICP) (long arrows). Note a tiny, left inferior
olivary nucleus (lightning bolt)
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Fig.23.24 A 21-day-old term neonate had a normal 3T MRI with SE ~ Both the anterior and posterior spinocerebellar tracts are visible
T2WI. There were mildly dark ICP (long arrows), PD (tiny arrow),and  (notched arrows), as well as the medial longitudinal fasciculus (tiny
right STV (dotted arrows), along with gracile fasciculi (split arrows).  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 TIWI (not shown) or on SE T2WI

e 4

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  same thickness, the PD is not visible, but the ICPs have mild, low signal
T1WI (left), 3D FLAIR axial reconstruction (middle), and SE T2WI  along their inner aspects. Note a typical subdural hematoma posteriorly
(right). Note that the ICP (long arrows) and PD (tiny arrows) are faintly  (brackets), being present in many asymptomatic neonates

visible on both GE TIWI and SE T2WI. On axial 3D FLAIR at the
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23.3.2 Normal Myelination in Term Neonates
at 3T: Upper Medulla to Mid Pons

On 3T axial GE TI1WI 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 TIWI. Additionally, dark
signal should be present within the cerebellar nodulus,

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

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).

(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  arrows). The fascicles of CNV can be followed anteriorly as the nerves
TIWI (left and middle) and SE T2WI (right). Note the ICP (long into the cistern on both sides
arrows), LL (open arrowheads), ML (arrowheads), and CNV (beveled

Fig.23.32 A 17-day-old term neonate had a normal 3T MRI with GE  darkening cerebellar nodulus and corpus medullare on SE T2WI (dot-
T1WI (left images) and SE T2WI (right images). Note the CNV (bev-  ted oval). Also, note the asymptomatic posterior fossa subdural hema-
eled arrows), ICP (long arrows), and ML (arrowheads). Note the 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  nerves into the cistern on both sides. Also, note the bottom of the supe-
T1WIs. Note the ICP (long arrows), ML (arrowheads), and CNV (bev-  rior cerebellar peduncles (SCP) (dashed arrows)
eled arrows). The fascicles of CNV can be followed anteriorly as the

a

Fig.23.34 A 4-day-old term neonate had a normal 3T MRI with GE  (dashed arrows). The fascicles of CNV can be followed to the nerves
T1WI (left), SE TIWI (middle), and SE T2WI (right). Note the CNV into the cistern on both sides
(beveled arrows), LL (open arrowheads), ML (arrowheads), and SCP
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Fig. 23.35 A 3-day-old term neonate had a normal 3T MRI with GE  culi (split arrows) as well as of the nodulus and corpus medullare (dot-
TI1WI (top row) and SE T2WI (bottom row). Note the CNV (beveled  ted oval) are better visualized, while CNV and PD are better visualized
arrows), ICP (long arrows), LL (open arrowheads), ML (arrowheads), —on GE TIWI

and PD (tiny arrows). On SE T2WI, myelination of the cerebellar floc-
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23.3.3 Normal Myelination in Term Neonates
at 3T: Mid Pons to Mid Mesencephalon

On 3T axial GE TI1WI 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 TIWI  Also, note myelination of the LL (open arrowheads), ML (arrow-
(left column) and SE T2WI (right column), on which both the BIC  heads), cerebellar vermis (dotted ovals) and amygdalae (asterisks). A
(wide arrows) and the DSCP (double arrows) should be visible in all ~ T1-bright and T2-dark pituitary (plus sign) is normal at this age; it usu-
term neonates, but are not well seen on SE TIWI (middle column). 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  arrows), LL (open arrowheads), ML (arrowheads), optic tracts (curved
GE TI1WIs (left images) and 3D FLAIR (right images). There is  arrows), and SCP (dashed arrows). FLAIR does not depict myelination
T1-bright myelination of the BIC (wide arrows), DSCP (double well

Fig.23.40 A 1-day-old term neonate had a normal 3T MRI with axial  (open arrowheads), ML (arrowheads), and SCP (dashed arrows)
SE T2WIs (left images) and 2D FLAIR (right images). There is T2-dark ~ Again, FLAIR does not depict myelination well
myelination of the BIC (wide arrows), DSCP (double arrows), LL
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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 TIWI and dark on T2WI

Fig.23.42 A 5-day-old term neonate had a normal 3T MRI with GE  arrows) all appear myelinated, along with normal “myelination” of the
T1WIs (left 3 images) and SE T2WIs (right 3 images). The BIC/inferior ~ superior cerebellar vermis (dotted oval). Also, note the normal, homog-
colliculi (wide arrows), DSCP (double arrows), LL (open arrowheads),  enously T1-bright pituitary gland (plus sign)

ML (arrowheads), optic tracts (curved arrows), and SCP (dashed

A : 4 )

Fig.23.43 An 11-day-old term neonate had a normal 3T MRI with GE T1WI (left), SE TIWI (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 TIWI
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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

1/

\ :

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)

are the hippocampal commissure (HC) and PLIC on GE
TIWI; 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
TIWI 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).

V

(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 TIWI (middle), and SE T2WI (right). The HC (chev-
rons) and PLIC (arrows) are better visualized on GE TIWI, but they
appear myelinated on both sequences. On TIWI, 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 ~ FLAIR. Note the T1-bright, T2-dark VLT (notched arrows), situated
TIWI (left), SE T2WI (middle), and 2D FLAIR (right). The PLIC posterior and medial to the PLIC. There may be very early myelination
(arrows) is well visualized on both GE TIWI and T2WI, but not on  of the callosal splenium on T2WI (bracket)

N/

Fig. 23.47 A 4-day-old term neonate had a normal 3T MRI with GE  myelinated on both sequences. Note questionable early myelination
TIWI (left images) and SE T2WI (right images). The HC (chevrons)  within the anterior commissure (dotted oval) on GE TIWI
and PLIC (arrows) are better visualized on GE T1WI, but they appear

Fig.23.48 A different 4-day-old term neonate had a normal 3T MRI  appear myelinated and are better visualized on GE T1WIL. Note the lack
with GE TIWI (left), SE T2WI (left middle), SWI (middle), FLAIR  of myelination within the callosal splenium (brackets) and anterior
(right middle), and DWI (right). The HC (chevrons) and PLIC (arrows)  commissure (dotted ovals)
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Fig.23.49 A 21-day-old term neonate had a normal 3T MRI with SE  is not included on these images because of angling. Note possible early
T2WIs (left and middle) and GE T1WI (right). The PLIC (arrows) is  myelination within the callosal splenium on SE T2WI (brackets)
visualized on both sequences and appears clearly myelinated. The HC

(\

Fig. 23.50 An 11-day-old term neonate had a normal 3T MRI with  ovals). A follow-up MRI at 1 year demonstrated normal myelination
GE T1WI (top left), SE TIWI (top middle), and SE T2WI (top right).  on corresponding GE TIWI (bottom left), SE TIWI (bottom middle),
The PLIC (arrows) and HC (chevrons) both appear myelinated on  and SE T2WI (bottom right), although there was some motion on the
each sequence. Note that the anterior commissure does not (dotted 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

23 Pediatric Brain: Normal Variations in Development, Maturation, and Myelination

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 an