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Pre- and Periprocedural Planning
and Patient Management for Spine

or Rib Biopsies

Joseph P. Mazzie and A. Orlando Ortiz

Learning Objectives

1. To understand the critical role that
proper patient preparation plays in
image-guided percutaneous spine or rib
biopsy

2. To optimize patient screening practices

3. To improve patient safety by the appro-
priate application of key patient safety
initiatives such as “time-out,” hand
hygiene, and patient education

1.1 Introduction

Performing a biopsy or biopsies of a spinal, para-
spinal, or rib lesion can be a complex procedure.
What initially may seem like an innocuous spine
or rib biopsy can, without appropriate prepara-
tion, quickly become a difficult, if not compli-
cated, procedure. Proper strategic planning
before, during, and after the procedure will
increase patient safety, patient comfort, and
patient satisfaction as well as increase the effi-
ciency and efficacy of the biopsy process. This
starts with a thorough review and discussion of
the request for the biopsy and a review of the
indications for the procedure. Communication
between the operator performing the procedure
and both the patient and the referring clinician is
an important part of the process. The patient and/
or the patient’s representative should understand

© Springer International Publishing Switzerland 2017

the reason for the procedure, the steps necessary
for patient preparation, the potential risks of the
procedure, and the expected post-procedure care
and recovery process. The patient’s medications
may have to be adjusted or held. Patient-specific
information may alter plans for patient position-
ing or sedation/analgesia. From the perspective
of the patient, a spine or rib biopsy is an invasive
procedure, and the operator is acting as their phy-
sician advocate when not just performing the
procedure but also when considering the biopsy
request, planning the biopsy procedure, recover-
ing the patient and following up with the patient,
and referring and consulting clinical services.

1.2 Before the Procedure

1.2.1 Prescreening and Scheduling

The request for a biopsy may come via the elec-
tronic medical record, a written prescription, or
verbally either in person or by telephone. A ver-
bal request must be confirmed with an electronic
or written request. The request should identify
the patient with at least two identifiers which usu-
ally include name and either date of birth or a
unique medical record number. It is useful to
have multiple ways to contact the patient when
scheduling an outpatient. Requesting the patient’s
home, work, and cell phone numbers improves
the ability to contact the patient both before and
after the procedure. All staff should be reminded

A.O. Ortiz, Image-Guided Percutaneous Spine Biopsy, DOI 10.1007/978-3-319-43326-4_1
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that personal health information should not be
left on an answering machine, voice mail, or
other unsecured communication. Contacting
inpatients is usually more easily accomplished
although contact information may be needed for
the patient’s representative if the patient is not
capable of providing the needed clinical informa-
tion, understanding the procedure, or providing
informed consent.

It is extremely useful to have contact informa-
tion for the requesting physician if questions
arise about the appropriateness of the procedure,
safety of the procedure, the need to adjust medi-
cations, or to suggest another study or procedure
if indicated. The request should include the clini-
cal history (signs/symptoms/ICD 10 code) pro-
viding the medical indication for the biopsy as
well as any other pertinent medical information.
Information about the study that prompted the
biopsy request including the dates of the prior
study and the type of study such as a CT, MRI,
ultrasound, radiograph, bone scan, or PET scan
should be included. If the study was from outside
of the medical practice requested to perform the
biopsy, it should be made available for review.
The level to be biopsied should be indicated
although this may be adjusted after review of the
history and imaging studies. Additional informa-
tion such as if the referring physician thinks the
patient will need general anesthesia for the pro-
cedure is also acquired.

The operator who is to perform the biopsy
should review the study that prompted the
request for the biopsy as well as all pertinent
clinical information. A careful review of the
patient’s prior imaging studies is a key prerequi-
site in the biopsy planning process. It may be
determined that the biopsy is not indicated or
that there is a safer lesion to biopsy that the
referring physician may not be aware of. If it is
determined that the lesion should not be biop-
sied or that a different lesion should be biopsied,
communication with the referring physician is
essential. Once he/she decides to perform the
biopsy, the operator should then determine
whether it should be scheduled in CT, fluoros-
copy, ultrasound, or MRI (CT and fluoroscopy
are most often utilized).

A careful review of the patient’s prior
imaging studies is a key prerequisite in the
biopsy planning process.

Having experienced personnel involved in
scheduling, the procedure is useful after it has
been determined that the biopsy is indicated. A
brief history is obtained to determine if the
patient has any medical conditions that may
affect the ability to perform the biopsy. Conditions
such as respiratory compromise, seizures, inabil-
ity to stay in the preferred position, anxiety, or
heightened sensitivity to pain may require special
planning. The presence of an active infectious
process may lead to delaying the procedure if the
purpose of the biopsy is not to evaluate the infec-
tious process. Information on allergies is col-
lected and placed in the patient’s medical record.

Biopsy procedures are often elective, but can
also be urgently requested. In the case of the for-
mer, there is often sufficient time to acquire the
appropriate imaging and clinical information to
review as part of the biopsy planning process.
Additionally, it can be very helpful, especially if
the patient is available, to arrange for a pre-
procedure consultation with the patient. This is a
good opportunity for the operator to review all of
the pertinent medical and radiologic information,
to examine the patient, to order any necessary
laboratory tests, to perform medication reconcili-
ation, and to advise on periprocedural medication
adjustments as necessary. Allergies and adverse
responses to specific medications should be doc-
umented. The latter not only includes oral antico-
agulants and antiplatelet medications but also
diabetic medications, specific vitamins, and
herbal agents. At the time of consultation, the
operator may be able to determine which posi-
tions the patient can tolerate. Based upon the
complexity of the procedure, the patient’s comor-
bidities, and the patient’s preference, a determi-
nation can be made of the type of anesthesia to be
used for the biopsy procedure. This is a tremen-
dous opportunity for the patient and their family
to develop a healthy relationship with their doc-
tor and to ease fears or concerns regarding the
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biopsy procedure and the results. The operator
can also provide an overview of what to expect
just before, during, and after the biopsy proce-
dure. A brief explanation of the procedure, in lay-
man’s terminology, can also help the patient and
their family to better understand what will hap-
pen. The patient will want to know the risks and
benefits of the intended biopsy procedure and
will also want to know if there are any other diag-
nostic alternatives. This information is part of the
informed consent process, and depending on the
regional regulations, it may be possible to obtain
the informed consent at the time of the consulta-
tion. This information can be expeditiously
reviewed with the patient and their family at the
time of the procedure. At the time of the consulta-
tion, a patient information guide, if available, can
be given to the patient; many patients are often
anxious and forget what they were told — these
educational guides help to remind them and ease
their  anxiety levels (Radiologylnfo.org:
Biopsies — Overview 2016). Printed patient
instructions are also helpful for the very same
reason (see sample instructions — Spine Biopsy:
Pre-Procedure Patient Instruction Sheet).

In an urgent care setting, the patient may pres-
ent directly for the biopsy procedure, as a direct
outpatient referral or as an inpatient. A concise
evaluation should be performed with respect to
image review, medical evaluation, and acquisi-
tion of the pertinent laboratory parameters. As
informed consent for the procedure will be
required, this can be the operator’s opportunity to
explain the procedure and answer any questions.
The medication history is reviewed with the
patient. Anticoagulant and antiplatelet agents are
the most common medications to affect schedul-
ing of the procedure (refer to Chap. 2). If the
biopsy is being performed for evaluation of a
potential infectious process, the patient should
preferably not be on antibiotics as these can
potentially result in a false-negative or nondiag-
nostic biopsy result. The procedure is explained
to the patient or the patient’s representative in
sufficient detail to ensure that the nature of the
procedure is understood. This conversation is not
meant to replace the informed consent that is
obtained before the procedure by a member of

the team who is credentialed to perform the
biopsy. This consultation prevents patients from
coming into the radiology department thinking
that they are having a radiograph and allows for
the patient to schedule time off from work for
both the procedure and recovery and to have
transportation arranged. Depending on the
planned sedation, the patient will be instructed to
be NPO for at least 4 h, and if general anesthesia
or deep sedation is planned, the patient is NPO
for at least 8 h unless there is a contraindication.
This may require management of insulin therapy
or oral diabetic medications in patients with dia-
betes. Patients with diabetes will also require glu-
cose monitoring before and after the procedure.
If a diabetic patient is using an insulin pump, then
this device should be disconnected prior to the
procedure. The insulin pump can be reconnected
in the recovery area.

Most procedures are performed on an outpa-
tient basis. Complex procedures may require a
short stay admission and occasionally an inpa-
tient admission, particularly on medically fragile
or complex patients. The admitting service may
be the performing operator, radiology if radiolo-
gists are privileged for admissions, the referring
service, or a hospitalist service. If another service
is admitting the patient, the individual who is to
perform the procedure should be available for
consultation.

1.2.2 Informed Consent
Informed consent should be obtained from the
patient or the patient’s representative before the
procedure. This typically occurs on the day of the
procedure for outpatients but may be obtained
during a clinic visit before the day of the proce-
dure. Inpatients are often consented the day
before the procedure or the day of the procedure.
The informed consent includes a discussion of
the procedure, indication for the procedure, risks,
potential complications, alternatives to the proce-
dure, and expected benefits of the procedure
(Table 1.1).

When contemplating an image-guided percu-
taneous spine or rib biopsy, the operator should be
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Table 1.1 Benefits and risks of percutaneous image-
guided spine or rib biopsy
Benefits

Identify and characterize the abnormality that has been
previously identified

Assess for neoplasm

Assess for infection

Assess for inflammation

Assist in pretreatment planning

Avoid, as much as possible, the possibility of an open

biopsy

Risks

Bleeding Neural injury
Infection Pneumothorax
Pain Solid organ injury
Nondiagnostic biopsy

Contrast agent reaction (when intravenous iodinated
contrast agent is used)

Anesthesia (respiratory compromise, cardiovascular
collapse, death)

clearly able to answer in the affirmative to the
question: will the results of this procedure signifi-
cantly impact on the clinical management of the
patient? As shown in Table 1.1, this procedure
should have a well-defined benefit. Image-guided
percutaneous spine or rib biopsy is associated
with a very low complication rate. The majority of
these complications are related to injury caused
by the needle device. Fortunately, with appropri-
ate image guidance and with proper pre-procedure
planning and patient selection, these complica-
tions can be kept to a minimum (Ortiz et al. 2010).
The possibility of a nondiagnostic biopsy, albeit
uncommon, should be discussed with the patient.
This may necessitate a repeat percutaneous biopsy
or an open biopsy by a surgeon. The patient
should understand that there are alternatives,
though to a certain extent less desirable, to per-
forming image-guided percutaneous spine or rib
biopsy. The competing alternative, open biopsy, is
more invasive and more labor and equipment
intensive and will carry a similar profile of com-
plications with a somewhat higher complication
rate and greater post-procedure morbidity and
recovery time. Many of these patients are already
being sent to you by spine or thoracic surgeons in
order to have this procedure — so this portion of
the conversation with the patient moves quickly.

In terms of the other alternatives, many patients
will want an answer to their medical condition
and are therefore eager and willing to undergo the
biopsy procedure as opposed to waiting months,
or what they perceive is an eternity, for continued
imaging surveillance and laboratory testing.
Lastly, clinicians will be reluctant to subject their
patients to empiric treatments, which also carry
risks and complications, and will want a definitive
diagnosis before commencing with a given treat-
ment plan.

The biopsy alternatives that can be dis-
cussed with the patient include:

Percutaneous biopsy

. Open biopsy

3. Continued imaging surveillance of the
detected abnormality

4. Empiric therapy (e.g., broad-spectrum

antibiotics for suspected infection)

DN =

If anesthesiology is providing sedation or
anesthesia, a separate consent is obtained by the
anesthesiologist. If the person performing the
procedure is responsible for sedation, it is
included with the procedure consent. The patient
should be given an opportunity to have all ques-
tions answered. Many institutions have arecorded
consent line that is made part of the permanent
record if consent cannot be obtained from the
patient’s representative in person. Emergent pro-
cedures can be performed without consent if
there is great risk to the patient and consent can-
not be obtained. It is important to follow both
hospital policies and local laws when making this
determination. There should be documentation
from both the physician performing the proce-
dure and the physician caring for the patient that
the procedure is emergent and that there is sig-
nificant risk to delaying the procedure. This is a
rare occurrence, and only a very small percentage
of biopsies will fall into this category. The signed
consent form should be witnessed at the time of
the consent process, and this can be performed by
another staff member.
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1.3 At the Time of the Procedure

1.3.1 Patient Sedation

Sedation should be planned based upon the
patient’s medical condition and comorbidities and
the complexity of the procedure (Mueller et al.
2000). Additionally, a patient’s preference may
factor into this decision. The Joint Commission
and the American Society of Anesthesia (ASA)
describe sedation as mild, moderate, deep, and
general anesthesia (American Society of
Anesthesiologists Task Force on Sedation and
Analgesia by Non-Anesthesiologists 2002). The
patient’s cardiovascular function, airway, and ven-
tilation are not impaired when administering mini-
mal sedation. Moderate sedation is greater sedation
than minimal, but the airway does not require pro-
tection. The patient may require greater verbal or
tactile stimulation to respond to questions than
with minimal sedation. Physicians must be cre-
dentialed by their institution in moderate sedation
to administer this level without an anesthesiologist
or nurse anesthetist present. A staff member other
than the one performing the procedure should be
responsible for monitoring the patient while under
moderate sedation. The levels of sedation are a
continuum, and the intended moderate sedation
may unexpectedly become deep sedation. Staff
should be trained and equipment available to han-
dle the possibility of deeper sedation. Deep seda-
tion and general anesthesia are best managed by an
anesthesiologist because of the greater likelihood
of need for airway protection and greater support
of cardiovascular function. Moderate or greater
sedation requires a patient evaluation that includes
documentation of the ASA physical status:

I. Normal healthy patient
II. Mild systemic disease
III. Severe systemic disease
IV. Severe systemic disease that is a constant
risk to life
V. Moribund patient
VI. Brain dead/organ donor

Moderate sedation without an anesthesiolo-
gist is best suited to patients in ASA class I and

II. Consideration can be given to patients in class
IIT and IV. The airway is assessed most com-
monly by the Mallampati classification which
assesses the airway with the mouth open and
protrusion of the tongue. Higher classifications
correlate with the degree of difficulty in per-
forming intubation.

Moderate sedation most commonly utilizes a
combination of a benzodiazepine (sedative) and an
opioid (analgesic) (Kohi et al. 2015). The combi-
nation allows the use of a lower dose of either drug
when used alone. Benzodiazepines are useful in
reducing anxiety, inducing a light sleep, and have
amnestic properties. Opioids are potent pain
relievers. The most frequently used benzodiaze-
pine is midazolam (Versed) because of its short
half-life and duration of action. The most fre-
quently used opioid is fentanyl also due to its short
half-life and duration of action. There are reversal
drugs available for both classes that should be
readily available. Naloxone is the reversal agent
for opioids, and flumazenil is the reversal agent for
benzodiazepines (Martin and Lennox 2003).

By far the most underappreciated, yet
critical, step in the patient preparation process
is intravenous access. The antecubital fossa
should be avoided. The reason for this is that,
frequently, the elbows are bent during the pro-
cedure. This either impairs intravenous access
or compromises intravenous access. We have
often seen a frustrated operator and anesthesi-
ologist perplexed by the relative lack of seda-
tion during a procedure in which the intravenous
catheter has been dislodged or obstructed by a
bent elbow; in the latter scenario, the patient
immediately falls asleep once the arm is
straightened. It is highly recommended to use
either the forearm or hand for efficient intrave-
nous access. Intravenous access should be
maintained until the patient fully recovers from
the procedure as additional pain medication
can be efficiently administered after the
procedure.

Try to avoid the antecubital fossa as a site
for intravenous access.
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The patient should be monitored during the
procedure including pulse oximeter, electrocar-
diogram, blood pressure, and respiratory rate.
These devices should be placed in areas that are
removed from the intended biopsy site; keep in
mind that cables should be removed from the side
of the patient at the biopsy level as these may
obscure the biopsy site during lateral fluoros-
copy. Monitoring is continued after the procedure
until the patient returns to their baseline level of
consciousness. It is important to realize that seda-
tion may deepen after the procedure if reversal
agents are given because they may have a shorter
duration of action than the sedation agents.

A “time-out” protocol is required before an
invasive procedure such as a spine or rib biopsy
(The Joint Commission 2016). This should be a
focused process involving everyone participating
in the procedure with patient involvement when
possible. Involving the patient in the time-out
reduces medical error, increases patient confi-
dence in the professionalism of their healthcare
team, and reduces patient anxiety. All other activi-
ties should temporarily cease during the time-out.
The patient is identified with two identifiers. Valid
medical identifiers usually include the patient’s
name and another identifier such as medical
record number or date of birth. The procedure is
confirmed with a source document, either a paper
request or a request in the electronic medical
record. The name and other identifiers on the
specimen containers are compared to the patient’s
wristband. Anatomic counting and marking is
performed and confirmed to avoid wrong side or
wrong level procedures. Available imaging is
reviewed prior to the procedure and displayed on
a monitor in the procedure suite if possible.
Correct patient positioning and the availability of
all needed equipment is confirmed.

1.3.2 Imaging Guidance

and Contrast Agents

Most spine biopsies are performed with fluoros-
copy or CT guidance without intravenous iodin-
ated contrast agent injection. Most percutaneous
rib biopsies are performed with un-enhanced CT

guidance. Occasionally, intravenous iodinated
contrast agent injection is useful for identifica-
tion of a paraspinal soft tissue mass or to define a
critical vascular structure that should be avoided.
If there is a history of or a suspicion of renal
impairment, renal function studies should be
obtained prior to injecting intravascular iodinated
contrast material. Diabetic patients taking met-
formin (Glucophage) should stop taking the drug
at the time of the procedure and wait 48 h prior to
resuming this medication (Beckett et al. 2015). In
some cases, depending on the patient’s clinical
condition, metformin may be held until renal
function is confirmed to be normal. This protocol
is necessary in order to avoid the potential for
lactic acidosis.

1.3.3 The Biopsy Procedure

The patient is positioned on the table, placed on
the appropriate monitoring devices, shaved with
clippers (when necessary), prepped, and draped
in sterile fashion (Kohi et al. 2015). Strict adher-
ence to aseptic technique by all members of the
biopsy team is a prerequisite to a safer procedure
(The Joint Commission 2013) (Table 1.2).

The application of local anesthetic (such as
1% or 2% lidocaine) at the skin puncture site and
along the intended biopsy tract up to the perios-
teum of the vertebral or rib cortex can reduce
patient discomfort, thereby reducing patient
motion as well as potentially reducing the
required dose of intravenous sedative and/or pain

Table 1.2 Infection prevention

Pre-procedure aspects
Remove hair with clippers (avoid shaving with razor)

Pre-procedure antibiotic prophylaxis — not required
unless patient is immune compromised and biopsy is
being performed to assess for neoplastic process;
antibiotics for biopsies intended to assess for infection
are discouraged

Intra-procedure care

Aseptic technique is paramount

Strict hand hygiene

Post-biopsy care

Wound care (educate patient and family)
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medication. As a result of being properly pre-
pared, the operator will have the appropriate
instrumentation to perform the biopsy procedure.
The operator will utilize the advantages of imag-
ing guidance in order to safely and efficiently
place the biopsy devices. Coaxial technique can
be helpful as it provides a onetime access to the
margin of the lesion and allows for multiple
passes with biopsy instruments. Imaging
guidance should be utilized to monitor all needle
insertions and advancements and to monitor the
position of the biopsy needle tip relative to the
lesion and critical structures.

Once the biopsy procedure is initiated and
performed, all of the specimens are placed within
the appropriate containers as they are obtained. If
pathology support is available and fine needle
aspirations are being performed, these specimens
can be assessed for adequacy at the time of the
biopsy. All specimen containers should be prop-
erly labeled, with at least two patient identifiers,
and immediately transported to their appropriate
destinations by trained personnel (Kohi et al.
2015). Unfortunately, biopsy specimens are at
risk for getting lost — yes, this can happen, has
happened, and will happen again unless skilled
personnel, great care, and accurate processes are
in place for specimen transport and tracking.
Therefore, post-procedure completion should be
emphasized as much as the biopsy procedure
itself (Siewert and Hochman 2015)!

Once the operator is satisfied that sufficient
specimens have been obtained and removes the
biopsy needle system, hemostasis is obtained by
hand compression at the biopsy site. The operator
should hold moderate pressure at the biopsy site
for 3-5 min. A sterile dressing, such as a Steri-
Strip or bandage, can be placed at the puncture
site. The operator and/or a designee should moni-
tor the biopsy site for at least 5 more minutes to
assess for bleeding or swelling at the biopsy site.
In specific situations, such as when performing a
biopsy on a suspected vascular lesion, or in
patients who have been receiving antiplatelet
agents or anticoagulants, or when the operator
has encountered bleeding via the biopsy tract, it
may be necessary to seal the biopsy tract with a
small volume of Surgifoam (refer to Chap. 2).

This can be injected directly through the guiding
cannula of a coaxial system or using a 20 gauge
spinal needle through the area of the biopsy tract.
Surgifoam powder is mixed with 8 mL of normal
sterile saline just prior to use — this should form
the consistency of mashed potatoes and can be
back loaded into a 10 mL syringe prior to
injection.

1.4 After the Procedure

1.4.1 Patient Recovery

Following a biopsy procedure, the patient is
transferred to a recovery area. Patients are usu-
ally observed and monitored for at least 2 h after
their procedure. The biopsy site is monitored for
signs of active bleeding or increasing swelling.
The patient may be given additional pain medica-
tion. Patients are allowed to drink and eat after
they are recovered from their anesthesia and have
returned to their baseline mental status.
Intravenous access may be discontinued when
the patient is fully recovered, demonstrating sat-
isfactory oral intake, and is no longer in need of
intravenous medication. Post-procedure care
instructions are given to, and reviewed with the
patient and/or family member, just prior to dis-
charge. If the biopsy specimens include osseous
material, then the patient is reminded that it will
take 2 days to process (decalcify) the specimen
prior to analyzing it in the pathology department.
The patient is instructed to follow up with the
referring physician in order to review the biopsy
results. It is often helpful to communicate with
the referring physician in order to let them know
that the biopsy was performed and that the patient
is doing well and to expect the biopsy results.

If a biopsy complication occurs, then it is
imperative that the operator immediately evalu-
ates the patient. The complication, whether
local or systemic, must be promptly addressed
by the operator, and the patient should be stabi-
lized. A complication should be documented in
a factual manner within the medical record.
Most complications are related to hemorrhage,
and the management of these types of complica-
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tions is discussed in the chapter dealing with
anticoagulation management. Vascular injury
may require an endovascular procedure or an
open vascular procedure by a vascular surgeon.
Neural injury may require supportive care, ste-
roids, or, rarely, an attempt at surgical decom-
pression. If infection occurs, then an imaging
study, such as a contrast enhanced MRI or a
nuclear medicine study such as a gallium scan,
can be performed to confirm the diagnosis and
to assess for the presence of abscess formation
which may require drainage depending on its
size and location. The likely organism is usually
Staphylococcus, and appropriate antibiotic ther-
apy can be promptly initiated. Once it is estab-
lished that a biopsy-related complication has
occurred, then the operator should discuss and
document the clinical situation and its manage-
ment with the patient and their family. The oper-
ator should follow up with the patient on a
regular basis, even when other consultants are
directly caring for the patient.

When a spine or rib biopsy complication
occurs:

1. Promptly evaluate and assist the patient.

2. Obtain the appropriate studies and
consultations.

3. Discuss the situation with the patient
and their family.

4. Treat the patient.

Follow up with the patient.

6. Remain available to the patient and their
family.

&

1.4.2 Patient Follow-Up

While the patient discharge instructions include
specific detailed instructions about the type of
procedure that was performed, signs and symp-

toms to watch out for in terms of delayed compli-
cations (bleeding, swelling, increasing pain,
fever), and a phone number with whom to contact
if there are any questions or problems, a follow-
up telephone call to the patient on the day after
the procedure can be performed in order to ascer-
tain the patient’s condition and to address any of
the patient’s concerns. The operator should have
a process in place for obtaining the biopsy results,
documenting this, and making sure that the refer-
ring physician has also received a copy of the test
results. With respect to microbiology results, the
operator may have to check results for several
weeks; for example, Mycobacteria requires 4—-6
weeks of follow-up. Patient and biopsy result
follow-up close the loop on the spine or rib
biopsy procedure.

The operator should have a process in place
for obtaining the biopsy results, document-
ing the results, and making sure that the
referring physician has also received a copy
of the test results.

Key Review Points

1. Communication between the patient,
the referring physician, and the operator
improves quality of care and patient
satisfaction.

2. The request for the biopsy should
include patient identification, patient
contact information, and clinical history
providing the medical necessity infor-
mation for the procedure.

3. Review of the imaging study or studies
that prompted the request for the biopsy
should occur before scheduling the
patient for the procedure.
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4. The choice of the imaging modality for
performing the biopsy should be based
on the particular anatomic characteristics
of the lesion and operator preference.

5. Biopsies for infectious processes have a
higher diagnostic yield if the patient is
not taking antibiotics at the time of the
procedure.

6. The informed consent discussion should
include the possibility of a “nondiag-
nostic biopsy” as an outcome of the
procedure.

7. The “time-out” procedure enhances
patient safety and contributes to better
patient care.

8. Follow-up is important with respect to
patient, referring physician, and biopsy
results.

Spine or Rib Biopsy: Pre-procedure Patient
Instruction Sheet

Patient Name:

Date of Birth:

1. You are scheduled for a spine biopsy proce-

dure on: (date and time)

At: location (specific address as to where the
patient should first arrive)

2. Please do not eat or drink anything

__After the midnight before your
procedure

__After ___:___(time) on the day of your
procedure

3. *On the day of your procedure please bring
with you:

___Your prescription for the procedure

___Your radiology studies (CDs or Films)

*FAILURE TO FOLLOW THIS IMPORTANT
STEP COULD POSTPONEYOUR PROCEDURE

4. If you are a diabetic patient, please check your
morning blood sugar and notify the nursing
staff of the result when you arrive in our
department. If your blood sugar is not within
the normal range, then we will treat you
appropriately. We recommend that you do not
take your diabetes medication in the morning
of your procedure, but please consult with
your physician prior to changing any medi-
cine. Please alert us if you are using an insulin
pump.

5. We recommend that you STOP only your
blood thinner and any medicines or supple-
ments that may interfere with the clotting of
your blood ______ days before your procedure,

unless otherwise instructed by your

physician(s):

__Aspirin, Ecotrin __Plavix (clopido-
grel) __Persantine (dipyridamole)

__Pletal (cilostazol) _ Coumadin (warfa-

rin) __Other (Pradaxa, Eliquis)
__Ibuprofen (Advil, Motrin) __Naproxen
(Aleve) __Vitamin E, fish oil

6. Please take your other usual medications in
the morning of your procedure as you nor-
mally would with small sips of water.

7. If you have been given a prescription for spe-
cific blood work:

Please have it drawn at: (location and phone
number)

Please have it drawn
your procedure

If this is an independent laboratory, then
please have results immediately sent to our
facility: (address and facsimile telephone
number)

8. Please call us at (telephone number), if there
is a significant change in your physical health
prior to your procedure or if you have any
additional questions or concerns.

9. Please leave your jewelry at home and wear
loose, comfortable clothing.

day(s) before
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Patient Information Guide: Spine Biopsy
What is a spine biopsy?

A spine biopsy is the removal of a small sam-
ple of tissue from the spinal column or adjacent
structures in order to examine it for possible dis-
ease (cancer, infection, inflammation).

How is a spine biopsy performed?

A spine biopsy is performed using special
needles that can acquire small samples of tissue.
A needle is placed through the skin, near the area
to be sampled, under imaging guidance such as
x-ray (fluoroscopy) or computed tomography
(CT). The procedure is performed by a qualified
operator as part of a team that will help to moni-
tor you and keep you safe and comfortable
before, during, and after the procedure.

Is the spine biopsy procedure safe?

Image-guided percutaneous spine biopsy has
been shown to be a safe and effective procedure.
The benefit of the procedure is to obtain sufficient
tissue from a specific area of the spine and analyze
this tissue in order to establish a diagnosis. This
diagnosis will help to determine your treatment
plan. The risks of the procedure are uncommon
(well under 1%) and include bleeding, infection,
and injury to small nerves, blood vessels, or other
structures near or in the path of the biopsy needle.
Alternatives to percutaneous spine biopsy include
continued observation and monitoring of your
condition or open surgical spine biopsy in an
operating room performed by a spine surgeon.
Your doctor will discuss these benefits, risks, and
alternative treatments when obtaining your
informed consent for the procedure.

Will it hurt?

Most patients receive intravenous medications
to help them remain relaxed, comfortable, and
hold still during the procedure. Spine biopsy can
be performed using different types of anesthesia.
First, local anesthetic such as lidocaine will be
applied at and beneath the skin at the biopsy site
in order to minimize any pain. For additional
anesthesia, an intravenous (IV) line will be
inserted into your arm or hand so that medication
can be given to relax you (sedation) and to pro-
vide pain relief (analgesia) during the procedure.
Alternatively, an anesthesiologist may assist in
your care and administer a medication (such as
propofol) in order to have you more deeply
sedated during the procedure.

What will I experience during the procedure?

Before your procedure is started, you will be
asked your name, date of birth, and what type of
procedure you are having. Your healthcare team
members will introduce themselves and let you
know why they are in the room with you. Nurses,
technologists, and other staff will help position
you safely and comfortably on the procedure
table. The procedure is performed using sterile
technique, so everyone within the procedure suite
will be wearing surgical caps and masks.

Depending upon what type of spine biopsy
procedure you are having, you will be placed on
your stomach or on your back or on your side.
Once you are positioned properly, you will need
to remain still throughout the procedure. You may
have the area of the biopsy shaved by one of the
staff members. The spine level of your biopsy
will be marked once you are properly and com-
fortably positioned. Monitoring equipment will
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be used during your procedure so you will have a
pulse oximeter placed on one of your fingers,
electrocardiogram leads placed on your skin, a
blood pressure cuff placed around your arm, and
possibly a nasal cannula placed under your nose.
You will hear the beeping sounds of these devices
and feel the pressure of the blood pressure cuff on
your arm from time to time. Your skin will be
cleansed with sterilizing solutions, this may feel
cold, and the biopsy area will be covered with
sterile sheets. The intravenous medication that is
initially administered may cause some temporary
irritation or burning at the time it is first given.
You will feel a pinch and then pressure or tempo-
rary discomfort at the site where the local anes-
thetic (numbing medicine) is applied.

What will I experience after the procedure?

You may feel sore at the biopsy site for a day
or so. You can apply a cold compress to the
biopsy site as well as take your usual pain medi-
cation. Keep the biopsy area dry with the ban-
dage on for 24 h after the procedure. After this
time you may bathe and the bandage can be
removed. Please refer to your discharge instruc-
tions for any care instructions that are specific to
your procedure and for a telephone contact num-
ber to call if you have any urgent concerns or
questions after your procedure.

When will I get my biopsy results?

Please follow up with your referring doctor in
order to obtain the biopsy results. This may take
several days as spine biopsy specimens often
have to be processed prior to being analyzed. The
biopsy specimens may be studied by a patholo-
gist and/or a microbiologist, depending on the

reason for your procedure — they will send the

result to your doctor.

Please be aware that sometimes, despite
obtaining the appropriate amount of tissue sam-
ples, the diagnosis may still not be made and you
may require additional evaluation, including
another biopsy.

What should I do before the procedure?

1. Arrange for transportation to your home
after the procedure as you are advised not to
drive.

2. The night before your spine biopsy procedure,
do not have anything to eat or drink after mid-
night. If you take daily medications, take them
with a small sip of water.

3. Shower or bathe before you come to the hos-
pital and wear loose, comfortable clothing.

4. Please leave your jewelry at home.

5. Bring your spine x-rays and other imaging
studies including CTs and MRIs and your pre-
scription for the procedure with you to your
appointment.

6. Notify the doctor who is performing your pro-
cedure if you have been taking medications,
such as blood thinners, that affect your blood’s
ability to clot.

7. Tell your doctor if you are allergic to any
medications.

8. If you are a diabetic, you should discuss this
ahead of time with the doctor and follow the
specific instructions that are unique to your
care.

9. Plan to invest about 4 or more hours of your
time in the medical center that is performing
your procedure.
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Safe Biopsy Checklist
Before starting the procedure

Patient verification (double identifier)

Correct patient, correct procedure, correct
level, and correct side.

Verify the correct patient information on the sam-
ple tubes and containers.

Are the prior imaging studies available and have
they been reviewed?

Review all pertinent laboratory tests (coagulation
profile, renal profile, infection/inflammation
panel, pregnancy test result (in all females
with reproductive capacity)).

Does pathology department need to be contacted?
Are there any special transport media?

Does a pathologist need to be available at the
time of the procedure?

Review any anticipated critical events.

Confirm any patient allergies and type of reaction.

Confirm NPO status.

Confirm airway status and aspiration risk.

Is there a risk of significant blood loss?

Is the lesion being sampled suspected to be
hypervascular?

Has the patient been recently receiving antico-
agulant or antiplatelet therapy?

Check that patient monitoring equipment is
operational.

Confirm that radiology equipment is functional
and that dose reduction protocols are in effect.

Have procedure table prepared using sterile tech-
nique and cover table with a sterile drape.

Before prepping the patient

All staff must introduce themselves to the patient
(staff member name and role in procedure).

Optimize patient position.

Remove hair at biopsy site with clippers.

Check that intravenous access is functional.

Place monitoring devices away from area of
interest.

Perform the “time-out” with all of the staff pres-
ent in the procedure suite.

Use imaging guidance in order to mark the level
and side of interest on the skin surface.

Verify the correct patient information on the
imaging modality monitor screen.

All staff must utilize appropriate hand hygiene
protocol.

During the procedure

All staff in room must adhere to strict aseptic
technique.

Expose the covered procedure table.

Prep the skin with appropriate antiseptic and
cleansing agents.

Drape the patient.

Assure that patient is adequately sedated.

Use appropriate amount of local anesthetic
agent for subcutaneous and periosteal
application.

Make small crosshair incision on skin surface and
monitor not only for bleeding but for ability to
obtain hemostasis by hand compression.

Use coaxial techniques whenever possible.

Monitor placement, advancement, and location
of instruments and needle tips with imaging
guidance.

Place all specimens in their properly labeled
containers.

After removing all instruments, obtain hemosta-
sis by hand compression for 3—5 min.

Monitor skin surface and biopsy site for signs of
active bleeding or swelling for at least 5 min
after hand compression.

Apply sterile dressing to biopsy site.

After the procedure

Nurse or assistant confirms specimen labeling
and use of appropriate containers and trans-
port media.

Carefully move the semi-sedated patient onto a
recovery stretcher.

Continue to actively monitor patient and vital signs.

Monitor for signs of bleeding or swelling at
biopsy site.

Any concerns for patient recovery or manage-
ment are discussed by the team.

Recovery periods vary, but consider recovering
patient for at least 2 h.

A paper or electronic requisition is completed
and matched with the labeled specimens.

The correctly labeled specimen container(s) are
transported by accountable and responsible
personnel to the appropriate laboratories.
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Anticoagulation Management

Man Hon, Richard Silbergleit,

and A. Orlando Ortiz

Learning Objectives

1. To learn how to evaluate and manage
patients on anticoagulant and/or anti-
platelet therapy prior to performing a
spine or rib biopsy

2. To review and update our understanding
of current anticoagulant and antiplatelet
medications

3. To learn how to promptly address bleed-
ing complications when they occur dur-
ing or after a spine or rib biopsy

2.1  Introduction

A significant percentage of the general population
is affected by medical conditions such as stroke or
venothromboembolic disease or prior medical
interventions such as cardiac stent placement.
Another group of patients has risk factors, such as
atrial fibrillation, that may predispose these
patients to these medical conditions. Patients with
preexisting neoplastic conditions may have hyper-
coagulable states that require anticoagulation
therapy. Therefore, it is no surprise that many
patients that are referred for a spine or rib biopsy
are on antiplatelet or anticoagulant medications.
Additionally, they may also be taking other medi-
cations, vitamins, or herbal supplements that alter
their coagulation status. Since image-guided per-
cutaneous spine or rib biopsy requires the use of

© Springer International Publishing Switzerland 2017

needles and devices that may range in size from
25 gauge up to 8 gauge diameter, bleeding and
hematoma formation are possible local complica-
tions that can be caused by the percutaneous
insertion of these devices. When considering and
planning an image-guided percutaneous biopsy
procedure, it is important to not only to identify
which medications that a patient is using but to
determine if they have any anticoagulant proper-
ties and, if so, to decide on how to manage the
administration of these latter types of medica-
tions. Managing the hemostasis risk in these
patients is becoming increasingly complicated as
more patients are receiving these medications and
new agents are continuously being introduced
into clinical practice.

The first challenge with respect to anticoagu-
lant or antiplatelet agent management is that
guidelines for holding medications vary widely
and are dependent on the perceived risk of the
procedure. Procedures are usually categorized as
low risk, moderate (intermediate) risk, and high
(significant) risk for a bleeding complication
(Kohi et al. 2015). The second challenge is that
different authors and professional medical societ-
ies categorize some of these procedures differ-
ently. The recommendations on holding
anticoagulants and antiplatelet medications differ
for the various risk categories. The third chal-
lenge is that these guidelines do not include
image-guided percutaneous spine or rib biopsies
in their listed procedures. Procedures that can
result in intraspinal hemorrhage are considered

15

A.O. Ortiz, Image-Guided Percutaneous Spine Biopsy, DOI 10.1007/978-3-319-43326-4_2



16

2 Anticoagulation Management

by some experts to be high risk (Baron et al.
2013). The Society of Interventional Radiology
(SIR) 2012 Consensus  Guidelines  for
Periprocedural Management of Coagulation
Status and Hemostasis Risk in Percutaneous
Image-guided Interventions does not list spine
biopsy but lists spine procedures including verte-
broplasty and kyphoplasty as having moderate
risk of bleeding (Patel et al. 2013). The American
Society of Regional Anesthesia and Pain
Medicine (ASRA) Guidelines on Interventional
Spine and Pain Procedures in Patients on
Antiplatelet and Anticoagulation Medications
also does not include spine biopsies but lists ver-
tebral  augmentation  (vertebroplasty  and
kyphoplasty) as high-risk procedures (Narouze
et al. 2015). Lastly, the grades of bleeding sever-
ity are not specified or standardized across the
specialties that perform image-guided percutane-
ous spine interventions (Baron et al. 2013).

In the setting of guidelines that are helpful but
different and in risk stratification categories that
are also helpful but different, what is the best way
to approach the patient who is on anticoagulant
and/or antiplatelet therapy and requires a spine or
rib biopsy? Vertebroplasty and kyphoplasty
might be considered reasonable surrogates for
spine biopsy much of the time because the instru-
ments used are similar and occasionally identical.
Large needles ranging from 13 to 8 gauge in
diameter are typically used for vertebral augmen-
tation and many bone biopsies. But there is a dif-
ference between the two procedures. Vertebral
augmentation procedures usually involve a single
transpedicular pass and entry, either through one
or both pedicles, and entail injection of acrylic
bone cement within the vertebral body. Spine
biopsies may entail multiple passes, with multi-
ple tracts and entry sites, with variable access
routes in addition to the transpedicular approach,
with different targets in addition to the vertebral
body (such as the intervertebral disk or the para-
spinal soft tissues), and with no material being
deposited within the biopsy site. The use of large
needles in a deep location, with a variable num-
ber of passes and needle tracts, next to vital struc-
tures such as the spinal canal where bleeding
cannot be easily controlled by manual compres-

sion suggests categorization as a high-risk proce-
dure. Nevertheless, extensive experience with
biopsy procedures has led many to suggest that
they are of moderate risk. In practice, each biopsy
is different. A biopsy of a lytic lesion in a lumbar
spinous process that is not deep and that can be
sampled with a smaller needle may be considered
a low-risk procedure. The biopsy of suspected
vascular lesion such as a metastasis from renal
cell carcinoma in the cervical or upper thoracic
spine would likely be considered a high-risk pro-
cedure. Image-guided percutaneous spine biopsy
is a closed procedure, and since potentially
uncontrollable hemorrhage can develop around
and inside the spinal axis, with catastrophic con-
sequences if not addressed emergently, it is rec-
ommended that all operators be aware of this risk
and manage each case wisely: careful pre-
procedure patient management, familiarity with
anticoagulant and antiplatelet medications and
supplements, active communication with the
referring clinician and patient, and consistent
post-procedure patient care (Layton et al. 2006).

Image-guided percutaneous spine biopsy is
a closed procedure, and since potentially
uncontrollable hemorrhage can develop
around and inside the spinal axis, with cat-
astrophic consequences if not addressed
emergently, it is recommended that all
operators be aware of this risk and manage
each case wisely: careful pre-procedure
patient management, familiarity with anti-
coagulant and antiplatelet medications and
supplements, active communication with
the referring clinician and patient, and con-
sistent post-procedure patient care.

2.2 How to Prevent a Bleeding

Complication

The best way to avoid a bleeding complication
during an image-guided percutaneous spine or rib
biopsy procedure is to prevent it (Hunt 2014). It is
extremely important for the operator to meet the
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patient, review the patient’s medical history, and
examine the patient. This will provide information
as to the necessity for the anticoagulation and/or
antiplatelet regimen. The patient may inform the
operator that they have withheld these types of
medications in the past for other invasive proce-
dures. The patient can also inform the operator as
to the clinician who placed them on the specific
anticoagulant or antiplatelet agent. This will
enable the operator to quickly contact this clini-
cian and develop the biopsy treatment plan.
Documentation of the anticoagulant/antiplatelet
agent management strategy is advised. The two
risks that are being balanced during this communi-
cation are the risk of procedure-related hemor-
rhage versus the risk of a thromboembolic event.
The operator or an assistant should ask the patient
if they experience easy bruising (you should also
examine the arms and legs) and if they have had
any bleeding problems with any other types of
medical or dental procedures. Not only should the
operator inquire about anticoagulant or antiplatelet
medications but also about vitamins (vitamin E),
fish oils, and other herbal compounds (garlic,
Ginkgo biloba, ginseng, danshen, dong quai) that
may affect the blood’s normal ability to form clots.
At the time of the patient’s clinical evaluation, the
operator can determine the type of anesthesia that
may be required for the procedure. Preventing
unnecessary patient movement and maximizing
patient comfort during the procedure increase the
likelihood of a safer procedure. Hence, the impor-
tance of identifying an uncooperative patient can-
not be emphasized enough. Reviewing the prior
imaging studies helps in identifying vascular
structures that should be avoided and in determin-
ing optimal biopsy trajectories.

The operator should conduct a thorough
investigation of the patient’s medication,
vitamin, and herbal supplement use; this
information should be documented in the
patient’s medical record.

The operator should obtain baseline hemato-
logic studies. This includes a coagulation

Table 2.1 Example of a bridging strategy using intrave-
nous heparin
Patient admitted into hospital

Patient’s usual anticoagulant
medication

Stopped
Intravenous heparin therapy Started immediately
Intravenous heparin therapy Temporarily held ~4 h
prior to procedure
Procedure performed Hemostasis at puncture
site confirmed

Biopsy site monitored (at
least 2 h)

Resumed ~4 h after the
procedure

Started

Intravenous heparin therapy

Patient’s usual

anticoagulation medication
Intravenous heparin therapy Stopped

Patient discharged from hospital

profile: hematocrit and hemoglobin, platelets,
prothrombin time (PT), partial thromboplastin
time (PTT), and international normalized ratio
(INR). A renal profile should also be obtained
as many of dosing and holding recommenda-
tions for the newer anticoagulants are based on
renal function: BUN, creatinine, and glomeru-
lar filtration rate. These baseline values are a
useful reference in case the patient experiences
a hemorrhagic event, and the new serum hema-
tologic profile can be compared to the original
values.

It is important for the operator to know the
most commonly used anticoagulant and anti-
platelet medications and to be aware of the
newly introduced agents. Similarly, the opera-
tor should be up to date with the guidelines for
the use of these agents — not only do the medi-
cations change, but the guidelines can be
revised. The operator should be familiar with
the use and application of bridging strategies
(Tables 2.1 and 2.2). If there is any uncertainty
as to whether or not an anticoagulant and/or
antiplatelet agent can be held prior to arranging
a biopsy procedure, then the operator should
wait until the pertinent clinical issues are dis-
cussed and a biopsy management strategy is
agreed to by the operator, the referring clini-
cian, and the patient.
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Table 2.2 Example of a bridging strategy using Lovenox

Subcutaneous therapeutic dose of Lovenox Started
Patient’s usual anticoagulation medication  Stopped
Perform procedure just prior to the next Hold
scheduled Lovenox dose

Lovenox can be resumed as early as 4 h Resume
after procedure

or can wait until next scheduled

administration

(12 or 24 h depending on dosing schedule)

Resume patient’s usual anticoagulation Resume

Warfarin — resume usual evening dose on same day as
procedure

New anticoagulant: can start dosing after 4 h
and STOP Lovenox based on effective onset
of new anticoagulant (refer to Table 2.4)

If there is any uncertainty as to whether or
not an anticoagulant and/or antiplatelet
agent can be held prior to arranging a
biopsy procedure, then the operator should
wait until the pertinent clinical issues are
discussed and a biopsy management strat-
egy is agreed to by the operator, the refer-
ring clinician, and the patient.

In the next sections, suggestions on holding
medications are made based on times necessary
to reverse enough of the antiplatelet or anticoagu-
lant effect to decrease the risk of procedurally
induced bleeding to a level similar to a patient
who is not on these medications. It must be rec-
ognized that this is often a challenging clinical
situation for both the clinician and the patient.
Patients are usually placed on these agents for a
medically indicated reason. Minimizing the risk
of a biopsy-related hemorrhage by holding anti-
thrombotic medications may result in a variety of
complications such as stroke, myocardial infarc-
tion, deep venous thrombosis, or pulmonary
embolism. The decision to hold these medica-
tions should be made in conjunction with the ser-
vice that prescribed the antithrombotic to
determine if holding the medication is feasible. A
spectrum of decisions may be made such as that
the biopsy cannot be safely performed, the biopsy
can be performed but with less than the typically

recommended holding time for that agent, the
biopsy can be performed after holding the spe-
cific anticoagulant or antiplatelet agent for a stan-
dard period of time, or that bridging therapy, to
minimize the amount of time off antithrombotic
medication, is indicated in order to perform the
biopsy (Tables 2.1 and 2.2). Bridging anticoagu-
lation therapy is used to reduce the risk of throm-
boembolism in patients at high risk for recurrent
thromboembolic events when their anticoagula-
tion therapy is suspended (Baron et al. 2013).

Bridging therapy may be required in patients
on anticoagulation with the following condi-
tions (Baron et al. 2013):

Mechanical heart valve ~ Mitral valve replacement,
two or more mechanical
valves, aortic valve
replacement of the non-
bileaflet type or with other

risk factors

Atrial fibrillation With prior stroke or embolic
event, cardiac thrombus, or
CHADS score of 4 or more
(1 point for congestive heart
failure, hypertension,
diabetes mellitus, and age 75
or older; 2 points for prior
stroke or transient ischemic

attack)

Within prior 3 months;
severe thrombophilia
(protein C or S or
antithrombin deficiency;
antiphospholipid syndrome;
homozygous for factor V
Leiden or mutation in
prothrombin gene G20210A
or compound heterozygous
mutation of these two genes)

Venous
thromboembolism

2.3  Antiplatelet Agents

2.3.1 Aspirin (Acetylsalicylic

Acid, ASA)

Aspirin has a potent effect on platelet function
that is irreversible. Its major action is through
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the acetylation of serine which inhibits platelet
cyclooxygenase enzyme 1 (COX-1). Humans
replace approximately 10% of their platelets
each day. After 5 days, most patients will have
50% of their platelets functioning. Platelet trans-
fusion can be used to restore clotting function
more rapidly when necessary. There is no uni-
versally accepted test to evaluate aspirin’s effect
on hemostasis. Many patients take aspirin for
primary prophylaxis without a history of a car-
diovascular event such as stroke or myocardial
infarct. Aspirin is frequently held in these
patients. When a patient with known cardiovas-
cular disease or an implanted intravascular
device is taking aspirin, this is considered sec-
ondary prophylaxis (Diener et al. 1996). Holding
aspirin in a patient on secondary prophylaxis
requires a careful balance of the risks of a hem-
orrhagic complication from the procedure with
the risks of a thrombotic event related to the
underlying cardiovascular condition. The latter
situation is particularly concerning in patients
who have undergone recent intravascular stent
placement. For example, patients with coronary
artery stents are usually placed on dual antiplate-
let therapy for 1 year. If an elective procedure
that is associated with a high risk of bleeding is
being considered, then it should be delayed for at
least 6 weeks in patients receiving bare metal
stents or for 6 months in patients with drug-elut-
ing coronary stents (Jneid et al. 2012). Obviously,
a patient who is being considered for a biopsy
will likely not be able to wait 6 months for an
elective, but necessary, biopsy. Therefore, con-
sultation with the service that prescribed the
aspirin to determine the relative risks is impor-
tant. It is important to realize that numerous pre-
scription and over-the-counter medications
include aspirin.

Recommendations on holding aspirin vary
widely, from not holding aspirin for spine proce-
dures to suspending aspirin use for at least 7 days
(Layton et al. 2006; Baron et al. 2013). The SIR
guidelines recommend not holding aspirin for
low and moderate risk procedures but holding it
for 5 days for procedures with a significant bleed-
ing risk (Patel et al. 2012). ASRA guidelines rec-
ommend holding aspirin for high-risk procedures

and some intermediate risk procedures, but this
should be tailored to both the patient and the type
of procedure (Narouze et al. 2015). The recom-
mended holding period is 4 days when the risk is
lower and 6 days when the risk is higher. Many of
the guidelines do not include a recommendation
for the amount of time to wait before restarting
antithrombotics. ASRA recommends waiting
24 h before restarting aspirin. As can be seen by
these recommendations, there is not one specific
approach to this situation, but based upon our
experience, we tend to hold aspirin for 5 days
before performing an image-guided percutane-
ous spine biopsy and resume this medication the
day after the procedure (Table 2.3).

2.3.2 Dipyridamole

Dipyridamole (Persantine) inhibits adenosine
uptake into platelets and potentiates the anti-
platelet effects of prostacyclin (26). It has a half-
life of 10-12 h. Its duration of action lasts
approximately 2 days after its discontinuation
(Baron et al. 2013). Aggrenox is a combination
antiplatelet containing 200 mg extended release
dipyridamole and 25 mg aspirin. This combina-
tion should be considered a bleeding risk. The
combination should be held for 5 days before a
high-risk procedure and can be resumed within
24 h. Rapid reversal of the antiplatelet effects
can be achieved with DDAVP and/or platelet
transfusions.

2.3.3 Cilostazol

Cilostazol (Pletal) is used to treat claudication in
a patient with peripheral vascular disease. It is a
phosphodiesterase III inhibitor which effects
reversible inhibition of platelet aggregation. It
has a clinical onset of action of 2—4 weeks with a
half-life of approximately 11-13 h. Cilostazol
should be held for 24 h before a high-risk proce-
dure and can be resumed immediately after the
procedure (Jaffe et al. 2015). Rapid reversal of its
antiplatelet effects can be done with DDAVP and/
or platelet transfusions.
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Table 2.3 Some common antiplatelet medications and reversal treatment strategies

Medication Class of drug Half-life
Aspirin COX-1 inhibitor 20 min
NSAIDS COX-1 inhibitor Variable
NSAIDS COX-2 inhibitor -
(Celecoxib)

Abciximab GP IIb/IIIA inhibitor 10-30 min
(ReoPro)

Cilostazol Phosphodiesterase inhibitor 11-13 h
(Pletal)

Clopidogrel ADP receptor antagonist 6h
(Plavix)

Eptifibatide GP IIb/IIIA inhibitor 25h
(Integrilin)

Prasugrel ADP receptor antagonist 7-9h
(Effient)

Ticagrelor ADP receptor 7-9h
(Brilinta) Antagonist

Tirofiban GP IIb/IIIA inhibitor 2h
(Aggrastat)

2.3.4 P2Y12Inhibitors

The P2Y 12 inhibitors include ticagrelor (Brilinta)
and the thienopyridine derivatives clopidogrel
(Plavix), ticlopidine (Ticlid), and prasugrel
(Effient). These drugs bind to the P2Y12 receptor
on platelets, preventing adenosine diphosphate
(ADP) from activating the glycoprotein IIb/Illa
receptor complex, thereby inhibiting platelet
aggregation. P2Y 12 inhibitors are often used with
aspirin to provide dual antiplatelet therapy.
Clopidogrel has a dose-dependent onset of action.
Aloading dose of 300-600 mg will result in onset
of maximum antiplatelet effect in 2-5 h, while a
daily dose without the loading dose will take
4-5 days. Its binding is irreversible with 40% of
normal platelet function after discontinuation
(Cattaneo 2008). Prasugrel with a loading dose has
a faster onset of action compared to clopidogrel.
Its antiplatelet effect is inversely related to the

Hold time Resume time  Treatment

5d 24 h DDAVP (0.3-0.4
mcg/kg)

Platelet transfusion

24 h-10d 24 h DDAVP (0.3-0.4
meg/kg)

5 half-lives Platelet transfusion

none - Does not affect
platelet function

5d 8-12h Platelet transfusion

24 h Oh Platelet transfusion

Immediate DDAVP (0.3-0.4
meg/kg)

7d Oh Platelet transfusion

Immediate DDAVP (0.3-0.4
mcg/kg)

24 h 8-12h Platelet transfusion
DDAVP (0.3-0.4
mcg/kg)

7d 24 h Platelet transfusion
DDAVP (0.3-0.4
meg/kg)

7d 24 h Platelet transfusion
DDAVP (0.3-0.4
meg/kg)

24 h 8-12h Platelet transfusion

DDAVP (0.3-0.4
mcg/kg)

patient’s weight (Hall and Mazer 2011). Its active
metabolite irreversibly binds to platelets (Cattaneo
2008). Ticagrelor also has a faster onset of action
than clopidogrel but is a reversible antagonist.
Platelet function (60%) is restored within 24 h
after discontinuation of the medication. These
drugs are held 7 days prior to a high-risk proce-
dure. Clopidogrel can be resumed immediately
after the procedure, while prasugrel and ticagrelor
are held for 24 h (Jaffe et al. 2015). DDAVP and/or
platelet transfusions may overcome some of the
antiplatelet effects of these medications (Yorkgitis
et al. 2014; McCoy et al. 2014).

2.3.5 Nonsteroidal Anti-
inflammatory Drugs (NSAIDs)

NSAIDs have a reversible effect on platelet
aggregation. These drugs are not typically used



2.4 Anticoagulants

21

for their antithrombotic properties, so it is usually
safe to hold NSAIDs before an elective proce-
dure. They have widely varying half-lives leading
to different recommended hold times for high-risk
procedures. Diclofenac (Zorvolex), ibuprofen
(Motrin, Advil), and ketorolac (Toradol) are held
for 1 day. Etodolac (Lodine) and indomethacin
(Indocin) are held for 2 days. Meloxicam (Mobic)
and naproxen (Naprosyn, Aleve, Anaprox,
Naprelan) are held for 4 days. Nabumetone
(Relafen) is held for 6 days. Oxaprozin (Daypro)
and piroxicam (Feldene) are held for 10 days. All
are restarted 24 h after a high-risk procedure
(Narouze et al. 2015).

2.3.6 Glycoprotein lib/llla Inhibitors

Glycoprotein  IIb/Illa  inhibitors  tirofiban
(Aggrastat), eptifibatide (Integrilin), and abcix-
imab (ReoPro) are potent intravenously adminis-
tered platelet inhibitors that have a very rapid
onset of action (10 min for tirofiban and abcix-
imab and 15 min for eptifibatide). The plasma
half-lives range between 30 and 150 min. They
are used to treat unstable angina and acute coro-
nary syndromes and are frequently used during
coronary artery interventions. Abciximab
(ReoPro) should be held 5 days for medium- and
high-risk procedures and resumed after 8—12 h
(Narouze et al. 2015). Eptifibatide (Integrilin)
and tirofiban (Aggrastat) should be held 24 h for
medium- and high-risk procedures and can be
resumed after 812 h. This is a rarely encoun-
tered scenario in the potential spine biopsy
population given the primary indications for
these medications. Platelet transfusions can be
used to overcome the antiplatelet effects of these
medications.

24  Anticoagulants

2.4.1 Warfarin (Coumadin)

Warfarin is an oral anticoagulant that functions
primarily by inhibition of factors II, VII, IX, and
X which are the vitamin K-dependent coagulation

factors. There is also an effect on protein C and
S. The peak anticoagulation effect does not occur
for 96 h after administration. Patients are often
started on heparin while waiting for warfarin to
become effective when there is a need for rapid
anticoagulation. The effect of warfarin can be
evaluated by the international normalized ratio
(INR) which is a standardized method of report-
ing the prothrombin time (PT). INR and PT eval-
uate the extrinsic and common coagulation
pathways. However, the INR is unreliable early
in the therapeutic range, so heparin should be
continued until there is the full anticoagulant
effect of the Coumadin.

Warfarin is usually stopped 5 days before a
planned moderate- or high-risk procedure to
allow the INR to normalize (Douketis et al.
2012). Because of the delayed onset of action,
most procedures can be performed within
12-24 h of initiation of warfarin anticoagula-
tion without checking the INR. After this
period, confirmation with measurement of the
INR should be performed as there is variability
in the duration of action of warfarin. An INR of
1.5 or less is usually not associated with an
increased risk of hemorrhage. An INR of
between 1.5 and 2.0 is indeterminate. An INR
of greater than 2.0 is associated with an
increased risk of bleeding, and the risk increases
as the INR increases. Vitamin K can be admin-
istered to speed the reversal of the action of
warfarin. Parenteral administration of vitamin
K has a more rapid action but is also associated
with severe reactions. Four-factor prothrombin
complex concentrate (PCC) (Kcentra) is now
used for the urgent or emergent reversal of the
anticoagulation effects of warfarin, either for
acute major bleeding or preoperatively before
an urgent surgery or invasive procedure
(Lexicomp Online 2014a, b, ¢, d). Transfusion
of fresh frozen plasma may also be considered
for reversing the effects of warfarin. Fresh fro-
zen plasma takes much more time to adminis-
ter, has a longer onset of action, requires much
more fluid to be administered in, and has other
potential complications compared to PCC
(Patel et al. 2012). Warfarin is usually restarted
24 h after the procedure (Table 2.4).
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Table 2.4 Some common anticoagulant medications and reversal treatment strategies

Medication

Warfarin
(Coumadin)

Heparin unfractionated

Low molecular weight
heparin enoxaparin
(Lovenox/Fragmin)

Apixaban
(Eliquis)

Argatroban

Bivalirudin
(Angiomax)

Dabigatran
(Pradaxa)

Desirudin
(Iprivask)

Fondaparinux
(Arixtra)

Rivaroxaban
(Xarelto)

Class of drug

Vitamin K
inhibitor

Antithrombin IIT
activation

Antithrombin IIT
activation

Direct factor Xa
inhibitor

Direct thrombin
inhibitor

Direct thrombin
inhibitor

Direct thrombin
inhibitor

Direct thrombin
inhibitor

Select factor Xa
inhibitor

Direct thrombin
inhibitor

Half-life

Effective
half-life:
20-60 h
(mean 40 h)

30-90 min

Lovenox:
45h
Fragmin:
3-5h (SQ)

9-12h

50 min

20-25 min;
60 min renal
failure pts

12-17 h

2h

17-21h

5-9h
(healthy)
11-13h
(elderly)

Hold time
5d

4h

24 h

48-72 h

4h

4h

72 h

4h

3-4d

48-72 h

Resume
time
1d

4h

24 h

24-48 h

1h

lh

48 h

1h

24 h

24-48 h

Treatment

Monitor INR
Vitamin K
Four-factor PCC
(Kcentra)

Fresh frozen plasma
Monitor aPTT or
anti-factor Xa assay
Protamine
Protamine
(incomplete

reversal — 60%)
Anti-factor Xa assay
Consider activated
factor VII for critical
bleeding

No antidote

If ingested <2 h, give
activated charcoal
Consider four-factor
PCC (Kcentra)

No antidote
Monitor plasma-
diluted thrombin time
No antidote
Monitor aPTT or
plasma-diluted
thrombin time
Consider
hemodialysis,
hemofiltration, or
plasmapheresis for
critical bleeding
Idarucizumab
(Praxbind) for
emergent reversal
Monitor plasma-
diluted thrombin
time

If ingested <2 h, give
activated charcoal
No antidote
Monitor aPTT or
plasma-diluted
thrombin time

No antidote
Consider factor VII
for critical bleeding
No antidote

If ingested <2 h, give
activated charcoal
Consider four-factor
PCC (Kcentra)
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Warfarin is a common oral anticoagulant
with the following advantages: (1) the
effects can be monitored with a blood test,
(2) a bridging strategy is possible with hep-
arin or Lovenox, and (3) the effects can be
reversed on an urgent or emergent basis.

2.4.2 Heparin

Heparin is an anticoagulant that may be adminis-
tered intravenously or subcutaneously. There are
two major classes of heparin, unfractionated hep-
arin and low molecular weight heparin (LMWH).
Unfractionated heparin is frequently adminis-
tered intravenously or subcutaneously. Low
molecular weight heparin (LMWH) is infre-
quently administered intravenously and is typi-
cally administered subcutaneously, particularly
in outpatients. The use of LMWHs is increasing
because of easier dosing and less severe side
effects. The effect of unfractionated heparin can
be monitored by the activated partial thrombo-
plastin time (aPTT). The anticoagulant effect of
unfractionated heparin can be reversed with
intravenous protamine. Low molecular weight
heparin cannot be monitored with the aPTT and
is not fully reversible with protamine.

Intravenous unfractionated heparin is usually
stopped 4 h before procedures to normalize the
APTT (<35 s) and is not restarted for at least
2—4 h. If a procedure is associated with signifi-
cant blood loss, then intravenous heparin is not
restarted for 24 h (Narouze et al. 2015). Low-
dose subcutaneous unfractionated heparin
(<10,000 U) is typically held for 8 h and restarted
2 h after the procedure (Narouze et al. 2015).
Enoxaparin (Lovenox) is the most commonly
used LMWH in the United States. When enoxa-
parin is used in low doses for venous thromboem-
bolism prophylaxis, it is held for 12 h before
procedures (24 h in renal failure). Systemic full
anticoagulation doses of enoxaparin are held for
24 h. Either dose of enoxaparin may be restarted
4 h after low-risk procedures, 12 h after medium-
risk procedures, and 24 h after high-risk proce-
dures (Table 2.4) (Narouze et al. 2015).

2.4.3 Newer Oral Anticoagulants

Several newer anticoagulants are available that
do not have the dietary restrictions that accom-
pany warfarin use. These cannot be followed
with serum INR or aPTT testing.

Dabigatran (Pradaxa) directly inhibits both
free- and clot-bound thrombin, which impedes
the conversion of fibrinogen to fibrin, thus pre-
venting thrombus development (Stangier et al.
2007). It has a rapid onset of action with a peak
effect in 1-2 h. It has a half-life of 12—-17 h with
normal renal function. It is 80% cleared by the
kidneys and is dialyzable (Douketis et al. 2012).
There is also a reversal agent for dabigatran, ida-
rucizumab (Praxbind) that can be used. Thrombin
time is the most sensitive assay, but it is not rou-
tinely monitored (Lexicomp Online 2014a, b, c,
d). Dabigatran should be held for 72 h for a high-
risk procedure with adjustments for patients with
impaired renal function. It can be resumed 48 h
after the high-risk procedure (Jaffe et al. 2015).

Rivaroxaban (Xarelto), apixaban (Eliquis),
and edoxaban (Savaysa) are oral anticoagulation
agents that inhibit platelet activation and fibrin
clot formation by direct, selective, and reversible
inhibition of factor Xa. This decreases the gen-
eration of thrombin. These medications have a
rapid onset of action with peak effects in 1-3 h.
Their half-lives range between 7 and 12 h with a
renal clearance of 25-35%. They are not dialyz-
able and there is no reversal agent (Douketis et al.
2012). There is no consistent assay for monitor-
ing of blood levels. The general recommendation
with these agents is to wait five half-lives after
the last dose before performing a high-risk proce-
dure. These medications should be stopped
48-72 h prior to the high-risk procedure and can
be resumed 2448 h after the procedure (Douketis
et al. 2012; Jaffe et al. 2015; Crockett et al. 2012;
Narouze et al. 2015). Options for reversal are
limited if a patient requires immediate reversal.
Studies that have evaluated the reversal of the
new oral anticoagulants have been limited to
reversal of drug effect with the use of recombi-
nant activated factor VII and prothrombin com-
plex concentrate (PCC). Current evidence
suggests that prothrombin complex concentrate
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may be the best option and that it reverses the
effects of rivaroxaban better than the effects of
dabigatran  (Lazo-Langner et al. 2013).
Prothrombin complex concentrates (PCCs) con-
taining coagulation factors II, VII, IX, and X
have shown promise in the laboratory setting for
all of the new anticoagulants and in selected case
reports, but there is a deficiency of clinical stud-
ies (Crockett et al. 2012).

2.4.4 Injectable Anticoagulants
Fondaparinux (Arixtra) is a subcutaneously
administered anticoagulant indicated for prophy-
laxis or treatment of deep vein thrombosis or
acute pulmonary embolism. It works by inhibit-
ing factor Xa. The onset of action is 2-3 h with a
half-life of 17-21 h. Fondaparinux is held
3—4 days for medium- and high-risk procedures
(Narouze et al. 2015). An additional recommen-
dation includes adding a day or two if the creati-
nine clearance is 50 mL/min or less (Patel et al.
2013). Fondaparinux can be resumed after 24 h.
Fondaparinux has no effect on PT and a minimal
effect on aPTT. There is no reversal agent.
Recombinant factor VIIa and PCC have been
evaluated for reversal (Bijsterveld et al. 2002;
Desmurs-Clavel et al. 2009).

Argatroban, desirudin (Iprivask), and bivaliru-
din (Angiomax) are all reversible direct thrombin
inhibitors, preventing the formation of fibrin
from fibrinogen. They are monitored by
aPTT. Argatroban is used to prevent or treat blood
clots in patients with heparin-induced thrombo-
cytopenia; it is also used during certain percuta-
neous coronary artery interventions. Argatroban
is given intravenously and drug plasma concen-
trations reach steady state in 1-3 h. Argatroban is
metabolized in the liver and has a half-life of
about 50 min. Because of its hepatic metabolism,
it may be used in patients with renal dysfunction.
If warfarin is chosen as the long-term anticoagu-
lant, this poses particular challenges due to the
falsely elevated prothrombin time and INR
caused by argatroban. The combination of arg-
atroban and warfarin may raise the INR to greater
than 5.0 without a significant increased risk of

bleeding complications (Hursting et al. 2005).
Desirudin and bivalirudin may, to a lesser degree,
also give a falsely elevated INR. Desirudin is
given subcutaneously or intravenously. The max-
imal plasma concentrations are reached in 1-3 h.
Approximately 90% of the dose is cleared by the
kidneys within 2 h. Bivalirudin is given intrave-
nously. It has a half-life of 20-25 min, but this
half-life can be markedly prolonged in patients
with renal impairment. It has the advantage of a
short half-life and the ability to be partially
removed with hemodialysis, hemofiltration, or
plasmapheresis. There are no reversal agents for
these medications. These medications are held
for 4 h before a high-risk procedure. They can be
restarted beginning at 1 h after the procedure
(Jaffe et al. 2015).

2.5 Thrombolytics

Thrombolytic drugs are used to lyse existing
clots. The thrombolytic drugs include tissue plas-
minogen activator tPA drugs (alteplase (Activase),
reteplase (Retavase), tenecteplase (TNKase)),
streptokinase (Kabikinase, Streptase), anistre-
plase (Eminase), and urokinase (Abbokinase).
The tPA drugs bind to the fibrin that serves as the
matrix for blood clot formation. It catalyzes the
conversion of plasminogen molecules that are
within the blood clot into plasmin. The plasmin
cleaves fibrin thus breaking down the meshwork
of the clot. The tPA drugs are fibrin specific and
have short plasma half-lives (alteplase (5 min),
reteplase (13-16 min), and tenecteplase (20—
24 min)) giving an advantage over streptokinase
which has a biphasic half-life (initially 18 min
and then 83 min). Urokinase has a half-life of
10-20 min. Although the half-lives of the tPA
agents are short, there may be a prolonged effect.
Thrombolysis may continue for approximately
4 h following administration of alteplase, strepto-
kinase, or urokinase; this hyper-fibrinolytic effect
disappears within a few hours following discon-
tinuation of tPA medication. Following adminis-
tration of anistreplase, thrombolysis may
continue for approximately 6 h, and a systemic
hyper-fibrinolytic state may persist for more than
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2 days. Procedures should be avoided for at least
48 h after administration of thrombolytics. Using
thrombolytic agents after a high-risk procedure
needs careful input from all involved medical
staff due to the risk that the blood clot formed
from the needle passage may be lysed, resulting
in hemorrhage. Because clots become stable after
10 days, waiting more than 48 h should add an
additional margin of safety. Measuring fibrino-
gen levels can assist in monitoring a patient who
may need to undergo a spine biopsy procedure
(Layton et al. 2006).

2.6 Other Coagulation Issues

A variety of coagulation issues unrelated to anti-
thrombotic medications may also be encountered
in patients scheduled for a spine or rib biopsy.
Thrombocytopenia is a low platelet count and
may result from many etiologies. Platelet transfu-
sion is used to raise the platelet count to at least
50,000 platelets per microliter for minor proce-
dures and 100,000 for medium- and high-risk
procedures.

Classic hemophilia is a genetic disorder result-
ing in a low level or low function of factor
VIII. Factor VIII replacement and desmopressin
are both used in treatment of classic hemophilia
and in preparation for invasive procedures.
Treatment and pre-procedural preparation of
patients with hemophilia and rarer disorders of
coagulation are best left to hematologists with
expertise in these conditions.

2.6.1 Reversal Medications

2.6.1.1 Protamine

Protamine sulfate is used for the neutralization
of anticoagulant effect of heparin. The dose of
protamine sulfate is determined by the dose of
heparin received, route of administration, time
elapsed since heparin was given, and blood
coagulation studies. For reversal of low molecu-
lar weight heparin, a maximum of about 60% of
anti-factor X, activity is neutralized with prot-
amine sulfate administration for overdosage of

enoxaparin. Severe hypotension and severe ana-
phylactic reactions have been reported, particu-
larly with large doses or rapid administration of
protamine sulfate, especially in patients with
prior exposure to protamine-containing insulin
or previous protamine sulfate therapy (Makris
and Watson 2001).

2.6.1.2 Vitamin K

Administration of vitamin K overpowers the anti-
coagulation system and turns on the endogenous
activation of the coagulation factors. Vitamin K
can be orally or intravenously administered. Both
routes of administration are effective at correcting
supratherapeutic INRs at 24-h posttreatment;
however, intravenous vitamin K can correct the
INR much sooner, in as few as 4-6 h (Ansell et al.
2008; Makris and Watson 2001). While intrave-
nous vitamin K has been proven effective, it is not
without risks and has been associated with severe
anaphylactic reactions (Ansell et al. 2008).

2.6.1.3 Four-Factor Prothrombin
Complex Concentrate

Four-factor prothrombin complex concentrate
(Kcentra, 4F-PCC) is a purified, heat-treated,
nanofiltered, lyophilized, nonactivated plasma
protein concentrate made from pooled human
plasma (Zareh et al. 2011). Kcentra contains all
four vitamin K-dependent coagulation factors
(II, VII, IX, and X) and the antithrombotic pro-
teins C and S. PCCs are stored as a lyophilized
powder at room temperature and are reconsti-
tuted in sterile water immediately prior to use,
which means they can be administered much
more quickly than FFP. The mean infusion time
for PCCs is 21-24 min. In a prospective study
of 41 patients requiring rapid reversal of VKA-
associated over-anticoagulation, 28 of 29
patients treated with 4F-PCC showed a com-
plete correction of the INR within 15 min (mean
INR of 1.3) (Makris et al. 1997).There is no
need for ABO matching, so there is no delay for
the blood type and cross. 4F-PCC contains
known quantities of the vitamin K-dependent
coagulation factors in small volumes, which
substantially reduces the risks associated with
large-volume infusions of FFP (4F-PCC
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requires 85% less infusion volume compared
with plasma). The main concern associated
with PCCs is the risk of thromboembolism.

2.6.1.4 Fresh Frozen Plasma

FFP or thawed plasma is the plasma taken from a
unit of whole blood. FFP is frozen within 8 h of
collection. FFP contains all coagulation factors in
normal concentrations. The plasma is free of red
blood cells, leukocytes, and platelets. One unit is
approximately 250 mL and must be ABO com-
patible. Prior to use, the blood must be typed and
crossed and the FFP thawed (since it is stored at
4 °C). This contributes to a time delay before it
can be given to the patient. A retrospective study
found that a median time of 6.5 h was needed to
infuse 5 U of FFP to patients who suffered from
warfarin-induced intracranial hemorrhage (Lee
et al. 2006). A major problem with the use of FFP
in over-anticoagulated patients is the large vol-
ume that is often required to reverse the coagula-
tion defect: it is not uncommon to rapidly
transfuse 2—4 L (approximately 8-16 U) in
patients with greatly elevated INRs (Aguilar
et al. 2007). Rapid transfusion of large volumes
can lead to cardiogenic lung edema, and transfu-
sion of FFP specifically has been associated with
a noncardiogenic lung edema known as
transfusion-related acute lung injury (Bux 2005;
Khan et al. 2007).

2.6.1.5 Desmopressin (DDAVP)

Desmopressin (DDAVP) 1-deamino-8-d-arginine
vasopressin is a synthetic analogue of the antidi-
uretic hormone vasopressin that exerts a substan-
tial hemostatic effect by inducing the release of
von Willebrand factor from its storage sites in
endothelial cells, increasing exposure at damage
sites (Levi et al. 2003). It increases the density of
platelet surface glycoprotein receptors (improv-
ing adhesiveness) and increases plasma activity
of factor VIII and levels of plasminogen activator
antigen. (Wun et al. 1995; Mannucci et al. 1975).
It has proved useful in treating or preventing
bleeding episodes in patients with von Willebrand
disease, hemophilia A, and platelet function
defects (Bulent et al. 2007). DDAVP selectively
and markedly enhances the ability to form

procoagulant platelets and increases platelet-
dependent thrombin generation by enhancing
Na*/Ca*™ mobilization (Colucci et al. 2014).

2.6.1.6 Idarucizumab

Idarucizumab (Praxbind) is a monoclonal anti-
body fragment that binds avidly to dabigatran
and reverses the anticoagulant effects. The US
Food and Drug Administration granted acceler-
ated approval to Praxbind (idarucizumab) in
October 2015 for use in patients who are taking
the anticoagulant Pradaxa (dabigatran) during
emergency situations when there is a need to
reverse dabigatran’s (Pradaxa) anticoagulant
effect. In one study, 89% of 123 patients taking
Pradaxa who received Praxbind due to uncon-
trolled bleeding or because they required emer-
gency surgery experienced full reversal of
anticoagulation within 4 h of receiving Praxbind
(FDA release, 10/16/2015).

It is extremely important for the operator to
be aware of and understand the antiplatelet,
anticoagulant, and thrombolytic medica-
tions, their names and mechanisms of
action, their half-lives and mode of clear-
ance, their recommended hold and resump-
tion time periods as applies to spine or rib
biopsy procedures, and their specific rever-
sal agents, if any, for emergent clinical
care.

2.7  During the Procedure

Meticulous planning with review of recent imag-
ing is required prior to any intervention. Any vas-
cular or other vital structure should be avoided.
For biopsies, the use of a thinner needle that will
obtain reliable diagnostic material will decrease
the likelihood of bleeding during and after the
procedure. It is not necessary to use a 12 gauge
bone biopsy needle if there is a lytic bone lesion
with soft tissue extension. An 18 or 20 gauge
biopsy cutting needle usually obtains enough tis-
sue for diagnosis. Fine needle aspirates with 21
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or 22 gauge needles may be sufficient if only a
small amount of material is needed to document
malignancy or infection. The use of a guiding
needle will limit the number of needle tracts and
bleeding through the tract.

Upon completion of the procedure, the needle
should never be removed if there is arterial back
bleeding thru the hub of the needle. This should
prompt an immediate investigation for the source
of the arterial bleeding and may require immedi-
ate endovascular and/or surgical consultation.
Venous bleeding is relatively common with
biopsy of the vertebral body as this is a highly
vascularized structure. In this latter situation, the
needle should be used to obtain hemostasis; plac-
ing a stylet or introducer to obstruct the needle
lumen for a minute or so will usually stop the
majority of venous oozing from the needle hub.
Various materials can be injected into the needle
to stop bleeding from the needle tract between
the periosteal surface of the bone and/or biopsy
site and the skin surface. Autologous clot, gel-
foam, surgifoam, fibrin glue, thrombin, or colla-
gen mixtures can all be used to stop the bleeding.
Platelets can be injected into the needle to satu-
rate the area with platelets in patients who are
having platelet transfusions for the procedure,
either because of low platelet counts or dysfunc-
tional platelets. The use of combination agents
such as gelfoam or surgifoam imbedded with
thrombin or platelets may give more control to
achieve immediate thrombosis. We typically will
use a coaxial system so that there is one guiding
needle at the margin of the vertebral cortex or the
paraspinal soft tissue mass. This enables multiple
biopsy passes to be performed through the guid-
ing needle with a biopsy device. We can then per-
form tract embolization as we remove the guide
needle if the patient is at high risk of bleeding.
This is especially important with known or sus-
pected hypervascular lesions. Once the needle
has been removed, local direct pressure at the
puncture site can control bleeding if it is a super-
ficial procedure or if the bleeding is originating
from the tract. This is especially useful when
large bore biopsy needles are used.

Surgifoam powder is an excellent material to
assist in obtaining local hemostasis. Since it is a

powder, it must be mixed, using sterile technique,
with a liquid agent (either normal saline or throm-
bin solution), prior to its use. We keep the surgi-
foam powder and sterile normal saline available
on a standby basis in our procedure suites. The
mixture is easy and quick (less than 1 min prepa-
ration time) to prepare and can be injected using
a 10 mL Luer-Lok syringe and a 20 gauge or
larger needle (Fig. 2.1). The latter can be inserted
coaxially through the initially placed guide can-
nula or can be inserted into the previously created
needle tract. The surgifoam suspension is slowly
injected as the needle is withdrawn from the tract.
The volume of surgifoam that is required depends
on the length and width of the needle tract, which
is also related to the size and length of the biopsy
needle system. On average it takes about 1-3 mL
of surgifoam suspension to “seal” the tract and,
with gentle hand compression for 1-2 min, to
obtain hemostasis at the puncture site.

Preparing surgifoam for syringe injec-
tion (Fig. 2.1):

1. Add 7-10 mL sterile normal saline or
thrombin solution to surgifoam container.

2. Recap the container and shake vigor-
ously for 20-30 s.

3. The surgifoam suspension will resemble
a pasty mash potato-like consistency.

4. Remove plunger from sterile 10 mL
Luer-Lok syringe, and backfill the sur-
gifoam into the syringe.

5. Replace the syringe plunger.

6. The surgifoam suspension is now ready
to be used when needed.

2.8  After the Procedure

Bleeding can occur acutely after the procedure,
delayed bleeding after the patient is moved from
the procedure table to a stretcher, or when the
patient has been placed back on their anticoagula-
tion or antiplatelet medications. Treatment is
determined by the severity of the bleeding and its
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Fig.2.1 (continued)

presumed cause. The practice of sound post-
procedure care will help to promptly identify a
bleeding complication. This includes frequent
monitoring of the puncture site and monitoring of
the patient and the patient’s vital signs. Critical
time points for examining the puncture site
include the first 10 min after the procedure, imme-
diately after the patient is moved onto their
stretcher, anytime the patient’s position is adjusted
during their recovery period, or if the patient com-
plains of severe pain at the puncture site.

With acute hemorrhage with normal coagula-
tion factors and no active anticoagulation or
antiplatelet medications in effect, treatment is
determined by the severity of the bleed. Patients

may have pain and a small hematoma at the
biopsy site; this is somewhat common, but can
be minimized by using moderate hand compres-
sion at the puncture site for a few minutes. In
rare cases, urgent imaging with CT may be
required to identify an expanding hematoma
deep to the skin surface (Fig. 2.2). This is fairly
common but can be minimized by using moder-
ate hand compression at the puncture site for a
few minutes. However, if pain out of proportion
to the procedure or the pain is increasing in
severity, then this needs to be immediately
investigated. Most post-procedure bleeding is
venous and is self-limited. Serial blood work
including CBC, platelets, PT/PTT, and INR are

<
<

Fig. 2.1 Basic equipment required to prepare surgifoam
suspension. (a) 1 gram of surgifoam powder comes in a
prepackaged sterile container, 10 mL vial of sterile nor-
mal saline solution, 10 mL Luer-Lok syringe, and 18
gauge needle. (b) Sterile technique is used to draw up
10 mL of the normal sterile saline into the syringe. (¢) The
surgifoam container is opened; the surgifoam is a flaky
powder. (d) 7 mL sterile saline is injected into the surgi-
foam container. (e) Place the container cap back on and
shake vigorously for about 20-30 s. (f) The pasty

-surgifoam suspension is extruded into the container cap.
(g) The syringe plunger is removed. (h) The surgifoam
suspension has a “mashed potato” consistency and appear-
ance and can readily be back-loaded into the syringe. (i)
The syringe plunger is carefully reinserted. (j) The syringe
can be attached to an insert needle which can then be
inserted coaxially into the larger needle as shown in this
example. (k) The surgifoam suspension can be easily
injected; an example of a tract created by injecting 1.5 mL
of the suspension
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Fig. 2.2 Expanding psoas hematoma following a lumbar
disk biopsy in a patient with marginally corrected coagula-
tion status (a). Axial CT image during the biopsy shows
swelling of the right psoas muscle (arrow). (b). Follow-up
CT of the abdomen shows expanding retroperitoneal hema-
toma (arrow). (c). Single frontal projection from aortic

used to determine the amount of bleeding.
Samples should be sent for type and screen in
the event that blood transfusions are needed.
Serial imaging may be performed to evaluate if
the hematoma is expanding. Emergent com-
puted tomography angiography (CTA) is espe-
cially useful when imaging is performed as an
arterial source for the bleeding requires imme-
diate intervention with angiography with embo-
lization. The CTA can also be used as a map
since the source of the bleeding is identified and
traced back to the feeding artery. Catheter angi-
ography with selective catheterization of the
identified bleeding artery can then be performed
quickly (Fig. 2.2). Once the feeding artery is

angiogram shows prominent right lumbar artery (large
arrow) with focus of contrast staining (small arrow). (d).
Frontal projection from selective catheterization of right
lumbar artery (arrow) shows active contrast extravasation
from a distal branch (oval). This was immediately emboli-
zed with polyvinyl alcohol microparticles and microcoils

entered and the optimal positioning of the cath-
eter or coaxial micro catheter obtained, emboli-
zation can be performed using various agents
such as coils, microcoils, glue, Onyx, gelfoam,
Avitene, particles, etc., depending on the prefer-
ence of the interventional radiologist. In patients
who develop neurologic symptoms of spinal
cord compression due to possible epidural
hematoma, an emergent MRI of the spine is per-
formed in addition to an emergent evaluation by
a spine surgeon. Emergency spinal decompres-
sion may be required with symptomatic
improvement seen in patients who undergo
laminectomy within 8 h of onset of neurologic
dysfunction (Vanermeulen et al. 1994).
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In patients who have resumed their anticoagu-
lation or had incomplete reversal of their
anticoagulation prior to the procedure, the cause
of the bleeding is likely secondary to the antico-
agulation and/or antiplatelet therapy. The imme-
diate treatment is to stop and fully reverse the
anticoagulation or antiplatelet therapy (the rever-
sal agents are listed in Tables 2.3 and 2.4). If the
effects of the anticoagulation or antiplatelet med-
ications are reversed and there is persistent bleed-
ing, then the steps for treatment of acute
hemorrhage should be followed. Generally, once
a patient starts bleeding from anticoagulation or
antiplatelet effect, it’s presumed that they will not
stop unless the anticoagulation effects are
reversed. The rapidity of the reversal is a clinical
judgment determined by the patient’s need to be
on the medication. Often there is a difficult choice
between stopping the bleeding and stopping the
medication if the bleeding is not significant.
However, moderate to severe bleeding must be
stopped, and this overrides the need for the medi-
cation in the immediate short term. The use of
CTA may be helpful in this situation as the
absence of an arterial source of bleeding, a rare
cause of delayed hemorrhage, may not require
cessation of the medication. Most bleeding will
stop with reversal of the anticoagulant or anti-
platelet medication and supportive medical treat-
ment including blood pressure control.

2.8.1 Clinical Management
of the Patient with Acute
Hemorrhage After a Spine or

Rib Biopsy

Management of the acutely bleeding patient
requires close observation and immediate treat-
ment by the medical staff. Good large bore intra-
venous access or central venous access is a
requirement. The patient is given intravenous flu-
ids to maintain their vascular volume with trans-
fusions of blood products as appropriate.
Frequent blood tests are taken to evaluate the
amount of blood and coagulation factors.
Admission to the intensive care unit is advisable
if the bleeding is severe and the patient requires
constant vital sign monitoring.

Initially, STAT blood work is drawn, including
PT/PTT, INR, complete blood count (CBC) with
platelets, basic metabolic profile including BUN
and creatinine, and a STAT type and screen.
Group O uncrossed-matched blood can be used if
there is not enough time to type and screen the
patient for packed red blood cell replacement.

2.8.2 (linical Management
of the Patient with an Acute
Thromboembolic Event
After a Spine or Rib Biopsy

The key to managing acute thromboembolic
events is to prevent them. The use of bridging
strategies should be considered and employed in
high-risk patients. Delaying procedures when pos-
sible can also be helpful. Ensuring adequate hydra-
tion of the patient after the procedure is important;
these patients are often slightly dehydrated due to
the NPO status, and a dehydrated state is a proco-
agulant state. Resuming the patient’s antiplatelet
or anticoagulant medication therapy should also
be clearly explained to the patient, so that the dose
is properly timed and not missed or skipped.
Patients should be made aware of the possibility of
these types of complications at the time of consul-
tation and informed consent. The patient and their
family will then at least be aware of the possibility
of these types of adverse events after the procedure
and can act quickly in terms of seeking immediate
medical attention.

The clinical management for an acute throm-
boembolic event will depend on the type of event:
cardiac, stroke, or deep venous thrombosis.
Cardiac and neurologic events are managed
emergently with a goal of revascularization. Deep
venous thrombosis, often seen in the lower
extremities, requires emergent evaluation and
management as well.

Key Review Points

1. The patient’s coagulation status should
be reviewed before the procedure.

2. Spine and rib biopsies are infrequently
emergent procedures allowing coagula-
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tion status and antithrombotic medica-
tions to be adjusted or held.

3. There are recommended hold times for
antithrombotic medications before and
after procedures; however, the risks of
hemorrhage must be carefully balanced
on an individual basis. There are cases
where a biopsy is indicated and the risks
of holding the antithrombotic for the
recommended time or at all are greater
than the risk of hemorrhage. This often
requires a multidisciplinary decision
making process.

4. Brisk back bleeding thru the hub of the
needle may require action before the
needle is removed.

5. Treatment of subacute bleeding is usu-
ally immediately addressed with stop-
ping and reversal of the anticoagulation
or antiplatelet medications.

6. Treatment of acute bleeding includes
good intravenous access, frequent evalu-
ation of hemocrit/hemoglobin and coag-
ulation status, and transfusion of blood
products as needed, with a CTA of the
area if there is persistent bleeding.

7. A post-biopsy patient who develops
neurologic signs/symptoms that might
indicate spinal cord compression
requires immediate imaging and surgical
evaluation in order to assess for the pres-
ence of an epidural hematoma as early
spinal decompression is associated with
better recovery.
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Image-Guided Percutaneous Spine
and Rib Biopsy: Tools

and Techniques

A. Orlando Ortiz and Joel Marden

Learning Objectives

1. To introduce tools that can be used for
image-guided percutaneous spine and
rib biopsy procedures

2. To learn when and how to use these
instruments

3. To learn techniques that can be applied
with these tools to improve their diag-
nostic utility

4. To learn the basic technical aspects of
CT guidance in order to perform these
procedures

3.1 Introduction

In order to properly and safely perform an image-
guided percutaneous spine or rib biopsy procedure,
the operator must select and correctly utilize the
instruments that are necessary to perform that pro-
cedure. The operator must have a solid comfort
level with a specific biopsy instrument and must
understand how to use the tool. All of these instru-
ments are packaged with product specifications and
instructions for use. An operator is required to know
the product specifications and to review the instruc-
tions for use prior to using the instrument. When an
operator knows specific details about the instrument
such as inner and outer diameter and length of a
needle, then the operator will be able to easily uti-
lize the instrument especially when deploying it

© Springer International Publishing Switzerland 2017

with coaxial technique. If the operator is uncertain
about which coaxial instrument matches or is com-
patible with another, then they should examine the
tools and decide upon their use before the proce-
dure. The operator should understand the advan-
tages and disadvantages of each tool and be able to
exploit the advantages of a given tool for a specific
situation. For example, if the operator encounters a
lytic osseous lesion and is not successful in retriev-
ing tissue with a bone biopsy needle, then the opera-
tor can switch to a fine needle aspiration technique
or use a soft tissue cutting needle instead (Fig. 3.1).
In other words, the use of the correct tool can turn a
nondiagnostic biopsy procedure into a procedure
that not only yields a biopsy specimen but also the
correct pathologic diagnosis.

Disclaimer

The demonstration of the instruments in
this chapter does not constitute an endorse-
ment of the product or the manufacturing
company. Furthermore, the authors have
absolutely no financial relationships with
the manufacturers of these products, and no
corporate entity has contributed to this
endeavor. As the emphasis of this chapter is
on the product type and the principles of
application for a given product type, we
have refrained from disclosing actual
product names. Indeed, a large variety of
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Fig.3.1 A 5-year-old male with neck pain. Fat-suppressed
contrast-enhanced T1-weighted sagittal image (a) shows a
partial C7 vertebral compression deformity that is associ-
ated with diffuse contrast enhancement (curved arrow)
and focal prevertebral soft tissue enhancement (arrow).
Sagittal CT reformation in bone window algorithm (b)
shows a partially lytic lesion (arrow) at C7. Axial CT
image (c) from biopsy procedure shows coaxial insertion

percutaneous biopsy products are commer-
cially available. Prospective users of these
products can easily locate and purchase the
necessary instruments in order to perform
these biopsy procedures.

of a 14 gauge trephine bone needle (arrow) into the C7
vertebral body. Despite multiple attempts and maneuvers,
a specimen could not be obtained. Axial CT image (d)
shows that the bone needle has been exchanged coaxially
for a 16 gauge soft tissue core biopsy needle (arrow). Two
soft tissue cores were obtained and showed a pathologic
diagnosis of Langerhans cell histiocytosis

3.2 TheTools

Prior to performing image-guided percutaneous
spine or rib biopsy, the operator should become
familiar with spine and rib biopsy instruments
and techniques. It is best for the operator to
develop a fundamental understanding and
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Fig.3.2 Examples of FNA needles. The 21 gauge and 22 gauge 15 cm long needles have small adjustable depth mark-
ers (arrows). The 22 gauge 20 cm needle also has 1 cm markings

experience with a few basic tools of each type:
fine needles, soft tissue cutting needles, and bone
biopsy needles. This will enable the operator to
develop sound techniques and understand which
biopsy scenarios require specific instruments and
in which order to utilize, integrate, or exchange
these instruments.

Tools

1. Fine needle

2. Soft tissue core or cutting needle
3. Bone needle

3.2.1 Fine Needle Aspiration

Fine needle aspiration (FNA) is a relatively quick
procedure to learn and perform, yet it takes a very
long time to master this procedure. In the major-
ity of cases, the needles that are used for the spine
or rib biopsy procedure range in length from 10
to 20 cm (Fig. 3.2). The objective of this proce-
dure is to make short to-and-fro excursions with
a lengthy but small-bore cutting needle, in the
range of 25-18 gauge, while applying continuous
suction, with a small Luer-Lok syringe attached
to the hub of the needle (Fig. 3.3). The suction is
stopped immediately prior to removal of the nee-
dle tip from the lesion so as not to aspirate cells
from normal tissue and to avoid aspiration of

hemorrhagic fluid. The latter phenomena, unfor-
tunately, is not an uncommon occurrence that
confounds if not prevents a cytologic diagnosis.
Lesions which may be amenable to FNA include
soft tissue masses that are solid or composed of
variable matrix, such as mixed solid cystic lesions
(Table 3.1). FNA may be attempted on purely
cystic masses in order to sample the cyst wall.
When there is either a breach in the osseous cor-
tex or a bone needle has penetrated into the mar-
row space of the vertebra or rib, it may be possible
to perform FNA using a coaxial approach.

The key to performing a successful FNA pro-
cedure is preparation. After lesion analysis, for
both matrix and measurement, the operator
decides upon an approach that will safely access
the lesion and provide the best opportunity for
specimen yield. Factors that impact on maximiz-
ing specimen yield for sampling potentially neo-
plastic lesions include choosing a solid,
non-necrotic portion of the lesion. This may con-
sist of an area that shows contrast enhancement
or avid FDG uptake on a pre-procedure examina-
tion. Choose a trajectory that maximizes the pos-
sibility of passes and the excursion distance of
the biopsy needle inside of the lesion. Literally,
try to get into the “meat” of the lesion with your
biopsy passes and avoid the ill-defined areas
where there may be necrosis, cyst fluid, or a pos-
sibility of sampling normal tissue. For infection,
however, do sample the fluid-containing areas as
these might be abscess collections. Given the
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Fig.3.3 (continued)

increased viscosity of the purulent abscess mate-
rial, large gauge needles, such as 18 gauge or
larger, should be considered for use when aspirat-
ing a suspected abscess collection.

When sampling a soft tissue mass with an FNA
procedure, the objective is to separate a small cell
cluster from the mass by using the cutting proper-
ties of the needle and then aspirate this cell cluster
into the needle bore (Gupta et al. 2002). The to-
and-fro or back-and-forth excursions of the FNA
needle within the lesion should be short, quick,
and choppy. Slight rotations of the needle within
the lesion matrix help to exploit the cutting proper-
ties of the needle. Also, mild angulations of the
needle as it is moved forward help to separate and

Table 3.1 Biopsy Techniques

1. Fine needle aspiration

Neoplasm

Solid soft tissue mass

Soft tissue mass composed of variable matrix

Hypervascular soft tissue mass (e.g., renal carcinoma
metastasis)

Lesion involves the marrow cavity of the vertebra or rib
Infection

Disk

Paraspinal abscess

Facet joint

2. Soft Tissue Core Biopsy

Neoplasm

Extraosseous soft tissue mass

Intraosseous soft tissue mass: lytic lesion or marrow
space occupying soft tissue lesion

Infection
Soft tissue phlegmon

Disk — may require an automated percutaneous
diskectomy device

3. Bone Biopsy

Neoplasm

Vertebra or rib lesion (lytic, sclerotic, mixed
lytic-sclerotic)

Infection

Disk-vertebral end plate

Facet joint

break up the tissue planes along the needle
trajectory. Consistent aspiration with the syringe,
by pulling back on the plunger, is applied when the
needle tip is within the lesion matrix. Small
syringes, 5—10 mL, can be used with smaller gauge
needles, such as 25 and 22 gauge needles. A 20
gauge syringe can be used with larger gauge nee-
dles, such as an 18 gauge needle, especially when
attempting to aspirate an abscess collection. Some

<
<

Fig. 3.3 Photographs of step-by-step simulated demon-
stration of an FNA procedure; FNA can be used for soft
tissue components of vertebral or rib lesions. A 17 gauge
10 cm guide needle (a) has a beveled tip (large arrow) that
projects a few millimeters distal to the guide cannula tip
(small arrow). The guide cannula has 1 cm markings which
help guide and control advancement of the guide cannula. A
plastic depth gauge has an adjustable lock (curved arrow)
that prevents the guide cannula from being advanced fur-
ther than this set point and helps to secure the guide cannula
at the skin entry site. After guide needle placement (b) to

the desired depth (arrow), the stylet is removed. A 22 gauge
needle (c) is coaxially inserted through the guide needle to
the desired depth (arrow). After the FNA needle is inserted
into the lesion (d), the stylet is removed, and a 10 mL Luer-
Lok syringe is attached to the needle hub (arrow).
Aspiration (e) is performed by maintaining continuous suc-
tion (curved arrow) on the needle as it is moved slightly
back and forth (arrows) within the lesion. After stopping
the aspiration within the lesion, the needle is removed, and
the specimen is either transferred to a slide or to the appro-
priate cytologic media (f)
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commercially available syringes and FNA systems
have a locking mechanism that is activated by
twisting the retracted plunger in order to provide
continuous suction during the aspiration phase of
the biopsy. The main property of the syringe is that
it should have a Luer-Lok technology that allows
for a good twist-on connection to the needle hub.
This will prevent an air leak, which would other-
wise foil the aspiration. After the operator com-
pletes the aspiration, the syringe plunger can be
released in order to cease the aspiration. With a
basic syringe and fine needle, this can occur with
the needle tip still located within the lesion. The
FNA needle is then withdrawn, and the sample is
expressed either onto a slide or into a cytologic
alcohol medium for subsequent microscopic anal-
ysis. In other FNA biopsy systems, the syringe
plunger remains withdrawn until the operator is
ready to deposit the sample, as pushing the plunger
ejects the specimen (Fenton and Czervionke
2003). The presence of a cytotechnologist or
pathologist greatly enhances the efficiency of the
FNA process as these individuals can confirm
whether or not the operator has obtained adequate
specimens.

The FNA procedure becomes even safer and
more efficient with the use of coaxial technique
and CT guidance (Table 3.2). With the use of
coaxial technique, a guide needle is advanced
to the margin of the lesion. This avoids reentry
injury to the skin and subcutaneous tissues and
enhances patient comfort during the procedure.
Coaxial technique provides a safe conduit to
the lesion, subjecting adjacent critical struc-
tures to fewer chances of needle injury that
might otherwise result from multiple needle
passes. Once the guide needle is positioned, a
CT image is obtained to confirm the position of
the guide needle. The guide needle stylet is
removed, and multiple sequential FNA passes
can be made through the guide needle. The
length of the FNA or insert needle should be
greater than the length of the guide needle so as
to allow for the appropriate movement or excur-
sion of the insert needle within the lesion. The
FNA needle is advanced into the margin of the
lesion using CT guidance. The FNA needle
stylet is removed, and a syringe is connected to

Table 3.2 FNA CT-guided percutaneous spine or rib
biopsy

Step Comment

Localize Use CT and a skin grid to localize
the lesion
Mark the skin entry site

Sterilize Prep and drape the area of the skin

entry site

Use local anesthetic agent at the skin
entry site and adjacent to the
periosteal surface or lesion margin;
use intravenous sedation or analgesia
or anesthesia

Anesthetize

Advance Guide needle to the margin of the
lesion under CT guidance

Confirm Guide needle position, lesion
dimensions to determine excursions
of the fine needle within the lesion,
relative to nearby critical structures

Insert Fine needle

Prepare Remove fine needle stylet and
carefully attach an aspiration syringe

Aspirate Use continuous suction within the
lesion as the fine needle is moved
within the lesion; cease aspiration
when retrieving the fine needle from
the lesion

Specimen Onto slide or cytologic alcohol

delivery media

Repeat FNA Ideally, three passes or as many as

safely possible

the FNA needle hub. By analyzing the CT
image, the operator will know how long to
make the needle excursions and in which direc-
tions. An aspiration is performed, and the nee-
dle is removed and replaced by another needle
in order to repeat the process. With each needle
exchange, a CT image is studied in order to
assess the position of the guide needle and the
FNA needle relative to the lesion and the adja-
cent critical structures. By moving and angling
the guide cannula hub slightly, the operator is
able to redirect the FNA needle in a slightly dif-
ferent trajectory within the lesion. At least three
FNA passes should be performed or more if
necessary and possible. If specimen is obtained
upon the initial passes and the cytopathologist
is confident about the diagnosis, then the proce-
dure can be stopped at the discretion of the
operator and the pathologist.
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A soft tissue core biopsy can be performed
after the FNA passes. These soft tissue cores pro-
vide additional specimen that might be helpful in
the event that special stains are required for fur-
ther analysis of the tissue in question. The FNA
procedure should be performed first because soft
tissue core biopsy tends to cause intralesional
hemorrhage, and this blood contaminates the
cytologic specimen and compromises the cyto-
logic diagnosis.

3.2.2 SoftTissue Core Biopsy

Soft tissue core biopsy is very helpful in the eval-
uation of soft tissue masses (Ray-Coquard et al.
2003). This procedure is frequently performed
for the evaluation of spine and rib lesions.
Initially, this statement appears to be counterin-
tuitive. Many operators assume that this proce-
dure will have no utility in the sampling of
osseous structures but, with experience, realize
that there are a plethora of destructive lesions that
breach the osseous margins of the spine or rib
and, therefore, are amenable to soft tissue sam-
pling techniques (Fig. 3.1). A few different types
of core biopsy needles are available for soft tissue
biopsy. The majority of these, as evidenced by
their bulky design, have been developed for use
elsewhere in the body. Nevertheless, there are a
few of these core biopsy systems that can be used
for spine or rib biopsy (Figs. 3.4 and 3.5). The
critical aspect of core soft tissue biopsy is a com-
bination of the furthest distance which the needle
tip travels within the lesion and the length of the
coring chamber that can be deployed within the
lesion matrix. In some needle systems, the needle
is placed at the proximal margin of the lesion,
and the cutting mechanism is activated such that
the needle travels a preset distance within the
lesion in order to obtain a sample (Fig. 3.6). In
other systems the needle tip is advanced deep
enough into the lesion in order to subsequently
expose the biopsy chamber within the matrix of
the lesion so as to then obtain a soft tissue core
sample (Fig. 3.4). Yet in another system, the nee-
dle is advanced into the lesion, and the biopsy
chamber is temporarily exposed within the lesion

and then retracted when the biopsy device is fully
loaded; when the device is activated or fired, it
sends the core needle back into its original posi-
tion within the lesion with immediate, near
simultaneous deployment of the cutting cannula
(Fig. 3.7). The practical aspect of soft tissue core
biopsy is to be aware of when these needles can
be used during the biopsy process. Key factors
that influence this decision are the presence of a
large soft tissue mass and absence of osseous
matrix along the needle trajectory. These are soft
tissue cutting needles, not bone cutting needles,
and their use for osseous lesions or in the setting
of osseous material requires careful and thought-
ful preparation. The use of a soft tissue cutting
needle within the bone may result in bending or
breakage of the needle tip; the needle may get
stuck within the lesion which then will require a
very extensive conversation with the patient and
may require a surgical procedure to remove the
device (Fig. 3.8). Only when there is a breach in
the osseous margin of a lesion, or a coaxial chan-
nel has been made with a larger gauge bone nee-
dle, should the operator consider the possibility
of approaching a lytic lesion or a marrow space
lesion with a soft tissue core biopsy needle.

Soft tissue core needle biopsy is best per-
formed using coaxial technique with a guide
needle and CT guidance (Table 3.3). This will
facilitate multiple safe biopsy needle passes and
maximize the harvest of biopsy specimen. The
use of large diameter biopsy needles (e.g., 14
gauge) is desirable, but this is determined by the
lesion size and location relative to critical struc-
tures and balanced against the risk of hemor-
rhage. The larger diameter needles are able to
obtain larger soft tissue cores, and this in turn
improves the likelihood of obtaining a pathologic
diagnosis. The guide needle and the soft tissue
cutting needle are usually packaged in the same
kit; the working diameter of these needles is
therefore preset to facilitate coaxial technique.
The guide needle is advanced to the margin of the
lesion under CT guidance; the stylet of the guide
needle is removed prior to insertion of the biopsy
needle. Measurements are then made along the
trajectory from the guide needle to the opposite
margin of the lesion. This enables the operator to
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determine the optimal length of the biopsy
“throw,” or core length, within the lesion matrix.
Most soft tissue core biopsy needles have preset
“throw” lengths (penetration or depth settings)
that can be selected; the length of the “throw”
should be less than the diameter of the lesion

along the needle trajectory. Once the biopsy nee-
dle sample length is selected and set, then the
biopsy needle is “loaded” or armed. The biopsy
needle can now be deployed at the operator’s dis-
cretion in order to obtain a soft tissue core. Some
biopsy needles can be loaded prior to coaxial

ST Core Biopay Needla
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Fig.3.4 (continued)
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Fig.3.4 Photographs of a semiautomated soft tissue core
biopsy needle. The 18 gauge 15 cm length soft tissue core
biopsy needle (a) fits coaxially through the 17 gauge
10 cm length guide needle. Close-up of needle (b) shows
that the diamond tip needle stylet (arrow) projects a few
millimeters beyond the cutting edge of the outer cannula
(curved arrow). Once the guide cannula is positioned and
its stylet removed (c), the core biopsy needle is inserted
(curved arrow) into the guide cannula. The needle can be
loaded (arrow) prior to or during the insertion; in this case
the size of the core biopsy chamber can be set to either 1
or 2 cm. After imaging confirmation of the position of the
core biopsy needle within the proximal lesion margin (d),
the needle plunger is pushed forward, but not activated, as
seen by the small gap (curved arrow). This exposes the
needle’s biopsy chamber (arrows) within the lesion (e);

this step would also require imaging confirmation.
Simulation (f) of these maneuvers shows loaded or primed
core needle (arrow) with the needle tip at the margin of
the lesion (curved arrow). Closeup view of the needle (g)
shows the stylet tip within the proximal lesion (arrow) and
the biopsy cannula edge (curved arrow) at the lesion mar-
gin. By pushing the plunger forward (h), but not activating
the cutting mechanism, the core biopsy chamber (small
arrows) is exposed (in this case for a distance of 1 cm)
within the lesion, while the needle tip (large arrow)
extends toward the distal lesion margin. Additional for-
ward pressure on the plunger (i) triggers the cutting mech-
anism, and the cutting edge of the cannula (curved arrow)
slides over the biopsy chamber to sequester tissue within
it; the tip of the needle stylet (arrow) remains in position
near the distal lesion margin
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Fig.3.5 Comparison of two soft tissue core biopsy nee-
dle sizes. The 14 gauge biopsy needle is not only larger
than the 18 gauge biopsy needle (a) but also has a larger
core biopsy chamber (b). A larger needle is able to harvest
more tissue

insertion into the guide cannula, and some may
require arming after coaxial insertion. CT guid-
ance is required to monitor coaxial needle inser-
tion. A specific semiautomated biopsy system
with a lightweight handle allows the core cham-
ber to be exposed within the substance of the
lesion prior to firing or activating the cutting
mechanism of the needle. This can be imaged
with CT in order to show the exposed core cham-
ber within the lesion and confirm the accuracy
and safety of the biopsy needle location. The
position and the throw length of other soft tissue
core needle biopsy systems should always be

confirmed using CT guidance. By activating the
firing mechanism of the biopsy needle, a core
sample is promptly obtained. The firing mecha-
nism is activated by either pressing or sliding a
button on the top or side of the needle handle or
pressing on the plunger of the needle handle. The
cutting needle is removed from the biopsy nee-
dle, and the stylet is placed within the guide nee-
dle to secure it and minimize back-bleeding. The
soft tissue core is then removed from the core
biopsy needle and placed in the appropriate trans-
port medium for subsequent pathologic analysis.
This often requires some form of manipulation of
the soft tissue core with a small needle or a scal-
pel in order to dislodge the sample from the
biopsy chamber. The biopsy needle can be reused
if sterile technique has been maintained, or per-
haps a different biopsy needle can be used, with a
different diameter depending on the lesion in
question. An attempt should be made to obtain
four soft tissue cores, if possible, in order to opti-
mize the diagnostic yield (Wu et al. 2008).

It should be kept in mind that some of the soft
tissue core biopsy needles, which are used for
biopsy applications in other body parts, are some-
what “top heavy” with respect to the needle han-
dle. A bulky needle handle may cause the biopsy
needle to bend just outside the guide cannula
with resultant needle tip deflection from the
intended target. The spine and ribs are not located
that far from the skin surface, thus deeper place-
ment of the guide cannula (a method used to sta-
bilize the biopsy needle) in these cases is not
always feasible. In these situations, the operator
can either choose a soft tissue core biopsy system
with a lightweight handle or they can hold the
biopsy needle handle with a long clamp in order
to perform the biopsy under CT guidance. The
latter maneuver entails some radiation exposure
to the operator.

3.2.3 Intervertebral Disk Biopsy

Soft tissue core biopsy of the intervertebral disk
is performed to evaluate for the presence of
infection (Table 3.4). Attempting to obtain disk
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Fig. 3.6 Photographs of a soft tissue core biopsy needle.
This 18 gauge 15 cm length (a) soft tissue core biopsy nee-
dle is used with a 17 gauge 11.8 cm guide needle. Closeup
view (b) of the cutting tip (arrow) of the needle. This biopsy
needle (c) is loaded by cocking the side handle (arrow); a
side safety button (curved arrow) must be adjusted prior to
activating the cutting mechanism by pressing the back

material with FNA or soft core techniques is
quite challenging. Due to its intrinsic annulus
fibrosis architecture, disk tissue is quite adher-
ent. Infected disk material is also adherent and
very viscous. Small bore needles have shown
limited success in obtaining biopsy material
from the disk. Many operators end up injecting a
small amount of sterile saline or anesthetic agent

button (small arrow). Simulation (d) of the positioning of
the needle (arrow) relative to the proximal lesion margin
prior to biopsy. After triggering the cutting mechanism (e),
the needle moves forward within the lesion (arrow) a preset
distance of 13, 23, or 33 millimeters. The needle would
then be removed from the lesion out of the guide cannula in
order to then harvest the specimen

in order to obtain a disk lavage. This traditional
approach may account for many false negative or
“no growth” disk biopsy procedures for sus-
pected infection. Many soft tissue core needles
possess penetration lengths that are not suitable
or safe for disk biopsy. Furthermore, the possi-
bility of needle damage may occur when the
biopsy needle is fired and strikes the vertebral
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Fig.3.7 Photographs of a soft tissue core biopsy needle.
This 20 gauge 16 cm soft tissue core biopsy needle (a) is
used coaxially with a 17 gauge 7.8 cm guide needle.
Simulation (b) shows that the initial loading of this needle
exposes the biopsy chamber within the lesion for a dis-
tance of 1.8 cm (arrows). The needle (¢) is now set to

end plate. In this latter situation, it is possible
that the needle may get stuck within the disk
space or its somewhat fragile tip may fracture.
Since the goal of any biopsy procedure is to
obtain diagnostic tissue or specimen, it is rea-
sonable to perform removal of a small amount of
diagnostic disk tissue using a percutaneous dis-
kectomy device (Yu et al. 1991) (Fig. 3.9). This
procedure is best performed with fluoroscopic
guidance in order to monitor the position of the
device at all times throughout the diskectomy
procedure. These devices reliably obtain tissue
from the disk (Wattamwar and Ortiz 2010).

biopsy and retracts to the proximal lesion margin; there is
a 4 mm offset between the needle stylet tip (arrow) and
the cutting outer cannula (curved arrow). After the cutting
mechanism is activated (d), the needle extends forward
into the lesion (arrow) to obtain the soft tissue core

3.3 BoneBiopsy

Three basic bone biopsy techniques
1. Single needle

2. Tandem needle

3. Coaxial needle

3.3.1 Vertebra or Rib

There are essentially three basic techniques that
have been developed to perform image-guided
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Fig. 3.8 Biopsy complication: broken needle. Axial CT
image (a) shows guide cannula in place within the iliac
crest. An attempt was made to biopsy the lytic lesion
(arrow) with a soft tissue core biopsy needle. Axial CT

image (b) shows the distal tip of the needle (arrow) lodged
within the lesion. This was left within the lesion and the
patient was informed of the complication

Table 3.3 Soft tissue core biopsy in CT-guided percutaneous spine or rib biopsy

Use a local anesthetic agent at the skin entry site and adjacent to the periosteal surface or

Guide needle position, lesion dimensions to determine excursions of the biopsy needle

Load the firing mechanism of the biopsy needle; this is done either before or after needle

Position the tip of the biopsy needle such that the ultimate location of the biopsy chamber

Step Comment
Localize Use CT and a skin grid to localize the lesion

Mark the skin entry site
Sterilize Prep and drape the area of the skin entry site
Anesthetize

lesion margin; use intravenous sedation and/or analgesia or anesthesia
Advance Guide needle to the margin of the lesion under CT guidance
Confirm

within the lesion and its proximity to critical structures
Insert Biopsy needle
Prepare

positioning based upon the biopsy needle specifications
Position

falls within the lesion matrix
Confirm Biopsy needle position under CT guidance
Activate

Specimen delivery Into a specimen container

Repeat core biopsy

percutaneous bone biopsy (Fenton and
Czervionke 2003). These are (1) single needle
technique, (2) tandem needle technique, and (3)
coaxial needle technique. These techniques are
listed in this specific order as this represents the
practical evolution of bone biopsy techniques
with advances in both the tool and imaging
technologies. As the term implies, single needle

The cutting mechanism of the biopsy needle to obtain a soft tissue core

Ideally four soft tissue cores or as many as safely possible

technique entails the use of one needle that is
advanced to the target under imaging guidance
(Fig. 3.10). The stylet of the needle is removed
prior to advancing the bone needle through the
lesion in order to obtain a core specimen. The
bone needle is removed, and the specimen is then
transferred from the needle, by using an obturator
to eject the specimen from the bone needle
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Table 3.4 Fluoroscopy-guided intervertebral disk biopsy

Step Comment
Localize Use fluoroscopy to identify the target disk
Position the fluoroscope
Align the target disk — use a “Scotty dog” orientation
Sterilize Prep and drape the area of the skin entry site
Mark the skin entry site
Anesthetize Use local anesthetic agent at the skin entry site and adjacent to the disk margin
Use intravenous sedation and/or analgesia or anesthesia
Advance Guide needle to the margin of disk
Confirm Use multidirectional fluoroscopy to check the needle position and direction with frontal,
lateral, and oblique projections
Advance Guide needle into the disk
Confirm Position of the guide needle within the periphery of the disk with fluoroscopy
Insert Percutaneous diskectomy device after removing the guide needle stylet
Confirm Location of the tip of the diskectomy probe with fluoroscopy
Activate

guidance
Specimen delivery

Percutaneous diskectomy device and maneuver it within the disk under fluoroscopic

Remove specimen from the device and transfer it into a specimen container

For a bone biopsy system to biopsy the disk end plate complex

Use an over-the-wire needle coaxial technique (recommended) or insert a separate bone

Repeat At least three passes
Exchange
needle
Confirm
Perform biopsy
Repeat

value of coaxial technique

lumen, into the appropriate transport media
(Fig. 3.11). This was the technique with which
percutaneous bone biopsy procedures were first
performed (Robertson and Ball. 1935). This was
and remains a single-pass procedure. Once the
needle is removed from the biopsy tract, then in
order to make a second pass, the operator must
essentially start the majority of the procedure over
again. Because the bone needle is passing through
critical structures, the potential for a complication
is greater with this type of technique.

Tandem needle techniques were developed in
order to improve the accuracy of biopsy needle
placement. A small-gauge needle is initially
placed along the intended biopsy trajectory using
imaging guidance. This first needle can also be
used to administer an anesthetic agent. The first
needle helps to guide subsequent bone biopsy
needle placement with improved targeting and

Position of the coaxial system or bone needle with imaging guidance
Obtain core tissue sample(s) and place in the appropriate transport media
Will need at least two cores — one for pathology and one or more for microbiology, hence the

also helps to avoid critical structures along the
biopsy trajectory (Fig. 3.12). The second or bone
biopsy needle is inserted in close proximity to the
first needle and advanced along a parallel or tan-
dem trajectory under imaging guidance. The
bone needle is then used, as with single needle
technique, to obtain one bone core. The bone
needle is removed, but the first needle is left in
place to maintain the desired trajectory should a
subsequent bone biopsy needle pass be attempted.
Tandem needle technique is an improvement
upon single needle technique and is still used by
some operators.

Coaxial needle technique reflects the benefits
of improved bone biopsy needle technology. The
objectives of these techniques are to collect mul-
tiple bone cores while minimizing access site
trauma. These techniques are useful for both
spine and rib biopsy procedures. A crosshair
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Fig. 3.9 Photographs of a percutaneous diskectomy
device (a). This device (large arrow) is used coaxially
with a 13 gauge 6 inch cannula that is first advanced
with a beveled tip stylet (small arrow); the probe cleaner
(curved arrow) is used to obtain the specimen. A depth
marker (arrow) is located on the guide cannula (b). The
battery operated diskectomy probe (¢) has an on/off
switch (large arrow), a collection chamber (curved
arrow) and proximal and distal (small arrows) augers
on the auger shaft. When the guide cannula is within the

disk (d), the diskectomy probe is inserted into the guide
cannula; the depth marker (arrow) will allow the opera-
tor to visually monitor the maximal insertion distance of
the probe (curved arrow) into the disk. Closeup view of
cannula/diskectomy probe (e) shows distal auger
(curved arrow) protruding just beyond the guide can-
nula (arrow). Closeup view of distal auger shaft (f)
shows proximal and distal augers; the probe cleaner
(curved arrow) is used to clear specimen from the auger
shaft and augers
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Fig.3.9 (continued)

Fig. 3.10 Photograph of single needle technique for
bone biopsy. An 11 gauge 10 cm long bone needle has
been inserted into vertebral body using a transpedicular
approach (arrow)

incision with a small scalpel at the skin entry site
helps to facilitate the initial needle punctures and
the advancement of the bone needle cannula.
With this technique, a larger diameter needle or
cannula is advanced either to the periosteal mar-
gin or within the proximal aspect of the vertebra
or rib. This larger diameter cannula serves as a
guiding cannula for the placement of smaller
diameter but longer length, biopsy needles.

There are two major methods for performing
coaxial technique: (1) use of over-the-wire
biopsy systems and (2) use of a larger guiding
bone needle cannula (Table 3.5). Some bone
biopsy kits come with an introducer or guide
needle that has a removable hub (Geremia et al.
1992). Alternatively, some operators will use a
long introducer needle and cut the hub (Yaffe
et al. 2003). With the former technique, this
introducer or guide needle is advanced to the
periosteal margin (Fig. 3.13). The introducer
needle is used to administer an anesthetic agent
over the periosteal surface. The hub of the intro-
ducer needle is then removed, and this guide
needle now serves as a guidewire for the subse-
quent insertion and advancement of a combined
guide cannula and tapered introducer (Fig. 3.14).
This combined needle set consists of an inner
tapered introducer or blunt dissector and an outer
guide cannula. The blunt-tipped guide cannula
introducer facilitates the passage of the guide
cannula over the guidewire and minimizes any
traumatic injury to the underlying soft tissues.
Once the guide cannula reaches the periosteal
surface, then the guidewire and blunt-tipped
introducer are removed and exchanged for a
bone biopsy needle. It is important for the opera-
tor to hold the guide cannula in place with one
hand, stabilizing it against the periosteal surface,
while performing the bone biopsy needle
exchange with the other hand. The bone biopsy
needle is then advanced into the bone by a com-
bination of forward pressure and rotation of the
biopsy needle handle. Another form of coaxial
technique entails the initial placement of a bone
needle with imaging guidance (Figs. 3.15, 3.16,
and 3.17). The bone needle stylet is removed,
and smaller diameter bone needles of a length
longer than the first or guiding bone cannula can
be inserted in coaxial fashion. These maneuvers
along with all needle exchanges are carefully
and sequentially monitored with imaging guid-
ance (Fig. 3.18). The sequential bone biopsy
needle placements can increase the specimen
yield (Fig. 3.18). Another method that can be
used to obtain more specimen entails angling the
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Fig. 3.11 An 84-year-old male with prior history of
prostate cancer and a painful vertebral compression
fracture. Frontal (a) and lateral (b) fluoroscopic images
show transpedicular placement of an 8 gauge guide
cannula (curved needle) and bone biopsy needle (arrow)

: Biopsy:Cannula

into the vertebral body. The specimen (arrow) is expressed
from the biopsy cannula (¢) with an obturator (curved
arrow). A closeup view (d) of the specimen (arrow). This
large bone biopsy needle (e) is able to yield large biopsy
specimens (arrow)
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Fig. 3.12 Photograph of tandem needle technique for
bone biopsy. The 22 gauge spinal needle (curved arrow) is
used to not only administer a local anesthetic agent but
also serve as a guide for subsequent bone biopsy needle
(arrow) placement

Table 3.5 Image-guided percutaneous bone biopsy

Over the wire (OTW) Non-OTW

Place the introducer needle  Anesthetize deep soft
under imaging guidance, tissues and periosteum
anesthetize, remove needle  using a 22 or 20 gauge
hub spinal needle

Advance the combined blunt Advance the bone needle
dissector/guide cannula over into the periosteum

the now hub-less guidewire  under imaging guidance
under imaging guidance
Remove the guidewire and
blunt dissector while
stabilizing the guide cannula
with the other hand
Exchange immediately for a
bone biopsy needle that fits
coaxially into the guide
cannula

Bone needle is “parked”
within the osseous
cortex

Exchange the bone needle
stylet for a bone biopsy
needle that fits coaxially
into the bone cannula
Perform sequential bone
biopsies under imaging
guidance

Perform sequential bone
biopsies under imaging
guidance

Obtain three or more
bone cores whenever
possible

Obtain three or more bone
cores whenever possible

guide cannula and bone needle slightly in order
to redirect the trajectory and sample another area
within the bone (Fig. 3.19). Using larger gauge

bone biopsy needles also facilitates increased
specimen yield (Fig. 3.11). Whenever possible,
the operator should attempt to collect at least
three bone cores (Wu et al. 2008).

The application of coaxial biopsy techniques
improves the efficiency and safety of spine
and rib biopsy procedures and contributes
favorably to patient comfort. There are two
major methods for performing coaxial
technique:

1. Use of an over-the-wire biopsy system
2. Use of a larger guiding bone needle/
cannula

Stylet-bearing bone needles can have differ-
ent types of needle tips on the stylet to facili-
tate placement and advancement of the bone
needle. A diamond tip helps in precisely plac-
ing the bone needle on a curved osseous sur-
face (Fig. 3.15). Double bevel tips can also
accomplish the same task (Fig. 3.20). A single
bevel tip helps to deflect the needle tip away
from the angle of the bevel as the bone needle
is advanced. Bone needle cannulas are made
with trephine or serrated edges or tapered cut-
ting edges. They are advanced into bone tissue
by a combination of forward pressure and rota-
tion. Always remember that a bone needle can
be advanced quite easily through bone that has
been damaged or weakened by pathologic pro-
cesses such as infection or tumor. Therefore,
careful needle advancement should be moni-
tored with imaging guidance at all times. In
order to obtain specimen, the operator must
remove the bone needle stylet and advance the
bone needle cannula through the lesion.
Alternatively, with coaxial technique, a bone
cannula is advanced through the guide cannula
and into the lesion. The presumably abnormal
bone tissue within the path of the bone needle
cannula accumulates with the bone needle
lumen as the cannula is advanced under imag-
ing guidance. After the bone cannula has been
advanced at least 3—4 mm, it can be removed;
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Fig.3.13 Photograph of
an introducer needle that
can be converted to a
guidewire. The 20 gauge
15 cm needle is shown

(a) with its stylet. The
needle hub (arrow) can be
detached (b)

this is quite dependent on the lesion size and
the ease of needle advancement. There are dif-
ferent methods that are used to retain the accu-
mulated tissue within the bone needle lumen.
One method entails removing the bone needle
directly. Sometimes, this maneuver does not
retain the bone tissue, and this situation may
require reinsertion of the bone needle with
additional advancement of the bone needle in
order to secure a sample of tissue. Another
method for securing the specimen within the
biopsy cannula entails placing continuous suc-
tion on the bone needle with a Luer-Lok
syringe that is attached to the hub of the bone
needle (Fig. 3.21). In certain instances, this
maneuver will yield an aspirate of blood, with
possible marrow elements. When this occurs,
do not discard this specimen and instead sub-
mit it for pathologic evaluation as the speci-
men may contain diagnostic material (Hewes
et al. 1983). Still another method for obtaining
the biopsy specimen entails the use of an inner
coaxial thin stylet that traps the bone tissue
within the lumen of the bone needle (Fig.
3.21). An obturator is used to remove the bone
core from the bone needle lumen. Some bone
biopsy kits contain twist drills that can be used
to advance the bone needle, especially through
thick or sclerotic bone (Figs. 3.16 and 3.17).
The drill is advanced for a short distance under
imaging guidance. After removing the drill,

Stylet

20g/15cm Introducer Needle

always examine the drill tip for osseous or soft
tissue fragments which can also be submitted for
pathologic analysis.

Two biopsy dilemmas are sometimes encoun-
tered during bone biopsies. First, it can be chal-
lenging to obtain specimens from sclerotic bone
lesions. In our experience, we have found that
trephine bone needles can obtain small sequen-
tial samples from sclerotic lesions. Second, it
can be deceptively difficult to sample lytic
lesions with a bone needle. In these situations,
attempting to sample the lesion margin which
has some bone material may sometimes yield a
specimen. Applying suction to the needle hub is
sometimes helpful. Alternatively, the bone nee-
dle can be used as a guide cannula, and FNA or
soft tissue core biopsy techniques can then be
used to access the abnormal soft tissue within
the vertebra or rib. This sequence of needle-type
(i.e., FNA, soft tissue core biopsy, bone biopsy)
usage may have to be altered when the soft tis-
sue component of a vertebral or rib lesion is
encountered prior to the osseous component
(Fig. 3.22).

Care must be taken when advancing sharp
biopsy needles within damaged osseous
structures. This should be performed with
meticulous imaging surveillance.
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Fig. 3.14 Photograph of a coaxial over-the-wire bone
biopsy needle system (a); GC guide cannula. After the intro-
ducer needle is advanced with imaging guidance to the peri-
osteal surface (b) and local anesthetic is administered around
the pedicle (arrow), the hub of the needle is removed — it is
now a guidewire. The tapered guide cannula introducer and
guide cannula (¢) are advanced over the guidewire (curved
arrow) to the periosteal surface (arrow). The introducer can-
nula and guidewire are removed (d) leaving the guide can-
nula in place (arrow). A bone biopsy needle (small arrow) is
advanced coaxially (e) through the guide cannula (large

w GC
Introducer

12g Guide
Cannula

arrow) and into the vertebral body (curved arrow). This type
of trephine needle is advanced by rotational movements and
forward pressure. After a specimen is obtained, the bone
biopsy needle (f) is exchanged for a longer bone biopsy nee-
dle (curved arrow) in order to obtain more specimens. The
specimen can be expressed (g) from the bone needle (curved
arrow) with an obturator (arrow). Sometimes it is necessary
to use the palm of the hand (arrow) to express the bone speci-
men (h) from the bone needle (curved arrow). Close-up view
(i) shows simulated 3 mm biopsy specimen (arrow) removed
from the trephine biopsy cannula (curved arrow)
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Fig.3.14 (continued)
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Fig.3.15 Photographs of
a non-over-the-wire bone
biopsy approach. An 11
gauge 10 cm bone biopsy
needle (a) can be used as a
guide cannula for a 14
gauge bone biopsy needle.
Once vertebral access is
achieved with the larger
bone biopsy needle (b),
the stylet is removed, and
the cannula (arrow) serves
as a coaxial conduit for the
smaller gauge bone biopsy
needle (curved arrow)

—_——

Obturator

14g Bone Biopsy Needle

11g/10cm
Bone Needle

3.3.2 Vertebra and Disk

Coaxial needle technique can also be used to
simultaneously sample the disk endplate complex
in patients with suspected spine infection (Table
3.4). A common method for performing this pro-
cedure entails the use of a spinal needle to first
attempt aspiration of the disk under fluoroscopic
guidance with an oblique projection of the spinal
axis (“Scotty dog” view). An 18 gauge spinal nee-
dle can be used for this first pass. A 20 gauge
25 cm needle with a removable hub can then be
used to exchange the 18 gauge spinal needle for
either a bone needle or a coaxial introducer and
guide cannula system. With either variation of this
technique, the bone needle is angled cephalad or
caudad into the disk endplate margin in order to

obtain tissue samples from this location. Another
approach to this type of procedure is to first use a
percutaneous diskectomy device to obtain disk tis-
sue and then perform a coaxial exchange for a
bone biopsy needle system (Refer to the Chap. 9).
While disk endplate biopsies can be performed
with CT guidance, this type of biopsy is readily
and efficiently performed with fluoroscopic guid-
ance, especially within the lumbar spine.

3.4 Imaging Guidance

Image-guided percutaneous biopsy of the spine
or ribs can be performed with accuracy and safety
using CT or fluoroscopic guidance (Jelinek et al.
2002; Omura et al. 2011; Puri et al. 2006). The
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Fig.3.16 Photographs of a 10 gauge bone biopsy system
(a) with a twist drill and biopsy cannula. This is a non-over-
the-wire coaxial system. The bone needle accesses the ver-
tebral cortex (b) through either a transpedicular (arrow) or
extra-pedicular approach. A drill (curved arrow) is inserted

use of CT guidance for the performance of spine
biopsy was initially reported in 1981 (Adapon
et al. 1981). A diagnostic specimen was obtained
in 18/22 cases for a diagnostic yield of 82 %. One
patient suffered transient quadriparesis for a
complication rate of 4.5 %. This led to increased
use of this modality for performing spine biopsy
procedures, especially in the thoracic spine where
many operators previously deferred to open
biopsy in order to avoid lung injury. CT guidance
is particularly helpful in certain specific situa-
tions. These include the sampling of small

to facilitate advancement of the bone cannula (c). The drill
can also be used to redirect the cannula. Once the cannula is
deemed to be in an appropriate location (d), the bone biopsy
needle (arrow) is inserted through guide cannula (curved
arrow) in order to obtain a biopsy specimen

vertebral or paraspinal lesions, posterior element
biopsy, paraspinal soft tissue mass biopsy, neural
foramen, and epidural space lesions. CT is also a
modality that is well suited for rib biopsy
(Jakanani and Saifuddin 2013). One of the earli-
est reports on CT-guided rib biopsy showed a
favorable diagnostic efficacy in 10 out of 11
patients (Hardy et al. 1987). The addition of CT
fluoroscopy with its real-time capability enhances
the speed of the CT-guided biopsy procedure.
The use of CT fluoroscopy is our scanning tech-
nique of choice when performing CT- guided



58 3 Image-Guided Percutaneous Spine and Rib Biopsy: Tools and Techniques

Penetration
Cannula

: Bone Needle

Stylet




3.4 Imaging Guidance

59

23 Obturator

Bone Biopsy
Needle

Fig.3.17 (continued)
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Fig.3.17 Photographs of a coaxial bone biopsy system
that uses a depth gauge to assist in the bone biopsy pro-
cedure (a). The 9.5 cm long penetration cannula (arrow)
with an inner diameter of 1.8 mm is advanced into the
vertebra (b). A twist drill (curved arrow) is inserted into
the penetration cannula (straight arrow) after removal of
the stylet in order to advance the guide cannula further
into the vertebra (c). Once the penetration cannula
(arrow) is advanced into the vertebral body (d), the drill
is removed and the cannula can be prepared for the
biopsy portion of the procedure (curved arrow). The
depth gauge (arrow) is attached to the hub of the

penetration cannula (e). The 13 cm bone biopsy needle
(f) has an outer diameter of 1.7 mm and an inner diame-
ter of 1.3 mm. In this example (g) three 5 mm tabs (small
arrow) have been removed from the depth gauge (large
arrow); this allows the biopsy cannula (curved arrow) to
be advanced 15 mm beyond the penetration cannula. The
needle position will also be monitored with imaging
guidance. After acquiring one specimen, the biopsy can-
nula can be reinserted (h); this time an additional 3 tabs
(arrow) have been removed allowing for further penetra-
tion of the biopsy cannula (curved arrow) into the target
lesion
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Fig. 3.18 A 63-year-old female with a prior history of
breast cancer, low back pain, and an L3 bone lesion
detected with an MRI study. Frontal and lateral fluoro-
scopic images of the lumbar spine (a) show transpedicular
bone needle placement with advancement toward the pos-
terior vertebral body (arrows). A bone biopsy is per-
formed (b) at the posterior vertebral body (arrows) with a
biopsy cannula using coaxial technique. Continuous
sequential fluoroscopic monitoring shows advancement of
the bone needle for a second pass (¢) within the posterior

vertebral body (arrows). The third pass (d) extends into
the middle of the vertebral body (arrows). This was the
maximal distance that the biopsy cannulas could traverse
within the guide cannula, with the guide cannula located
in the most anterior aspect of the pedicle. Therefore, a sty-
let was inserted into the guide cannula (e), and the bone
needle was advanced from the anterior pedicle into the
posterior vertebral body. This simple maneuver allowed
for additional passes (f) into the anterior vertebral body
and the opportunity to obtain additional specimens
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Fig.3.18 (continued)



62 3

Image-Guided Percutaneous Spine and Rib Biopsy: Tools and Techniques

Fig.3.18 (continued)

spine and rib biopsies. By pressing on the foot
pedal, the operator is able to simultaneously
obtain and view three axial images in 4.8 mm
slice thickness starting from the head to the foot.
CT fluoroscopy enables minimal amounts of
radiation to be used to acquire adequate images
thereby helping to reduce procedure-related
patient radiation dose. While radiation exposure
to both the patient and the operator is associated
with this procedure, it can be minimized by sound

—

pre-procedure preparation, using low-dose tech-
niques on the CT scanner, limiting the area of
coverage, and active monitoring of radiation
exposure (Shpilberg et al. 2014). The operator is
also able to minimize their radiation exposure by
standing behind a lead shield during the fluoro-
scopic acquisitions. Lastly, with increasing oper-
ator experience with these CT-guided biopsy
procedures, the overall amount of radiation used
per case decreases over time.
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Imaging guidance can also be performed with
fluoroscopy. Fluoroscopic guidance provides
real-time monitoring of the needle position, the
needle tip location, and the biopsy target. Needle
angulation or redirection is easily performed with
fluoroscopic monitoring. Transient, minor patient

motion does not adversely affect fluoroscopy-
guided procedures as the fluoroscope and/or table
are slightly adjusted to compensate for a slight
change in patient position. Fluoroscopic guid-
ance can be utilized for transpedicular thoracic or
lumbar vertebral body biopsies of large or diffuse

Fig. 3.19 A 76-year-old male with lung cancer and a
PET/CT study that showed an abnormal L1 vertebral
body. Frontal (a) and lateral (b) fluoroscopic images at the
L1 level show coaxial insertion of a 14 gauge bone biopsy
needle (arrows) through an 11 gauge guide needle (see
Fig. 3.15); the 11 gauge guide needle was previously
inserted via a transpedicular approach. The bone biopsy
needle (arrows) was advanced into the anterior vertebral

body as shown on the frontal and lateral fluoroscopic
images (c¢). With the guide needle docked in the posterior
vertebral body, it was possible to redirect the smaller 14
gauge bone biopsy needle (arrows) in order to obtain
additional specimen as shown on the frontal and lateral
fluoroscopic images (d). It is possible to use a coaxial sys-
tem to reposition and redirect the biopsy tools along tra-
jectories that will increase the specimen yield
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Fig.3.19 (continued)

vertebral body lesions. Intervertebral disk
biopsies can be performed anywhere along the
spinal axis using fluoroscopic guidance. The flu-
oroscopic procedure does expose the patient, the
operator, and the staff to radiation. The radiation
exposure can be reduced by careful case prepara-
tion and patient selection, use of radiation-
reducing functions of the fluoroscopy equipment
(such as pulsed fluoroscopy, low-dose technique,
shielding and collimation, fluoroscopy time
alarms), and appropriate use of distance from the
x-ray tube.

Preparation

Pre-biopsy evaluation
Patient selection

Lesion selection
Approach

Imaging guidance method
Biopsy instruments

3.5 Optimizing the CT-Guided
Spine or Rib Biopsy

Procedure

Quite a bit of planning and strategic activity must
occur prior to, during, and after a successful
CT-guided spine or rib biopsy procedure (refer to
Chap. 1). The CT biopsy team often consists of
the operator, the nurse, and the CT technologist.
Each of these individuals has a critical role in the
care of the patient and the performance of the
procedure. A successful biopsy procedure is one
in which the patient is recovered back to their
baseline health status, and the biopsy is accom-
plished. Each team member in the procedure
suite is a stakeholder in the patient’s care and out-
come. The team must function as a professional
unit in order to earn the confidence and trust of
the patient and their family members. This in turn
will decrease the patient’s anxiety level and will
facilitate patient cooperation throughout the
procedure.
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Fig.3.20 An 83-year-old female with breast cancer and
thyroid cancer and an L1 bone lesion on an MRI examina-
tion. Frontal and lateral fluoroscopic images (a) show
transpedicular placement of a bone needle. Frontal and
lateral fluoroscopic images (b) show coaxial insertion of a

biopsy cannula (arrows) that is directed towards a scle-
rotic lesion (oval). Frontal and lateral fluoroscopic images
(c) show coaxial advancement of the bone biopsy cannula
into the lesion (arrows) which was pathologically shown
to be a breast metastasis
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Fig. 3.21 Photograph of a bone biopsy system (a) that
includes a trapping mechanism or core lock for the biopsy
core within the bone cannula. Actual case demonstration
(b) of inserted penetration cannula (arrow) using CT guid-
ance; note the skin mark and laser line (curved arrow). Use

The nurse is immersed in the patient’s care,
and an excellent nurse will be the patient’s advo-
cate. The nurse assesses and confirms all pertinent
aspects of the patient’s health record, including
medical and medication history, medical
allergies, laboratory values, and NPO status. By

of depth gauge (small arrow) attached to the penetration
cannula (curved arrow) and coaxial placement (c) of a
biopsy needle (long arrow). The operator elected to use an
aspiration technique (d) with a 20 mL syringe (arrow).
Photograph (e) of small bone core (arrow)

discussing the procedure ahead of time with the
nurse, the operator will assist the nurse in
properly preparing and orienting the patient and
their healthcare representatives. Hopefully, the
operator has already seen the patient in consulta-
tion and can share this important information
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Fig.3.22 A 63-year-old female with low back pain and
abnormal MRI and CT examinations showing an L2
lesion. Axial CT image (a) showing FNA of paraspinal
soft tissue mass (arrow). Axial CT image (b) shows soft
tissue core needle biopsy (arrow) (note the top-heavy
bulky handle). Axial CT image (c) shows bone biopsy of
the L2 vertebra (arrow)

with the nurse. The more thoroughly debriefed
that the nurse is regarding the intended procedure,
the more efficiently the nurse is able to assist in

it. This contributes significantly toward key pro-
cedure steps such as placement of the intravenous
catheter, location of monitoring equipment, pro-
cedure verification, patient positioning, and intra-
venous sedation and analgesia. All of these
factors, when executed properly, result in a
smooth, safe procedure. The patient’s comfort
and recovery are therefore favorably impacted.

The CT technologist plays an important role
as part of the team when performing a CT-guided
spine or rib biopsy procedure. He or she is not
present just to “take pictures.” The technologist
must completely understand the full functional-
ity of their CT scanner and the logistics of the
CT scan suite in order to optimize the biopsy
procedure. An excellent technologist will under-
stand how to set or override protocols. The tech-
nologist should be able to effectively and
quickly program the scanner to generate good
quality images for any biopsy procedure. They
should also know how to use special features
such as CT fluoroscopy and be able to generate
quick multi-planar reformations when neces-
sary (Figs. 3.23 and 3.24). The technologist is
responsible for maximizing radiation safety
during the procedure. A review of the pre-proce-
dure studies with the technologist prior to the
biopsy procedure helps to increase the chances
of a correct level, correct side biopsy. The tech-
nologist performs multiple tasks before, during,
and after the procedure. Once the patient is
brought into the CT scan suite, the technologist
introduces themselves to the patient, explains
their important role in the procedure, and per-
forms patient verification (Table 3.6). The tech-
nologist is a valuable assistant to the operator
through all phases of the biopsy procedure and
should be a major contributor to an efficient and
safe biopsy.

CT technique directly impacts upon biopsy
technique. Therefore, the operator and the
CT technologist should work cohesively in
order to optimize the spine or rib biopsy
procedure.
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Fig.3.23 Photographs of CT scan suite just prior to a pro-
cedure. The scanner gantry, fluoroscopy monitor, CT fluo-
roscopy pedal, and lead shield are in position (a). The

o
™~

Fig. 3.24 Photograph of basic procedure table setup for
a CT-guided procedure. The large arrow indicates a sterile
pad for radiation protection (for the operator). The small
arrow indicates a sterile marker pen. 10 mL syringes for
local anesthetic and small needles, to draw up the local
anesthetic and infiltrate the skin and subcutaneous tissues,

procedure table is in the background and is covered with a
sterile sheet. A slightly different angle of the room (b)
shows the patient monitoring equipment in the background

are necessary as is the scalpel blade for making a crosshair
skin incision. Betadine and ChloraPrep sterile scrubs are
available as is a mini-procedure drape and plenty of sterile
gauze. A ruler can assist with simple measurements, and
pre-printed labels are used for identifying anesthetic
agents such as lidocaine
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Table 3.6 Role of the CT technologist in the CT-guided spine or rib biopsy procedure

1. Prepare the procedure room and assist in assembling the sterile table including biopsy tray and biopsy needles
(infection prevention).

2. Set up the CT fluoroscopy equipment in the procedure room including monitor, floor pedal, and a lead shield.

3. Preprogram the CT scanner with patient information, position, and technique.

4. After the room has been prepped, the patient is brought into the room. Greet and double identify the patient
(patient verification). The process is explained to the patient. The region of interest is confirmed with the patient,
and they are placed on the scanner table and positioned accordingly (procedure verification). Assure that all lines
and leads are in safe and appropriate locations. Place security strap on the patient (fall prevention).

5. Place a radiopaque skin grid on the patient.

6. Obtain topograms or scout images in the frontal and lateral projection.

7. Review the topograms with the operator in order to identify the area of interest and decide upon the area of
coverage and the field of view. Perform scan using a spiral technique in a bone or soft tissue algorithm, as
instructed by the operator.

8. Allow the operator to review the images in order to determine biopsy target(s) and the skin entry site using the
skin grid as a reference. Activate laser line to determine the correct axial section at the level of interest. The skin
entry site is marked with a surgical pen by the operator. The patient is prepped and draped.

9. Participate in a “time-out” with all members of the biopsy team and the patient (patient safety).

10. Switch scanner to CT fluoroscopy mode and adjust technique (MAS and kV) to accommodate patient’s size and
stature. Assure that only individuals with protective lead garments are in the procedure suite during CT
fluoroscopy (radiation safety).

11. The patient is positioned at the level of the marked skin entry site, and the operator can now proceed with the
biopsy procedure.

12. The technologist is vigilant with respect to monitoring the progress of device insertion and visualization with CT
fluoroscopy. Slight adjustments in table position due to patient motion or based upon needle device location may
have to be made.

13. It is the responsibility of the technologist to continuously review images making sure that they are centered
appropriately and are of diagnostic quality.

14. The technologist also assists in maintaining patient comfort and cooperation throughout and immediately after
the procedure.

15. Case completion and documentation.

Key Review Points 5. Rib biopsies are best performed with
1. The tools that can be used for image- coaxial technique.

guided spine or rib biopsy procedures
include fine needles, soft tissue core
biopsy needles, and bone biopsy needles.

. FNA procedures are optimally per-

formed with CT -guidance using coax-
ial technique in order to facilitate
multiple needle passes.

. Soft tissue core biopsies can be per-

formed in the spine and ribs in the set-
ting of destructive osseous lesions.

. Spine biopsies are optimally per-

formed with coaxial technique and can
also be performed with tandem- needle
or single -needle biopsy techniques.

. Intervertebral disk biopsy may require

a percutaneous diskectomy device in
order to obtain actual disk tissue.

. Another approach that is used to assess

for spine infection is to simultaneously
perform a disk end plate biopsy with a
bone biopsy needle.

. Fluoroscopic guidance is ideal for

lumbar or thoracic transpedicular
approaches to large or diffuse vertebral
body lesions and for intervertebral disk
biopsy procedures.

. CT guidance is optimal for small spine

lesions, posterior element lesions, epi-
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dural or paraspinal soft tissue masses,
and rib lesions.

10. The CT biopsy team includes the oper-
ator, the nurse, and the CT technolo-
gist. Working proactively and together,
these individuals can improve the like-
lihood of a favorable patient experience
and a successful biopsy procedure.
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Cervical Spine Biopsy

A. Orlando Ortiz

Learning Objectives

1. To understand the value and importance
of radiologic anatomy as it pertains to
cervical spine biopsy

2. To review the indications and contrain-
dications for cervical spine biopsy

3. To learn image-guided coaxial cervical
spine biopsy approaches and techniques

4.1  Introduction

Of all the percutaneous image-guided biopsy pro-
cedures that can be performed along the spinal
axis, cervical spine biopsy remains the most chal-
lenging of these procedures. Indeed, many opera-
tors are reluctant to perform cervical spine
procedures due to the perceived risk of the proce-
dure in an area where the anatomy may present
barriers to safe lesion access. The relatively small
size of the cervical vertebrae pedicles limits the
traditional “shielded” transpedicular pathway to
the vertebral body for tissue sampling. The criti-
cal vascular structures of the neck, the carotid and
vertebral arteries and the internal and external
jugular veins, surround the anterior and lateral
aspects of the cervical spine. These vascular struc-
tures, at initial inspection, may appear to prevent
direct access to a vertebrae or intervertebral disk.
Close proximity to other critical structures such as
the lung apices, trachea, esophagus, thyroid gland

© Springer International Publishing Switzerland 2017

and submandibular glands raises appropriate
concerns for injury to these structures. The aerodi-
gestive tract and adjacent glandular structures
may also limit the access to the target lesion(s)
within the cervical spine. The prominent cervical
spinal cord and exiting nerve roots may also dis-
courage attempts at sampling nearby lesions.
Some operators are more comfortable with single
access bone biopsy needles which make repeat
passes in the neck somewhat precarious. Other
operators have tried to improve their targeting
using tandem needle techniques in which the
biopsy needle is passed alongside a previously
placed smaller gauge guide needle, but this
requires a minimum of two needle passes in an
area that contains numerous critical structures
and, therefore, is a rarely utilized technique in the
cervical spine. Cervical spine biopsy is an infre-
quently performed procedure when compared to
thoracic or lumbar spine biopsy, hence many
operators lack experience with the tools and tech-
niques that are required to make cervical spine
biopsy an effective, efficient and low risk proce-
dure. In a single institution experience 22 cervical
spine biopsies out of 703 total spine biopsies
(3.1%) were performed over a period of 18 years
whereas at another institution 9 out of 410 (2.2%)
spine biopsies performed to assess for neoplasm,
over an 8-year period, were performed in the cer-
vical spine (Rimondi et al. 2011; Lis et al. 2004) .
When a procedure is performed infrequently, the
comfort level with performing it decreases. The
objective of this chapter is to introduce the reader
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to the approaches and techniques that will assist
them in the performance of percutaneous image-
guided cervical spine biopsy.

4.2  Anatomic Considerations

While the cervical spine consists of seven cervi-
cal vertebrae and the intervening intervertebral
disks, the overall smaller size of these structures
compared to the remainder of the spinal axis is
associated with a relatively lower incidence of
suspicious lesions in this location. The neck is
bordered superiorly by the skull base and fora-
men magnum. Inferiorly, the neck is separated
from the thoracic cavity by the thoracic inlet,
including the lung apices, brachial plexus and
brachiocephalic vasculature. From a biopsy
perspective, with respect to approach, the neck
can be divided into anterior and posterior com-
partments. Anterior compartment lesions will
involve either the cervical vertebral bodies,
intervertebral disks or the adjacent paraspinal
soft tissues. Posterior compartment lesions will
involve the articular masses or facet joints, the
posterior elements (pedicle, laminae or spinous
processes) or the adjacent paraspinal soft tissues
within the perivertebral space — paraspinal com-
ponent. The anterior compartment can be fur-
ther subdivided into suprahyoid and infrahyoid
compartments. The pertinent suprahyoid com-
partments include the masticator space, parapha-
ryngeal space, perivertebral space — prevertebral
component, submandibular space, retropharyn-
geal space and carotid space. The oropharynx
and hypopharynx are located within the supra-
hyoid neck and are quite prominent; a breach of
these structures could contaminate the spine and
biopsy specimen with adverse consequences in
either situation. The carotid space contains the
carotid artery and the internal jugular vein, and
these critical vascular structures determine the
choice of approaches when considering an ante-
rior compartment biopsy procedure (Fig. 4.1).
The vertebral arteries, likewise critical vascular
structures, influence the types of approaches that

can be used to access the posterior compartment
(Fig. 4.1). The proximity of visceral and carotid
space in the infrahyoid neck will constrain the
types of approaches that can be used to access
the anterior cervical spine.

The carotid space is the key anatomic land-
mark for determining the majority of ante-
rior-lateral or posterior-lateral approaches
for image-guided percutaneous cervical
spine biopsy.

Essentially, all needle passes within the ante-
rior compartment will be made either anterior or
posterior to the carotid space (Fig. 4.2). For
fluoroscopy-guided procedures, the carotid space
is a palpable structure — in other words, the oper-
ator can palpate the carotid pulse and use a man-
ual displacement technique to move the carotid
space out of the way prior to needle insertion. For
computed tomography (CT) — guided procedures,
the carotid space is readily identified, even on
non-contrast CT studies of the neck. The primary
objective is to determine a trajectory towards a
lesion that avoids puncturing the carotid artery or
jugular vein.

The posterior compartment of the neck
includes the posterior cervical space. This
includes the posterior neck muscles and the
posterior elements of the cervical vertebrae.
The critical anatomic structures to be aware of
when attempting to biopsy lesions in this com-
partment are the vertebral arteries and the spi-
nal cord. The vertebral arteries are particularly
exposed in the upper cervical spine near the
craniocervical junction; hence a detailed knowl-
edge of the size and course of these vessels is
mandatory when considering upper cervical
spine biopsy (Fig. 4.1). The presence of a domi-
nant vertebral artery or a hypoplastic or absent
vertebral artery should be noted on the initial
diagnostic studies as this will help to prevent a
potential major complication. Given the small
size and thickness of the posterior elements it is
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Fig. 4.1 Axial contrast-enhanced CT image (a) at Cl
level shows course of vertebral arteries as they emerge
from the C1 transverse foramen (large arrow) to course
posterior to the lateral mass (small arrow), along a groove
on the superior surface of the C1 neural arch, and then
enter the spinal canal. Axial contrast-enhanced CT image
(b) at C2 level shows enhancing vascular structures adja-
cent to lateral aspect of C2 (internal carotid artery (c;
large arrow), internal jugular vein (J) and vertebral artery
(V; small arrow)). If this were a biopsy case, this vascular
anatomy effectively forms a barrier to biopsy needle
access from these directions. The oropharynx (O) forms
the anterior relation of the C2 vertebral body. Axial

contrast-enhanced image (c) at C5 level shows external
jugular vein branches (small arrows), internal jugular vein
(J), carotid artery bifurcation on the right (large arrow)
and common carotid artery (c). The vertebral artery (V) is
located within the foramen transversarium. The subman-
dibular gland (SMG) is seen anteriorly while the hypo-
pharynx (H) forms the anterior relation at this level. Axial
contrast-enhanced image (d) at the C5-6 disk space level
shows external jugular vein branches (small arrows),
internal jugular veins (J), common carotid arteries (C) and
vertebral arteries (v). The hypopharynx (H) forms the
anterior relation at this level
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Fig.4.2 Photographs of neck model showing a spinal needle inserted into a cervical vertebral body (a) anterior (arrow)

and (b) posterior (arrow) to the carotid space

important to be aware of the location of the spi-
nal cord and exiting nerve roots relative to the
lesion.

A constant awareness and vigilance of the
important neck compartments and critical
anatomic structures is required before, dur-
ing and even after the cervical spine biopsy
procedure.

This is an important principle that must be
adhered to when performing image-guided per-
cutaneous spine biopsies (Ortiz et al. 2010). A
detailed review of pertinent imaging studies,
such as magnetic resonance imaging (MRI)
studies of the cervical spine or positron emis-
sion tomography (PET) — CT examinations, is
therefore mandatory prior to considering and
planning a biopsy procedure. The prior study or
studies should be readily available for immedi-
ate consultation during the biopsy procedure.

4.3  Indications

Image-guided percutaneous cervical spine
biopsy is performed to obtain tissue samples
from the cervical vertebrae (including the ver-
tebral bodies, articular masses and posterior
elements) intervertebral disks and surround-
ing paraspinal soft tissues. The two most com-
mon indications for performing percutaneous
image-guided cervical spine biopsy include the
evaluation of a neoplastic process or the assess-
ment for possible spine infection (Table 4.1).
Secondary or primary neoplastic lesions of the
spine may be considered for biopsy when their
histopathologic identification impacts the sub-
sequent management of the patient. Secondary
neoplastic lesions of the cervical spine include
metastases, myeloma, lymphoma and leuke-
mia; these may occur in patients with a known
primary malignancy, or be the first presentation
of an unknown primary tumor. Alternatively, a
patient may be afflicted with two or more neo-
plastic conditions, and further characterization
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Table 4.1 Indications for image-guided percutaneous
cervical spine biopsy
1. Secondary neoplastic involvement
Metastasis
Known primary neoplasm
Two or more known primary neoplasms
Unknown primary neoplasm
Extension from systemic neoplasm (myeloma,
lymphoma, leukemia)
2. Primary neoplastic involvement
3. Spine infection
4. Spine infection mimics
Inflammatory spondyloarthropathy (chronic
hemodialysis, gout)
5. Other
Pathologic vertebral compression fracture
Langerhans Cell Histiocytosis

Evaluate recurrence of neoplasm after surgical,
medical and/or radiation treatment

Distinguishing radiation change from neoplasm

of a cervical spine mass will determine which
of these processes is responsible. Primary
spine tumors, though rare, do occur and may
require a biopsy in order to optimize the subse-
quent management. Now that tailored immune-
modulating therapies are available and that an
analysis of cellular genomics is readily feasi-
ble, biopsies for tissue acquisition and detailed
characterization are critical for both treatment
planning and prognosis. A pathologic cervi-
cal vertebral compression fracture may also
require a biopsy.

It must be emphasized that when a neoplas-
tic process is identified within the cervical
spine, the remainder of the spinal axis and
body should be evaluated for the possible
presence of a more readily accessible lesion
for biopsy sampling (Fig. 4.3)

In patients in whom there is an infectious or
inflammatory process that involves the cervical

disk space and adjacent vertebral endplate(s) a
biopsy may be necessary in order to confirm the
diagnosis and guide subsequent therapeutic
interventions.

4.4  Contraindications

The major contraindication to performing per-
cutaneous image-guided cervical spine biopsy
is uncorrected coagulopathy (Table 4.2). Given
the increased modern day use of anticoagulants
and anti-platelet agents, it is imperative that
the operator be aware of whether or not a
patient is being treated with one or more of
these medications (Refer to Chap. 2). A discus-
sion with the referring clinician and patient is
often required in order to determine the neces-
sary steps in either holding or reversing the
effects of these medications in order to per-
form the biopsy procedure. The focus of the
conversation should include a risk-benefit
analysis in order to ascertain the absolute need
for the cervical spine biopsy procedure. The
rationale for the both the cervical spine biopsy
procedure and the temporary management of
the coagulation status should be documented
by the operator. In specific situations the
patient may need to be admitted for in-hospital
management of their coagulation status prior to
performance of the biopsy. It must be kept in
mind that the majority of these cervical spine
biopsy procedures are elective or semi-urgent
procedures that by default provide sufficient
opportunity for adequate evaluation and com-
munication in order to maximize the chances
for a safe and effective procedure. If patient,
custodial agent or administrative consent can-
not be obtained then the procedure should not
be performed.

The other contraindications to image-
guided percutaneous cervical spine biopsy
are relative, that is, the procedure can be per-
formed provided that the specific management
steps are taken. For example, pre-procedure
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Fig. 4.3 30 year-old male with multiple spine lesions.
Fat-suppressedT?2 sagittal MR image of cervical spine (a)
shows a C4 and T1 vertebral body lesions. The operator
attempted to biopsy T1 via a posterior approach (arrow)
without success (b). STIR sagittal MRI image of lumbar

Table 4.2 Contraindications to image-guided percutane-
ous cervical spine biopsy
Absolute
Uncorrected coagulopathy
Unable to obtain consent for the procedure
Relative
Uncooperative patient
Unstable patient
Suspected vascular lesion

Small (<5 mm diameter) lesion located adjacent to
critical structure

spine (c¢) shows L2 and L5 and S1 lesions. CT-guided
biopsy (d) of the L2 lesion via a posterior approach
(arrow) confirmed the presence of lymphoma; note the
extensive retroperitoneal adenopathy (curved arrow)

catheter angiography with our without embo-
lization may be required prior to performing
a biopsy of a suspected vascular tumor such
as a renal or thyroid metastasis, aneurys-
mal bone cyst, or aggressive hemangioma.
Alternatively, a very small (<5 mm diameter)
if not tiny lesion may just not be amenable to
tissue sampling, especially if it is located in
close proximity to the spinal cord or a vascu-
lar structure.
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4.5 Risks and Complications
Associated with Cervical
Spine Biopsy and How

to Minimize Them

The risks and complications that occur as a
result of image-guided percutaneous cervical
spine biopsy are uncommon and can be kept
to a minimum (Wu et al. 2014). Complications
that occur as a result of cervical spine biopsy
include hemorrhage. As previously stated, this
risk can be reduced by temporarily correcting a
pre-existing coagulopathy. Identifying critical
vascular structures when planning an approach
to the lesion and determining an optimal trajec-
tory will also reduce the likelihood of a hem-
orrhagic complication. Use of coaxial biopsy
needle technology, with one needle pass and
placement of a guiding cannula through the
biopsy trajectory, also reduces the chances of
hemorrhage. The occasional, but necessary use
of intravenous contrast enhancement with CT
guidance may identify subtle vascular struc-
tures that can subsequently be avoided. Pre- and
peri-procedure management of suspected vas-
cular lesions will also help to reduce the pos-
sibility of hematoma formation. Some vascular
lesions may require an embolization procedure
(pre-procedure endovascular embolization or

post-procedure biopsy tract embolization with
a small amount of surgifoam), while others can
be safely sampled with fine needle aspiration
techniques. Adequate blood pressure manage-
ment and control during and after the biopsy
procedure will also help to reduce the likeli-
hood of hemorrhage (Fig. 4.4). There is no
substitute for appropriate hand compression
techniques following removal of the biopsy
needle system at the puncture site, as this will
help to stop bleeding at the puncture site. A
few minutes (2-5 min) of manual compression
will help to stabilize the biopsy tract. Bleeding
into one of the neck spaces can lead to hema-
toma formation and possible airway compro-
mise. Therefore, it is important to monitor the
patient during and after the procedure (Fig.
4.4). Patients with hematoma formation can be
imaged with CT in order to assess for stability
of the hematoma and the airway.

Other procedural risks are related to needle
puncture and include vascular injury, spinal cord
puncture and, with lower cervical spine biopsy,
lung perforation with pneumothorax formation.
Fortunately with careful planning and meticu-
lous technique, injury to these critical structures
can usually be prevented. Spine infection is a
potential complication of any biopsy procedure.
This applies to situations where the cervical

Fig. 4.4 48F for fluoroscopy guided disk aspiration at
C4-5 (a). The patient’s blood pressure increased signifi-
cantly during the procedure (240/120 mmHg) and she
complained of difficulty swallowing. Axial CT image (a)
shows acute soft swelling with hematoma formation

(large arrow) and mass effect on oropharnyx (small
arrow). This responded to conservative management
including blood pressure control. A follow-up limited CT
(b) at 1 week shows partial resolution of the swelling and
residual retropharyngeal fluid (arrow)
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spine biopsy is being performed to evaluate for
non-infectious conditions, such as neoplastic
lesions of the cervical spine. The use of strict
aseptic technique including shaving and hair
removal at the biopsy puncture site will help to
reduce the chance of infection. The use of coax-
ial technique, by reducing the number of times
that the skin is breached, will also help to reduce
the inadvertent introduction of cutaneous
microbes into the deep tissues of the cervical
spine. The routine use of pre-procedure intrave-
nous antibiotic prophylaxis for the performance
of cervical spine biopsy is not required unless
there is a specific clinical concern that might
warrant their use such as a patient that is immu-
nocompromised. Seeding of tumor along a
biopsy tract is an extremely rare complication of
biopsy procedures and theoretically is even less
likely to occur with coaxial biopsy techniques
(Saghieh et al. 2010).

The types of complications that can occur or
have been reported with cervical spine biopsy
are listed in Table 4.3. It must be kept in mind
that these are potential complications, many of
which can be avoided if careful steps are taken
to minimize the chances of their occurrence.
The overall incidence of complications that
can occur with skeletal biopsy is less than
0.2% (Murphy et al. 1981). The overall com-
plication rate for percutaneous spine biopsy
ranges from less than 1% to 3% (Tehranzadeh
et al. 2007). A review of the literature shows
that the overall incidence of complications that
can occur with image-guided percutaneous
cervical spine biopsy is rare (Brugieres et al.
1992; Kattapuram and Rosenthal 1987,
Rimondi et al. 2008; Wu et al. 2014). The other
important risk that can occur with cervical
spine biopsy procedures is the possibility of a
“non-diagnostic” biopsy. In this situation, tis-
sue is obtained from the sampled lesion; never-
theless the histopathologic analysis is not able
to arrive at a conclusive diagnosis. This poten-
tial outcome should always be discussed with
the patient at the time of the informed consent
process in order to clarify expectations and to
make them aware that another biopsy proce-
dure, percutaneous or open, might be required.

Table 4.3 Cervical spine biopsy procedure risks and
complications
Hemorrhage

Superficial — at puncture site

Deep — potential hematoma formation — airway
compromise

Needle injury
Artery or vein puncture
Spinal cord puncture
Cervical nerve root puncture
Lung puncture — pneumothorax
Glandular injury: thyroid gland, parathyroid gland,
submandibular gland, parotid gland
Aerodigestive tract perforation

Other
Non-diagnostic biopsy
Wrong level or wrong side biopsied
Infection (cellulitis, infectious spondylitis)
Tumor seeding along the biopsy tract
Transient paresis of lower extremities
Transient recurrent laryngeal nerve palsy

Systemic — anesthesia complication, contrast agent
reaction

Increased pain

Radiation exposure

Death

Equipment failure — broken needle

4.6 Imaging Guidance

While there are a few sporadic case reports
of image-guided percutaneous spine biopsy
performed with ultrasound or magnetic reso-
nance imaging guidance the principal imag-
ing modalities that are used for cervical spine
biopsy include CT and fluoroscopy (Ortiz et al.
2010). Each of these modalities possesses
advantages and disadvantages. Both modalities
allow for ease of access to the cervical spine,
variable patient positioning and ready access
to the patient for continuous monitoring and
management, and the ability to use any number
of tools or instruments for the biopsy proce-
dure. CT provides good axial spatial resolu-
tion and a thorough view of all anatomic and
critical structures within the cervical spine as
well as localizing the target lesion. The major
vascular structures within the neck can usually



4.7 Approaches

79

be visualized on unenhanced axial images and
intravenous contrast agents are not routinely
required. The axial CT images can be compared
to the pre-biopsy studies in order to plan the
optimal approach and trajectory for the biopsy
procedure. The precise location of the biopsy
needle tip relative to the lesion and adjacent
critical structures can readily be monitored with
CT. CT-guided cervical spine biopsies were first
performed with conventional stepwise advance-
ment of needles with intermittent acquisitions
of a small number of images through the area
of interest between needle advancements or re-
positioning (Brugieres et al. 1992; Kattapuram
and Rosenthal 1987). This technique facilitated
procedure safety, but was associated with a lon-
ger procedure time. CT fluoroscopy improves
the efficiency of the procedure by keeping the
operator in the procedure room and allowing
for immediate image acquisition through the
area of interest. CT does have limited longi-
tudinal or Z-axis visualization, which can be a
challenge if the patient moves during the proce-
dure or if needle angulation is required. These
challenges are partially mitigated by using CT
fluoroscopy with the trade-off being a slight
increase in radiation dose. Nevertheless, the
use of CT fluoroscopy increases the efficiency
and safety of the procedure as it combines the
real time benefits of fluoroscopy with the axial
resolution of CT (Wu et al. 2014).

Fluoroscopy can be used to perform anterior
cervical spine biopsy. The advantages of this
modality include real time, instantaneous

feedback on needle trajectory and depth of the
needle tip. The operator’s hands, however, are
often within the fluoroscopy field during the pro-
cedure and this increases radiation exposure to
the operator. The absence of soft tissue contrast
limits the anatomic detail and subtle or small
lesions may not be visualized with fluoroscopy.
Fluoroscopic guidance is helpful in performing
intervertebral disk biopsies using an anterolateral
approach with manual displacement of the carotid
space by the operator (the operator uses his/her
hand to pull the carotid out of the way) and effi-
cient prompt insertion of the biopsy needle into
the abnormal disk.

4,7 Approaches

The objective of any biopsy is to obtain as much
tissue as possible to improve the chances of obtain-
ing an accurate diagnosis and to perform this safely
without injuring critical structures. The choice of
a percutaneous approach to a lesion is paramount
to determining the optimal biopsy needle trajec-
tory or trajectories (Table 4.4) (Gupta et al. 2007).
The approach for cervical spine biopsy is deter-
mined by several factors (Ortiz et al. 2010). First,
the location of the lesion — is it within the ante-
rior compartment or the posterior compartment?
Second, the level of the lesion — is the lesion at
the level of the suprahyoid neck or the infrahyoid
neck? Is the lesion located within the upper cervi-
cal spine at C1 or C2 or is it located in the mid
to lower cervical spine (C3-C7) (Sun et al. 2009)?

Table 4.4 Approaches used to perform cervical spine biopsy

Lesion Level Location Approach

Osseous Cl1 Lateral mass Posterior or lateral
Posterior arch Posterior or lateral

Osseous C2 Dens/body Infra-maxillary, transoral, transpedicular
Posterior arch Posterior or lateral

Osseous C3-C7 Vertebral body Anterolateral
Facet joint Posterior or lateral

Posterior arch
Spinous process

Intervertebral disk
Prevertebral soft tissues
Paraspinal soft tissues

Posterior or lateral
Posterior or lateral
Anterolateral
Anterolateral
Posterior or lateral
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Third, what is the specific anatomic location of the
lesion — vertebral body, intervertebral disk, articu-
lar mass or facet joint, laminae, spinous process
or paravertebral soft tissues? Lesion size will also
influence the approach. In general, when sampling
a lesion it is desirable to have the needle pass
through the greatest diameter of the lesion. This
allows for both more sampling and for a margin
of safety in that the needle stays within the lesion
and does not extend beyond into a possible criti-
cal structure. Larger lesions provide a large diam-
eter for sampling whereas smaller lesions may
have limited areas for needle excursion thereby
resulting in fewer and/or smaller samples. Larger
lesions, especially those that involve the paraspi-
nal soft tissues, may displace critical structures out
of the path of the intended needle trajectory. Of
equal importance is the identification of all criti-
cal structures, from skin surface to spinal cord,
along all possible trajectories to the lesion. These
factors will not only contribute towards determin-
ing the approach to lesion, but will also influence
the patient’s position within the operative field.
In addition to supine and prone patient positions
for standard anterior and posterior approaches,
respectively, it may be necessary to place a patient
in oblique or decubitus positions to facilitate
access to specific lesions or cause slight displace-
ment of critical structures such that the intended
trajectory becomes more feasible.

4.8 The Cervical Spine Biopsy
Procedure
4.8.1 General Considerations

4.8.1.1 Patient Factors

Cervical spine biopsy procedures can be performed
on inpatients or outpatients and should only be per-
formed on cooperative patients. Therefore, when-
ever and as much as possible it is important to
evaluate and examine the patient. This objective
can be accomplished at the time of the informed
consent process. This consultation serves several
purposes as it allows the operator to assess the
patient’s mental status and to establish a doctor —
patient relationship with the patient and the

patient’s family and healthcare proxies. It also
enables the operator to examine the neck for any
possible wounds, scars, tattoos and hair, to assess
the patient’s ability to flex, extend or rotate the head
and neck, to assess shoulder mobility and to deter-
mine ahead of time, which positions the patient can
or cannot tolerate. These factors along with the
intended approach will influence the patient posi-
tion. The patient should be as comfortable as pos-
sible just before and throughout the procedure as
this will improve their ability to cooperate during
the biopsy procedure. An informed and comfort-
able patient will tend to be a cooperative and less
anxious patient. The upfront opportunity to clarify
expectations with the patient and the patient’s rep-
resentatives cannot be understated. Patients should
also be informed that the other diagnostic alterna-
tive to a percutaneous biopsy procedure is an open
biopsy procedure. Open biopsy procedures are per-
formed in the operating room under general anes-
thesia, require a somewhat longer recovery period
and carry the risks (bleeding, infection, tissue dam-
age) associated with open surgical procedures
(Mankin et al. 1996).

In addition to obtaining a thorough medical and
surgical history, the operator should also be aware
of the patient’s medications, especially antiplatelet
and anticoagulant medications, any concurrent
antibiotic therapy and any herbal or vitamin sup-
plements. Patient allergies should be documented
and recent laboratory parameters for hematologic
status (serum hematocrit, hemoglobin, platelet
count), coagulation status (serum Prothrombin
Time, Partial Thromboplastin Time, International
Normalized Ratio), and renal function (serum
Blood Urea Nitrogen, Creatinine, Glomerular
Filtration Rate) should be available. In those
patients with a suspected spine infection, consider-
ation ought to be given to obtaining a white blood
cell count with differential, an erythrocyte sedi-
mentation rate and a C-reactive protein. Patients
should be instructed to not eat or drink, in other
words, remain in NPO status after midnight on the
day of the procedure.

4.8.1.2 Staff Factors
It is helpful to discuss the procedure ahead of
time with the procedural staff, including the radi-
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ology technologist, nurse(s), anesthesiologist (if
consulted), pathologist and/or microbiologist.
These communications maximize the chances for
a smoother, more successful procedure. They
facilitate specimen collection, handling and anal-
ysis. For example, if a fine needle aspiration pro-
cedure is performed, then a cytopathologist or
cytotechnologist may be present on site to evalu-
ate the tissue samples and determine if there is
adequate diagnostic tissue.

4.8.1.3 Anesthesia

The choice of anesthesia is influenced by the type
of biopsy, the patient’s preference, the patient’s
medical condition, the patient’s position and the
operator’s discretion. If an anesthesiologist is
assisting in the case, then they will help to decide
the preferred method of anesthesia. The options
for anesthesia range from the use of local anes-
thetics, to intravenous sedation and analgesia to
the use of intravenous anesthesia. It is strongly
advised to avoid the antecubital fossa for secur-
ing intravenous access as the arms are often
flexed during the procedure, impeding the effi-
cacy of intravenous medications.

4.8.1.4 Patient Preparation

The patient is placed on the procedure table in the
desired position and monitoring equipment
(pulse oximeter, electrocardiogram and blood
pressure monitor) is placed on the patient.
Cervical spine biopsy is performed with strict
aseptic technique. The skin should be shaved in
order to remove hair from the sterile field. It is
important to discuss the need for hair removal at
the craniocervical junction ahead of time with
patients. Once the patient is positioned, the skin
is shaved and the patient is on the procedure
table, then a time-out protocol is exercised in
order to confirm patient, procedure, site and side.

4.8.2 Technique

4.8.2.1 CT Guidance

Scout images are obtained in both the frontal and
lateral projections with a radiopaque skin grid in
place covering the side and area of the intended

approach (Fig. 4.5). The intended skin puncture
site is marked with a skin marker. The skin is then
prepped with a sterile solution and draped. In
patient’s that are receiving intravenous sedation/
analgesia or anesthesia, this can be initiated at this
time or just after the time out process. The skin is
anesthetized with a local anesthetic agent (such as
1 or 2% lidocaine or 0.25% bupivacaine) using a 25
gauge needle. A small cross hair incision is made at
the skin insertion site using a #11 scalpel blade.
Cervical spine biopsies were first performed
with tandem needle techniques; a biopsy needle
was maneuvered alongside and parallel to an ini-
tially placed small gauge (20 gauge) spinal nee-
dle, but these entailed a minimum of 2 skin
punctures (Kattapuram and Rosenthal 1987).
Coaxial needle technique is well suited for per-
forming cervical spine biopsy (Geremia et al.
1992; Wu et al. 2014;). With a coaxial needle
technique, a 15 cm long, 20 gauge guide needle
with a removable hub is slowly advanced under
CT fluoroscopic guidance towards the target
lesion, carefully avoiding critical structures.
When the needle tip approaches the margin of the
lesion or an osseous surface, additional local
anesthetic (approximately 1 mL volume) can be
administered in order to minimize patient dis-
comfort. Once the optimal trajectory and needle
position are established with imaging guidance
and the periosteal or lesion surface have been
anesthetized, then the needle hub is removed
(Fig. 4.5). The needle then serves as a guidewire
or guidepin for subsequent coaxial insertion of a
guiding cannula. The guiding cannula provides a
safe access port to the target lesion, reducing if
not obviating the requirement for repeat needle
passes in the vicinity of critical structures (Figs.
4.6 and 4.7). For bone biopsy, a removable blunt
dissector is inserted into the guiding cannula; this
facilitates safe passage of the guiding cannula
through the deep soft tissues over the hub-less
guide needle. For any type of soft tissue biopsy
(disk or paraspinal) a guiding cannula and blunt
dissector can be advanced over the guide needle
or, alternatively, a soft guide needle can be
advanced using its own stylet (Fig. 4.8). In the
anterior neck, the platysma can present as a stub-
born barrier to advancement of the blunt dissec-
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Fig.4.5 83 M with neck pain. Fat suppressed T2 sagittal MR
image (a) shows a small prevertebral fluid collection (arrow)
with subtle increased signal within the adjacent vertebral bodies
at C3 and C4 (curved arrows). A sagittal reconstructed CT
image (b) shows multi-level disk space height loss with endplate
irregularity (arrow) at C4-5. Lateral static image from a gallium
scan (c) shows intense uptake within the cervical spine (arrow).
An erythrocyte sedimentation level and C reactive protein level
were noted to be elevated and the patient was referred for an
image-guided biopsy. A grid line sheet (arrow) was placed on
the right side of the patient’s neck (d). A CT scout frontal radio-
graph (e) shows the radiopaque lines (arrows) which aid in
marking the skin entry site with an indelible ink marker pen. An
axial CT image in bone algorithm (f) shows the grid points
(arrows) relative to the C4-5 disk space. The skin was then
prepped and draped with strict aseptic technique, the skin anes-
thetized with 0.5 mL 2% lidocaine, and a 20 gauge guide needle
(arrow) was advanced into the skin (g) and passed along the
lateral margin of the thyroid ala (arrow) as shown on the axial
image (h). Photograph of guide needle (i) after removal of the

hub (arrow). An 18 gauge spinal needle (large arrow) was sub-
sequently passed over what is now essentially a firm guidewire
(medium arrow) in order to adequately penetrate the platysma
(small arrow) as shown on the axial image (j). Axial CT (K)
shows advancement of the spinal needle over the hub-less guide
needle to the anterior aspect of the C4-5 disk (arrow). The 18
gauge spinal needle is removed, but the 22 gauge hub-less guide
needle (guidewire) is kept in place in order to maintain safe
access for subsequent placement of the blunt dissector. Axial CT
image (I) shows advancement of the blunt dissector over the
guide needle (arrow). The blunt dissector was removed and then
inserted into the guide cannula such that this coaxial system was
subsequently advanced over the guide needle to the anterior
aspect of the C4-5 disk (arrow) as shown in the axial CT image
(m). The blunt dissector was exchanged for a trephine bone
biopsy needle (arrow) which was advanced through the guide
cannula and into the disk and endplate as shown on the axial CT
image (n). The microbiology specimens were positive for
enterococcus species and the pathology specimens showed
inflammatory changes consistent with osteomyelitis
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Fig.4.5 (continued)
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Fig.4.5 (continued)
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Fig.4.5 (continued)

tor and/or guiding cannula. If this occurs, then
the operator should first advance an 18 gauge spi-
nal needle over the guide needle in order to make
a small perforation in the platysma (Fig. 4.5).
This maneuver will allow the blunt dissector, ini-
tially without, and then with the guiding cannula
to readily pass through the platysma.

Once the guiding cannula reaches the margin
of the bone or the lesion then the guide needle
and blunt dissector are removed after satisfactory
positioning is confirmed with CT. Other needles
can now be safely inserted through this working
cannula. The biopsy sample can be obtained
using fine needle (1 mm diameter or less) aspira-
tion or core needle (diameter greater 1.5 mm)
biopsy via this coaxial technique. In some situa-
tions, the guiding cannula is not supported by the
soft tissues of the neck and tends to move. When
this occurs it is helpful to hold the guiding can-
nula and insert the biopsy needle in order to gain
purchase within the structure to be sampled. A
trephine needle, which has a serrated cutting
edge, or other bone cutting needle can be inserted
into osseous structures while a soft tissue cutting
needle or a fine needle can be inserted into a soft
tissue lesion. The guiding cannula can also be
stabilized at the skin surface with either sterile

towels or a small stack of sterile gauze. The posi-
tion of the guiding cannula and biopsy needle,
relative to the lesion and other critical structures,
can be confirmed with the acquisition of sequen-
tial CT images (Figs. 4.6 and 4.7).

For soft tissue masses, fine needle aspiration
should be performed prior to core biopsy in order
to minimize hemorrhage into the needle tract
(Fig. 4.8) (Ayala et al. 1995). The latter adversely
impacts on the utility of the fine needle aspiration
procedure by contaminating the biopsy specimen
with blood. Sequential needle passes can be made
into the soft tissue mass with slight angulations in
order to sample areas of “fresh” tissue. CT image
acquisition should be used to monitor the direc-
tion and depth of the biopsy needle and assess its
proximity to other critical structures. Fine needle
aspiration and soft tissue biopsy needles can be
used to obtain tissue samples from osteolytic
lesions provided that the peripheral cortex, if
very thin, can be penetrated by these needles or a
bone needle is used to create a tract for subse-
quent soft tissue needle use. Many soft tissue
biopsy needle systems possess a sampling cham-
ber that must be exposed within the substance of
the lesion; the needle tip therefore must travel a
short distance further (often 1 or 2 cm) in order
for the cutting mechanism to work within the
lesion matrix. It is important to account for the
excursion distance of the soft tissue cutting nee-
dle when deploying this instrument in order to
avoid injury to a critical structure. The number of
passes that can be made will be determined by
the size of the lesion and its location relative to
critical structures; small, less than 1 cm diameter,
lesions will yield only a small sample volume. If
the fine needle aspiration shows diagnostic tissue
then, at the operator’s discretion, the procedure
can be stopped. If the situation permits an attempt
should be made to obtain at least 3 soft tissue
cores (Ortiz et al. 2010).

Bone biopsy needles are used to obtain osse-
ous matrix from bone lesions. Trephine needles
are manually rotated with alternating short clock-
wise and counterclockwise motions, with slight
downward pressure, in order to be advanced into
the bone. A similar maneuver can be used with
other bone cutting needles. The gradual advance-
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Fig.4.6 (continued)

<

Fig. 4.6 73M with history of prostate cancer complains of
neck pain. Lateral radiograph of the cervical spine (a) shows
endplate irregularity and a bridging osteophyte at C6-7
(arrow) and no gross lytic or blastic bone lesions. T1 (b) and
T2 (c) weighted sagittal MR images show a diffuse marrow
replacement process that extends from C4 to T1 (arrows).
Sagittal fused PET-CT image (d) shows hypermetabolic
activity at the C4-5 level and the C7 level (arrows). Fused
axial PET-CT images at C4-5 (e) and C7-T1 (f) levels confirm

the areas of hypermetabolism (arrow in e), but also show mul-
tiple vascular structures preventing access to the C4-5 level
(curved arrows in e). A more feasible approach posterior to
the carotid space (large arrow in f) is possible at C7-T1. A
lateral approach commencing with an 18 gauge spinal needle
(large arrow) posterior to the carotid space (small arrow) was
used (g). This enabled the bone needle (arrow) to be advanced
across the C7 vertebra (h, i). Photograph of specimen con-
tainer (j) shows multiple bone cores (arrows)
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Fig.4.6 (continued)

Fig.4.7 Axial CT image in bone window algorithm (a)
shows lytic lesions within the vertebral body (curved
arrow) and the right articular pillar (arrow). Axial CT

ment of the needle should be monitored with
serial CT scans. Extreme caution should be
observed in elderly patients with osteoporosis, or
patients with very osteolytic lesions as the bone
needle may advance briskly in these situations. It
is helpful to sample as much tissue as safely as
possible, scanning and checking needle position,
between and during biopsy attempts. Since the
bone tissue will require de-calcification prior to

image with patient prone (b) shows that the articular pillar
was biopsied (arrow) with a posterior approach in this
patient with biopsy proven multiple myeloma

histopathologic analysis, whenever possible the
operator should attempt obtain at least three bone
cores (Fig. 4.6).

4.8.2.2 Fluoroscopic Guidance

Fluoroscopic guidance can be used to biopsy
large or diffuse osseous lesions when CT is not
available. This modality is particularly useful in
providing prompt access to the intervertebral disk



4.8 The Cervical Spine Biopsy Procedure

89

Fig.4.8 63F with palpable posterior neck mass. Axial CT
image in soft tissue algorithm (a) shows skin markers placed
above a slightly hypodense mass that is located beneath the
trapezius muscle (arrow). Axial CT image in bone window
algorithm (b) shows guide needle placement just superficial
to the lesion (arrow). Note that the guide needle is obliquely

space using an anterolateral approach with man-
ual posterior displacement, by the operator, of the
carotid artery and jugular vein. With the patient
supine and the neck extended, an oblique
approach with the cervical vertebral endplates
aligned at the level of interest, the intervertebral
disk is accessed at a minimum of a few millime-
ters anterior to the uncovertebral joint (Fig. 4.9).
The extent and depth of needle insertion is moni-
tored with frontal, lateral and contralateral
oblique projections. Coaxial approaches with a
guide needle/cannula and smaller gauge aspira-
tion needles can be used to attempt to obtain
tissue from the disk. Alternatively, automated

angled away from the spinal canal in order to (1) prevent
spinal canal access and spinal cord injury and, (2) to maxi-
mize biopsy needle excursion through the greatest diameter
of the lesion. Axial CT image in bone window algorithm (c)
shows deployment of a cutting needle within the matrix of
this biopsy proven schwannoma

percutaneous aspiration systems are available
and can be used to obtain disk material for micro-
biologic and pathologic analysis (Ortiz et al.
2010; Wattamwar and Ortiz 2010). As the major-
ity of these disk biopsy procedures are being per-
formed to evaluate for infection, additional
coaxial passes with bone biopsy needles, angling
them toward the endplate, may help to yield more
tissue (Michel et al. 2006). The number of passes
that can be made with these approaches will be
limited by the final location of the biopsy needle
tip, which should be maintained within the con-
fines of the disk space throughout the procedure.
Performing disk biopsies prior to the initiation of



Fig.4.9 Fluoroscopic images showing oblique approach (a)
to disk space with an 18 gauge spinal needle; note the position
of the spinal needle anterior to the uncovertebral joint adjacent
to the lateral margin of the disk space (arrow). A lateral pro-
jection (b) shows the tip of the needle within the disk space
(arrow). After disk aspiration is performed through the spinal
needle, a hub-less long 22 gauge exchange (insert) needle is
inserted into the spinal needle using coaxial technique and the
spinal needle is exchanged for al2 gauge bone biopsy guide
cannula (large arrow) and introducer (small arrow) which are

4 Cervical Spine Biopsy

then advanced over the guide needle (curved arrow) as shown
on the lateral projection (c). The insert needle is removed and
the guide cannula is stabilized and slightly re-positioned
within the disk (arrow) as shown of the oblique projection (d).
Frontal projection (e) shows replacement of the introducer
with a bone biopsy needle (arrow) as the guide cannula is held
firmly in place. The bone biopsy needle is carefully advanced
with to and fro clockwise/counterclockwise rotations; the
position of the biopsy needle tip is monitored with frontal,
oblique and lateral (f) fluoroscopic images
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Fig.4.9 (continued)

antibiotic therapy will help to increase the likeli-
hood of a positive diagnostic yield (Howard et al.
1994; Rankine et al. 2004).

Once biopsy specimens are obtained, they
should be labeled and processed immediately.
Microbiology specimens should be placed in
sterile containers and immediately transported to
the microbiology laboratory with the appropri-
ately completed requisition. Pathology speci-
mens should be placed in 10% formalin (bone
and soft tissue cores) or a cytology compatible
ethanol mixture for fine needle aspirates, labeled,
and brought to the pathology laboratory with the
appropriately completed requisitions. If there is a
clinical concern for specific clinical conditions,
such as lymphoma or leukemia, special measures
for specimen handling will be necessary, and this
should be discussed with a pathologist as flow
cytometry and/or other special stains will be per-
formed. Specimen transport should be performed
by responsible personnel as part of an organized
process; unfortunately, not a year goes by when
at some institution or facility, that after a biopsy

procedure is performed, the specimen is lost. It is
highly recommended that the operator provide as
much detailed information about the case and the
imaging findings along with their specific clinical
concerns in order to improve the chances of
obtaining an accurate diagnosis.

The diagnostic accuracy of image-guided per-
cutaneous cervical spine biopsy has improved
with the use of CT fluoroscopy and coaxial needle
techniques (Wu et al. 2014). Factors that impact on
the diagnostic accuracy of the spine biopsy proce-
dure include the lesion location, lesion type, size
and matrix, needle size (gauge) and type, sample
volume and the experience of the operator and
pathologist (Kreula 1990; Ortiz et al. 2010;
Rimondi et al. 2011). Small and difficult to access
lesions will yield less volume of tissue as com-
pared to other lesions; this is not an infrequent sce-
nario in the cervical spine. Malignant neoplastic
lesions are more readily detected as compared to
some benign tumors or other benign, non-neoplas-
tic processes (Rimondi et al. 2011). The diagnostic
accuracy is lower for sclerotic lesions (76%),
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which are technically more difficult to sample, as
compared to lytic lesions (93%) (Lis et al. 2004).
A review of the literature shows that the accuracy
of image-guided percutaneous spine biopsy with
core sampling ranges from 70 to 97% (Hau et al.
2002; Issakov et al. 2003; Madhavan et al. 2002;
Schweitzer et al. 1996). A few reports have shown
100% accuracy, but these are small case series
(Wu et al. 2014). With CT-guidance the diagnostic
accuracy of coaxial core biopsy techniques is in
the range of 90%, especially when sampling a neo-
plastic process (Lis et al. 2004). The diagnostic
accuracy of fine needle aspiration is 60% (Rimondi
et al. 2008; Gupta et al. 2002; Yang and Damron
2004). This lower accuracy rate reflects the smaller
sampling volume that is obtained with smaller
gauge needles as well as sample contamination by
hemorrhage. When performing an image-guided
percutaneous spine biopsy for infection the diag-
nostic accuracy is lower, in the range of 50-60%
(Rimondi et al. 2008). Antibiotic therapy decreases
the diagnostic yield for spine biopsies intended to
assess for the presence of infection and antibiotics
either should ideally not be administered until the
biopsy is performed or should be held for 48 h
prior to the performance of the procedure.

4,9 Post-procedure Care

Following cervical spine biopsy, the patient should
be monitored and recovered for at least 2 h. The
biopsy skin puncture site should be immediately
covered with a sterile bandage and monitored for
signs of bleeding or expanding hematoma. Pain
medication can be given if necessary. An ice-pack
can be placed over the area of the puncture site in
order to reduce swelling and irritation. Once stable
the patient can be discharged home or transported
back to their hospital room. The patient should be
reminded that the biopsy specimen(s) may take
several days to process prior to analysis and that
the biopsy results, especially with bone biopsies,
will not be immediately available. The patient is
instructed to follow up with the referring clinician
for the biopsy results. Outpatients are also
instructed to call the operator’s office and/or staff
if they notice any increased swelling, irritation, or
increased difficulties with breathing or swallowing.

After the procedure, the operator can contact the
referring clinician and update them on the proce-
dure and the patient’s status. A day after the proce-
dure, a courtesy follow-up telephone call to the
patient (for outpatients) or a direct visit with an
inpatient is very helpful in terms of clarifying any
post-procedure concerns, identifying delayed
complications and reassuring the patient. The
operator and/or a staff designee should follow up
with the appropriate laboratories in order to obtain
the biopsy results and ascertain that the referring
clinician also has the biopsy results.

Key Review Points

1. A primary objective of image-guided
percutaneous cervical spine biopsy is to
determine a trajectory towards a lesion
that avoids injury to a critical structure
while at the same time yielding access
to the target lesion.

2. A constant awareness and vigilance of
the important neck compartments and
critical structures is required before,
during and even after the cervical spine
biopsy procedure.

3. When a cervical spine neoplasm is
detected, always evaluate the remainder
of the axial skeleton and body for the
possibility of a more accessible lesion.

4. An absolute contraindication to
cervical spine biopsy is uncorrected
coagulopathy.

5. The risks and complications that can
occur as a result of image-guided percuta-
neous cervical spine biopsy are uncom-
mon and can be kept to a minimum.

6. CT fluoroscopy is a useful modality for
performing cervical spine biopsy.

7. Coaxial techniques improve the sam-
pling rate and safety margin of the cer-
vical spine biopsy procedure.

8. Another important objective of cervical
spine biopsy is to obtain as much tissue
as possible in order to improve the
chances of obtaining an accurate diag-
nosis and to perform the procedure
safely without injuring the patient.
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Thoracic Spine Biopsy

A. Orlando Ortiz

Learning Objectives

1. To review the radiologic anatomy that is
pertinent toward the safe performance
of thoracic spine biopsy

2. To review the indications and contrain-
dications for thoracic spine biopsy

3. To learn image-guided percutaneous
thoracic spine biopsy approaches and
techniques

5.1 Introduction

Image-guided percutaneous thoracic spine biop-
sies are the second most commonly performed
biopsy procedure of the spinal axis, second to
lumbar spine biopsies (Rimondi et al. 2008;
Heyer et al. 2008). The proximity to the lungs
can be a source of major concern for operators
who perform this procedure. Fortunately, the
presence of consistent osseous landmarks,
including the posterior ribs and their articulation
with the vertebral body, can be used to avoid
injuring the lung. A sound understanding of the
radiologic anatomy of the thoracic spine can
assist in enhancing the safety margin of this pro-
cedure. In general, posterior approaches are
required to access the thoracic vertebrae, as the
overwhelming majority of lesions are usually

© Springer International Publishing Switzerland 2017

located within the vertebral body and/or pedicle,
with a lesser proportion of lesions seen within
the intervertebral disk and even fewer lesions in
a paraspinal soft tissue location. The biopsy nee-
dle size and number of passes may be limited
depending on the lesion size, extent, and loca-
tion within the thoracic spine. While this may
increase the challenge of the image-guided per-
cutaneous spine biopsy procedure, thoracic spine
biopsy is a procedure that is associated with a
high diagnostic yield, 92% in one large series
(Rimondi et al. 2008). Most thoracic spine biop-
sies are performed at the mid or lower thoracic
spine levels. The majority of thoracic spine biop-
sies are requested to assess for the possibility of
a neoplastic process. The suspected thoracic
spine abnormality is often identified on an MRI
examination. The increased use of post-treatment
imaging surveillance with PET-CT has also
resulted in the identification of spine lesions that
may require additional evaluation. Whenever
possible, these prior studies should be carefully
scrutinized to determine if alternative, and pos-
sibly safer, biopsy sites within the lumbar spine,
sacrum, or pelvis are present. When thoracic
spine biopsy is indicated, an understanding of
the pertinent radiologic anatomy, the possible
approaches to the target lesion, and the available
biopsy devices and techniques will increase the
efficiency, safety, and success of the image-
guided percutaneous thoracic spine biopsy
procedure.
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5.2  Anatomic Considerations

There are usually 12 rib-bearing thoracic verte-
brae. In the presence of a transitional vertebral
anatomy at the thoracolumbar junction, 11 or 13
thoracic vertebrae may occasionally be encoun-
tered. It is critical that the operator and the diag-
nostic radiologist be vigilant to the occurrence of
these findings when present, in order to prevent
the possibility of a wrong-level biopsy. Counting
the vertebral bodies starting from the cervical
spine can be helpful as there are seven cervical
segments (Carrino et al. 2011). Alternatively, the
counting scheme for the biopsy procedure should
match the numbering scheme on the pre-procedure

Fig.5.1 Counting and labeling thoracic vertebral levels can
be performed with scout MR or CT images or with fluoros-
copy. This becomes particularly important when dealing
with subtle thoracic lesions or when sampling thoracic
disks. T2-weighted sagittal scout image (a) of the cervical
and upper thoracic spine; C2 and T1 are labeled and a partial

studies that identify the site and vertebral level of
the lesion in question (Fig. 5.1). As occurs in the
lumbar spine, the thoracic vertebrae share mor-
phologic features in common from the first tho-
racic vertebra to the twelfth thoracic vertebra
(Fig. 5.2). The major change that occurs within
the thoracic spine as the vertebrae are studied
from cranial to caudal is that the vertebral bodies
get slightly larger within the lower thoracic spine.
This also includes the size of the thoracic pedi-
cles; for example, the T12 pedicles are larger
than the T1 pedicles. This observation likely
reflects the increased biomechanical load that the
lower thoracic vertebrae are exposed to. Unlike
the lumbar spine, where the pedicles are obliquely

vertebral compression deformity is present at T7 (arrow).
T2-weighted sagittal scout image (b) of thoracic and lumbar
spine shows the T7 vertebral compression deformity (curved
arrow) with marrow edema and three additional mild verte-
bral compression deformities (arrows) with marrow edema;
T12,L5, and S1 (with marrow edema) are labeled
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Fig.5.2 CT anatomy of the thoracic spine. Reformatted
midline sagittal CT image (a) shows progressive enlarge-
ment of thoracic vertebrae moving in a caudal direction;
compare T3 to T12. Axial CT image (b) from contrast
enhanced CT study at the T4 level shows the vertebral
body (74), pedicle (p), lamina (L), spinous process (sp)
and costovertebral junction (curved arrow). Key anterior
structures include the lung, esophagus (E), trachea (7)
and aortic arch (Aa). Axial CT image (c) from contrast-
enhanced CT study at the T8 level shows the costotrans-
verse (CTr) and costovertebral (CV) articulations. The
aorta (A) is well visualized even on bone window algo-
rithm. Note the tangential orientation (dashed line) of

angled toward the vertebral body, the thoracic
pedicles maintain a relatively tangential orienta-
tion toward the vertebral body. This orientation
of the thoracic pedicles, as well as their size,
must always be taken into account when consid-
ering a transpedicular approach for thoracic spine
biopsy. Some thoracic spine lesions, therefore,
especially lesions within the posterior median
aspect of the vertebral body, may not be accessi-
ble with a transpedicular approach. The rib

the pedicle relative to the vertebral body. Axial CT
image (d) from contrast-enhanced CT study at the T12
level shows a more prominent pedicle and a larger verte-
bral body; the costovertebral articulation is noted
(arrow); the transverse process is rudimentary; the aorta
(A) is well visualized. Axial CT image (e) from same
study in soft tissue algorithm at the T2 level shows the
spinal cord (sc) within the spinal canal and the exiting
nerve root (curved arrow) within the neural foramen;
critical structures at the level of the cervicothoracic
junction include the lung apex, the esophagus (E), and
the trachea (7); the great vessels lie anterior and lateral
to the latter structures

articulates with a vertebra at two junctures,
posterior at the transverse process or costotrans-
verse articulation and, more anteriorly, at the pos-
terior aspect of the lateral vertebral body or
costovertebral junction. Each vertebra consists of
the posterior elements which form the neural
arch and include the spinous process, lamina,
articular facets, transverse process, and pedicles.
The pedicles connect the posterior elements to
the vertebral body.
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When counting the vertebrae within the
spinal axis, the possible presence of a tran-
sitional vertebra at the thoracolumbar junc-
tion should be considered in order to
prevent a wrong-level thoracic spine biopsy
procedure.

The critical structures that partially surround
the thoracic spine are best understood in the con-
text of their anatomic relations. The posterior
elements of the thoracic vertebra are surrounded
by the posterior paraspinal musculature which
includes the erector spinae muscles. The neural
arch, medial pedicle cortex, and posterior verte-
bral body cortex form the margins of the spinal
canal. The spinal canal includes the epidural
space, which contains fat and a venous plexus,
and the meningeal lined spinal cord which is sur-
rounded by cerebrospinal fluid. Spinal nerves
and vascular structures pass through the neural
foramina that are located between the pedicles of
adjacent vertebral bodies. These vascular struc-
tures include branches of the intercostal arteries,
some of which provide blood supply to the spi-
nal cord. The lateral relations of the thoracic spi-
nal column include the lungs and pleura. The
anterior relations of the spinal column include
the posterior mediastinum and mediastinum.
The aorta is located anterior and to the left with
respect to the vertebral column. The sympathetic
plexus lies anteriorly and laterally along the ver-
tebral column. When deciding upon the feasibil-
ity of an image-guided percutaneous thoracic
spine biopsy procedure, the operator must
always factor these critical structures into their
approach.

Critical structures at the thoracic spine level
Spinal cord

Lung

Aorta

Intercostal vessels

5.3 Indications

Image-guided percutaneous thoracic spine biopsy
is indicated for the evaluation of pathologic
lesions that are located within the thoracic
vertebrae, intervertebral disks, and/or adjacent
paraspinal soft tissues (Table 5.1). The two most
common indications for performing thoracic
spine biopsy are evaluation of a neoplastic pro-
cess and spine infection. Neoplastic processes
within the thoracic spine are usually secondary
lesions associated with metastatic disease, multi-
ple myeloma, or lymphoma. Primary tumors
within the thoracic spine, though uncommon,
may also require a biopsy procedure. A biopsy
may also be required in order to distinguish
between a pathologic and an osteoporotic verte-
bral compression fracture (Figs. 5.3 and 5.4). As
with all clinically indicated invasive interven-
tions, the biopsy result should clearly influence
the clinical management of the patient. This is the
primary benefit of the biopsy procedure. If this
benefit will not be achieved with the requested
procedure, then it might not be necessary to sub-
ject the patient to an invasive procedure. The
importance of reviewing all imaging studies prior

Table 5.1 Indications for image-guided percutaneous
thoracic spine biopsy

1. Infection

Spondylitis-diskitis

Paraspinal abscess

2. Neoplastic

Primary osseous neoplasm

Evaluation of solitary bone lesion

Secondary osseous neoplasm

Osseous metastatic disease or involvement by
systemic malignancy

Diffuse marrow replacement process

Evaluation of neoplastic lesions with diffusion
restriction or FDG-PET avidity post-treatment to assess
for treatment response

Paraspinal soft tissue mass

Pathologic vertebral body compression fracture

3. Pretreatment (including the above categories)
Tissue characterization prior to treatment initiation
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Fig.5.3 A 65-year-old female with history of breast can-
cer and back pain. Single posterior projection from a
whole body bone scan (a) shows focal radionuclide

uptake (arrow) within the mid-thoracic spine.
T2-weighted sagittal image (b) shows a partial vertebral
compression deformity with marrow edema (arrow) and
bone retropulsion into the spinal canal. Focal inferior
vertebral endplate edema and disk edema (curved arrow)
are seen above the vertebral compression deformity.
Reformatted sagittal CT image (c) in bone window algo-

rithm shows a partial vertebral compression deformity
(arrow) with loss of the trabecular striations and anterior
bone formation. Axial CT image (d) from the bone biopsy
procedure shows the tip of a bone needle (arrow) within
the predominantly lytic vertebral body lesion; scant tis-
sue was obtained with this needle. Axial CT image (e)
shows a soft tissue cutting needle within the lesion.
Multiple soft tissue cores confirmed the presence of met-
astatic breast cancer in this patient with a pathologic ver-
tebral compression fracture
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Fig.5.4 A 77-year-old female with chronic, severe low
back pain. Reformatted sagittal CT image (a) in bone win-
dow algorithm shows a vertebra plana deformity of the
T12 vertebral body (arrow) with small amounts of gas
with the anterior vertebral body and adjacent disk space;
mild bone retropulsion into the spinal canal is noted as is
focal kyphosis. Marked osteopenia is seen. Biplane fluo-
roscopic images (b) in the frontal and lateral projection

show coaxial advancement of a bone biopsy needle into
the pedicle (arrow). Lateral fluoroscopic image (¢) shows
further advancement of the bone needle into the posterior
vertebral body (curved arrow); the vertebral endplates
(arrows) show the severity of this collapse, which limits
advancement of the bone needle. The biopsy samples
showed no evidence of malignant cells in this patient with
an osteoporotic vertebral compression fracture
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Fig. 5.5 A 7-year-old female with back pain (same
patient as in Fig. 5.1). T1-weighted sagittal scout image
(a) of the thoracic and lumbar spine shows multiple tho-
racic vertebral compression deformities and hypointense

to considering a thoracic spine biopsy is again
emphasized. The remainder of the spinal axis and
body should be studied in order to identify other
possible sites, for example, within the lumbar
spine, sacrum, or pelvis, which can be more
safely sampled (Fig. 5.5).

5.4  Contraindications

The major contraindication to performing a tho-
racic spine biopsy is uncorrected coagulopathy
(Table 5.2). Special consideration is also given to
patients with neurologic compromise and in
whom the imaging findings are consistent with

vertebral body marrow signal within the T9 and S1 verte-
bra (arrows). Axial CT image (b) shows biopsy of the S1
vertebra (arrow); 5 bone cores were submitted to pathol-
ogy. The biopsy was nondiagnostic

acute spinal cord compression. These patients
will require immediate surgical decompression
of the spine, and this important intervention
should not be delayed by a spine biopsy proce-
dure. As with image-guided percutaneous spine
biopsy procedures in the other segments of the
spinal axis, thoracic spine biopsy procedures
should not be performed on unstable patients.
Given the risk of spinal cord or lung injury, the
procedure should be avoided in uncooperative
patients. As there are 12 thoracic vertebrae, the
possibility of occurrence of benign lesions with
certain pathognomonic imaging features is not
uncommon in the thoracic spine. Bone islands
and Schmorl’s nodes may not require a biopsy
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Table 5.2 Contraindications to image-guided percutane-
ous thoracic spine biopsy

Absolute

Uncorrected coagulopathy

Acute spinal cord compression

Untreated infection in patient with suspicious mass
lesion

Relative
Patient factors
Combative or uncooperative patient
Clinically unstable patient
Lesion type
Vascular lesion
Probable benign lesion
Lesion size

Discretion must be exercised with smaller lesions
(<5 mm in diameter)

Limited or no specimen yield may result in a
false-negative biopsy
Lesion location

Defer biopsy for lesions located adjacent to critical
structures or inaccessible locations

procedure. For probably benign lesions, it may
also be helpful to obtain and review the patient’s
prior studies, if available, or clinically correlate
the finding and perform follow-up imaging sur-
veillance only if deemed clinically necessary.

5.5 Risks and Complications
Associated with Thoracic
Spine Biopsy and How

to Minimize Them

The risks and complications that are associated
with image-guided percutaneous thoracic spine
biopsy are similar to those observed with lumbar
spine biopsy (Olscamp et al. 1997; Tehranzadeh
et al. 2007) (Table 5.3). There are, however, two
major differences between thoracic spine biopsy
and biopsy in other segments of the spinal axis.
First, the risk of pneumothorax takes on a greater
priority when performing a thoracic spine biopsy.
There is much greater surface area of lung paren-
chyma at risk in thoracic spine biopsy as com-
pared to cervical or lumbar spine biopsies where
the lung apices and bases, respectively, are at

Table 5.3 Percutaneous thoracic spine biopsy — potential
risks and complications
Tissue injury
Pneumothorax
Spinal cord injury
Vascular injury

Hemorrhage
Superficial or subcutaneous
Deep — hemorrhage into tumor and/or spinal canal
can result in acute neurologic changes or
retroperitoneal hemorrhage can result in hypotension
or severe pain

Infection (superficial or deep) in those cases being
performed to assess for neoplasm

Inappropriate needle placement
Breach of the anterior vertebral body or medial
pedicle cortex
Needle placement within the spinal canal
Wrong level

Inadequate tissue sampling

Technical failure — biopsy system failure, lost specimen
Tumor seeding along the biopsy tract

Radiation exposure

Anesthesia complications
Aspiration, airway compromise, respiratory
depression

risk. Second, the thoracic spinal cord is a structure
at risk when performing a thoracic spine biopsy.
Careful attention to technique and utilization of
the appropriate osseous landmarks whether using
CT or fluoroscopic guidance will help to reduce
the likelihood of a lung or spinal cord injury.
Similarly, the use of coaxial technique, by incur-
ring only one single pass with a guide cannula,
will decrease the likelihood of injuring normal
anatomic structures. All biopsy instruments can
then be passed through the guide cannula multiple
times without disturbing the surrounding soft tis-
sue structures. Active monitoring of the location
and excursion of these biopsy instruments will
also enhance the margin of safety for any biopsy
procedure (Fig. 5.6). Procedure-related hemor-
rhage can be mitigated by adhering to appropriate
coagulation status protocols, holding anticoagu-
lant or antiplatelet medications for an appropriate
period of time, and using coaxial technique. In the
thoracic spine, it is important to be extremely
careful navigating needles adjacent to the ante-
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Fig. 5.6 A 7-year-old female with back pain, 1 month
later. Axial CT image (a) from a T9 biopsy procedure
shows advancement of a bone needle via a costotrans-
verse approach (arrow). Axial CT image (b) shows needle
tip at lateral margin of vertebral body (arrow); because of
the steep nature of this approach, the needle tip points at
the vertebral body, not the lung. Axial CT image (c¢) shows
entry of the bone needle (curved arrow) into the posterior
vertebral body. The beam hardening artifact distal to the
needle provides a good estimate of the needle trajectory
within the remainder of the vertebral body (dashed lines);

rior neural foramina and near the inferior margins
of the posterior ribs as these are anatomic loca-
tions where normal vascular structures are
located. Utilization of standard thoracic biopsy

the needle trajectory was adjusted at the point of insertion
within the lateral vertebral cortex (compare to image b). A
reformatted sagittal image obtained with CT fluoroscopy
(d) shows the needle tip’s (curved arrow) relationship to
the vertebral endplates and anterior vertebral cortex. Axial
CT image (e) shows coaxial advancement of the bone
needle (arrow) through the guide cannula (curved arrow)
in order to obtain additional bone cores (a total of 6 bone
cores). Compare this final trajectory with that estimated in
Figure c. Subsequent histopathologic analysis showed
Langerhans cell histiocytosis

techniques such as the transpedicular, costotrans-
verse, and costovertebral approaches help to
reduce the likelihood of injury to these vascular
structures.
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5.6 Imaging Guidance

CT and fluoroscopy are the two modalities that
are used to perform image-guided percutaneous
thoracic spine biopsy (Lis et al. 2004; Ortiz
et al. 2010). The key osseous landmarks for
imaging guidance are visualized with both
modalities. CT does provide additional soft tis-
sue resolution to identify, with better detail, the
critical structures in the thoracic spine. In gen-
eral, many operators tend to use fluoroscopic
guidance for transpedicular approaches in the
thoracic spine, especially when attempting to
sample large or diffuse lesions within the tho-
racic vertebral body (Fig. 5.7) (Pierot and
Boulin 1999). More experienced operators will
also use fluoroscopy to perform percutaneous
disk biopsies utilizing a posterior oblique
approach that keeps the needle between the
medial aspect of the rib and the lateral aspect of
the pedicle. The ability of CT to visualize the
lesion and its relation to the vertebra and to
nearby critical structures tends to make CT the
preferred modality for image-guided percutane-
ous thoracic spine biopsy. It is particularly help-
ful in sampling the posterior elements and the
paraspinal soft tissues (Fig. 5.8). CT fluoros-
copy increases the efficiency of the procedure
by allowing faster monitoring of needle
advancement and position. Since both CT and
fluoroscopic guidance entail radiation exposure,
adherence to sound radiologic imaging and
shielding principles will assist in limiting
radiation exposure not only to the patient but
also to the operator and the operator’s staff.

5.7 Approaches

Posterior approaches are required to access the
thoracic vertebrae, intervertebral disks, and para-
spinal soft tissues. These posterior approaches
are performed with the patient in the prone, prone
oblique, or lateral decubitus position. The most
optimal position, barring specific patient factors,
is the prone position; however, some patients are
unable to maintain this position due to pain or
breathing issues. The prone position is the most
common position with which spine interventions
are performed at the thoracic spine level; hence,
operators tend to have a comfort level with the
imaging landmarks and with the angulations of
their biopsy devices with the patient in this posi-
tion. Each of the approaches to the thoracic spine
is determined by the lesion location and size and
by the local anatomic constraints that are seen
with imaging guidance (Table 5.4) (also refer to
Chap. 9). The two major approaches are either
transpedicular or extrapedicular (Figs. 5.9 and
5.10) (Renfrew et al. 1991). Commonly used
extrapedicular approaches within the thoracic
spine include the costotransverse and costoverte-
bral approaches. Intercostal approaches are occa-
sionally required for posterior paraspinal soft
tissue masses (Fig. 5.11). A major anatomic con-
straint within the upper thoracic spine tends to be
the smaller size of the thoracic pedicle (Fig. 5.2).
This may either limit the size of the instruments
that can be used in the biopsy procedure or
restrict the procedure to an extrapedicular
approach, or both. It is imperative for the opera-
tor to review all pertinent pre-procedure imaging

»
»

Fig. 5.7 An 80-year-old male with history of prostate,
colon, and lung cancer. Fat-suppressed contrast-enhanced
T1-weighted sagittal image (a) shows multiple
hypointense foci (curved arrows) with mild peripheral
enhancement; the largest lesion (arrow) is located within
the T10 vertebral body. Axial CT image (b) from a T10
biopsy procedure shows the use of coaxial technique and
a costovertebral approach (curved arrow) with subse-
quent placement of a bone needle (arrow) into a large
sclerotic lesion. Five bone cores were obtained with this
12 gauge system; the biopsy showed no evidence of

malignant cells. T1weighted sagittal image (c) performed
3 months later shows progression of a vertebral marrow
replacement process, particularly at T10 (arrow). Frontal
fluoroscopic projection (d) shows transpedicular coaxial
placement (arrow) of a trephine bone needle into the
sclerotic T10 vertebral body. Lateral fluoroscopic image
(e) shows a guide cannula (arrow) within the distal pedi-
cle and a biopsy needle (curved arrow) within the ante-
rior vertebral body. Nine small bone cores were obtained
in this procedure, and pathology revealed metastatic
prostate cancer
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Table 5.4 Approaches for thoracic spine biopsy

Transpedicular

Needle tip advanced through the center of the pedicle into the vertebral body

Advantages: (1) Avoids spinal canal and contents; (2) does not disturb adjacent paraspinal soft tissues including
blood vessels and lungs; (3) can apply more local anesthetic to posterior pedicle cortex, so often well tolerated by
patient; (4) can be performed with either fluoroscopic or CT guidance

Disadvantages: (1) May be difficult to visualize pedicle (fluoroscopy) or pedicle may be too small to accommodate
biopsy device; (2) may not be able to sample lesions within the posterior and median aspect of the vertebral body;

(3) difficult access for disk space
Extrapedicular

Needle tip advanced outside of the pedicle toward the lesion in the vertebral body, intervertebral disk, or adjacent

paraspinal soft tissue
Costotransverse

Needle tip passes between vertebral transverse process and posterior cortex of adjacent rib
Advantages: (1) Avoids spinal canal and contents; (2) avoids the lung; (3) allows access to lesions within the

superior aspect of the vertebral body

Disadvantages: (1) Only performed under CT guidance; (2) cannot sample pedicle

Costovertebral

Needle tip passes between the dorsal aspect of the posterior rib and the pedicle
Advantages: (1) Avoids the lung and the spinal canal; (2) rib helps to guide the needle into the vertebral body or the
intervertebral disk; (3) can be performed with CT or fluoroscopic guidance

Disadvantages: (1) Cannot sample pedicle
Intercostal

Needle placement is within the posteromedial intercostal space, anterior to the head of the rib and the costovertebral

joint
Direct (paraspinal soft tissue lesion)

Needle tip advanced directly into lesion; a variant of intercostal approach

Advantages: (1) Directly sample the lesion

Disadvantages: (1) Risk of lung or vascular injury; (2) performed with CT guidance only

examinations in order to plan the most optimal
approach to a thoracic spine lesion. Another deci-
sion to be made in thoracic spine biopsy is
whether to approach the lesion from the right side
or the left side of the thoracic spine. Certainly, if
the lesion is located unilaterally, then this is the
side that the posterior approach is initiated from.
But, if the lesion is diffuse or large, and when
anatomic structures permit, then a right-sided

approach might be used in order to reduce the
chance of injury to the aorta (Fig. 5.7).

It is imperative for the operator to review
all pertinent pre-procedure imaging exami-
nations in order to plan the most optimal
approach to a thoracic spine lesion.

<
<

Fig. 5.8 A 56-year-old male with thoracic back pain.
Single posterior projection (a) from a bone scan shows
focal radionuclide uptake within a single thoracic vertebra
(arrow), T6. Contrast-enhanced T1-weighted axial image
(b) shows mild focal enhancement within the right T6
transverse process (double arrow) and pedicle (small
arrow). Epidural (curved arrow) and paraspinal (large
arrow) soft tissue enhancement is also seen. Axial CT

image (c) from the biopsy procedure with skin grid in place
shows a subtle mixed lytic and sclerotic pattern with the T6
posterior elements (dashed circle). Axial CT image (d)
shows coaxial insertion of a bone needle (arrow) into the
right transverse process. Axial CT image (e) shows reposi-
tioning of the guide cannula, avoiding another skin punc-
ture, and transpedicular placement of the bone needle. The
histopathology confirmed the presence of a hemangioma
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Fig.5.9 A 50-year-old female. Reformatted parasagittal
CT image (a) shows well-defined sclerotic lesion within
the posterior T1 vertebral body and pedicle (arrow). Axial

5.8 The Thoracic Spine Biopsy
Procedure
5.8.1 General Considerations

5.8.1.1 Patient Factors

Image-guided percutaneous thoracic spine biopsy
procedures should only be performed on coopera-
tive patients. The patient should be evaluated to
ascertain whether or not they can lie in the prone
position. In rare instances, it is sometimes neces-
sary to use the prone oblique position. The
patient’s back should be examined in order to
make sure that the skin is intact and that there are
no pressure ulcers at the level of the intended
biopsy procedure. Skin tattoos may also pose a
barrier to biopsy, and these are often located in the
upper back, near the cervicothoracic junction or
the interscapular area. The patient’s medical his-
tory, pertinent laboratory values, allergies, imag-
ing studies, and NPO status should be reviewed
(Talac and McLain 2009). If certain medications,
such as anticoagulants, antiplatelets, or antibiot-
ics, require discontinuation prior to the procedure,
then the details of these actions are confirmed.
Informed consent is obtained from the patient or

CT image (b) shows a transpedicular approach (arrow) to
the sclerotic lesion. The biopsy showed normal bone for-
mation and no evidence of malignant cells

their designated representative. The risks and ben-
efits of the biopsy procedure, and alternatives to
this procedure including open biopsy and contin-
ued medical surveillance, should be discussed
with the patient. The post-procedure recovery and
any wound care instructions are briefly discussed
and reinforced after the procedure.

5.8.1.2 Staff Factors

When needed, anesthesiology and pathology con-
sultations should be obtained on a timely basis
such that if the services of these medical consul-
tants are required, then they will be able to assist
with the performance of the procedure. The staff
should be well trained and able to exercise the
appropriate patient and procedure verification
protocols. The staff is made aware that a thoracic
spine biopsy will be performed. A procedure table
has been prepared and sterilely draped prior to the
procedure and can be positioned based upon the
procedure logistics. The staff is instructed to place
the patient in the prone position and to make sure
that the patient is as comfortable as reasonably
possible. The application of security straps around
the lower body of the patient will help to prevent
falls off of the procedure table. The patient is
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Fig. 5.10 A 29-year-old male with incidental lesion
detected on outside study. Axial CT image (a) from the
biopsy procedure with a skin grid in place shows a mixed
sclerotic lesion within the posterior vertebral body
(arrow). Axial CT image (b) shows tip of 20 gauge insert
needle (arrow) adjacent to the transverse process. This
needle was used to administer 2% lidocaine; the hub of
the needle is removable so that it becomes a guidewire.

asked to place their arms up, whenever possible,
with intravenous access in the forearm, wrist, or
dorsum of the hand. Remember, antecubital intra-

Axial CT image (c¢) shows the hubless (arrow) 20 gauge
needle and coaxial insertion of a 12 gauge introducer
(curved arrow) and guide cannula (not seen on this image
due to angled introduction of the coaxial system). Axial
CT image (d) shows coaxial insertion of a trephine bone
needle via a parapedicular approach (curved arrow). Axial
CT image (e) shows the bone needle tip (arrow) within the
lesion — a hemangioma

venous catheters are problematic in these proce-
dures as they tend to get occluded by a bent arm
position. Monitoring equipment is placed on the
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Fig.5.11 A 30-year-old male with incidental mass seen
on chest radiograph. T1-weighted axial image (a) shows
solid intermediate signal intensity soft tissue mass (arrow)
adjacent to the upper thoracic spine. Axial CT image (b)
shows placement of a guide needle with advancement of
the needle tip to the margin of the lesion (arrow); the nee-
dle is purposely angled away from the lung. Axial CT
image (c) shows coaxial insertion of a 22 gauge Chiba

patient, and the staff is reminded to keep leads,
lines, and wires away from the intended sterile
field and area of the biopsy. These wires can
obscure the area of interest, especially with fluo-
roscopic procedures. The back is shaved, when
necessary, with electric clippers.

5.8.1.3 Anesthesia
As with other percutaneous spine biopsy proce-
dures, thoracic spine biopsy is performed with

needle (small arrows) via the guide cannula (curved
arrow) for the purposes of fine needle aspiration. Several
FNA passes were performed and submitted for cytologic
evaluation. Axial CT image (d) shows the subsequent
placement of a 16 gauge cutting needle (arrows) via the
same guide cannula (curved arrow). The cytopathologic
evaluation showed that this was a schwannoma

local anesthesia and either with intravenous
sedation and analgesia or with intravenous anes-
thesia provided by an anesthesiologist or anes-
thetist. The level of anesthesia will be determined
by the patient, the patient’s medical condition,
the operator, and, when involved, the anesthesi-
ologist. The patient is actively monitored, with
respect to vital signs, oxygen saturation, and
comfort level, by properly trained and qualified
staff.
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5.8.2 Patient Preparation

After the patient is positioned on the procedure
table and the monitoring equipment placed, a
time-out with the staff and patient is initiated so
that the correct patient has the correct procedure
at the correct level and, when applicable, on the
correct side. For CT procedures a skin grid is
placed on the back, and the intended level of skin
entry is identified with CT imaging such that the
skin can be marked with an indelible ink marker
prior to prepping the skin. The skin is prepped
and draped using strict aseptic technique. For
fluoroscopy procedures, a clamp can be used to
localize the level and side of interest in order to
make a skin mark with a sterile marker pen. Once
the monitoring equipment is recording the
patient’s vital signs, oxygen saturation, and a
continuous electrocardiogram, the patient can
start to receive their sedation and analgesia or
their intravenous anesthesia. In rare instances, for
example, in patients who are immunocompro-
mised, it may be necessary to provide intrave-
nous antibiotic prophylaxis within one hour of
starting the procedure (Santiago et al. 2014).

5.8.3 Technique

5.8.3.1 CT Guidance

After the operator reviews the pertinent prior
examinations and decides upon the thoracic level
of interest, a skin grid is placed upon the patient’s
back. Scout frontal and lateral images of the tho-
racic spine are obtained; these may include the
cervical spine for upper thoracic biopsies or the
lumbar spine for lower thoracic biopsies in order
to facilitate counting the vertebral body levels.
This step takes on great importance in patients
with transitional vertebrae or in patients in whom
the pathology is difficult to visualize with CT (as
compared to their initial MRI or nuclear medi-
cine test). Having the prior examination available
at the time of the biopsy procedure for additional
review is also very helpful. After skin grid place-
ment and scout CT images are obtained, the

thoracic level of interest is scanned using serial
axial sections. The preliminary axial CT study
will often include the vertebral level above and
below the level of interest. Additionally, the field
of view should permit the visualization of the
skin surface in order to identify the reference grid
and the eventual skin entry site. These initial
axial CT images are obtained with thin section
technique (1-3 mm thick axial sections), often
with bone algorithm when a vertebral biopsy is
planned and occasionally with soft tissue algo-
rithm when sampling large paraspinal soft tissue
masses or fluid collections. The skin entry site is
identified, and the skin is marked with an indeli-
ble ink marker prior to prepping with sterilizing
solutions. The choice of trajectory and approach
are at the operator’s discretion and will generally
include a path that safely accesses the lesion and
avoids normal structures using standard thoracic
spine approaches. In general, a transpedicular
approach can be used to access the pedicle and
anterior and/or lateral vertebral body lesions. An
extrapedicular approach tends to be used for
some posterior and median vertebral body lesions
and for sampling intervertebral disk or paraspinal
soft tissue pathology (Fig. 5.12).

A small amount of anesthetic agent, such as 1
or 2% lidocaine is used to anesthetize the skin
entry site as well as the deep soft tissues of the
needle tract down to the level of the vertebral
periosteum. The application of the deep tissue
anesthetic is performed with imaging guidance in
order to prevent injury to critical structures. This
maneuver also will confirm that the chosen
biopsy needle trajectory, with respect to safety,
will be feasible (Fig. 5.10). A dermatotomy is
performed with a #11 scalpel blade at the anes-
thetized skin entry site.

A coaxial biopsy system is often used for tho-
racic spine biopsies (Yaffe et al. 2003). This main-
tains access to the biopsy site via a guide cannula
and allows the operator to use bone needles, soft
tissue needles, or both. A bone needle can be
advanced into the vertebra, and the bone needle
stylet is then removed such that the bone needle
cannula serves as a guide cannula for the coaxial
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Fig.5.12 (continued)

insertion of other biopsy needles (Geremia et al.
1992). Bone needles tend to be used for vertebral
lesions, if at a minimum, to penetrate the vertebral
cortex and gain access to the lesion margin (Fig.
5.3). Another type of guide cannula system entails
the advancement of a guided cannula over an
introducer or blunt dissector. The introducer fits
inside the guide cannula such that the guide can-
nula—introducer unit can be advanced over a
guidewire. When the guide cannula reaches the
margin of the vertebra, disk, or paraspinal soft tis-
sue lesion, the introducer and guidewire are
removed and the guide cannula is left in place.
The guide cannula acts a safe conduit for sharp
instruments and guards against soft tissue injury
(Fig. 5.10). The guide cannula also facilitates
patient comfort by minimizing trauma to the skin
entry site. Once the guide needle is advanced to
the cortical entry site, it may have to be held in

place with one hand, while the insert needle and
introducer/blunt dissector cannula are removed
with the other hand. A trephine bone needle is
then inserted through the guide cannula with the
other hand and then rotated clockwise and coun-
terclockwise with gentle forward pressure to dock
the system into the vertebral cortex. The bone
needle entry site is quickly scanned, this is opti-
mized with CT fluoroscopy, and the trajectory and
position of the needle is monitored during subse-
quent advancements (Fig. 5.6).

One difference between thoracic spine biopsy
as compared to lumbar spine or sacral biopsy
procedures is that bone needle excursions are
shorter with thoracic spine biopsies due to the
inherent relatively smaller size of the thoracic
vertebrae and their proximity to the lungs and the
aorta. Another difference in these types of
procedures is that with thoracic spine biopsy the
overall sample size may be limited depending on
the lesion size and extent. It must be kept in mind
that there are two key locations for optimizing
the biopsy needle trajectory: first, at the skin
insertion site and, second, at the vertebral cortex
insertion site. This is based upon the fact that
biopsy needles are metallic constructs that tend
to move in a straight direction. The bone needle is
usually advanced about 5 mm. Bone material
accumulates within the bone needle lumen as the
needle is advanced. The bone needle can be
removed and replaced with a second or “fresh”
bone needle. This will allow for the bone sample
within the first bone needle to be expressed, with
a metal pusher, into the appropriate biopsy con-
tainer. This bone needle swapping maneuver will
require stabilization of the guide cannula at the
vertebral entry site with one hand, while the bone

<
<

Fig. 5.12 A 43-year-old female with history of
intravenous drug abuse and back pain. T2-weighted
sagittal image (a) shows a prevertebral fluid collection
(large arrow) that communicates with an abnormal disk
(small arrow) and a posterior epidural phlegmon
(curved arrow). The adjacent vertebral bodies show
marrow edema. T2-weighted axial image (b) shows
large paravertebral fluid collection (large arrows) and
spinal cord edema (curved arrow). Reformatted sagittal
CT image (c¢) shows disk and vertebral endplate

destruction (arrow) with sclerotic reaction and focal
kyphosis. Axial CT image (d) shows insertion of a guide
needle via a costotransverse approach (arrow). Axial
CT image (e) shows placement of a guidewire (curved
arrow) into the paraspinal fluid collection via the guide
needle (arrow). Axial CT image (f) shows over the wire
placement of a drainage catheter (arrows) into the col-
lection. Abundant purulent material was drained via this
catheter, and the specimens were positive for
Streptococcus viridans
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needle exchanges are performed with the opera-
tor’s other hand. Coaxial placement of the second
bone needle will again require rotational move-
ments with gentle forward pressure on this needle
and with monitoring of needle progression with
CT images. These procedural steps can be
repeated as long as the biopsy needle tip is within
the lesion and safely distant from critical struc-
tures. The operator should attempt to obtain at
least three bone cores whenever possible. Another
technique that can be used to obtain more tissue,
after the initial traverse through the lesion, is to
try to create a fresh biopsy tract by angling the
bone needle slightly at the vertebral insertion site
(Fig. 5.6). This latter maneuver also works very
well with transpedicular technique using fluoro-
scopic guidance. Ultimately, however, the num-
ber of biopsy needle passes and trajectories are
determined by the lesion location, size, and
morphology.

For soft tissue masses, intraosseous lytic
lesions, or disk space biopsies, the coaxial
approach at the thoracic level may first include an
attempt at FNA using small gauge needles that
can be coaxially passed through a guide cannula
(Fig. 5.13). FNA should be considered by the
operator as an initial biopsy technique when the
lesion to be sampled is potentially hypervascular
(such as a renal or thyroid metastasis). Once the
FNA passes are complete, whether or not abnor-
mal cells have been detected, then a core soft tis-
sue biopsy should be performed with a soft tissue
cutting needle. The cutting needle is advanced
coaxially to the margin of the lesion under CT
guidance. The cutting compartment of the needle
is exposed within the matrix of the lesion and this
is confirmed with CT; the tip of the needle is
monitored at all times with CT images, especially
after any adjustments in needle position, and
should not threaten critical structures (Fig. 5.14).
Again the optimal goal is to obtain at least three

soft tissue cores if possible. Another possible
technique that can be used to sample lytic lesions
is to sample the lesion margin with a trephine
bone biopsy needle; this maneuver is sometimes
able to sequester a small amount of cortical bone
and the adjacent soft tissue abnormality
(Figs. 5.15, 5.16, and 5.17). When sampling the
disk or adjacent paraspinal soft tissues for possi-
ble infection, try to aspirate infected fluid first. If
there is a definite fluid collection, but the viscos-
ity of the collection is too thick, then try to use a
larger gauge needle such as a 20 or anl8 gauge
needle and then aspirate with a 10 or 20 mL
syringe. Alternatively, a small drainage catheter
can be placed for larger collections (Fig. 5.12). If
there is no fluid collection, then the disk-endplate
complex can be biopsied with a trephine bone
needle (Fig. 5.18). This latter maneuver usually
yields tissue samples that can be submitted in
their respective transport containers to microbiol-
ogy and pathology. The other option is to use a
percutaneous diskectomy device with coaxial
technique and imaging guidance (Onik 1996;
Chew and Kline 2001). Care should be taken in
only advancing the diskectomy device slightly
and with imaging guidance. Often after these
types of deep tissue manipulation, there is a small
amount of hemorrhage into the biopsy tract that
can also be aspirated and submitted in a sterile
container for microbiologic analysis.

5.8.4 Fluoroscopic Guidance

Thoracic spine biopsies can also be performed
with fluoroscopic guidance. In the case of verte-
bral body lesions, these biopsy procedures tend
to be performed in cases where there are either
large lesions or the vertebral body is diffusely
infiltrated by tumor. Suspected pathologic verte-
bral compression fractures are often biopsied

Fig.5.13 A 67-year-old female with leukemia and fever;
elevated CRP 76 and ESR 84. T2-weighted sagittal image
(a) shows small anterior fluid collection (curved arrow)
within the disk and superior endplate as well as preverte-
bral soft tissue swelling. Reformatted sagittal CT image
(b) in bone window algorithm shows widening of the disk

»
»

space (arrow) with endplate sclerosis and destruction.
Axial CT image (c¢) shows coaxial placement of a 22
gauge needle (arrow) that was used to aspirate purulent
material from the anterior disk; the microbiology was
positive for coagulase-negative Staphylococcus
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Fig. 5.14 An 82-year-old female with back pain.
T2-weighted sagittal image (a) shows two spinous process
lesions (arrows); the large lesion impinges upon the spinal
cord (curved arrow). Axial CT image (b) shows placement
of a guide cannula (arrow); note the orientation of the guide
cannula relative to the expansile lesion within the laminae
and base of the spinous process (curved arrow). Axial CT

under fluoroscopic guidance (Fig. 5.4). In gen-
eral, these biopsies tend to be performed with a
transpedicular approach, but they can also be per-
formed with an extrapedicular approach. With

image (c) shows coaxial placement, via the guide cannula
(curved arrows), of a 22 gauge needle (arrows) into the
lesion. Axial CT image (d) shows placement of a 16 gauge
self-aspirating biopsy needle (arrows) via the guide can-
nula (curved arrows). Axial CT image (e) shows the coaxial
(curved arrow) use of a 16 gauge cutting needle. The biopsy
was positive for carcinoma cells; unknown primary

transpedicular technique, the operator aligns the
pedicle in the superior third of the vertebral body
of interest. This often entails aligning the verte-
bral endplates. Then the fluoroscopic is rotated in
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Fig.5.15 A 74-year-old female with incidental spinous
process lesion. Axial CT image (a) in bone window algo-
rithm with a skin grid in place shows trajectory (arrows)
for lytic lesion within the spinous process. Axial CT
image (b) shows use of coaxial technique with a guide

Fig.5.16 A 54-year-old male with back pain. Axial CT
image (a) in soft tissue algorithm shows a lytic lesion that
involves the left transverse process, pedicle, and posterior
vertebral body (arrows). Axial CT image (b) shows coax-

cannula (arrow) and trephine bone needle (curved arrow);
the trephine needle is carefully rotated with gentle for-
ward pressure to avoid fracturing the spinous process.
Pathologic analysis of the biopsy specimens showed met-
astatic papillary thyroid carcinoma

ial placement of the biopsy needle (arrow) along the lat-
eral margin of the lesion; this technique yielded both
osseous and soft tissue material. The histopathology was
consistent with an aneurysmal bone cyst
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Fig. 5.17 A 3l-year-old female with back pain. Fat-
suppressed contrast-enhanced T1-weighted axial image
(a) shows enhancing lesions within the left side of the ver-
tebral body (arrow) and left rib (curved arrow). Axial CT
image (b) in bone window algorithm shows well-

a medial to lateral fashion such that pedicle proj-
ects over the vertebral body. Think of the pedicle
as a flashlight with a cylindrical beam that shines
into the vertebral body — this will be the bone
needle trajectory into the vertebral body and will
represent the area of the vertebral body that will
be sampled. In general, mild angulation of the
fluoroscope facilitates bone needle access to the
anterior and lateral aspect of the vertebral body,
while steeper angulations of the fluoroscope will
enable placement of the bone needle into more
posterior and paramedian areas of the vertebral
body.

The intended needle trajectory is anesthetized
with a local anesthetic agent. A cross hair inci-
sion is made at the skin entry site with a #11 scal-
pel blade. A bone needle, anywhere from 10
gauge in diameter or smaller, at the operator’s
discretion and preference, is advanced using a
down-the-barrel approach with the pedicle of
interest centered in the field of view of the fluoro-
scope. The bone needle is carefully advanced into

circumscribed lytic lesions with sclerotic margins within
the left rib (curved arrow) and posterior vertebra body
(arrow). Axial CT image (c) shows the use of coaxial
technique to sample the margin of the vertebral body
lesion. The biopsy showed epithelioid hemangioma

the posterior vertebral body. The operator should
check the needle position in the oblique, frontal,
and lateral fluoroscopic projections during the
advancement of the bone needle. This is done to
ensure that the needle does not enter the spinal
canal and stays within the confines of the verte-
bral body. In order to avoid entry into the spinal
canal, the needle tip should not cross the medial
pedicle margin on the frontal projection until the
needle tip enters the posterior vertebral body on
the corresponding lateral projection. Once the
bone needle tip reaches the posterior vertebral
body, the needle stylet is removed, and the bone
cannula can now be used as a guide cannula for
subsequent sequential coaxial bone biopsy nee-
dle placements and biopsies. With each coaxial
bone needle pass, the position of the guide can-
nula and bone needle tip is monitored with fluo-
roscopy to ascertain that the needle has not
extended beyond the vertebral body. An advan-
tage of fluoroscopic technique is the opportunity
that the operator has to slightly adjust the trajec-
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Fig.5.18 A 64-year-old male with right rib cage pain; nor-
mal WBC, ESR, and CRP. Single posterior projection (a)
from a bone scan shows focal radionuclide uptake (arrow)
within the mid-thoracic spine. T2-weighted sagittal image
(b) shows focal hyperintense signal within the anterior ver-

tory of the initial bone needle within the pedicle.
This can be readily accomplished by slowly
retracting the bone needle, with stylet in place,
within the pedicle under fluoroscopic guidance
and redirecting the needle tip slightly. This cre-
ates a new biopsy tract and a source of additional
bone samples.

In certain situations, the operator may not be
able to access the vertebral body through a trans-
pedicular route. Extrapedicular approaches can
be performed in the thoracic spine using fluoro-

tebral body (arrow). Axial CT image (c) from the biopsy
procedure shows the use of a costovertebral approach
(curved needle) with coaxial insertion of a bone needle
(arrow) into the disk-endplate complex. The biopsy, with
respect to both pathology and microbiology, was negative

scopic guidance, especially when the pedicles of
a given vertebral body level are small and cannot
accommodate the bone needle. The key principle
with this type of approach is to stay medial to the
rib and lateral to the pedicle at the initial parape-
dicular entry point; the needle tip is directed
medially. It is important to note that these unique
approaches can be utilized only if the operator is
able to visualize the key osseous anatomic land-
marks of the thoracic spine with fluoroscopy.
These bony radiographic landmarks include the
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vertebral pedicle; the oval configuration of the
posterior rib, or rib head, as it articulates with the
vertebral body; the posterior and anterior verte-
bral body margins; the spinous process; and the
superior and inferior vertebral endplates. This is
essentially a costovertebral approach, and it can
also be used to access the disk space by aligning
the vertebral endplates at the level of interest. The
disk space can be initially approached either with
a 20 gauge spinal needle or an 18 gauge spinal
needle using this oblique fluoroscopic approach.
The operator should place the disk within the
center of the fluoroscope’s field of view in order
to facilitate advancement of the needle under
fluoroscopy (Fig. 5.19). The spinal needle can
also be used to inject a small amount of local
anesthetic agent at the margin of the disk just
prior to penetrating the annulus fibrosis. The nee-
dle tip position can be ascertained using a combi-
nation of oblique, frontal, and lateral projections.
With experience the operator will note the tactile
sensation of advancing a spinal needle into the
disk. Once disk access is obtained, the operator
can attempt needle aspirations under fluoroscopic
guidance. The spinal needle in turn can be
exchanged over a small guidewire in order to
introduce a bone biopsy needle system for disk-
endplate biopsy or to introduce a percutaneous
diskectomy device. These options can be exer-
cised at the operator’s discretion; however, each
needle exchange and each needle pass require
meticulous fluoroscopic surveillance.

5.8.5 Post-procedure Care

Once the biopsy procedure is complete, then the
guide cannula can be removed from the patient’s
back, and hemostasis at the skin entry site can
usually be achieved with hand compression.

Longer periods of hand compression may be
required in larger patients, in cases where a large
gauge (e.g., 10 gauge) cannula has been utilized,
in patients who have been on anticoagulant and/
or antiplatelet therapy, or in cases where there is
a possible hypervascular lesion. In some situa-
tions it may be necessary to inject a small amount
of surgifoam into the deep soft tissues of the nee-
dle tract and up to the skin surface (also refer to
Chap. 2). This may be helpful in patients in
whom vascular lesions have been biopsied, in
patients in whom antiplatelet and/or anticoagu-
lant medication will be resumed, or in patients
with blood oozing around the guide cannula. It is
helpful to apply hand compression for about
3-5 min after the surgifoam is injected and to
monitor the skin entry site afterward for an
additional 3—5 min prior to moving the patient off
the procedure table. A sterile bandage is placed
on the skin entry site. Once the patient is moved
into the supine position onto a stretcher, the skin
entry site should be reexamined. After the biopsy
procedure, the patient will be recovered for a
minimum of 2 hours. It is important not only for
the staff to monitor the patient’s pain level and
vital signs but also to periodically look at the
biopsy site for signs of active bleeding or swell-
ing. Post-procedure care instructions are reviewed
with the patient at the time of discharge (refer to
Chap. 1). A contact telephone number is given to
the patient should they have any further questions
or should their condition deteriorate when they
get home. Patients are reminded that it may take
several days to receive the biopsy results and that
they should follow up with the doctor who
referred them for the procedure. It is very helpful
for the operator to contact the requesting clini-
cian and to update them with respect to the proce-
dure and the patient’s clinical status after the
procedure.

Fig.5.19 A 30-year-old male with back pain and chronic
vertebral compression deformity from prior car accident.
Lateral fluoroscopic image (a) shows partial T8 vertebral
compression deformity (arrow); the disk spaces above and
below T8 have been aligned by slightly angling of the fluo-
roscope. Frontal fluoroscopic image (b) shows alignment
of the disk spaces (arrows). Oblique fluoroscopic image (c)

»
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with the disk aligned (arrow) and centered in the field of
view shows the approach to the aligned T8-9 disk between
the rib (r) and the pedicle (p). A spinal needle would be
advanced, using a down-the-barrel approach, directly into
the disk at the point indicated by the curved arrow. In this
case, staying medial and posterior to the rib avoids the lung,
and staying lateral to the pedicle avoids the spinal canal
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It is extremely important to take care of the
biopsy specimens. Thoracic spine biopsy speci-
mens should be placed in properly labeled con-
tainers. For bone biopsies, the transport media is
usually 10% formalin. Certain suspected patho-
logic diagnoses require special transport media
or handling at the time of acquisition, and this
should be discussed with the pathologist ahead of
time. Microbiology specimens are placed in ster-
ile containers and are immediately transported to
the microbiology laboratory. All specimens
should be accounted for, labeled properly, and
accompanied by appropriately completed requi-
sitions, and promptly transported by trained and
qualified personnel to the appropriate laborato-
ries. The operator should address any clinical
concerns with the pathologist or microbiologist
before or at the time the specimens are submitted.
The operator should follow up on the biopsy
results.

Key Review Points

1. Given the greater number of thoracic ver-
tebrae, it is important to count vertebral
levels carefully and to match the count-
ing and labeling scheme with all prior
studies in order to localize the correct
level for a thoracic biopsy procedure.

2. Critical anatomic structures to be aware
of during an image-guided percutane-
ous thoracic spine biopsy include the
spinal cord, the lungs, and the aorta and
intercostal arteries.

3. A sound radiologic understanding of
osseous landmarks within the thoracic
spine is a prerequisite to performing
thoracic spine biopsy procedures with
CT or fluoroscopic guidance.

4. Common indications for thoracic spine
biopsy include a clinical concern for
neoplastic involvement of one or more
thoracic vertebrae, evaluation of sus-
pected pathologic vertebral compres-
sion fractures of the thoracic spine, and
the assessment of possible spine
infection.

5. The approaches for thoracic spine biopsy
are either transpedicular or extrapedicu-
lar; extrapedicular approaches include
costotransverse, costovertebral, and
intercostal techniques.

6. The use of coaxial technique in the tho-
racic spine facilitates procedure effi-
ciency and safety.

7. Major determinants of specimen yield
in thoracic spine biopsy procedures
include lesion location relative to criti-
cal structures, lesion size, and lesion
type (lytic, sclerotic, or mixed).
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Lumbar Spine Biopsy

Amish H. Doshi, Amit Aggarwal,
Javin Schefflein and A. Orlando Ortiz

Learning Objectives

1. To learn the pertinent radiologic anat-
omy, including bony, neural, and vascu-
lar anatomy;, as it relates to image-guided
lumbar spine biopsy

2. To review the most common indications
and contraindications for image-guided
lumbar spine biopsy

3. To review different approaches and tech-
niques when planning image-guided
coaxial lumbar spine biopsy

6.1 Introduction

Of all the image-guided percutaneous spine biopsy
procedures that are performed along the spinal
axis, lumbar spine biopsy is the most frequently
performed of these procedures.

Compared to the cervical spine, percutaneous
biopsy of the lumbar spine is relatively safer and
technically less difficult. The thicker lumbar ped-
icles and larger surface area for initial needle
insertion allow ease of navigation around adja-
cent critical nerves and vasculature. Numerous
pathologic entities, including infectious and neo-
plastic processes, can originate from or spread to
the lumbar spine and paraspinal tissues. A study
of 410 biopsied lumbar spine lesions found meta-
static breast and lung cancer to be the most com-
mon etiologies found in women (28% and 7%,
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respectively), while metastatic lung and prostate
cancer were found to be the predominant etiolo-
gies in men (12% and 7%, respectively) (Lis
et al. 2004). Image-guided percutaneous lumbar
spine biopsy is generally useful, as the vast
majority of procedures yield an adequate speci-
men for diagnosis (Kornblum et al. 1998). Due to
the variety of pathologies affecting the lumbar
spine, the diagnostic yield of a biopsy sample
varies depending upon the cause of disease as
well as on the internal architecture of the lesion.
Lumbar spine biopsy for primary and metastatic
tumors has an accuracy of approximately 90%.
The reported accuracy of spine biopsy for infec-
tion is less accurate, only providing a diagnosis
around 50% of attempted biopsies (Hau et al.
2002). In spite of the high rate of sample ade-
quacy, the most frequent adverse outcome
remains nondiagnostic sampling, especially for
the evaluation of spine infection. Image-guided
percutaneous lumbar spine biopsy possesses the
lowest rate of diagnostic utility in lesions that
contain a large necrotic component, diffuse vas-
cularity, or are densely blastic (Sundaresan et al.
2004; Wu et al. 2008). Sclerotic lesions present a
particular challenge compared to their lytic coun-
terparts due to the technical difficulty denser tis-
sue presents when extracting a sample. In
addition, clinical scenarios in which the likeli-
hood of neoplastic or infectious pathology is low,
but there is an overlap in the imaging findings
between neoplastic and degenerative pathologic
processes or between infectious and inflammatory
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or traumatic processes, raise the suspicion for
neoplasm or infection just enough that a biopsy is
requested. For example, in an older patient, the
presence of extensive degenerative changes of
the spine, and a concomitant diagnosis of meta-
static disease, may lead to a false suspicion of
sclerotic metastases (Ghelman et al. 1991). For
similar reasons, differentiating pathologic from
benign osteoporotic compression fractures in an
elderly patient population presents an ongoing
challenge to clinicians.

Over the past several decades, due to a combi-
nation of progressive advancements in radiology
imaging equipment, image-guiding technology as
well as the instruments for performing these pro-
cedures, image-guided percutaneous biopsy tech-
niques have grown in use and utility. Despite open
biopsy remaining the ultimate procedure for diag-
nosis, percutaneous spine biopsy has become the
preferred method at most institutions around the
world (Hau et al. 2002). CT- and fluoroscopic-
guided biopsy provides numerous advantages over
open biopsy, the most notable of which is a lower
morbidity (Chooi et al. 2007). Percutaneous access
affords numerous benefits over open surgical tech-
niques, including lower rates of postoperative
wound infection, a lower incidence of post-biopsy
pathologic fracture, and avoidance of complica-
tions from general anesthesia (Schajowicz and

Derqui 1968; Murphy 1983). Furthermore, image-
guided spine biopsy serves as a cost-effective
diagnostic tool, due to the shorter procedure time
compared with open techniques and the shorter
post-procedure recovery time (Schajowicz and
Derqui 1968; Murphy 1983; Peh 2006). Post-
biopsy observation varies by institution, but, gen-
erally, lasts no longer than 3 h, whereas open
techniques may require an overnight hospital stay
(Lis et al. 2004). Percutaneous lumbar spine
biopsy is an invaluable tool in establishing a diag-
nosis and guiding subsequent disease-specific
treatment. This chapter aims to elucidate the vari-
ous techniques of fluoroscopic- and CT-guided
lumbar spine biopsy as well as provide an over-
view of different indications and complications
that the operator should consider prior to perform-
ing the procedure.

6.2  Anatomic Considerations

The lumbar spine typically consists of five lumbar
vertebrae and their intervening intervertebral disks
(Fig. 6.1). Although biopsy at the level of the lum-
bar spine is often technically less demanding com-
pared to other locations in the spine, it remains
crucial to consider the anatomical structures sur-
rounding the lumbar vertebrae and intervertebral

Fig.6.1 CT anatomy of the lumbar spine. Midline refor-
matted sagittal CT image (a) in bone window algorithm
shows five lumbar vertebral bodies (L/-L5) and their cor-
responding spinous processes (arrows) and the interverte-
bral disks (curved arrows); note the orientation of the most
caudal disk space (lower curved arrow). Reformatted left
parasagittal CT image (b) in bone window algorithm
shows the vertebral pedicle (curved arrow) and its relation-
ship to the posterior vertebral body and to the neural fora-
men (dashed oval); the aorta is partially visualized (arrow).
Close-up of same image (c) in soft tissue algorithm shows
the L2 dorsal root ganglion (curved arrow) within the neu-
ral foramen at the L2—L3 level; the proximity of posterior
disk (arrow) to the nerve is also noted. Contrast-enhanced
axial CT image (d) in soft tissue algorithm shows the ver-
tebral body (VB), pedicle (P), transverse process (TP),
lamina (L), and spinous process (sp). The erector spinae
and multifidus muscles lie posterior to the posterior ele-
ments, and the psoas muscle lies lateral to the vertebral
body. The lumbar artery (arrows) is segmentally visual-
ized along the midpole of the vertebral body. The aorta (A)

>
>

and inferior vena cava (IVC) lie anterior to the vertebral
body, and the kidneys are seen laterally. The bowel is seen
anterior to the aorta and inferior vena cava. Contrast-
enhanced axial CT image (e) in soft tissue algorithm at the
level of the intervertebral disk shows the dorsal root gan-
glia (arrows) and the base of the spinous process (sp).
Axial CT image (f) in bone window algorithm shows the
trabecular structure of the vertebral body (VB) and a small
central focal defect within the posterior vertebral body cor-
tex that corresponds to the basivertebral plexus (curved
arrow). The spinal canal (Sc) is bordered anteriorly by the
posterior vertebral cortex, laterally by the pedicles and
posteriorly by the laminae. The laminae join to support the
spinous process (sp). The posterior surface of the pedicle
(arrow) lies medial to the transverse process and is the
access point for a transpedicular approach. Axial CT
image (g) in bone window algorithm at the level of an
upper lumbar facet joint (large arrow) shows the more lat-
eral superior articular facet (small arrow) that corresponds
to the vertebra shown and the more medial inferior articu-
lar facet (curved arrow) of the vertebra above
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disks. Image-guided percutaneous lumbar spine
biopsies are almost universally performed from a
posterior approach. The operator must guide the
needle through the posterior paraspinal muscula-
ture including the erector spinae and multifidus or
quadratus lumborum muscles, in order to access
the vertebral body and/or paravertebral soft tis-
sues. Often a transpedicular approach is selected
for access to a vertebral body lesion as the pedicle
size within the lumbar vertebra can easily accom-
modate most commercially available biopsy nee-
dle systems. Access via the pedicle, if possible,
can serve as a safe conduit into the vertebral body
(Chooi et al. 2007). Care must be taken to ensure
that the medial border of the pedicle is not breached
prior to entering the posterior vertebral body in
order to avoid inadvertent entrance into the spinal
canal. Although the location of the needle tip must
be monitored during a transpedicular approach,
there is reduced risk to adjacent soft tissues,
nerves, or vasculature once the needle passes
within the safe channel provided by the pedicle.
An alternate approach for biopsy, however, may be
necessary depending upon the location of the
lesion within the vertebral body. For example,
smaller posterior median lesions may not be acces-
sible via a transpedicular route. The intervertebral
disk and the paraspinal soft tissues, likewise, are
usually not accessed via a transpedicular approach.
Posterolateral or extrapedicular approaches are
optional trajectories, and an active awareness of
the anatomic location of neural and vascular struc-
tures is critical toward reducing the risk of injury
with these approaches. The lumbar arteries arise
from the aorta and run along the equatorial or mid-
portion of the vertebral body, coursing posteriorly,
where they enter the neural foramina bilaterally.
These arteries give rise to both vertebral nutrient
arteries which supply blood to the vertebrae and
radiculomedullary arteries which can contribute to
the blood supply of the spinal cord and cauda
equina. Visualization of these vessels is often dif-
ficult during lumbar spine biopsy, especially since
the procedure is performed without the use of
intravascular contrast agents when using imaging
guidance. It is nevertheless important to consider
and be aware of these vascular structures when
using a posterolateral approach.

Often a transpedicular approach is selected
for access to a vertebral body lesion as the
pedicle size within the lumbar vertebra can
easily accommodate most commercially
available biopsy needle systems.

The spinal cord terminates as the conus
medullaris usually at the L1-L2 level of the spi-
nal canal. This critical structure must be
accounted for when considering lumbar spine
biopsy procedures within the upper lumbar spine.
The cauda equina, a constellation of sensory and
motor nerve roots, arises from the conus medul-
laris. These nerve roots are named for the verte-
bra bordering the superior portion of the neural
foramen through which they pass (e.g., the L2—
L3 neural foramen contains the L2 nerve root).
These nerves enter the proximal neural foramina
bilaterally above the level of the disk space at
their respective intervertebral level and course
along the superior portion of the foramen. As the
nerve roots exit the foramen, they course inferi-
orly. The L1-L4 nerve roots join to form the lum-
bar plexus which runs along and within the psoas
musculature. The operator must consider the
location of the nerve roots when performing a
posterolateral approach. These approaches are
frequently performed with CT guidance and
therefore allow direct but segmental visualization
of the nerve with respect to needle trajectory.

CT guidance can offer more direct visualiza-
tion of anatomic structures related to the
lumbar spine which may be particularly
helpful when using a posterolateral approach.

The aorta runs along the anterior margin of the
lumbar spine, almost always on the left side; the
inferior vena cava is located on the right side
(Fig. 6.1). A lesion may occasionally extend to
and penetrate the anterior cortex of the vertebral
body. Identification of the lesion’s extension with
respect to the aorta and inferior vena cava is
important in preventing potential injury to these
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vital structures. Injury to the aorta is rare, as most
lesions are confined to the vertebral bodies. It
may be appropriate to utilize CT guidance in
these cases to ensure proper visualization of the
aorta and inferior vena cava in relation to the
biopsy needle. If fluoroscopic guidance is consid-
ered, the use of lateral imaging is necessary dur-
ing advancement of the biopsy needle to prevent
penetration of the anterior cortex of the vertebral
body or the anterior aspect of the intervertebral
disk. The lumbar sympathetic plexus is located
bilaterally along the anterior and lateral aspect of
the lumbar vertebral column. Fortunately, no sig-
nificant injuries to this structure with lumbar
spine biopsy have been reported. The other criti-
cal organs, however remote, that must always be
considered when performing lumbar spine biopsy
include the inferior aspects of the lungs and
pleura, the kidneys, and the bowel.

Once a request for percutaneous image-guided
lumbar spine biopsy has been received, all avail-
able and pertinent imaging studies must be
reviewed and a planned needle trajectory formu-
lated bearing in mind the aforementioned ana-
tomic structures. Consideration of needle
approach will be required to ensure proper sam-
pling of the lesion within the vertebral body,
intervertebral disk, or paraspinal soft tissue. All
approaches rely on a careful review of the avail-
able imaging examinations and the assessment of
anatomic structures, lesion location, and lesion
size in order to ensure that the optimal needle tra-
jectory is chosen.

Knowledge of the critical anatomy of the
lumbar spine is extremely important in
planning needle trajectory for image-guided
percutaneous lumbar spine biopsy and for
avoiding complications.

6.3 Indications

Image-guided percutaneous biopsy of the lum-
bar spine allows access to the vertebral body,
posterior elements, intervertebral disks, as well

as surrounding soft tissues. Requests for lumbar
spine biopsies are most frequently a result of
imaging (i.e., CT, MRI, PET-CT, bone scan) that
shows the possible presence of a neoplastic or
infectious process (Peh 2003; Hodge 1997). A
list of most common indications for image-
guided percutaneous lumbar spine biopsy is pro-
vided in Table 6.1. Histopathologic identification
of malignancy plays an important role in the
management of newly diagnosed malignancy,
modification of current treatment, and assess-
ment of prognosis in metastatic disease of a
known primary malignancy (Sundaresan et al.
2004; Herkowitz and Wesolowski 1986). In par-
ticular, tissue identification of specific etiologies
of malignancy may change oncologic manage-
ment — a patient previously planned for surgery
may be discovered to have a plasmacytoma or
lymphoma involving the spinal canal and thus
would benefit from other treatments such as che-
motherapy or radiation. Even after treatment,
patients many times require lumbar biopsy to
exclude disease recurrence when a new lesion is
identified on an imaging study (Peh 2003; Hodge
1997). More recent advances in medical therapy
have reinforced the importance of biopsy, such
as evaluating active lesions demonstrated on
PET imaging. Emerging concepts such as tailor-
ing specific treatment regimens to the inherent

Table 6.1 Indications for image-guided percutaneous
lumbar spine biopsy
1. Infection
Spondylitis-diskitis
Paraspinal abscess
2. Neoplasm
Primary osseous neoplasm
Evaluation of solitary bone lesion
Secondary osseous neoplasm

Osseous metastatic disease or involvement by
systemic malignancy

Diffuse marrow replacement process

Evaluation of neoplastic lesions with diffusion
restriction or FDG-PET avidity posttreatment to
assess for treatment response

Paraspinal soft tissue mass
Pathologic vertebral body compression fracture

3. Pretreatment (including the above categories)
Tissue characterization prior to treatment initiation
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biologic heterogeneity of a neoplasm requires
biopsy for accurate tissue sampling and subse-
quent genetic analysis (Talac and Mclain 2009).

Lumbar spine biopsy may be requested in
patients who were initially considered to have
benign disease, but subsequent clinical evaluation
suggests otherwise. For example, in patients with
back pain secondary to what is initially thought to
be an osteoporotic vertebral compression fracture,
when symptoms worsen or concerning imaging
characteristics such as progressive tumor growth
or pathologic abnormality emerge, tissue sam-
pling may be beneficial to exclude malignancy
(Herkowitz and Wesolowski 1986). Additionally,
equivocal imaging findings or patient anxiety
from uncertainty may result in a request for
image-guided biopsy. Another common indica-
tion for lumbar spine biopsy is for definitive diag-
nosis of vertebral osteomyelitis and/or diskitis
(Peh 2003; Hodge 1997; Herkowitz and
Wesolowski 1986). Occasionally, the clinical pre-
sentation raises suspicion for spinal infection,
which can be confirmed with MR imaging of the
spine. In this setting, lumbar spine biopsy plays
an important role in identification of the infec-
tious organism, which enables antimicrobial ther-
apy to be tailored specific to the infectious
pathogen. Alternatively, both imaging and clinical
findings may not be specific for spinal infection,
which then requires biopsy with surgical pathol-
ogy evaluation of core tissue from the disk and/or
vertebral body for diagnostic confirmation or
exclusion.

6.4  Contraindications

Image-guided percutaneous lumbar spine biopsy
is a relatively safe procedure with few contraindi-
cations (Table 6.2). A major contraindication,
however, is uncorrected coagulopathy (Santiago
et al. 2014). This is often the result of anticoagu-
lant therapy, but may also be seen in patients who
have intrinsic coagulopathy due to underlying
malignancy or other disease states. When possi-
ble, it is important to hold anticoagulation ther-
apy prior to procedure to reduce risk of
hemorrhage (refer to the Chap. 2). Consultation

Table 6.2 Contraindications to image-guided percutane-
ous lumbar spine biopsy

Absolute

Uncorrected coagulopathy

Untreated infection in patient with suspicious mass
lesion

Relative
Patient factors
Combative or uncooperative patient
Clinically unstable patient
Lesion type
Vascular lesion
Probable benign lesion
Lesion size

Discretion must be exercised with smaller lesions (<
5 mm in diameter)

Limited or no specimen yield may result in false
negative biopsy
Lesion location

Defer biopsy for lesions located adjacent to critical
structures or inaccessible locations

with the provider managing this therapy is often
necessary to ensure that holding this medication
does not produce additional risk to the patient
due to a thromboembolic event. In patients with
intrinsic coagulopathy, it may be necessary to
infuse platelets or administer vitamin K prior to
the procedure, such as when platelet counts fall
below 50,000/mcL (Peh 2006). Again, the opera-
tor should discuss the appropriate management
of the coagulopathy with the responsible patient
care provider(s). Occasionally, consultation with
a hematologist may provide additional insight
into the appropriate management.

Preexisting infection at the skin site, such as a
cellulitis or a decubitus ulcer, can sometimes
occur near the intended area for possible percuta-
neous biopsy. Infection at the skin site or within
the soft tissues surrounding a tumor can be con-
sidered a contraindication to percutaneous biopsy
(Peh 2003; Hodge 1997; Ghelman 1998).
Although unlikely, the spread of the infection
into deep soft tissues, tumor, or within the verte-
bral body can occur if a soft tissue infection, such
as a cellulitis, is not treated prior to biopsy.
Consultation with an infectious disease specialist
may be necessary to optimize antibiotic therapy
and provide medical clearance prior to biopsy.
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Patients who are uncooperative or unstable are
not candidates for image-guided lumbar spine
biopsy (Peh 20006). If a patient is clinically unsta-
ble, it is prudent to wait until the patient is medi-
cally stabilized as well as to consult with the
patient’s clinical providers in order to assess for
the urgency and clinical need for a biopsy. With
respect to uncooperative patients, after discus-
sion with the appropriate patient representative
and requesting provider, a clinically necessary
lumbar spine biopsy can be performed under
general anesthesia or monitored anesthesia care.
The risk and benefits of the anesthesia and the
need for tissue diagnosis must be carefully
assessed in order to appropriately triage candi-
dates for the procedure. The type of lesion may
also influence whether or not a biopsy gets per-
formed. Hypervascular lesions may dissuade an
operator for fear of a hemorrhagic event. The
operator should try to avoid performing biopsy
procedures in cases where the radiographic fea-
tures are highly suggestive or pathognomonic of
a benign lesion (Figs. 6.2 and 6.3). Very small
(less than 5 mm diameter) lesions may not be
amenable to biopsy; it just may not be possible to
obtain tissue. Lesions, especially small lesions,
that are located near critical structures such as the
spinal cord, lung, or aorta may also not be ame-
nable to percutaneous biopsy.

ve

Fig. 6.2 Axial CT image shows posterolateral approach
with bone biopsy needle (arrow) for biopsy of a round
sclerotic lesion with a lucent center at the vertebral end-
plate. This is a Schmorl’s node and a biopsy was not
necessary

6.5 Risks and Complications
Associated with Lumbar
Spine Biopsy and How

to Minimize Them

It is important for the operator to be aware of the
potential complications that have been associated
with lumbar spine biopsy in order to help reduce
the overall risk to the patient during this proce-
dure (Ortiz et al. 2010) (Table 6.3). Complications
from image-guided percutaneous lumbar spine
biopsy are relatively uncommon, with a reported
rate of less than 1-3% (Tehranzadeh et al. 2007).
Although image-guided lumbar spine biopsy is
safely performed on a routine basis, operators
must be aware of potential complications in order
to first prevent and avoid them and, second, to
acutely manage such situations in order to avoid
further injury to the patient. Lumbar spine biopsy
complications can be divided into acute and
delayed or late complications (Tehranzadeh et al.
2007). Acute complications after lumbar spine
biopsy include subcutaneous hemorrhage or
hematoma formation, hemorrhage from biopsy
of hypervascular lesions, neurologic injury, dural
puncture, and vertebral fracture. Specifically,
renal cell carcinoma and thyroid carcinoma are
well-known examples of hypervascular tumors
that are prone to hemorrhage when biopsied
(Talac and McLain 2009). An acute or even sub-
acute complication that is often overlooked by
operators is the occurrence of a thromboembolic
event (myocardial ischemia in a patient with cor-
onary artery stents or stroke in a patient with
atrial fibrillation) in a patient when anticoagulant
or antiplatelet medication has been transiently
discontinued. Late complications, which can
arise weeks to months after the spine biopsy pro-
cedure, include infection and tumor seeding
along the needle tract. Risk of infection is low in
the setting of percutaneous biopsy when per-
formed with appropriate sterile preparation of the
biopsy entry/access site. In one study, no post-
procedural infections were reported out of 94
CT-guided spine biopsy cases (Olscamp et al.
1997). Needle tract seeding by tumor is also a
late complication and is rare when utilizing spe-
cific coaxial techniques and the smaller gauge
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Fig.6.3 A 20-year-old male with chronic low back pain.
T1-weighted axial image (a) shows a hypointense lesion
within the pedicle (arrow) and a linear hypointense defect
within the opposite pedicle (curved arrow). The clinicians
and family insisted upon a biopsy procedure for what is

needle sizes that are typically used for spine
biopsy (Saghieh et al. 2010; Davies et al. 1993).
Hemorrhage can occur with any invasive pro-
cedure, and a minimal amount is often unavoid-
able. Therefore, correction of coagulopathy is
important to help reduce the risk of significant
hemorrhage during lumbar spine biopsy. As pre-
viously mentioned, a coaxial approach minimizes
the need for multiple passes through the skin, sub-
cutaneous soft tissues, and muscles when access-
ing the vertebral body or paravertebral soft tissues.
Reduced manipulation of the adjacent soft tissue

obviously a stress fracture. Axial CT image (b) in bone
window algorithm shows sclerosis in the right pedicle
(arrow) and a fracture line (curved arrow) in the left pedi-
cle. Axial CT image (c¢) shows biopsy of the sclerotic ped-
icle with a bone needle (arrow). The biopsy was negative

results in reduced risk of injury to vascular struc-
tures. In the lumbar spine, the lumbar arteries
typically pass along the equatorial plane of the
vertebral body and traverse the anterior margin of
the neural foramen to enter the posterior vertebral
body as the nutrient supply to the vertebral body
(Fig. 6.1). Although there are multiple periosteal
arteries that originate along the course of the lum-
bar artery, it is not usually necessary to identify
these vessels since access into the vertebral body
is transpedicular or parapedicular, avoiding injury
to these vascular structures.
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Table 6.3 Percutaneous lumbar spine biopsy: potential
risks and complications
Tissue injury
Vascular injury
Neural injury
Pneumothorax

Hemorrhage
Superficial or subcutaneous
Deep — hemorrhage into a tumor and/or spinal canal
can result in acute neurologic changes, or
retroperitoneal hemorrhage can result in hypotension
or severe pain

Infection (superficial or deep) in those cases being
performed to assess for neoplasm

Inappropriate needle placement
Breach of the anterior vertebral body or medial
pedicle cortex
Needle placement within the spinal canal
Wrong level

Inadequate tissue sampling

Technical failure — biopsy system failure, lost specimen
Tumor seeding along the biopsy tract

Radiation exposure

Anesthesia complications
Aspiration, airway compromise, respiratory
depression

Thromboembolic events in patients with reversed
anticoagulation/antiplatelet therapy

Biopsy of hypervascular tumors can result in
excessive bleeding. Typically, waiting 5-10 min
with the stylet placed in the introducer needle
when using a coaxial needle system will result in
hemostasis. Occasionally, it may be necessary to
inject Gelfoam or Surgifoam into the introducer
needle along the biopsy tract to achieve hemosta-
sis (Talac and McLain 2009). The use of a smaller
needle in these types of lesions also can reduce
the risk of hemorrhage. An alternative to core
needle biopsy of suspected hypervascular lesions
is fine-needle aspiration. This technique allows
for the placement of a small needle, typically 25
or 27 gauge, and can often yield enough cellular
tissue to establish a histologic diagnosis.

Injury to the lumbar nerve roots, as well as the
thecal sac (dura mater), can be avoided with the
use of CT guidance. Visualization of these struc-
tures in relation to the advancing needle tip can
allow the operator to modify needle trajectory or
establish a new path of needle placement if there
is concern for injury to neural structures. It is

important to be able to identify important bony
landmarks when performing spine biopsy under
fluoroscopic guidance as direct visualization of
neural structures is not possible with this imaging
modality. Specifically, when using a transpedicu-
lar approach, it is necessary to ensure that the
biopsy needle does not penetrate the medial mar-
gin of the pedicle as seen on the anterior-posterior
fluoroscopic projection prior to reaching the pos-
terior margin of the vertebral body as seen on the
simultaneous lateral fluoroscopic projection.
Confirmation of this precise needle positioning
will ensure that the needle does not penetrate the
medial border of the pedicle and advances into
the spinal canal (Fig. 6.4).

6.6 Imaging Guidance

The most commonly utilized modalities for
image-guided percutaneous lumbar spine biop-
sies are CT, CT fluoroscopy, and fluoroscopy. A
meta-analysis of 25 studies revealed accuracy
rates 0of 90.2% and 88.1% for CT- and fluoroscopic-
guided biopsies, respectively, when compared to
the subsequent clinical confirmation of the diag-
nosis (Nourbakhsh et al. 2008). The use of other
modalities, such as MRI and ultrasound, is limited
in the setting of lumbar spine biopsies. It is often
challenging to use MRI for imaging guidance due
to limited scanner availability, procedure time,
and the need for specialized MRI-compatible
biopsy equipment. Additionally, patients with
certain types of implants (e.g., certain aneurysm
clips and non-MRI conditional pacemakers) can-
not be placed in MR scanners. Ultrasound can be
used for superficial soft tissue biopsy or aspiration
of subcutaneous fluid collections, but cannot be
reliably utilized for deep bone lesions due to the
significant shadowing that occurs with cortical
bone.

CT guidance is often the preferred modality
for sampling discrete lesions in lumbar spine
biopsy (Fig. 6.5). It provides visualization of
important anatomic structures, excellent spatial
resolution, and the ability to help guide the biopsy
needle into small focal lesions within the verte-
bral body (Lis et al. 2004; Peh 2006; Ortiz et al.
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2010). The operator can obtain images at multi-
ple time points throughout the procedure in order
to guide the biopsy needle into the desired loca-
tion while simultaneously evaluating the needle
position relative to critical organs and vascular
and neural structures. Imaging confirmation of
biopsy needle placement within the lesion will
document that the appropriate abnormality was
sampled in the event that a “nondiagnostic”
pathology result is obtained. This can be seen on
occasion with lesions treated with prior radiation,
cystic lesions, and necrotic lesions. The CT gan-
try can also be angled to parallel the area of inter-
est, such as the disk space or vertebral body, to
allow visualization of a possible or actual needle
path in a single plane (Fig. 6.6). Some CT fluo-
roscopy systems enable the operator to obtain
axial and sagittal reconstructions during needle
advancement. Moreover, for lesions where resec-
tion may eventually be performed, including
resection of the biopsy tract, CT better docu-
ments the path of the biopsy needle and the skin
entry point for the surgeon to later follow when
resecting residual tumor (Lis et al. 2004).
Although radiation is required for CT and flu-
oroscopic procedures, the operator can employ
lower-dose techniques to reduce radiation dose to
the patient without affecting diagnostic yield
(Shpilberg et al. 2014). Strategies that can be
used to reduce the patient’s radiation exposure
during a spine biopsy procedure include review-
ing the prior studies to optimize the procedure
before you perform it, limiting the scan volume
to the area of interest (e.g., focusing on two or

three vertebral levels instead of the entire lumbar
spine), adjusting CT scanner parameters such as
tube current modulation (mAs) and tube potential
(kV) based upon patient and body part size, and
using automatic exposure control features of the
CT scanner and radiation dose monitoring. CT
fluoroscopy also reduces procedure time by
allowing sequential imaging of needle placement
while the operator remains in the procedural
suite. Typically, after the operator presses a foot
pedal, a set of three images are obtained, which
include an image below, at, and above the level of
imaging. The operator can use this information to
modify trajectory in order to ensure appropriate
needle placement into the vertebral lesion.
Although radiation exposure through this tech-
nique is reduced for the patient, it is important for
the operator to be actively aware of their own
radiation exposure during these procedures.
Modern CT fluoroscopy scanners typically have
a leaded area along the outside of the scanner
which allows for minimal operator exposure
when scanning. Alternatively, the operator can
stand behind a portable lead shield a short dis-
tance away from the gantry; this exploits the ben-
efit of the inverse square law for reducing
radiation exposure to the operator and the benefit
of added radiation shielding.

Fluoroscopic guidance can be employed in the
setting of more diffuse vertebral body disease
and suspected spinal infections. This modality
allows real-time imaging of needle placement
and advancement into the vertebral body or disk
space (Pierot and Boulin 1999). Some major

<
<

Fig. 6.4 Initial needle positioning for the transpedicular
approach. Oblique and lateral fluoroscopic images (a)
obtained simultaneously with a bone needle docked on the
posterior surface of the pedicle (arrows). The oblique ori-
entation shows the needle tip within the “eye of the Scotty
dog” (arrow). Frontal and lateral fluoroscopic images (b)
obtained simultaneously show advancement of the bone
needle through the pedicle to the margin of the posterior
vertebral body as shown on the lateral image (arrow). It is
very important to observe that the needle tip has not
crossed the medial pedicle cortex (arrow) as shown on the
frontal projection (if it had, then the needle tip would be in

the spinal canal!). A photograph of a plastic see-through
vertebral body model (c¢) from an overhead view with a
bone needle (curved arrow) inserted to the same position
as in (b) shows the tip of the needle (large arrow) at the
junction of the anterior pedicle and posterior vertebral
body. Note that the needle tip has not crossed the medial
pedicle cortex (dashed arrow), compare to the frontal
fluoroscopic image in b. A photograph of the model from
a lateral view (d) with the needle in the same position
shows the needle tip at the pedicle-vertebral body junction
(arrow); compare to the lateral fluoroscopic image in b
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Fig.6.5 (continued)

<
<

Fig. 6.5 A 47-year-old male with low back pain.
T1-weighted sagittal image (a) shows a hypointense lesion
within the L4 vertebral body; the lesion has a thin hypoin-
tense anterior margin (arrow). T2-weighted sagittal image
(b) shows a moderately hyperintense lesion (arrow) that
encroaches upon the spinal canal. Contrast-enhanced
T1-weighted axial image (c) shows a diffusely enhancing
lesion (large arrow) with ventral epidural encroachment
(small arrow). The fat-suppressed contrast-enhanced
T1-weighted sagittal image (d) better delineates the mass
(arrow) and shows the epidural encroachment (curved
arrow). Axial CT image (e) during the spine biopsy proce-
dure shows a large lytic vertebral body lesion (arrow). Axial
CT image (f) shows a spinal needle (arrow) that is used to
infiltrate the posterior pedicle with local anesthetic. Axial CT
image (g) shows a coaxial bone biopsy needle system docked
(arrow) into the posterior pedicle cortex. Axial CT image (h)
shows advancement of the bone needle (curved arrow)
through the pedicle with the guide cannula (arrow) in place.

Axial CT image (i) shows coaxial placement of a cutting
needle (arrow) through the guide cannula; this was possible
once the initial bone needle pass created an access channel to
the lytic lesion. Follow-up contrast-enhanced T1-weighted
axial image (j) obtained 1 year after L4 corpectomy and ante-
rior and posterior fusion; the patient is asymptomatic. A solid
moderately enhancing mass (arrow) displaces the psoas
muscle laterally (curved arrow). Scout frontal CT image (k)
from a biopsy procedure shows a skin grid partially overlying
the area of instrumentation from L3 to L5 (arrow). Axial CT
image (1) shows insert needle (arrow) used to anesthetize the
margin of the large soft tissue mass. Axial CT image (m)
shows coaxial advancement of a guide needle (arrow). Axial
CT image (n) shows soft tissue cutting needle (arrow) that
was inserted via coaxial technique. Axial CT image (o)
shows sequential advancement of the biopsy needle through
the lesion. The initial biopsy provided a pathologic diagnosis
of giant cell tumor, and the follow-up biopsy confirmed the
presence of a recurrent tumor
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Fig.6.5 (continued)

Fig.6.6 Axial CT image (a) at L5-S1 shows a compro- matted axial CT image (b) shows the effect of gantry
mised approach to the L5-S1 disk; the dorsal root ganglia  angulation; the L5-S1 disk can now be accessed with this
(arrows) essentially block access to the disk. This refor-  superomedial approach (dashed arrow)
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advantages of fluoroscopy over CT are reduced
procedure and imaging time needed to access the
biopsy site, and immediate access to a procedural
suite if a complication occurs (Nourbakhsh et al.
2008). Lateral fluoroscopy enables the operator
to safely advance the needle into the anterior col-
umn of the vertebral body with real-time imag-
ing. In addition, fluoroscopy can often provide
quick access to the intervertebral disk space (Fig.
6.7). Some of the physical limitations of a CT
scanner can be overcome by fluoroscopic imag-
ing, such as when sampling the L5-S1 disk space
and endplate complex. The steep angulation of
the disk space at L5-S1 often limits access when
using CT guidance, as the gantry angle is typi-
cally limited in paralleling the imaging slice to
the disk space. Oblique and caudal angulation
with fluoroscopy allows for appropriate visual-
ization of the L5-S1 vertebral endplates and disk
space; the greater angulation and positioning
capacity of fluoroscopy provides more direct
access for needle insertion into the L5-S1 disk.
Identification of bony landmarks in this projec-
tion is critical for proper needle positioning in
order to avoid neural structures, in particular, the
exiting nerve root. Patient exposure to radiation
during fluoroscopy-guided lumbar spine biopsy
procedures can be reduced by utilizing appropri-
ate fluoroscopy techniques such as low-dose
pulsed fluoroscopy, automatic exposure control,
collimation and last-image hold features, fluoros-
copy time monitoring with alarm functions, and
radiation dose monitoring. The operator’s expo-
sure to radiation during the procedure can simi-
larly be reduced by optimizing fluoroscopy time
and distance and by using appropriate shielding
techniques (Luchs et al. 2005).

6.7 Approaches

As previously discussed, the transpedicular and
posterolateral approaches are the two most com-
monly utilized approaches for image-guided per-
cutaneous needle biopsy in the lumbar spine (Fig.

6.8). The most important factor that influences
which approach to use is the lesion location within
the lumbar spine. The inability to directly access
the lesion via the pedicle eliminates the transpe-
dicular approach as an option (Fig. 6.9). Typically,
lesions located in the anterior or lateral margins of
the vertebral body, disk space, or within paraspi-
nal soft tissues require an extrapedicular or pos-
terolateral approach (Pierot and Boulin 1999).
This allows appropriate angulation of the needle
trajectory in order to access the lesion (Fig. 6.10).
We again must emphasize that it is important for
the operator to be aware of the location of neural
and vascular structures using this approach. CT
guidance is often necessary to visualize soft tissue
structures in relation to needle placement. For
lesions located within the posterior elements, a
biopsy of one or more of these structures may be
necessary. Posterior element structures that can be
successfully biopsied with CT guidance include
the facet joint, the vertebral pedicle, the lamina,
and the spinous process (Fig. 6.11). These are
smaller structures as compared to the vertebral
body; hence, CT guidance is often necessary to
ensure accurate placement into these structures
and to avoid complications. Often, the needle tra-
jectory parallels the long access of the posterior
element in order to allow for needle purchase into
the bone and sufficient tissue sampling (Fig.
6.12). Diffuse vertebral body pathology or large
focal lesions can be biopsied through a transpe-
dicular approach if the lesion can be easily
reached through the vertebral pedicle (Ashizawa
et al. 1999). Transpedicular approaches can be
performed with fluoroscopic or CT guidance, as
bony landmarks are also clearly visible with the
former modality (Fig. 6.13).

Careful pre-procedure review of available
CT/MR imaging is crucial to planning a
needle approach. This step is emphasized
as careful planning will decrease intraop-
erative procedure time and complications.
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6.8 The Lumbar Spine Biopsy
Procedure
6.8.1 General Considerations

6.8.1.1 Patient Factors
Percutaneous lumbar spine biopsies are per-
formed to establish or confirm a diagnosis in both
healthy and ill patients. A clear clinical picture of
the patient’s overall mental and physical health
status should be considered prior to performing a
procedure. Patients who present with altered
mental status and significant comorbidities may
not be candidates for lumbar spine biopsy; this
may require consultation with the appropriate
provider to determine the need and feasibility of
a safe biopsy procedure. For clinically stable, yet
uncooperative patients or younger patients, it
may be necessary to perform the procedure with
monitored anesthesia care or general anesthesia
in order to ensure that the patient remains still
during the procedure. Certain patient factors such
as severe pain, recent abdominal or thoracic sur-
gery, or respiratory challenges may not allow for
patients to lie in the prone position. In these cir-
cumstances, decubitus or oblique positioning
may be necessary. Intravenous pain medication
and sedation with appropriate patient monitoring
can be helpful in order to keep the patient com-
fortable during the procedure.

Prior to the procedure, the operator should
reconcile medications, review allergies, and
check the coagulation profile, such as platelet

count, prothrombin time, activated partial throm-
boplastin time, and international normalized ratio
(INR). The patient should be NPO after midnight
the evening prior to the procedure if they are
receiving intravenous sedation and analgesia.
Patients who have eaten before the procedure
cannot receive conscious sedation, but can still be
considered for the procedure if local anesthesia is
determined to be sufficient for pain control. A
review of the imaging and order request should
also be performed to identify and document that
the appropriate lumbar level and lesion are being
sampled and to confirm if any additional test is
required such as flow cytometry. Informed con-

Fig.6.8 Photograph of plastic vertebrae model shows the
two basic approaches for lumbar spine biopsy, either
through the pedicle (transpedicular) (solid arrow) or lat-
eral to the pedicle (extrapedicular or posterolateral)
(dashed arrow)

<
<

Fig. 6.7 An 86-year-old female with severe back pain.
Fat-suppressed T2-weighted sagittal image (a) shows
hyperintense signal within three consecutive vertebral
bodies (arrows) and abnormal signal within the interven-
ing disks (curved arrows) at T12-L1 and L1-L2. Oblique
fluoroscopic image (b) shows advancement of a 17 gauge
spinal needle (curved arrow) just lateral to the superior
articular process (dashed line); the pedicle is outlined by a
dashed oval. Lateral fluoroscopic image (c) shows
advancement of the spinal needle into the center of the
abnormal L1-L2 disk space (arrow); note the loss of the
vertebral endplates at this level. Corresponding frontal
fluoroscopic image (d) shows the needle tip within the
center of the disk (arrow). Frontal fluoroscopic image (e)
shows exchange of the needle stylet for a percutaneous
diskectomy device (arrow). The lateral fluoroscopic

image shows the tip of the diskectomy device within the
disk (arrow). This device is moved in short excursions
under fluoroscopic monitoring in order to extract tissue
from the disk. Frontal fluoroscopic image (g) shows
exchange of the percutaneous diskectomy system for a
bone biopsy guide cannula (small arrow) and introducer
(curved arrow) over a guidewire (long arrow). Frontal
fluoroscopic image (h) shows that a trephine bone needle
(curved arrow) has been advanced into the guide cannula
(arrow) after removal of the introducer and guidewire; the
bone biopsy system is angled cephalad in order to sample
osseous tissue. Lateral fluoroscopic image (i) shows the
bone biopsy needle (curved arrow) within the inferior L1
vertebral body; the guide cannula (arrow) is situated near
the posterior aspect of the disk
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Fig. 6.9 A 77-year-old female with diffuse back pain.
T2-weighted axial image (a) shows a focal slightly hyper-
intense lesion within the posterior aspect of the vertebral
body (large arrow); the pedicles (small arrow) are small
in size. Axial CT image (b) in bone window algorithm

shows the posterior and paramedian location of the lytic
lesion (large arrow); again note the small pedicles (small
arrow). Axial CT image (c) shows biopsy needle (curved
arrow) inserted into the lesion via an extrapedicular
approach (arrow)

Fig.6.10 A 65-year-old male with sclerotic L1 vertebral
body lesion. Axial CT image (a) with skin grid in place
shows a small round sclerotic lesion (arrow) within the L1
vertebral body. Axial CT image (b) shows the use of a
spinal needle (arrow) for the injection of a local anesthetic
agent. Given the proximity of the needle to the dorsal root
ganglion (curved arrow), the trajectory of the subsequent
needle placement is adjusted. Axial CT image (c) shows a
bone needle (arrow) that is introduced using an extrape-
dicular approach. This trajectory was chosen to avoid the

>
>

small pedicle (curved arrow) and to maximize the sam-
pling volume of what is already a small lesion. Axial CT
images (d, e) show careful advancement of the bone nee-
dle to the margin of the lesion (arrows). Axial CT image
(f) shows the bone needle just beyond the distal margin of
the lesion (arrow) and stopping just before the anterior
vertebral body cortex (curved arrow); note the aorta (a).
Post-procedure axial CT image (g) shows a lucent biopsy
tract (arrows) through the sclerotic lesion, a pathologi-
cally proven prostate metastasis
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Fig.6.10 (Continued)

Fig.6.11 Posterior element (facet joint) biopsy. Axial CT image (a) shows a destructive lesion of the left L5-S1 facet
joint (arrow). Axial CT image (b) shows direct fine-needle aspiration (arrow) of the joint to evaluate for infection or
infiltrative mass

Fig.6.12 An 18-year-old male with chronic severe back
pain, worse at night. Scout frontal radiograph (a) from CT
scan shows skin grid in place over five lumbar vertebra
and mild levoscoliosis. Axial CT image (b) in bone win-
dow algorithm with a skin grid in place shows a small
round hypodense lesion (arrow) with a small sclerotic
center and sclerotic reaction within the right L4 pedicle.
Axial CT image (c¢) shows the use of a 22 gauge needle
(arrow) to infiltrate the deep soft tissues and posterior
pedicle cortex with a local anesthetic agent. Axial CT
image (d) shows docking (arrow) of the coaxial bone

>
>

biopsy system on the posterior aspect of the pedicle.
Sequential axial CT images (e—g) show coaxial sequential
advancement of a bone biopsy needle (curved arrow)
through the guide cannula (arrow) that is docked into the
posterior pedicle cortex; samples of the lesion are obtained
from the lesion with each sequential advancement of the
bone needle. The position and location of the bone needle
is monitored with each movement. The pathologic evalua-
tion was consistent with osteoid osteoma. This lesion was
successfully treated with radiofrequency ablation imme-
diately after the biopsy
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perform patient and procedure verification.
Discussion of patient positioning for optimal
imaging and biopsy site access is important so as
to reduce the need to reposition the patient during
the procedure. Specifically, it is important to note
on which side of the patient the operator will be
working and whether to place the patient in the
gantry head or feet first. This will allow nursing
and ancillary staff to position the procedure table
and monitoring equipment in the most optimal
locations and allow the technologist to select the
appropriate imaging position on the scanner.
Nursing should be informed of the level of the
anesthesia plan so as to allow appropriate moni-
toring and support as well as access to
medications.

6.8.1.3 Anesthesia

Both local and intravenous anesthesias are com-
monly employed for lumbar spine biopsy. Local
anesthesia with 1% or 2% lidocaine is adminis-
tered at the skin surface and within the deep soft
tissues. It is important to aspirate prior to injec-
tion of anesthetic to ensure that a blood vessel is
not inadvertently injected. When necessary and
clinically appropriate, intravenous medications
such as midazolam and fentanyl can be adminis-
tered to decrease procedure-related anxiety and
reduce patient pain, respectively. Occasionally, it
may be necessary to perform a lumbar spine

Fig.6.12 (continued)

sent must be reviewed and signed by the patient
or appropriate patient representative. The risks,
benefits, and alternatives of the procedure should
be discussed, including the option of open biopsy.
The patient and patient representatives should
have an opportunity to ask questions.
Postoperative wound care should be discussed
with the patient and, when necessary, the desig-
nated caretaker.

6.8.1.2 Staff Factors

As with any image-guided biopsy, it is necessary
to inform the staff (such as technicians, nurses,
and anesthesiologists) of the type of spine biopsy
that will be performed. The biopsy team should

biopsy with an anesthesiologist present when
intravenous or general anesthesia is required for
the case. Situations that require general anesthe-
sia are intractable pain in adult patients and spine
biopsy procedures in the pediatric population.

>
>

Fig. 6.13 An 80-year-old male with a lung mass. Axial fused PET-CT image (a) shows focal FDG uptake (arrow)
within the left side of the L2 vertebral body. Scout frontal CT image (b) with skin grid in place shows a large body habi-
tus. Axial CT image (c¢) with skin grid in place shows large lytic lesion within the left side of the vertebral body
(arrows). Due to the patient’s large size, the biopsy system could not be safely placed within the CT scanner gantry, and
the patient was transferred to the fluoroscopy suite. Lateral fluoroscopic image (d) shows the use of a spinal needle to
anesthetize the periosteal surface of the left pedicle. Lateral fluoroscopic image (e) shows the bone needle entering the
posterior pedicle (arrow). Lateral fluoroscopic image (f) shows coaxial insertion of a trephine bone biopsy needle
(curved arrow) via a guide cannula (arrow) into the anterior aspect of the left pedicle. Simultaneously acquired frontal
fluoroscopic image (g) shows the guide cannula (arrow) and the position of the biopsy needle tip relative to the medial
pedicle margin. Now that an adequate transpedicular position of the needle has been confirmed, the bone biopsy needle
can be safely advanced into the vertebral body (arrows) as shown on the lateral (h) and frontal (i) fluoroscopic images.
This biopsy confirmed the presence of metastatic lung cancer
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Fig.6.13 (continued)

Regardless of the type of systemic anesthesia,
appropriate monitoring of blood pressure, oxy-
gen saturation, heart rate, and cardiac activity
with electrocardiography is essential.

6.8.1.4 Patient Preparation
Before the procedure, certain medications may
need to be stopped, such as anticoagulants, which
should be ideally suspended several days prior or
bridged based on provider and pharmaceutical
recommendations (refer to the Chap. 2).
Antibiotic therapy might be required for prophy-
laxis in immunocompromised patients (Santiago
et al. 2014). When the biopsy procedure is con-
cerned with identifying infectious pathogens,
antibiotic therapy should be initiated after the
biopsy procedure is performed in order to maxi-
mize the chances of isolating the microorganism
The patient is most commonly placed on the
procedure table in the prone position. An oblique
or decubitus position may be necessary if the
patient cannot tolerate the prone position, such as
in patients with excruciating pain in the prone
position, recent abdominal surgery, or an abdom-
inal ostomy site. Once positioned, a skin grid can
be placed over the lumbar region at the desired

level prior to CT imaging in order to select and
mark the skin entry site. If performing the proce-
dure with fluoroscopy, a radiopaque instrument,
such as a towel clamp or hemostat, can be used to
identify the desired biopsy location with imaging
and marking the skin before or after sterile prep-
ping. Once an entry site has been marked for
biopsy, the back is prepped with using strict asep-
tic technique. A sterile drape is then placed
around the skin entry site in order to provide a
larger sterile field (Fig. 6.14).

Careful pre-procedural attention to patient
positioning and needle trajectory will
decrease the need for patient and needle
repositioning at the time of biopsy.

6.8.2 Technique

6.8.2.1 CT Guidance

Initial assessment of the needle path trajectory is
typically performed with a radiopaque skin grid
placed over the lumbar region at the desired level
for biopsy. Scout CT images in both the frontal
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Fig.6.14 Photograph
obtained during a fluoroscopic
biopsy procedure shows the
sterile field

and lateral projections should be obtained.
Always count the vertebra on the scout images to
confirm the region of interest; this will help to
prevent a wrong level biopsy. The operator should
instruct the CT technologist to focus the field of
view (FOV) over the region of interest and ensure
that the skin surface is included in order to visu-
alize the grid. If the desired trajectory is at a cra-
nial or caudal angle to routine axial imaging, the
FOV can be angled to allow for gantry angula-
tion, if available, simulating the needle path on
the lateral scout (Fig. 6.15). This typically
requires axial scanning mode rather than helical
or spiral scanning. Slice thickness less than or
equal to 3 mm is important to ensure proper visu-
alization of bony anatomy with respect to the
lesion. CT scanning of the region of interest is
then performed. Images can be reconstructed
with soft tissue and/or bone algorithm to allow
visualization of the biopsy site (Fig. 6.16). In
general, soft tissue windows are necessary for
soft tissue lesions and bone windows for lesions
within the vertebral bodies or posterior elements
(Fig. 6.17). Once the intended biopsy site is iden-
tified, the operator can choose the slice position-
ing and draw a line from the radiopaque marking
on the image to the lesion, establishing the needle
trajectory and depth. Depth measurement of the
lesion from the skin site allows for proper selec-
tion of the biopsy needle length. The number of
the radiopaque mark can then be ascertained by

counting from either end of the visualized mark-
ings. Once the position is determined, the table
can be moved into the desired slice position, and
ared line can be illuminated over the skin surface
with the CT laser alignment system, correspond-
ing to the axial CT image at the skin entry site.
This allows appropriate marking of the grid at the
corresponding slice position. The grids used for
CT-guided biopsies are porous, and, therefore, a
skin marker will transfer an ink mark from the
grid to the patient’s skin. The grid can then be
removed, and the table moved out of the gantry to
allow access for sterile preparation of the patient’s
back.

Always count the vertebra on the scout
images to confirm the vertebral level of
interest; this will help to prevent a wrong
level biopsy.

Once the back has been prepped with Betadine
scrub and/or chlorhexidine scrub and appropri-
ately draped, the skin at the marking site is anes-
thetized with a local anesthetic agent, such as 1 or
2% lidocaine. Deep soft tissue anesthetic is
administered at this time. A 22 or 20 gauge spinal
needle is advanced through soft tissues to the level
of the periosteum or deep soft tissue adjacent to
the biopsy site. It is important to periodically
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Fig.6.15 Use of CT gantry angulation. T2-weighted sag-
ittal image (a) shows findings compatible with L4-L5
disk infection (arrow). Scout lateral CT image (b) shows
the angulation (dashed line) that the gantry is adjusted to

image during needle advancement to ensure a safe
advancement as well as proper position and depth
of the spinal needle. Once in the desired location,
an anesthetic agent can be administered to anes-
thetize the periosteum, allowing significant reduc-
tion in pain related to bony entry with a bone
biopsy needle (Fig. 6.12). Once deep anesthesia
has been administered, the needle can be left in
place to serve as a guide for the bone biopsy nee-
dle or can itself be used for coaxial technique if a
guide needle was used (Fig. 6.18).

13.5LT,

in order to access the disk. Axial CT image (c) with no
gantry angulation; the disk is not accessible. Axial CT
image (d) with 13.5° of gantry angulation provides a tra-
jectory to the disk (arrows)

CT-guided percutaneous lumbar spine biopsy
can be performed with tandem needle tech-
nique or with direct coaxial technique.

If the operator chooses to use a trephine nee-
dle for biopsy, a dermatotomy made with a num-
ber 11 scalpel is required at the skin entry site.
Manual blunt dissection at the dermatotomy
allows easier passage of the needle through the
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Fig.6.16 A 43-year-old male with low back pain, fever,
and elevated ESR. Fat-suppressed contrast-enhanced
T1-weighted axial image (a) shows a ring-enhancing
lesion (arrow) within the right psoas muscle. In the clini-
cal context, this was thought to be a psoas abscess. Axial
CT image (b) obtained with soft tissue algorithm in order

Fig. 6.17 Use of bone window algorithm for a posterior
element (spinous process) lesion. Axial CT image (a)
shows 18 gauge spinal needle (arrow) at the margin of a
lytic spinous process lesion. Axial CT image (b) shows

to better visualize the right psoas abscess (arrow) so that
the biopsy needle (curved arrow) could be readily
advanced to the target. Axial CT image (c) in soft tissue
algorithm shows the needle within the abscess collection
(arrow); purulent material was aspirated from the abscess

coaxial insertion of 25 gauge spinal needle for fine-needle
aspiration of the lesion (arrow). The cytology was positive
for myeloma
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Fig. 6.19 A 64-year-old female with focal upper low
back pain. Axial CT image (a) shows use of coaxial guide
cannula (small arrow) and cutting needle (large arrow) in
order to biopsy a large paraspinal soft tissue component of
this lumbar mass. Once sufficient soft tissue cores were
obtained, the guide cannula was advanced closer to the
vertebral body (small arrow) as shown on the axial CT
image (b). A bone biopsy needle (large arrow) was then

soft tissues. Alternatively, a dermatotomy may
not be necessary if an 18 or larger gauge needle is
used, as these needles can easily pass through the
skin. Once the needle enters the patient’s body, it
is advanced in the trajectory established on initial
planning of site selection and needle path. For
access to the lumbar vertebral body or disk space,
this is often at a 20—40 ° oblique trajectory from
midline and may include cranial or caudal angu-
lation of the needle. When advancing the needle,
it is again important to utilize periodic CT imag-
ing to ensure safe and appropriate placement in
regard to both obliquity and depth.

Once the needle reaches the bone, disk, or soft
tissue that is to be biopsied, further advancement
for sampling of the lesion depends on needle type,
such as trephine, cutting, and fine needle (Fig.
6.19). For access into the vertebral body, a trephine
needle is preferred. This type of needle allows for
penetration of cortical bone and easy advancement
through the vertebral body. Progression through

<
<

used to obtain bone cores from this lesion. The bone cores
show histopathologic evidence of acute inflammation
consistent with acute osteomyelitis. The soft tissue cores,
which were sent to both pathology and microbiology,
were positive for bacterial growth on the microbiologic
analysis. This case reinforces the useful practice of sub-
mitting specimens for both pathologic and microbiologic
analysis, whenever the diagnosis is in question

the cortex can be achieved by manually twisting
the needle or with the use of a mallet or hammer.
Some trephine biopsy systems provide a drill,
which can be coaxially inserted into the introducer
needle and used to drill through the cortex and
bone. The drill creates a path anterior to the intro-
ducer needle to allow for needle advancement
manually along this path. Coaxial cutting needles
can be used for sampling of disk space and soft
tissue lesions, which tend to be smaller gauge nee-
dles that allow for core sampling (Yaffe et al.
2003). Biopsy of some lesions may not be feasible
with trephine or cutting needle systems and may
instead require fine-needle aspiration (FNA). The
operator may prefer FNA for small soft tissue
lesions or highly vascular lesions for accuracy and
safety, respectively (Fig. 6.20).

Once the needle position is confirmed by CT
imaging to be at the margin or within the lesion,
measurements can be taken on imaging from the
anterior margin of the needle to the anterior mar-

Fig.6.18 Tandem needle technique. Axial CT image (a)
shows use of a 20 gauge spinal needle (arrow) to anesthe-
tize the posterior pedicle surface in order to facilitate
transpedicular access to an anterior lytic L3 vertebral
body lesion (curved arrow). Axial CT image (b) shows
insertion of a bone biopsy needle (arrow) alongside the
spinal needle (curved arrow). Axial CT image (c¢) shows
removal of the spinal needle and advancement of the

biopsy needle via a transpedicular approach (arrow).
Axial CT image (d) shows coaxial advancement of a core
biopsy needle to the proximal margin of the lytic lesion
(arrow). Axial CT image (e) shows coaxial placement of a
25 gauge spinal needle (curved arrow) into the lesion;
FNA was performed because there was a clinical concern
for a hypervascular lesion. Pathology yielded a diagnosis
of multiple myeloma
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Fig. 6.20 A 51-year-old female with breast cancer and
left L4 radiculopathy. Posterior projection from PET
examination (a) shows focal FDG uptake in the lower left
lumbar spine (arrow). T2-weighted axial image (b) shows
focal enlargement and hyperintensity within the left L4
dorsal root ganglion (arrow); compare to the normal right
dorsal root ganglion (curved arrow). Close-up view of

contrast-enhanced T1-weighted axial image (b) shows
intense enhancement (arrow) within the dorsal root gan-
glion. Axial CT image (c¢) in soft tissue algorithm shows
the placement of a guide needle (arrow) at the proximal
margin of the enlarged dorsal root ganglion for the purpose
of performing FNA. Two passes with a 25 gauge needle
confirmed the presence of metastatic breast carcinoma
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gin of the lesion, vertebral body, or disk space.
This allows the operator to determine the approx-
imate depth that the biopsy needle can be
advanced through the introducer needle in order
to ensure both accurate sampling and to avoid
incorrect needle placement through the anterior
margin of the spine or soft tissue lesion. The
biopsy needle is then advanced into the lesion.
Many biopsy systems, including both trephine
and cutting needles, provide markings or mea-
surements on the needle to allow the operator to
determine the position of the biopsy needle tip in
relation to the anterior margin of the introducer
needle.

When the biopsy needle is advanced to the
desired depth, a CT image is obtained to confirm
needle placement (Fig. 6.12). In a trephine biopsy
system, the biopsy needle is then removed, usu-
ally with slight aspiration to ensure that the sam-
ple remains in the needle chamber upon
extraction. The sample can then be pushed out of
the biopsy needle with a needle pusher, which is
provided with most biopsy systems. In cutting
needle systems, the needle can be directly
removed after a core sample has been taken. The
core is then transferred to the appropriate solu-
tion, such as formalin, for future analysis. With
coaxial biopsy systems, the introducer or guide
needle can remain in place at the lesion margin
such that additional biopsy needles can be
sequentially and safely inserted as needed in
order to obtain additional biopsy specimens. In
the setting of FNA, the samples can be provided
to an on-site cytopathologist or cytopathology
technician for assessment of adequate cellularity.
Sampling of vertebral body, disk space, or soft
tissue lesions should be performed several
(approximately three times) to ensure appropriate
volume of tissue for analysis. In the setting of
core biopsy of the vertebral body, this may not
always be possible. If the core is visualized to be
large enough, only one sample may be required.
Alternatively, when FNA is performed, it is often
necessary to make three to five passes with 22-25
gauge needles for adequate diagnostic cellularity.
Once the pathologist or cytotechnologist is satis-

fied that they have adequate specimen for diagno-
sis, the FNA procedure can be stopped. When
sampling the paraspinal soft tissues for suspected
infection, needle aspiration is performed first,
especially if there is a fluid collection. If neces-
sary, a drainage catheter can be placed (Fig.
6.21). In those cases where no material can be
aspirated, a small amount of normal sterile saline
or local anesthetic can be infiltrated into the area
and re-aspirated. A core needle biopsy can also
be utilized to obtain tissue, and this too can be
sent for microbiologic analysis (Fig. 6.22).

6.8.2.2 Fluoroscopic Guidance
Fluoroscopic guidance can often be used to
biopsy vertebral body and disk space pathology.
In the setting of diffuse pathologic involvement
of the vertebral body, fluoroscopy is a preferred
modality due to the real-time assessment of nee-
dle advancement and reduced procedure time
(Fig. 6.23). Additionally, fluoroscopy provides
excellent visualization of and prompt access to
the disk space. One advantage fluoroscopic guid-
ance has over CT is the ability for significant cra-
niocaudal angulation as well as right and left
obliquity, allowing for positioning of the image
intensifier over the desired bone or disk space in
order to facilitate a needle trajectory that may not
be possible with CT imaging and with decreased
need for patient repositioning. This is most help-
ful when a biopsy of the L5-S1 disk space is
required. A major disadvantage of fluoroscopy is
the inability to visualize and evaluate soft tissues,
and therefore, CT must be utilized when the tar-
get lesion is located within the paraspinal soft tis-
sues. When smaller, focal lesions are present or
there is need for confirmation of biopsy needle
placement within the lesion, CT guidance is
preferred.

Slight differences in patient preparation are
required when performing lumbar spine biopsy
with fluoroscopy when compared to CT. Prior to
sterile prep, the entry site can be established by
rotating the image intensifier to the desired loca-
tion in the frontal projection. The tip of a hemo-
stat is pressed over the skin with simultaneous
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Fig.6.21 A 37-year-old female with back discomfort fol-
lowing an anterior and posterior lumbar spinal fusion pro-
cedure. T2-weighted axial image (a) shows a large
hyperintense posterior paraspinal fluid collection (arrow).
Contrast-enhanced T1-weighted axial image (b) shows a
hypointense fluid collection (large arrow) with no abnor-
mal enhancement; note the multiple small punctate
hypointense foci (small arrow) at the periphery of the col-
lection. Axial CT image (c) shows an introducer needle at

the periphery of the collection (arrow) from which a few
milliliters of clear straw-colored fluid were initially aspi-
rated; peripheral heterotopic bone formation (curved
arrow) accounts for the low-signal foci on the MRI. Bone
morphogenic protein was used in the posterior fusion sur-
gery. Axial CT image (d) shows advancement of a trocar-
bearing multi-sidehole catheter (arrow) into the collection.
Axial CT image (e) shows drainage catheter in place
(arrow). The microbiologic analysis was negative
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Fig. 6.22 A 31-year-old male with low back pain and
elevated ESR (68) and CRP (300). T2-weighted axial
image (a) shows increased signal intensity within the right
posterior paraspinal musculature (arrow). Fat-suppressed
contrast-enhanced T1-weighted axial image (b) shows
patchy focal enhancement in this location (arrow). Axial

imaging to determine the point of needle entry at
the skin. A mark is then made at this site and
allows the operator to prep a field around this
location. Once the back has been prepped with
sterile technique, anesthesia and dermatotomy
can be performed in a similar fashion as with the
CT technique. The needle is then advanced under
fluoroscopic guidance. It is important to keep the
needle and osseous landmarks within the center
of the field of view of the fluoroscope as the nee-
dle is advanced. This reduces parallax error and
improves targeting of the needle. A hemostat can
be used to hold the needle in place while imaging
with fluoroscopy so as to avoid radiation expo-
sure to the operator’s hand. The needle should

CT image (c¢) shows a small cutting needle placed at the
level of the soft tissue abnormality (large arrow) and
advanced to the margin of the facet joint (small arrow).
This small core of soft tissue was positive for coagulase-
negative Staphylococcus, and the patient was immediately
started on the appropriate antibiotic therapy

parallel the plane of frontal imaging and be seen
as a “dot.” This allows directed advancement of
needle along the established trajectory. When the
needle has advanced to a depth several centime-
ters away from the pedicle or disk space, the tube
can be rotated to the lateral position to assess
needle depth. Once the needle has been advanced
to the disk space or pedicle, it can be further
advanced into the desired location with continu-
ous lateral imaging. It may be necessary to rotate
the tube from the frontal and lateral projections
several times through needle advancement to
confirm both needle placement within the verte-
bral body or disk space as well as the depth of the
needle and the location of the needle tip relative
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Fig.6.23 A 76-year-old male with history of lung cancer
and a diffusely abnormal L1 vertebra on a PET-CT study.
Lateral fluoroscopic image (a) shows transpedicular nee-
dle placement (arrow), not the superior and inferior mar-
gins (dashed lines) of the pedicle. Oblique fluoroscopic
image (b) shows the position of the needle within the

to critical structures (Fig. 6.23). A biplane fluo-
roscopy unit, if available, can eliminate the
necessity for these multiple movements of the
multidirectional fluoroscope.

6.8.2.3 Fluoroscopic Vertebral Body
Biopsy

Percutaneous access into a lumbar vertebral body

is often performed through a transpedicular

pedicle (dashed semicircle). Frontal fluoroscopic image
(¢) shows coaxial advancement of a bone needle (arrow)
into the vertebral body. Lateral fluoroscopic image (d)
shows the position of the needle (arrow) within the verte-
bral body. Four bone cores were obtained, and the biopsy
was positive for metastatic adenocarcinoma

approach (Fig. 6.23). Pre-biopsy imaging review
is essential to determine if the lesion can be
accessed with fluoroscopic guidance. Diffuse
involvement of the vertebral body allows for sam-
pling within any portion of the vertebrae without
great concern for missing the lesion. Similarly,
fluoroscopic guidance may be used to access a
large vertebral body lesion or a sclerotic lesion. A
transpedicular approach is performed by rotating
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the fluoroscopic tube approximately 30° from
midline. This allows visualization of the “Scotty
dog” within the lumbar spine. The eye of the
Scotty dog represents the pedicle, which can be
overlapped with a portion of the vertebral body
(Fig. 6.23). This creates a needle trajectory that
passes from the skin though the pedicle into the
vertebral body. Lateral and frontal imaging during
needle advancement will confirm the correct nee-
dle path into the pedicle as well as needle depth
once with the vertebral body (Fig. 6.24). A coax-
ial approach with a biopsy needle system, similar
to what is used with CT guidance, can also be uti-
lized with fluoroscopic guidance. In certain situa-
tions, for example, a more posterior and
paramedian location of a lesion, it may be neces-
sary to access the lumbar vertebral body with an
extrapedicular approach such as a parapedicular
approach. This facilitates steeper angulation of
the biopsy needle into the vertebral body and
allows for access to the posterior and median por-
tion of the vertebral body.

6.8.2.4 Fluoroscopic Disk Space Biopsy

In the setting of suspected diskitis and/or osteo-
myelitis, biopsy may be requested to confirm the
diagnosis of spine infection and to provide infor-
mation on the type of organism involved in order
to optimize antibiotic therapy (refer to the Chap.
9). Although CT can be used to biopsy the disk
space and paraspinal fluid collections, fluoros-
copy offers several advantages over CT. Oblique
and craniocaudal angulation on fluoroscopy
allows the operator to directly visualize the disk
space and vertebral endplates. The fluoroscopy
tube is rotated so that the disk space and end-
plates are parallel and the position of the superior
articular process of the vertebral body below the
disk space overlaps the midportion of the disk
space in this projection. The needle is advanced
in a path that lies lateral to the superior articular
process (Fig. 6.7). The extent of medial-lateral or
oblique angulation will place the superior articu-
lar process anywhere from one-third to half-way
across the full extent of the disk as visualized on
the oblique-frontal view. Steeper angulations of

the fluoroscope allow for needle placement along
the median aspect of the disk space, whereas a
less steep approach allows for access to the lat-
eral aspect of the disk space. This technique
allows for safe passage of the needle into the disk
space and avoids the exiting lumbar nerve root. It
may be necessary to sample both vertebral body/
endplate and intervertebral disk in order to
establish a diagnosis of infection. Core material
in this setting can and, whenever possible, should
be sent for both microbiology and surgical
pathology analysis. Tissue assessment for both
microorganism and histologic evidence of infec-
tion has been shown to provide a greater diagnos-
tic yield than either alone (Michel et al. 2006).
Fluoroscopic guidance allows for transpedicular
access into the disk-endplate complex. The tube
is rotated to allow for overlap of the pedicle of
either vertebral body bordering the disk space
with the adjacent vertebral body. This provides
an angulated needle trajectory which will allow
passage of the needle through both endplates and
the intervertebral disk.

Core samples can be divided, as necessary,
and should be placed in sterile containers for
microbiologic analysis. It is important to avoid
placement of microbiology samples in formalin
to avoid reducing the ability to analyze the tissue
for microorganisms. Any aspirated fluid or pus
should be sent for microbiologic assessment
only. For histology, core samples are placed in a
formalin container. Special stains for microor-
ganisms can also be performed with histological
assessment of the tissue.

Fluoroscopy can be used to guide percuta-
neous biopsy of the lumbar spine in the set-
ting of diffuse pathologic infiltration of the
vertebral body or to access an abnormal
lumbar intervertebral disk, allowing for
real-time assessment of biopsy needle
advancement and potentially reduced pro-
cedure time.
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6.9 Post-procedure Care

Following image-guided percutaneous lumbar
spine biopsy, the patient is transferred to a recov-
ery area and observed and monitored for a mini-
mum of 2 h. During this time, vital signs are
recorded, and the biopsy site is examined as per
the instructions of the operator. Continued close
monitoring is necessary immediately after the
procedure to assess for acute complications. Oral
or intravenous acetaminophen may be adminis-
tered for pain relief. If pain is persistent or sig-
nificant, opiates can be considered. A progressive
increase in pain level, however, requires clinical
evaluation by the operator. Once stable, the
patient can be discharged home with an adult
companion, while inpatients can return to their
hospital room. Notification of completion of the
procedure is to be communicated with the order-
ing provider. This is especially true of collaborat-
ing surgeons, who will need to know the biopsy
entry site and pathway, since these are considered
contaminated with tumor and may need to be
removed at later resection (Davies et al. 1993).
The patient should be provided with the appropri-
ate follow-up contact telephone number in case
of questions or concerns and should also be
instructed to go to emergency room if they expe-
rience severe symptoms, such as fever, increasing
pain, or bleeding, which are not resolved with
conservative measures. A follow-up communica-
tion on the day after the procedure is important to
ensure that no clinically significant changes have
occurred since discharge and to address any
patient concerns or questions. The operator or a
designated staff member should follow up on all
biopsy results to ensure that the sample has been
received, tissue or microbiologic diagnosis estab-
lished, and the appropriate provider(s) notified.

Key Review Points

1. Image-guided lumbar spine biopsy allows
sampling of the vertebra, disk, and para-
spinal lesions with lower morbidity as
compared to open biopsy procedures.

2. The goal of image-guided percutaneous
lumbar spine biopsy is to sample the tar-
get lesion while avoiding injury to
nearby critical anatomic structures.

3. Careful pre-procedure review of all avail-
able imaging studies with planning of the
patient’s position, biopsy approach, and
needle trajectory will decrease the proce-
dure time and reduce the likelihood of a
complication.

4. Indications for percutaneous lumbar spine
biopsy include the evaluation of possible
neoplastic or infectious processes in order
to establish a diagnosis and guide the
patient’s clinical management.

5. Complications related to lumbar spine
biopsy can be minimized with careful and
thorough patient pre-procedure screening
and medical optimization, with particular
attention to procedure indications and
contraindications.

6. Multiple approaches and techniques are
available for image-guided percutaneous
lumbar spine biopsy depending upon the
lesion type, location, and extent.

7. Optimizing diagnostic efficacy can be
enhanced with multiple biopsy needle
passes, thereby increasing sample size.

8. CT and fluoroscopy can be used for
imaging guidance in lumbar spine biopsy
procedures, depending on lesion loca-
tion, size, and extent.

<
<

Fig. 6.24 A 63-year-old female with history of breast
cancer and low back pain. Frontal and lateral fluoroscopic
images (a) show the tip of bone biopsy needle (arrows) at
the junction of the pedicle and posterior vertebral body;
the bone needle is temporarily removed in order to dis-
lodge the specimen that has accumulated within the bone
needle, into the appropriate container. Frontal and lateral
fluoroscopic images (b) show advancement of the bone

needle (arrows); this forward movement again fills the
bone needle lumen with additional specimen that is then
removed and, in this case, submitted for pathologic analy-
sis. Frontal and lateral fluoroscopic images (c¢) show fur-
ther advancement of the bone needle (arrows) to the
anterior and paramedian aspect of the vertebral body in
order to obtain additional specimen in this patient with
metastatic breast cancer
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Sacral Biopsy

Todd Miller, Allan L. Brook, and A. Orlando Ortiz

Learning Objectives

1. To understand the value and importance
of radiologic anatomy as it pertains to
sacral biopsy

2. To review the indications and contrain-
dications for biopsy of the sacrum and
adjacent structures

3. To learn the approaches and techniques for
image-guided percutaneous sacral biopsy

7.1 Introduction

The sacrum, as a unit, is the largest “bone” within
the spinal axis. This makes it a likely site for meta-
static tumor involvement. Primary tumors can also
occur within the sacrum. In terms of development
of the spinal column, notochordal rests predispose
the sacrum to the development of chordomas (the
other common location for this lesion is the clivus
at the skull base). Its articulation with the pelvic
bones may also predispose to the sacrum, via the
sacroiliac joints, to inflammatory and/or infectious
processes. The location at the level of the pelvis
may also predispose the sacrum to infectious and
neoplastic processes that occur in this part of the
body. Biomechanically, the sacrum can be affected
by traumatic and weight-bearing loads that com-
promise its structural integrity. Therefore, with
respect to size, embryologic developmental influ-
ences, location, and role in spine biomechanics,

© Springer International Publishing Switzerland 2017

the sacrum can be affected by several pathologic
conditions that may require image-guided percuta-
neous biopsy in order to establish a diagnosis and
facilitate clinical management. The close proxim-
ity to the skin surface can create a misconception
that a sacral biopsy is a straightforward procedure.
The sacrum has an intricate anatomic relationship
with the neuraxis, and an image-guided percutane-
ous sacral biopsy must always be performed using
thorough preparation and meticulous technique.

7.2  Anatomic Considerations

The sacrum is a large complex triangular osse-
ous structure that is located at the caudal aspect
of the spinal axis between the lumbar spine and
coccyx (Fig. 7.1) (Diel et al. 2001). The sacrum
consists of five vertebrae, but unlike the more
cephalad components of the spine, these verte-
brae are fused anteriorly (vertebral bodies) and
posteriorly (neural arches). A residual or persis-
tent intervertebral disk is occasionally observed
at the S1-S2 level. Additionally, transitional
vertebral anatomy is not uncommon at the lum-
bosacral junction, with either a partially lum-
barized S1 or a sacralized L5 vertebra present
(Carrino et al. 2011). The superior aspect or S1
portion of the sacrum has more mass or bulk,
and the sacrum thins or tapers down progres-
sively from S1 to S5. The largest sacral verte-
bral body, S1, possesses a prominent anterior
superior end plate, or promontory, with which
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Fig. 7.1 Cross-sectional CT anatomy of the sacrum.
Reformatted midline sagittal CT image (a) of the sacrum
shows five fused sacral vertebrae bordered superiorly by
the L5-S1 intervertebral disk (large arrow) and inferiorly
by the sacrococcygeal joint (small arrow). The sacral hia-
tus (curved arrow) is seen at the S4-S5 level and defines
the caudal extent of the sacral canal. Axial CT image (b)
at the S1 level shows the sacral promontory (SP) and the
sacral ala (SA). The sacral canal (large arrow) and S1
nerve root (small arrow) are seen at this level. The lumbo-
sacral trunk is seen anterior to the sacral ala (oval). The
upper sacroiliac joint (curved arrow) is seen between the
sacral ala and the iliac bone. Axial CT image (c) at the S2
level shows the ventral (curved white arrow) and dorsal
(small arrow) aspects of the neural foramina. The sacral

to support the lumbar spine at the L5-S1 distal
articulation. The spinous processes of the sacral
neural arches are fused to form the median
sacral crest. Unlike the other spine segments,
the sacrum does not contain transverse pro-
cesses. Instead, a continuous lateral osseous
mass, the sacral ala, lies lateral to and is in con-
tinuity with the sacral vertebra and neural
arches. A prominent marrow-containing space
is present within the sacral ala, though the tra-
becular network is somewhat reduced as com-
pared to other osseous structures within the
spinal axis. The sacral ala articulates with the
iliac bones at the sacroiliac joints. These large
joints have a superior component that is fibrous
and an inferior component that consists of a
synovial joint space. The sacrum articulates
caudally with the coccyx at the sacrococcygeal
joint.

The lumbar spinal canal continues within the
center of the sacrum as the sacral canal. The
sacral canal courses through the center of the
sacrum and contains the caudal aspect of the
dural sac. The latter usually terminates at the S2
or S3 level. The remainder of the sacral canal
contains epidural fat and an epidural venous
plexus. The sacral canal terminates at the sacral
hiatus, a small dorsal aperture at the caudal
aspect of the sacrum which is bordered dorsally
by two bony protuberances that are palpable on
physical examination, the sacral cornu. The
sacral canal communicates with the sacral
foramina from S1 to S4. These sacral foramina

canal (large arrow) is smaller in diameter at this level,
while the sacroiliac joint (curved black arrow) is more
prominent. The internal iliac artery (/A) is seen anterior to
the sacral ala. Axial CT image (d) at the S3 level shows
the smaller size of all sacral components, including the
sacral canal (large arrow), as the sacrum tapers. The syno-
vial portion of the sacroiliac joint (curved) arrow is seen at
this level. Axial CT image (e) at S4 shows a small sacral
vertebra and canal (arrow). The pyriformis (P) and glu-
teus (G) muscles form the anterior and lateral relations of
the sacrum as does the rectosigmoid portion of the large
intestine (curved arrow). Axial CT image (f) at the S5
level shows an aperture in the dorsal sacrum, the sacral
hiatus, which is bordered by bony prominences, the sacral
cornu

are unique in that they possess ventral and dor-
sal apertures. The dorsal apertures of these
foramina transmit sensory nerves which form a
fibrous meshwork over the dorsum of the sacrum
as they primarily innervate the sacroiliac joints.
Motor nerves course through the anterior sacral
foramina. The sacral plexus is formed by the
ventral rami of the L4—S4 nerves and consists of
a large upper band, or lumbosacral trunk, which
derives neural contribution from L4, L5, and S1
and a small inferior band that includes branches
from S2, S3, and S4.

The major ventral anatomic relations of the
sacrum include the pelvis and pelvic contents. The
presacral space contains fat. The rectum is located
just anterior to this space. The iliac vessels, arter-
ies, and veins are seen bilaterally anterior to the
ventral sacral cortex at the level of the sacral ala.
The lumbar plexus or lumbosacral trunk is also
located adjacent to these structures. The sacral
sympathetic plexus is located at the L5-S1 level
between the common iliac vessels. The impar or
sacrococcygeal ganglion is located anterior to the
sacrococcygeal joint. The major lateral anatomic
relations of the lower sacrum include the gluteal
musculature and pyriformis muscles.

The critical anatomic sacral structures to be
aware of for sacral biopsy include the sacral
canal and foramina and the anterior sacral
cortex.
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Indications
and Contraindications

7.3

Sacral biopsies are indicated to evaluate mass
lesions within the sacrum and/or adjacent soft tis-
sue structures (Table 7.1). These lesions may repre-
sent primary tumors in this location such as
chordoma, giant cell tumor, or sarcoma (Figs. 7.2
and 7.3). More commonly, however, mass lesions
of the sacrum are often due to metastatic disease
from other primary sites (Fig. 7.4) (Rajeswaran et
al. 2013). Infiltrative lesions of the sacrum may
also require biopsy for definitive diagnosis.
Infiltrative lesions may represent sacral involve-
ment by multiple myeloma or lymphoma. When
unilateral, sacral insufficiency fractures may show
features that resemble an infiltrative lesion on MRI;
this may require biopsy for clarification (Fig. 7.5)
(Sudhir et al. 2016). Infection, or sacral osteomy-
elitis, is uncommon but may be seen in bedridden
patients with sacral decubitus ulcers. Infection may
also involve the sacroiliac joint, and this tends to
present with unilateral involvement. Suspected
infection in the sacrum, sacroiliac joint, or adjacent
portions of the pelvis may require biopsy in order
to confirm the diagnosis and identify the causative
microorganism (such as Staphylococcus species).
Sacral biopsies are strictly contraindicated in
patients with uncorrected coagulopathy (Table
7.1). The procedure cannot be performed without
informed or administrative consent. Relative con-

Table 7.1 Indications/contraindications: image-guided
percutaneous sacral biopsy

Indications

Sacral mass

Infiltrative sacral lesion

Unable to distinguish unilateral sacral insufficiency
fracture from infiltrative lesion

Sacral osteomyelitis
Contraindications
Absolute
Uncorrected coagulopathy
Unable to obtain informed consent for the
procedure
Relative
Uncooperative patient
Unstable patient

traindications to sacral biopsy include an unco-
operative patient or an unstable patient. With
respect to metastatic tumor, in situations where
neoplastic lesions are present in both the sacrum
and iliac bone, the operator may consider per-
forming the iliac bone biopsy instead (Fig. 7.6).

7.4  Risks and Complications
Associated with Sacral
Biopsy and How

to Minimize Them

A sacral biopsy is an invasive procedure, and the
possibility of a complication, though uncommon,
should not be ignored (Table 7.2). Prerequisites that
will help to minimize the complication rate when
performing image-guided percutaneous spine
biopsy procedures such as sacral biopsy are based
upon fundamental surgical principles and consist of
four major concepts. First, patient selection is
important. The procedure should be indicated, and
the contraindications to the procedure should be
adhered to. If there are relative contraindications to
the procedure, then they should be reconciled, with
patient safety at the forefront of this decision, prior
to moving forward with the procedure. Second,
patient preparation must take place, including a
review of the patient’s medical record, an under-
standing of the patient’s medical condition(s), and
their ability and willingness to have the procedure.
Medications and medical allergies must be known
ahead of time and the appropriate steps taken to
temporarily adjust medication regimens when nec-
essary. Third, operator preparation is essential to a
successful and safe procedure. This concept not
only reflects the operators training, abilities, and
knowledge with respect to image-guided percutane-
ous biopsy techniques (including a sound under-
standing of the imaging modalities, tools, and
techniques for performing these procedures) but
also emphasizes the basic questions of should I per-
form this biopsy, when do I perform this biopsy, and
how should I perform this biopsy (Carberry et al.
2016)? At the clinical level, thorough preparation
should reflect careful patient evaluation, image
review, and communication with the referring clini-
cian. Fourth, the value of an organized team
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Fig. 7.2 Chordoma. Contrast-enhanced TI1-weighted
sagittal image (a) shows large moderately enhancing sep-
tated mass within the distal sacrum (arrows); the mass

approach toward performing the procedure is a
major determinant in the success of the procedure
and in a safe patient outcome. This includes all
aspects of the procedure from patient intake, evalu-
ation, preparation, procedure (inclusive of all appro-
priate procedural suite protocols such as sterile
technique, patient and procedure verification), post-
procedure care, and patient follow-up. The premise
that everyone’s role, including the patient and their
family, in patient safety is equally important, and
the actual practice of this credo improves the likeli-
hood of a successful outcome.

7.5 Imaging Guidance

Given the local anatomic constraints related to the
sacral canal and foramina as well as the close prox-
imity of prominent neural and vascular structures to
the ventral sacral cortex, computed tomographic
guidance is the preferred imaging guidance tool for
performing sacral, presacral, or parasacral percuta-
neous biopsy procedures. CT guidance can also be

projects ventrally. Axial CT image (b) shows the biopsy
needle (arrow) within this expansile mass that is centered
within the sacrum and erodes the surrounding bone

used for aspirating a suspected infected sacroiliac
joint. CT fluoroscopy improves the efficiency of
these biopsy procedures. With CT it is possible to
establish safe trajectories to access the target lesion,
avoid critical structures including the sacral canal
and foramina, limit the needle excursion such that
there is not a breach of the ventral sacral cortex, and
monitor the position of the needle and needle tip
throughout the biopsy procedure. Conventional flu-
oroscopy is generally not used to perform sacral
biopsies but can be used to perform an aspiration of
the sacroiliac joint (Fig. 7.7). Reports of successful
sacral biopsy with cone beam fluoroscopic-CT
(CBCT) describe the advantages of the combination
of real-time needle orientation and the spatial reso-
lution of CT fluoroscopy (Carrafiello et al. 2012).

7.6  Approaches

A posterior approach is used to biopsy the sacrum,
a posterior structure. The trajectory that is used
consists of a needle trajectory that is somewhat
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Fig.7.3 An 81-year-old male with low back and right leg
pain. Fat-suppressed T2-weighted sagittal image (a)
shows a marrow replacement process at S1 and S2
(arrows) and a ventral epidural soft tissue component
(curved arrow). T1-weighted axial image (b) shows an
infiltrative hypointense lesion within the right sacral ala
(large arrow) and sacral vertebral body (small arrow)
with a hypointense epidural soft tissue component (curved
arrow). Single posterior projection (c¢) from a bone scan
shows intense focal radionuclide uptake within the right

Fig.7.4 A 73-year-old female with prior medical history
of melanoma, breast cancer and a recently detected lung
mass presents with lesions in the sacrum and calvarium.
Axial CT image (a) during biopsy procedure with skin
grid in place shows a lytic soft tissue mass (arrow) that
extends posteriorly. The arrow also indicates the desired
trajectory for a posterior approach to this lesion. Axial CT

perpendicular to the dorsal surface of the sacrum.
This is referred to as a short-axis approach (Fig.
7.8). This allows for direct access to most focal or
infiltrative sacral lesions. Given the oblique orien-
tation of the sacral foramina relative to the sacrum,
the needle tip may have to be angled obliquely in
order to avoid the sacral foramina (Fig. 7.8). This
oblique angulation of the needle tip serves a sec-
ond purpose; it maximizes the traverse of the
needle tip through the lesion prior to reaching the
anterior sacral cortex. This technique provides an
opportunity to obtain more tissue samples and
simultaneously adds a margin of safety to the pro-
cedure. Because of the presence of the lumbosa-
cral trunk, the iliac vessels, and the rectum
adjacent to the anterior sacral cortex, this latter
structure is a boundary that must not be crossed

side of the sacrum. Coronal reformatted fused image (d)
from a PET-CT examination shows intense FDG uptake
within the lesion (arrow). Axial CT image (e) obtained
during the biopsy procedure shows a coaxial bone biopsy
needle system with a guide cannula (large arrow) oriented
in a standard short-axis oblique approach between the
sacral foramina and right sacroiliac joint. The biopsy nee-
dle (short arrows) has been inserted into the right sacral
ala. Subsequent pathologic evaluation of the biopsy speci-
mens showed a high-grade fibroblastic sarcoma

image (b) shows a coaxial soft tissue biopsy system
inserted with this oblique trajectory and with the guide
cannula supported by gauze at the skin entry site (large
arrow). The biopsy chamber (small arrows) of the cutting
needle has been exposed within the substance of the
lesion. The pathology showed metastatic lung
adenocarcinoma

with the biopsy needle. Steep ipsilateral oblique
approaches, which angle the needle tip toward the
midline, or even lateral approaches across the sac-
roiliac joint may be required to access the S1 ver-
tebral body or sacral promontory lesions (Fig.
7.9) Case reports document success obtained
using recent advances in curved needle technol-
ogy to access the sacral promontory and adjacent
structures (Murphy et al. 2012).

The posterior approach to parasacral soft tissue
masses or fluid collections will be determined by
the exact location of the lesion and by the proximity
to adjacent critical structures. The approaches can
range from posterior and tangential to posterior
with very steep ipsilateral or contralateral angula-
tion of the needle tip (Fig. 7.10). The approach to
the sacroiliac joint, a posterior structure, is also
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Fig. 7.5 A 47-year-old female with gait disturbance.
Posterior frontal projection (a) from bone scan shows
focal spotty radionuclide uptake within the lower sacrum
(arrow). T1-weighted sagittal image (b) shows focal
hypointensity at S3 and S4 (arrow) with corresponding
hyperintensity (arrow) on the T2-weighted sagittal image

(c). Fat-suppressed contrast-enhanced T1-weighted coro-
nal images (d) show focal enhancement within the lower
sacrum as well as the presence of a fracture line (arrows).
In retrospect, the irregular linear pattern of the sacral
insufficiency fracture line is shown on the bone scan

<

Fig.7.6 A 51-year-old female with lower low back pain.
Axial CT image obtained during biopsy procedure shows
sampling of a sclerotic lesion within the iliac crest (large
arrow) with a coaxial bone biopsy needle system (short
arrow). This iliac crest was biopsied instead of the scle-
rotic lesion within the adjacent sacral ala in this patient
with breast metastases

posterior. Because of its oblique orientation away
from the midline, the inferior sacroiliac joint is
often accessed with a contralateral oblique approach
with fluoroscopy (Fig. 7.7). Some anatomic varia-
tion in the orientation of the inferior sacroiliac joint
does occur, and in this situation, a more direct tan-
gential approach is required to access the joint.

It must be emphasized that review of the
pre-biopsy imaging studies allows the
operator to plan a safe and effective poste-
rior trajectory to the target lesion, whether
it is located in the sacrum, parasacral soft
tissues, or sacroiliac joint.

Table 7.2 Sacral spine biopsy procedure risks and
complications
Hemorrhage
Superficial — at puncture site
Deep — potential pelvic hematoma formation
Needle injury
Artery or vein puncture
Spinal canal or foramen breach
Sacral nerve root or lumbosacral trunk puncture
Other
Nondiagnostic biopsy
Wrong side biopsied
Infection (cellulitis, osteomyelitis)
Tumor seeding along the biopsy tract
Systemic — anesthesia complication
Increased pain
Radiation exposure
Equipment failure — broken needle

7.7  The Sacral Biopsy Procedure

7.7.1 General Considerations

7.7.1.1 Patient Factors

Sacral biopsy procedures can be performed on
inpatients or outpatients and should only be per-
formed on cooperative patients. Therefore, it is
necessary to evaluate and examine the patient.
This clinical evaluation can be accomplished at
the time of the informed consent process. The
operator should obtain a complete medical and
surgical history and review and/or obtain hema-
tologic, coagulation, and renal laboratory profiles
as necessary. For patients with suspected infec-
tion, the operator should also obtain or review the
infectious disease profile (WBC with differential,
ESR, and CRP; please refer to the Chap. 9). The
patient’s medication list is reviewed and all
patient medical allergies are documented. The
patient consultation allows the operator to assess
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Fig. 7.7 Accessing the sacroiliac joint with fluoroscopy.
Photograph of prone subject (a) with a fluoroscope ori-
ented in the frontal projection (dashed line). Corresponding
frontal projection (b) of the right sacroiliac joint shows
“two” joints, a superior joint space (small arrow) and an
inferior joint space (small arrow). Photograph (c¢) with the
fluoroscope placed in the contralateral oblique projection
(dashed line) in order to align the right sacroiliac joint.

Corresponding frontal projection (d) of the right sacroil-
iac joint now shows alignment of the joint (arrows).
Single frontal fluoroscopic image (e) with the patient in
prone position using contralateral oblique projection to
align the inferior sacroiliac joint (small arrows) thereby
allowing down-the-barrel advancement of a 22 gauge spi-
nal needle (curved arrow) into the sacroiliac joint.
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Fig. 7.8 Short-axis technique. Photograph with lateral
view of sacral sawbones model (a) shows a relatively per-
pendicular orientation (arrow) of the biopsy needle with
respect to the dorsum of the sacrum. Rearview of the same
needle placement (b) shows an oblique orientation of the
needle (arrow); relative to the sacrum, the needle tip is
angled away from the midline in order to avoid the neural

the patient’s mental status and the patient’s abil-
ity and willingness to undergo the sacral biopsy
procedure. It also enables the operator to exam-
ine the skin overlying the sacrum for any possible
wounds, scars, tattoos, and hair. Most impor-
tantly, it allows the operator to assess the patient’s
ability to lie in the prone position. These factors
along with the lesion location and the intended
approach will influence the patient position. The
patient should be as comfortable as possible as
this will improve their ability to cooperate
throughout the biopsy procedure. By keeping the
patient comfortable, you are able to help them
stay relaxed.

foramina. Fat-suppressed contrast-enhanced axial image
(c) in patient with lesion (arrow) in the sacral ala. Axial
CT image (d) during a biopsy of this lesion shows the
angulation of the needle (large arrow) parallel to the sac-
roiliac joint (small arrow) that allows for sampling of the
lesion while avoiding the neural foramen (star)

The informed consent process affords the
operator the opportunity to discuss the procedure
with the patient and their family members, clari-
fying their expectations, and to also discuss the
other diagnostic options to the procedure. The
diagnostic alternative to a percutaneous biopsy
procedure is an open biopsy procedure which is
performed in the operating room under general
anesthesia. Open biopsy procedures require a
somewhat longer recovery period and are associ-
ated with greater morbidity as compared to per-
cutaneous biopsy procedures (Mankin et al.
1996). Sacral biopsies with CT guidance are well
tolerated, with rare early or delayed complica-
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Fig.7.9 A 79-year-old male with history of colon cancer
and low back pain. Axial CT image (a) during biopsy pro-
cedure shows the skin grid in place and a lytic lesion
within the sacral promontory (arrows). A posterior
approach was not feasible in this case; therefore, a lateral
(b) or trans-iliosacral approach (large arrow) was used to

tions (Huang 2012). Other treatment options,
though less optimal, include continued medical
and imaging surveillance or empiric antibiotic
therapy (if there is concern for infection). The
patient should always be informed of the possi-
bility of a nondiagnostic biopsy procedure; this
rarely occurs but may require a repeat percutane-
ous, or an open biopsy, procedure.

For inpatients, pre-procedure orders will
state that the patient is scheduled for a sacral
biopsy and that they should remain NPO after
midnight. Specific medications that affect blood
coagulation should already be managed prior to
the biopsy procedure. Intravenous access should
ideally be located on the forearm, wrist, or hand
as the patient’s elbows are often bent during the
procedure, and this adversely affects the func-
tionality of the intravenous line. For outpatients,
an instruction sheet can be reviewed with the
patient. Again, it is very important to exercise
an agreed upon management strategy with the

cross the fibrous portion of the sacroiliac joint (small
arrow) with a twist drill. Axial CT image (c¢) shows a
coaxial bone biopsy needle advanced anterior to the sacral
foramen and into the lesion (arrow). The pathology
showed metastatic adenocarcinoma of the colon

patient’s referring physician with respect to
anticoagulant and antiplatelet medication.
Outpatients should have someone available to
drive them and escort them back home (Please
refer to the Chap. 1).

7.7.1.2 Staff Factors

It is best practice for the interventional team to
pause for a “time-out” communication and dis-
cuss the procedure ahead of time with all staff
that are involved in the procedure. This type of
communication increases the safety, efficiency,
and potential success of the procedure. By facili-
tating specimen collection, handling, and analy-
sis, techniques such as fine-needle aspiration
become efficient procedures. The patient is ide-
ally included in the verification phase of this pro-
cess (correct patient, correct procedure, correct
level, and correct side) — this will enhance the
patient’s trust and confidence in their healthcare
team.
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Fig.7.10 A 73-year-old male with colorectal cancer. Fat-
suppressed contrast-enhanced T1-weighted axial image
(a) shows enhancing rectal mass (arrow). Axial CT image
(b) shows skin grid in place and rectal mass (arrow); the
arrow also indicates the trajectory for subsequent needle
placement. Axial CT image (c) shows biopsy needle pass-

7.7.2 Anesthesia

Sacral and sacroiliac joint biopsies are relatively
quick procedures that tend to be relatively well
tolerated by patients. These procedures can be
performed under local anesthesia if absolutely
necessary. Alternatives to this form of anesthe-
sia include intravenous sedation and analgesia
or intravenous anesthesia with propofol. The
latter requires the consultation and assistance of
an anesthesiologist. A major determinant of the
choice of anesthesia is the patient’s medical
condition. Other factors that influence the
choice of anesthesia include patient preference
and operator preference. Patients are almost
always placed in the prone position for this pro-
cedure, and all of these anesthesia options can
be used as necessary.

ing just lateral to the sacrum (large arrow) and entering
the lesion (small arrow). Axial CT image (d), after coaxial
fine-needle aspiration confirmed the presence of neoplas-
tic cells, shows coaxial placement of a fiducial marker into
the lesion (arrow). The fiducial marker is used to guide
subsequent navigation with CyberKnife radiosurgery

7.7.3 Patient Preparation

The patient is placed on the procedure table in
the prone position, whenever possible, and mon-
itoring equipment including a pulse oximeter,
electrocardiogram leads, and a blood pressure
cuff is placed on the patient. The patient’s intra-
venous line is examined to ascertain that the line
is functional. Sacral biopsy is performed with
strict aseptic technique. The skin may have to be
shaved in order to remove hair from the sterile
field. It is important to mention the reason and
need for hair removal ahead of time with patients.
Once the patient is positioned on the procedure
table and the skin is shaved, then an additional
time-out protocol may be exercised in order to
reconfirm the level and side of the procedure
(when necessary).
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Fig.7.11 A 47-year-old male with sacral lesion detected
on an MRI examination. Scout frontal image (a) from CT
biopsy procedure shows skin grid markers (arrows) ori-
ented vertically over the sacrum. The dashed line indi-
cates the level of the lower sacrum. Axial CT image (b)
shows lytic soft tissue mass (arrow) within the left lateral

7.8 Technique

7.8.1 CT Guidance

Scout images are obtained in both the frontal
and lateral projections with a radiopaque skin
grid in place covering the side and area of the
intended approach. A limited axial CT exami-
nation is performed with the skin grid in place
(Fig. 7.11). The skin entry site is identified and
marked with a skin marker. The skin is then
prepped with a sterile solution and draped.
Intravenous sedation and analgesia or anesthe-
sia may be initiated in those patients who
require it. The skin is anesthetized with a local
anesthetic agent such as 1 or 2% of lidocaine
using a 25 gauge needle. A small cross hair
incision is made at the skin insertion site using
a #11 scalpel blade. Single-needle or coaxial
needle technique can be used for performing
CT-guided percutaneous sacral biopsy (Geremia
et al. 1992).

sacrum at the level of the sacral hiatus; the arrow also
indicates the optimal posterior trajectory for this lesion.
Axial CT image (c¢) shows 14 gauge cutting needle
(arrow) within the lesion, which subsequent pathologic
analysis revealed to be a plasmacytoma

7.8.1.1 For Bone Biopsy

Coaxial technique can be used for larger patients
with thick soft tissue overlying the planned
biopsy site. With a coaxial needle technique, a
20 cm long, 20 gauge guide needle with a remov-
able hub is slowly advanced under CT or CT
fluoroscopic guidance toward the target lesion,
with a trajectory that avoids the neural foramina
and sacral canal (Elson, Cook Inc., Bloomington,
IN). When the needle tip approaches the osseous
surface of the dorsal sacrum, approximately
1 mL of local anesthetic can be administered in
order to minimize patient discomfort. Once the
optimal trajectory and needle position are estab-
lished with CT guidance and the periosteum has
been anesthetized, the needle hub of this insert
or guide needle is removed. The guide needle
effectively transforms into a guidewire for sub-
sequent coaxial insertion of a guide cannula.
Prior to passing the guide cannula over the
guidewire, a blunt dissector is first inserted coax-
ially into the guide cannula (Fig. 7.12). The
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Fig.7.12 An 81-year-old female with severe low back
pain and a lung mass. Axial CT image (a) level of the
pelvis shows a round soft tissue mass within the S1 verte-
bra (arrow); the lesion erodes the anterior aspect of the
sacral promontory. This lesion is challenging to access
(dashed arrow). Axial CT image (b) shows the use of
coaxial technique with advancement of a guide cannula
(large arrow) over an insert needle (curved arrow)

blunt dissector — guide cannula ensemble — is
then passed over the guidewire and advanced to
the dorsal surface of the sacrum using CT imag-
ing guidance. Once the position of this construct
is confirmed with imaging, the guidewire and
blunt dissector can be removed and exchanged
for a trephine bone biopsy needle. Make sure to
hold the guide cannula in place with one hand, in
order to keep the guide cannula in position, as
the exchange is performed with the other hand.
The trephine bone biopsy needle can be used to
“dock” the guide cannula to the dorsal sacral
cortex (Fig. 7.13). The guide cannula, once in
place, provides a safe access port through the

between the neural foramen and sacral canal. Axial CT
image (c) shows a soft tissue-cutting needle (large arrow)
advanced coaxially to the margin of the lesion (small
arrow). Axial CT image (d) shows deployment of the cut-
ting needle (arrow) within the lesion; this approach just
avoids the neural foramen (curved arrow). The pathology
evaluation showed metastatic lung adenocarcinoma

soft tissues and avoids repeat needle passes
which could otherwise be painful. The biopsy
needle is advanced through the guide cannula
and into the sacrum using CT guidance to moni-
tor the position of the needle tip relative to the
target lesion and the following critical anatomic
landmarks: (1) sacral foramina, (2) sacral canal,
and (3) anterior sacral cortex. The trephine bone
biopsy needle is carefully advanced into the
sacral cortex and marrow by rotating its handle
in a quick to-and-fro, clockwise-counterclock-
wise motion which enables the needle tip to cut
through the bone with guarded forward manual
pressure on the needle. Sequential biopsy needle
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passes can be made through the guide cannula,
always with imaging guidance, and always
exchanging one bone biopsy needle for the other
with one hand as the guide cannula is maintained
in position with the other hand. Extreme caution
should be observed in patients with osteoporosis
or with very osteolytic lesions as the bone needle
may advance effortlessly in these situations.
With experience, the operator will also learn to
be able to angle the guide cannula slightly in
order to sample other areas of the target lesion,
thereby effectively increasing specimen yield.
Always scan and check the needle position
between and during biopsy passes.

Bone biopsy specimens can usually be
obtained with this coaxial needle system. At times
it may be necessary to aspirate the biopsy needle
with a 10 or 20 mL syringe in order to secure the
tissue within the biopsy needle. Another helpful
maneuver is to advance the biopsy needle a few
millimeters, when possible, and this may provide
the tissue. Angling the biopsy needle slightly may
also dislodge the biopsy specimen. When dealing
with purely lytic neoplastic processes, the biopsy
sample can be obtained using fine needle (1 mm
diameter or less) aspiration or core needle (diam-
eter greater 1.5 mm) biopsy through the guiding
cannula. It is important to sample as much tissue
as safely as possible (Monfardini et al. 2014;
Settle et al. 1990). For bone or lytic soft tissue
cores, if possible obtain at least three specimens —
more tissue will assist the pathologist in making
the diagnosis (Ortiz et al. 2010). A single-pass
bone biopsy needle can also be used to perform
sacral biopsy. It may be useful to use a larger
gauge system (10-8 gauge in diameter) in order to
obtain one or two large cores of the bone.

7.8.1.2 For Soft Tissue Masses that are
Within or Adjacent
to the Sacrum (Parasacral)
A coaxial system can be used for parasacral
lesions (Figs. 7.7 and 7.14). After the skin is
anesthetized, a small guide needle (e.g.,18-14
gauge diameter) is advanced to the periphery of
the soft tissue mass, and additional anesthetic
agent is applied. Fine-needle aspiration can then

be performed using CT-guided passes with a
small gauge (22 gauge or smaller) needle. Fine-
needle aspiration should be performed prior to
core biopsy in order to minimize hemorrhage
into the needle tract as this sequence decreases
the likelihood of specimen contamination with
the blood (Ayala et al. 1995). Sequential needle
passes are made into the soft tissue mass with

“BONE SCAN
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Fig. 7.13 A 62-year-old female with back pain and a
prior history of carcinoma of the gall bladder. Single
static posterior projection from a bone scan (a) shows
intense radionuclide uptake within the sacrum (arrow).
T1-weighted sagittal image (b) shows a hypointense
expansile lesion (arrow) within the sacrum at S3 and S4.
Fat-suppressed T2-weighted sagittal image (c¢) again
shows the lesion to be relatively hypointense (arrow).
Axial CT image in bone window algorithm (d) shows a
sclerotic lesion predominantly involving the left side of
the sacrum (arrows). Axial CT image (e) shows the use
of coaxial bone biopsy needle to sample this sclerotic
lesion (arrow) which was subsequently shown to be a
metastasis
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Fig.7.13 (continued)

slight angulations in order to sample different
areas of the mass. Imaging guidance is used to
monitor the direction and depth of the biopsy
needle and assess its relation to nearby critical
structures. After the FNA passes, a core biopsy

needle system can be advanced through the guide
needle. Many core soft tissue biopsy needle sys-
tems contain a sampling chamber that must be
exposed within the lesion. In order to perform the
biopsy, this needle chamber must be exposed and
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Fig. 7.14 A 77-year-old male with right leg pain.
T1-weighted axial image (a) shows a large mass (arrow)
anterior and lateral to the lower sacrum and anterior to the
pyriformis muscle. T2-weighted coronal image (b) shows

travel a short distance further (this often can be
preset by the operator to 1 or 2 cm) within the
lesion in order for the cutting mechanism to
obtain the tissue within the lesion matrix. This
additional distance for excursion must be
accounted for when deploying the cutting needle
in order to sample within the lesion and to avoid
injury to a critical structure. The number of
passes that can be made will be influenced by the
initial success of the fine-needle aspiration passes
and by the size of the lesion and its location rela-
tive to critical structures. If the fine-needle aspi-
ration passes the yield diagnostic tissue, then it
may be possible to either obtain one or more
cores of the soft tissue or stop the procedure if the
pathologist is certain about the diagnosis.

For soft tissue lesions or lytic lesions within the
sacrum, it may be necessary to first gain access to

a solid and cystic mass (arrow). Axial CT image (c¢) shows
coaxial (large arrow) insertion of cutting needle (small
arrow) used to obtain three soft tissue cores from this
neurofibroma

the margin of the lesion within a bone biopsy nee-
dle system. A fine-needle aspiration and/or soft tis-
sue core biopsy needle can then be advanced
coaxially into the lesion in order to obtain the
biopsy specimens (Fig. 7.12). In some cases, an
expansile sacral lesion may erode the surrounding
cortex; this may allow direct access to the lesion
with a coaxial soft tissue biopsy system (Fig. 7.15).

7.8.1.3 For the Sacroiliac Joint

Sacroiliac joint aspiration may be performed with
CT guidance (Fig. 7.16) (Lin et al. 2009). The
inferior aspect of the joint, the synovial portion, is
first identified on the preliminary axial images
with the skin grid in place. The skin entry point is
marked, the patient is prepped, and a local anes-
thetic agent is applied. This procedure can be per-
formed with just local lidocaine anesthesia; some
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Fig. 7.15 A 66-year-old female with a sacral lesion.
T1-weighted coronal image (a) shows a midline expansile
soft tissue mass within the caudal sacrum (arrows). Axial
CT image (b) with skin grid in place shows the mass par-
tially eroding the sacrum (arrow). Axial CT image (c)
shows a guide needle inserted through the eroded portion

patients, however, either prefer or may require
intravenous sedation and analgesia or intravenous
anesthesia. Since sacroiliac joint biopsy is almost
always performed to assess for infection, a single
needle, such as a 20 gauge or 18 gauge spinal
needle, can be used to access the joint space. A
syringe is attached to the needle hub after the sty-
let is removed and the joint is aspirated. Any aspi-
rated material is placed in a sterile container for
subsequent microbiologic analysis. If it is not
possible to aspirate fluid, then a small volume of
anesthetic can be used to infiltrate the joint — this
is then aspirated and submitted for microbiologic

of the sacrum (arrow); this osseous erosion essentially
provides a window for access to the lesion. Axial CT
image (d) shows the cutting needle (arrow) within the
substance of the lesion. Subsequent pathologic evaluation
of the biopsy specimens showed the lesion to be a
paraganglioma

analysis. Alternatively, a bone biopsy needle can
be used to extract a small amount of the periar-
ticular bone, and a few specimens can be obtained.
Some of the specimen should be sent for micro-
biologic analysis, and the remainder should be
sent for pathologic analysis. When switching to
this latter technique, it is helpful to anesthetize the
posterior aspect of the joint. It may also be neces-
sary to give the patient intravenous medication for
sedation and analgesia. Regardless of which nee-
dles are used, imaging guidance is required to
monitor needle position at all times throughout
the biopsy procedure.
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Fig. 7.16 A 5l-year-old female with lower low back
pain. Fat-suppressed contrast-enhanced T1-weighted
axial image (a) shows focal enhancement surrounding the
right sacroiliac joint (large arrows) as well as iliac crest
enhancement surrounding non-enhancing hypointense
lesions (small arrows). Axial CT image (b) with skin grid
in place shows an expanded sacroiliac joint with focal sur-
rounding erosion (large arrow) and a sclerotic focus

7.8.1.4 Fluoroscopic Guidance

Fluoroscopic guidance can be used to provide
prompt access to the sacroiliac joint space using a
posterior-oblique approach (Hansford and Stacy
2012). With the patient prone, a contralateral
oblique approach aligns the inferior joint space
(Fig. 7.7). The joint is accessed taking care not to

within the iliac bone (small arrow). Axial CT image (c)
shows an 18 gauge spinal needle being advanced into the
posterior aspect of the sacroiliac joint (large arrow). After
several aspirations with the 18 gauge needle, a 20 gauge
needle (large arrow) is then used to exchange for a coaxial
bone biopsy system. Axial CT image (d) shows the use of
a coaxial bone biopsy needle (arrow) to obtain specimens
from the sacroiliac joint.

traverse the anterior border which would place the
adjacent neurovascular structures in jeopardy.
The extent and depth of needle insertion are mon-
itored with frontal, lateral, and contralateral
oblique projections. Single-needle or coaxial
approaches with a guide needle/cannula and
smaller gauge aspiration needles can be used to
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attempt to obtain fluid from the joint. As the
majority of these biopsy procedures are being per-
formed to evaluate for infection, additional coax-
ial passes with bone biopsy needles, angling them
toward the osseous borders, may help to yield tis-
sue. The number of passes that can be made with
these approaches will be limited by the final loca-
tion of the biopsy needle tip, which should be kept
away from the anterior aspect of the joint space.
Usually, sufficient aspirated material or tissue can
be obtained from the posterior aspect of the joint.
As with disk biopsy, performing joint aspiration
biopsies prior to the initiation of antibiotic ther-
apy will help to increase the likelihood of identi-
fying the offending microorganism.

Image-guided percutaneous sacral biopsy: step by step
Request for biopsy
Images reviewed
History and labs reviewed
Assess for coagulopathy, anticoagulants
Anesthesia required?
Speak to the requesting clinician
Speak to the patient
Informed consent
Position patient on scanner table
Scout and preliminary imaging with skin grid
Mark, prep, and drape
Local and deep/periosteal anesthesia with spinal needle
Small cross hair skin incision
Biopsy needle
Fine-needle aspiration first for soft tissue lesions
Core lesion
Marrow aspirate
Remove device
Local compression for hemostasis
Recover patient
Follow up on biopsy results

7.9  Post-Procedure Care

All biopsy specimens are placed in the appropri-
ate pre-labeled containers. Any special transport
media, orders, or processes that are required for a
given specimen would hopefully have already
been discussed with the pathologist. The appro-
priate requisitions should be properly and thor-
oughly completed — good clinical history helps

not only the radiologist but also the pathologist
and the microbiologist. All specimens should be
immediately transported to their respective desti-
nations by individuals who understand where to
bring them and to document that they were
received. A significant effort has gone into your
biopsy procedure, and your patient has under-
gone some risk in the process — do not treat the
specimen handling and transport process noncha-
lantly. Two of the reasons for a nondiagnostic
biopsy are poor specimen handling and lost spec-
imens. Treat specimen handling and specimen
transport with the same importance as every
other step of the biopsy process, and you will
avoid these humiliating and humbling scenarios.

Key Review Points

1. The sacrum is a complex anatomic
structure.

2. Common sacral lesions include metas-
tases and myeloma.

3. Because of its size and location, the
sacrum is easy to access from a poste-
rior approach with CT guidance.

4. Short-axis technique with or without
oblique angulation is a common
approach to the sacrum.

5. The sacroiliac joint may be aspirated
and biopsied using fluoroscopic
guidance.

6. A unilateral sacroiliac joint destructive
inflammatory process may be due to
infection, and an image-guided percuta-
neous biopsy may be required.
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Rib Biopsy

A. Orlando Ortiz and Michael K. Brooks

Learning Objectives

1. To review the radiologic anatomy that is
pertinent toward the safe performance
of a rib biopsy

2. To review the indications and contrain-
dications for performing a rib biopsy

3. To learn image-guided percutaneous rib
biopsy approaches and techniques

8.1 Introduction
Rib biopsies are performed to identify the etiology
of a rib lesion so as to determine if a lesion is
malignant or benign. Metastatic disease involves
the ribs in approximately 16% of patients with
metastatic cancer (De Maesenner et al. 2004). The
likelihood that even a solitary rib lesion is a metas-
tasis is high; if the patient does not have a preexist-
ing neoplasm, one series showed an incidence of
metastatic foci in 28% of patients, and if the patient
has a preexisting extra-skeletal malignancy,
another series showed an incidence of metastatic
foci in 41% (Baxter et al. 1995; De Maeseneer
et al. 2004). The benign spectrum of rib lesions
includes healing rib fractures and benign neo-
plasms such as fibrous dysplasia or hemangioma.
Image-guided percutaneous rib biopsies are
infrequently performed procedures. This contrib-
utes to the challenging nature of this procedure.
The procedure is made more difficult due to patient

© Springer International Publishing Switzerland 2017

factors such as inconsistent breathing and the tech-
nical challenges related to imaging a curvilinear
structure that moves in and out of the imaging
plane. Furthermore, the rib is a small structure, in
terms of diameter, with a small surface area and
with a slick, mobile, hard cortical surface. The rib
appears even more diminutive in contrast to its
neighboring lung field. Image-guided percutane-
ous rib biopsies are performed by different radiol-
ogy subspecialists; hence, an infrequently
performed procedure is further diluted among
these groups of operators. This creates a relative
barrier to developing a consistent approach and
technique for addressing this procedure when
requested and when clinically indicated. Despite
these challenges, given a sound appreciation of
these anatomic and technical constraints, a rib
biopsy can be performed, safely and efficiently,
with a high diagnostic yield.

The curved orientation of the ribs and their
proximity to the lungs makes the rib a chal-
lenging structure to biopsy.

8.2  Anatomic Considerations

With a few exceptions, 12 ribs are present on
each side of the thoracic cage. A minority of indi-
viduals will have either 11 or 13 ribs, and when
this occurs, care should be taken in analyzing for
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Fig. 8.1 Anatomy of a true rib. Axial CT image recon-
structed in the oblique axial plane at the T4 level shows
the anatomic parts of a single (fourth) rib. The rib head (k)
articulates with the vertebral body at the costovertebral
joint (arrow) and the rib tubercle () articulates with the
vertebral transverse process at the costotransverse joint
(curved arrow). The neck of the rib (nk) is located between
the head of the rib and the tubercle. The shaft (s) or body
is the longest part of the rib. The posterior curve of the rib
is referred to as the costal angle (ca). Note that at the level
of the upper thoracic spine, the scapula may limit access
to the lateral rib from a posterior approach

the presence of transitional vertebrae. The ribs
form a rib cage that surrounds the thoracic cavity,
including the lungs and pleural cavity. Adjoining
ribs are connected by intercostal muscles and
fascia. The first seven ribs are directly connected
via the costal cartilages with the sternum and are
referred to as true ribs (Clemente 1997). The first
and second ribs are the most curved, with the sec-
ond rib being longer than the first. The 8—12th
ribs are indirectly connected to the sternum. Ribs
number 8, 9, and 10 are continuous with costal
cartilages and are referred to as false ribs. Ribs 11
and 12 terminate in the lateral soft tissues of the
trunk and are referred to as floating ribs. The ribs
are curvilinear tubular structures that have a
downward angulation from posterior, near the
spine, to anterior. Thus, on conventional axial CT
images, the ribs are viewed segmentally and
sequentially; the anterior portions of ribs are seen
lower down on more caudal images. To study
them on an axial data set requires significant
scrolling through the images. An alternative tech-
nique that can be used to try to visualize a rib in
its entirety is to reformat the ribs with obliquely
angled images (Figs. 8.1, 8.2, and 8.3). A sagittal

Fig. 8.2 Anatomy of a false rib. Axial CT image recon-
structed in the oblique axial plane at the T8 level shows
the anatomic parts of the eighth rib. These are identical to
those of the true rib, but there is no direct articulation with
the sternum. The shaft(s) is well seen

= |

Fig. 8.3 Anatomy of a floating rib. Axial CT image
reconstructed in the oblique axial plane at the T12 level
shows segmental visualization of the 12th rib (arrows)

or coronal cross section of a rib will show that the
rib consists of a semiround cortical surface which
surrounds a narrow marrow containing cavity
(Fig. 8.4).

A typical rib consists of a rib head, neck,
tubercle, and body or shaft (Figs. 8.1, 8.2, and
8.3). The 10-12th ribs possess only a single artic-
ular facet on the rib head as compared to the
remaining ribs which have two articular facets on
the rib head. The rib head articulates with the ver-
tebral body at the costovertebral junction or joint.
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Fig. 8.4 CT cross-sectional appearance of the rib shaft.
Reformatted sagittal CT image (a) shows sagittal cross
sections of the ribs (arrows). The margin of the rib is com-
prised of an oval-shaped thick cortical layer of bone that

The rib tubercle, which also has an articular facet,
articulates with the vertebral transverse process
at the costotransverse junction or joint. The neck
or crest of the rib is located between the head of
the rib and the tubercle. The shaft or body of the
rib commences at the tubercle just beyond the
neck and curves around the lateral margin of the
thoracic cavity to terminate in the sternal extrem-
ity. The initial angle of curvature of the rib is
called the costal angle. The undersurface of the
rib contains the costal groove. The intercostal
vein, artery, and nerve are found underneath the
costal groove.

The critical structures that must be considered
when performing a rib biopsy are the lungs and
the intercostal arteries and veins (Fig. 8.5). The
lungs are mostly surrounded by the intercostal
muscles. A needle that deflects off of the rounded
surface of the rib could readily pass through the
very short distance between the muscle and the
pleural surface of the lung. Lytic rib lesions can
also expose the lung to potential injury during a
biopsy procedure. Care must also be exercised
when advancing a needle near the inferior or cos-
tal groove of the rib as the intercostal neurovas-
cular structures are found in this location. When

surrounds a small marrow cavity (curved arrow). Coronal
reformatted CT image (b) shows the small cross-sectional
area (arrow) of each rib and the costal groove (curved
arrow) of the rib

Fig. 8.5 Critical structures to consider when performing
a rib biopsy. Sagittal reformation in soft tissue algorithm
from a contrast-enhanced chest CT study shows the paired
intercostal artery and vein (curved arrows) traveling
underneath each respective rib. The ribs only protect a
small area of lung (arrows)
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deciding upon the feasibility of an image-guided
percutaneous rib biopsy procedure, the operator
must always factor these critical structures into
their approach.

Critical Structures: Rib Biopsy

Lung
Intercostal vessels

8.3 Indications

Image-guided percutaneous rib biopsy is indi-
cated for the evaluation of pathologic lesions
that are located within one or more ribs (Table 8.1)
(Edelstein et al. 1985; Faro et al. 1993). The
most common indication for performing a rib
biopsy is the evaluation of a suspected neoplas-
tic process (Guttentag and Salwen 1999; De
Maeseneer et al. 2004). Neoplastic processes
within the ribs are usually secondary lesions
associated with metastatic disease (Jakanani
and Saifuddin 2013; Cronin et al. 2009). Direct
extension from a pulmonary malignancy is
another possible etiology for a rib lesion.
Primary tumors within a rib, though extremely
rare, may also require a biopsy procedure (Kim
et al. 2008). It is very important to review all of
the patient’s imaging studies prior to perform-
ing a rib biopsy. The remainder of the body
should be studied in order to assess for the pres-
ence of other lesions which can be more safely
sampled. Since the majority of patients with
metastatic disease often have lesions located
elsewhere within their bodies, it is more likely
than not that these other sites are in better loca-
tions for sampling. This accounts for the rela-
tively low frequency of rib biopsy procedures.
Rib biopsy procedures are performed when one
or more rib lesions are detected on radiologic
imaging studies in a patient with either one or
more known primary tumors or with no prior
history of cancer. The patient’s prior imaging
studies (chest radiograph, chest CT, or skeletal
scintigraphy) may show only rib lesions, hence

Table 8.1 Indications for image-guided percutaneous rib
biopsy

Neoplasm

1. Solitary rib lesion

Metastatic disease

Adult: Lung, breast, thyroid, kidney, prostate, liver
Child: Ewing’s sarcoma, neuroblastoma

Contiguous spread of lung or pleural-based tumor
Primary osseous neoplasm

Adult: Chondrosarcoma, myeloma, giant cell tumor
Child: Ewing’s sarcoma, osteosarcoma

Primary benign tumor

Fibrous dysplasia, hemangioma, Langerhans cell
histiocytosis, osteoid osteoma, osteoblastoma,
osteochondroma, enchondroma, chondromyxoid
fibroma, aneurysmal bone cyst

2. Multiple rib lesions

Metastatic disease

Multiple myeloma

3. Other

Pathologic rib fracture vs. benign rib fracture

Infection: tuberculosis, actinomycosis, bacterial
infection

Table 8.2 Contraindications to image-guided percutane-
ous rib biopsy
Absolute
Uncorrected coagulopathy
Relative
Patient factors
Combative or uncooperative patient
Clinically unstable patient
Factors related to the lesion in question
Probable benign lesion
Very small lesions (<5 mm in diameter)
Lesion in other location that is safer to biopsy

the impetus to perform a biopsy procedure in
order to determine subsequent patient manage-
ment, especially in patients with preexisting
cancer.

8.3.1 Contraindications

The major contraindication to performing a rib
biopsy is uncorrected coagulopathy (Table 8.2).
Because of the challenging nature of rib biopsy
procedures, they should not be performed on
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Table 8.3 Percutaneous rib biopsy — potential risks and
complications
Tissue injury
Pneumothorax
Vascular injury
Hemorrhage
Infection
Inappropriate needle placement
Wrong level
Inadequate tissue sampling
Technical failure — biopsy system failure, lost specimen
Radiation exposure
Anesthesia complications
Aspiration, airway compromise, respiratory
depression

uncooperative or unstable patients. For lesions
that show a benign radiographic appearance, then
it might be reasonable to delay if not avoid the rib
biopsy procedure. A nondiagnostic biopsy result
may be observed when performing biopsies on
benign lesions (Omura et al. 2011). In this situa-
tion, the patient’s prior radiologic studies should
be reviewed to determine if the lesion has always
been within the rib and if it is stable in appear-
ance. Alternatively, the rib lesion can be followed

at predetermined intervals with imaging
surveillance.
8.4  Risks and Complications

Associated with Rib Biopsy
and How to Minimize Them

The risks and complications that are associated
with image-guided percutaneous rib biopsy are
related to potential injury to nearby critical struc-
tures (Table 8.3). The proximity of the rib to the
lung puts the latter organ at risk for pneumotho-
rax during the biopsy procedure. Fortunately, the
occurrence of this complication is rare, and the
likelihood of pneumothorax is further decreased
by using CT-guidance and tangential coaxial
biopsy techniques. The other complication that
may occur is vascular injury, particularly to the
intercostal vessels. This can result in hemorrhage
with hematoma formation.

The risks of image-guided percutaneous rib
biopsy can be decreased by using
CT-guidance and coaxial biopsy techniques
which utilize tangential approaches.

8.5 Imaging Guidance

CT is the most common modality that is used to
perform image-guided percutaneous rib biopsy
(Jelinek et al. 2002; Hwang et al. 2011). The
addition of CT fluoroscopy further improves the
efficiency of the rib biopsy procedure. The ability
of CT to delineate osseous structures such as the
rib makes CT an ideal modality for this proce-
dure. CT provides optimal contrast resolution
and is able to readily define the lung fields and
intercostal soft tissues. The use of thin section
acquisition techniques with immediate recon-
struction also contributes to the usefulness of this
modality for the purposes of performing a rib
biopsy.

Large rib lesions with extraosseous soft tissue
components have also been biopsied using ultra-
sound guidance, in a minority of cases (Jakanani
and Saifuddin 2013). The probability of a neo-
plastic rib lesion increases when there is cortical
destruction associated with an extraosseous soft
tissue mass though infection may also account
for these imaging findings (Lee et al. 1993).
Additionally, the diagnostic yield of the biopsy
procedure increases when there is an extraosse-
ous soft tissue component and decreases with the
presence of only an intramedullary rib lesion
(Jakanani and Saifuddin 2013). Lesion access
and tissue sampling can be challenging in the lat-
ter clinical scenario and are not feasible with
ultrasound guidance.

8.6  Approaches

Biopsy approaches to the rib are determined by
the lesion location and size. It is, therefore,
imperative for the operator to review all perti-
nent pre-procedure imaging examinations in
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Table 8.4 Approaches for rib biopsy

Tangential

Needle tip advanced along the long axis of the rib
segment

Advantages: The inner and outer rib cortical bone (1)
serves as a channel for guiding the biopsy needle’s
advancement, (2) reduces chances of injuring the lung
or intercostal vessels, and (3) can obtain more sample
from smaller, non-expansile lesions

Disadvantages: (1) Requires patient cooperation and
precise needle placements

Perpendicular

Needle tip advanced vertically into the lesion,
perpendicular to short axis of the rib segment

Advantages: (1) Can enter the lesion at its largest
diameter and (2) can access lesion at a point of outer
rib cortical breakthrough

Disadvantages: (1) Needle tip points directly at the
lung — proceed with extreme caution

order to plan the most optimal approach to a rib
lesion. The two principle trajectories for rib
access are tangential, along the long axis of the
rib, and perpendicular (to the rib outer surface —
so called short axis) (Table 8.4). The tangential
trajectory attempts to obtain a sample without
compromising the lung or the vascular pedicle of
the rib. This trajectory enables a longer throw of
the biopsy needle through the marrow space of
the rib. The perpendicular trajectory is direct and
has the theoretical potential to puncture the lung
or injure the intercostal vessels. This perpendic-
ular trajectory is best reserved for bulky rib
lesions or for directly infiltrating lesions from
the adjacent pleura or lung (Fig. 8.6). In both of
these clinical scenarios, the diameter of the
lesion should be large enough to safely accom-
modate a biopsy needle without injuring the
lungs or intercostal vessels.

When considering a rib lesion for biopsy, it is
best to think of a single complete rib as a
“C”-shaped curvilinear structure that can be
divided into three segments or compartments
(Fig. 8.7). The anterior portion of the rib com-
prises the anterior compartment. The side or lat-
eral portion of the rib is the lateral compartment,
and the posterior portion of the rib comprises the
posterior compartment. The anterior and poste-
rior compartments include curved components,

with the anterior component gradually curved
(second curve) and the posterior component more
steeply curved (first or costal angle). These com-
partments and the orientations of the individual
rib are important because they influence the
patient position, the approach, and the direction
of the needle trajectory for tangential rib biopsies
(Table 8.5).

1. A patient with an anterior compartment rib
lesion can be placed in the supine position
(Figs. 8.8 and 8.9). The approach to the lesion
is anterior. The tangential direction of the nee-
dle tip is lateral (away from the sternum) for
the more medial anterior rib lesions and verti-
cal and downward for the lateral anterior
lesions that lie within the gentle second curve
of the anterior compartment.

2. A patient with a lateral compartment rib lesion
can be placed in the supine position with the
arms up and away from the sides of the rib
cage. The approach with the patient in the
supine position is anterior (Fig. 8.10). For
lower, infrascapular, lateral rib lesions, the
patient can also be placed in the prone or
prone oblique position (the scapula may limit
posterior approaches to a lateral rib compart-
ment lesion within the upper thoracic rib
cage). The approach with the patient prone is
posterior. The vector for the direction of the
tangential needle trajectory is vertical and
downward.

3. A patient with a posterior compartment rib
lesion is placed in the prone position (Figs.
8.11, 8.12, 8.13, and 8.14). If the patient’s
condition does not permit this position,
then they can be placed in the prone
oblique or lateral decubitus position. The
approach is posterior. The direction of the
tangential needle trajectory depends upon
whether the lesion is posterior and medial
(within the upward portion (relative to the
back) of the steep first curvature or costal
angle of the rib) or posterior and lateral
(within the downward portion (relative to
the back) of the first or costal angle of the
rib). Posterior medial rib lesions can be
biopsied with a medially directed (toward
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Fig.8.6 A 76-year-old female with a history of adenoid
cystic carcinoma of the submandibular gland; chest CT
shows anterior sixth rib mass. Axial CT image (a) from a
biopsy procedure shows a skin grid in place and a large
expansile anterior rib lesion (arrow) with cortical expan-
sion and destruction and a prominent extraosseous soft
tissue component. Axial CT image (b) shows tip of 19

the spine) needle trajectory. Posterior lat-
eral rib lesions can be biopsied with a lat-
erally directed (away from the spine)
needle trajectory.

It is imperative for the operator to review
all pertinent pre-procedure imaging exami-
nations in order to plan the most optimal
approach to a rib lesion.

gauge guide needle (arrow) within the lesion; this was
inserted using a perpendicular approach. An FNA proce-
dure (not shown) was performed. Axial CT image (c)
shows coaxial use of a 20 gauge cutting needle (arrow)
used to sample the lesion. Axial CT image (d) shows
coaxial use of the 20 gauge cutting needle to obtain
another sample

8.7 TheRib Biopsy Procedure

8.7.1 General Considerations

8.7.1.1 Patient Factors

Image-guided percutaneous rib biopsy procedures
should only be performed on cooperative patients.
Image-guided percutaneous rib biopsy can be per-
formed with the patient in the prone, prone
oblique, or supine position. Some patients are
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Fig.8.7 Therib
compartments or
sections (anterior,
lateral, posterior) as
shown on reformatted
oblique axial CT image
at the T4 level. The
location of a lesion
within one of these
compartments will have
a significant influence
on the procedure

Posterior

Table 8.5 Compartment approach to rib biopsy

Compartment Patient position Approach
Anterior Supine Anterior
Lateral Supine Anterior
Prone/oblique Posterior
Posterior Prone Posterior

unable to maintain certain positions due to pain or
breathing issues. The patient should be evaluated
to ascertain what position they can maintain for
the anticipated procedure. The patient’s medical
and medication history, pertinent laboratory val-
ues, allergies, imaging studies, and NPO status
should be reviewed. An informed consent is
obtained from the patient. The risks and benefits
of the rib biopsy procedure, and alternatives to
this procedure including open biopsy and contin-
ued medical surveillance, should be discussed
with the patient (Ray-Coquard et al. 2003). The
patient will want to know what to expect during
and after the procedure, and this should be
explained to them. Additionally, let the patient
know that the post-procedure recovery instruc-
tions will be reviewed with them after the proce-
dure just prior to discharge.

Specific lesion

location Tangential direction
Medial Lateral

Lateral Downward

- Downward

- Downward

Medial Medial/downward
Lateral Lateral/downward

8.7.1.2 Staff Factors

Since a fair number of rib biopsies are performed
with fine needle aspiration techniques, it is important
to prearrange the procedure so that a pathologist or
cytotechnologist is present at the time of the proce-
dure, especially when sampling a rib lesion with an
extraosseous soft tissue component. Strict patient and
procedure verification protocols are adhered to. The
qualified and trained staff should be made aware that
a rib biopsy procedure will be performed and of the
intended side and location of the biopsy procedure.
The patient position should be determined before the
procedure; this helps the CT technologist program
the patient position correctly into the CT protocol,
such that the right and left side of the patient are cor-
rectly labeled on all acquired images. Careful patient
transport and positioning on to the procedure table
needs to be emphasized with the procedure team,
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Fig. 8.8 A 70-year-old male with a palpable chest wall
mass. Contrast-enhanced axial image (a) from chest CT
study shows an expansile left anterior fifth rib lesion with
anterior cortical breakthrough and a small extraosse-
ous soft tissue component. Fused axial image (b) from a
PET CT study shows avid FDG uptake within the lesion
(arrow). Scout frontal CT image (¢) with skin grid in
place shows the relative location of the left anterior sixth
rib (anterior ribs #1 through #5 are numbered). Axial
CT image (d) with skin grid in place shows the lateral
and downward trajectory (arrow) that can be used with
an anterior approach to an anterior rib lesion with the
patient in the supine position. Axial CT image (e) shows

use of a 22 gauge needle (arrow) used to administer local
anesthesia. Axial CT image (f) shows the insertion of
a 17 gauge introducer or guide needle (arrow) into the
margin of the lesion using a medial tangential approach.
Axial CT image (g) shows the coaxial insertion of an 18
gauge cutting needle (arrow) for soft tissue core biopsy
(curved arrow). Axial CT image (h) shows angulation
of the guide needle with entry of the core biopsy needle
(arrow) into the greatest span or diameter of the lesion;
this case demonstrates the value of a tangential approach
in this case for maximizing specimen yield. Six soft tis-
sue cores were obtained in this pathology-proven case of
chondrosarcoma
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Fig.8.8 (continued)

especially in patients who are already in severe pain
due to pathologic rib fractures. Monitoring equip-
ment can be expeditiously placed on the patient so
that they can be given intravenous pain medication if
necessary. Remind the staff to place the electrocar-
diogram leads away from the biopsy area in order to
maintain a sterile field and to avoid distracting CT
image artifacts during the biopsy procedure.

8.7.1.3 Anesthesia

Rib biopsies can be performed with a local anesthetic
agent only, with intravenous sedation and analgesia,
or with intravenous or general anesthesia. Consultation
with an anesthesiologist is necessary and helpful
when using deeper forms of sedation. The level of
anesthesia will be primarily driven by the patient and
their medical condition. The patient is actively moni-
tored throughout the procedure with respect to vital
signs, oxygen saturation, and comfort level.

8.7.2 Patient Preparation

After the patient is positioned, a time-out protocol
should be exercised with the staff and the patient
prior to initiating the procedure. This will decrease
the likelihood of right-left confusion that some-
times occurs when patients are placed in positions
other than the supine position. It confirms with all
present in the procedure suite that the skin grid is
being placed on the correct side of the body. After

placement of the skin grid, a preliminary axial CT
study is obtained through the area of interest. The
image data set is usually acquired with bone win-
dow algorithm, but this is up to the operator’s dis-
cretion based upon the type of lesion that is being
biopsied. For example, the operator may choose
to use soft tissue algorithm for a large invasive
pleural-parenchymal process. It is best to perform
the procedure without specific patient breathing
instructions; in other words, the procedure should
be performed with the patient breathing quietly.
Once the images are reviewed and the approach
and trajectory determined, the skin entry site is
marked using the skin grid. The grid is removed
and the skin is prepped and draped. The patient
can start to receive intravenous sedation and/or
analgesia as necessary.

8.7.3 Technique

8.7.3.1 CT Guidance

There are two types of rib lesions that tend
to present for biopsy: (1) expansile rib
lesions with cortical erosion or destruction
and an associated soft tissue mass and (2)
focal rib lesions with rib cortex intact.
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Fig. 8.9 An 81-year-old male with a lung lesion and
anterior eighth rib lesion on chest CT. Axial CT image (a)
with skin grid in place shows small mixed sclerotic lesion
(arrow) within the anterior rib. Axial CT image (b) shows
use of a 22 gauge needle (arrow) to administer a local

anesthetic agent. Axial CT image (c¢) shows coaxial inser-
tion of a 12 gauge bone biopsy needle, with a downward
trajectory (arrow) into the lesion. Only one bone core was
obtained, but this showed the presence of poorly differen-
tiated carcinoma from a primary lung tumor
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Fig. 8.11 A 34-year-old male with upper back pain.
Axial CT image from a rib biopsy procedure, with the
patient in the prone position, shows coaxial placement of
a guide needle (arrow) at the notch between the transverse
process and rib; this is a posterior approach with a medial
trajectory for this medial lesion. A trephine bone biopsy
needle is advanced into this expansile lytic lesion within
the rib head and neck that contains small calcific foci
(curved arrow). The pathologic diagnosis was
chondrosarcoma

Coaxial technique is used with active imaging
surveillance for all needle exchanges, place-
ments, and advancements (Table 8.6) (Geremia
et al. 1992). The skin entry site should be ade-
quately anesthetized. Additionally, deeper admin-
istration of the anesthetic agent should be
performed with imaging guidance down to the
level of the lesion or rib margin. In some patients,
this may be all that is necessary in order to main-
tain patient comfort for the biopsy procedure,
especially if sampling a large soft tissue rib
lesion. A guide needle, anywhere from 10 to 19
gauge size depending upon the lesion that is to be

<

sampled, is advanced under imaging guidance to
the margin of the lesion or rib, using a tangential
needle orientation, whenever possible. The oper-
ator may elect to use a perpendicular needle ori-
entation for a large expansile rib lesion with a
large soft tissue component or for a pulmonary or
pleural neoplasm that directly invades the rib.
There are two types of rib lesions that tend to
present for biopsy: (1) expansile rib lesions with
cortical erosion or destruction and an associated
soft tissue mass and (2) focal rib lesions with cor-
tical bone intact.

For expansile rib lesions, the guide needle is
advanced to the margin of the lesion. If there is a
discrete soft tissue mass, then a fine needle aspi-
ration (FNA) can be performed in an attempt to
obtain cellular tissue. Several FNA passes can be
made based upon the size of the lesion, the vol-
ume of the soft tissue abnormality, and the loca-
tion of the needle tip relative to the critical
structures. The FNA needle can then be
exchanged for a soft tissue core biopsy needle.
The cutting needle can be advanced into the
lesion with imaging guidance. The biopsy cham-
ber of the needle is exposed within the lesion.
This may require 1 or 2 cm of exposure of the
biopsy chamber within the lesion; the tip of the
needle should be monitored as the biopsy cham-
ber is exposed within the lesion. The cutting nee-
dle is used to obtain soft tissue cores, three or
more if possible, from the lesion. The guide nee-
dle can be angled slightly to allow the cutting
needle to access additional biopsy tracts within
the lesion. The reason for attempting to obtain as
much tissue as possible is to improve the likeli-

<

Fig. 8.10 A 72-year-old male with a history of transi-
tional cell carcinoma of the bladder. Frontal projection (a)
from a bone scan shows multiple foci of radionuclide
uptake with the left ribs (small arrows) and the right rib
(large arrow). Axial CT image (b) with a skin grid in
place shows a lytic lesion within the right lateral rib com-
partment as well as an anterior approach with a downward
needle trajectory (arrow) to the lesion. Axial CT image
(¢) shows the dual use of a 20 gauge guide needle to first
administer a local anesthetic agent adjacent to the lesion
(curved arrow) and then to serve as a guide wire (after
removal of the hub (small arrow)). Axial CT image (d)

shows coaxial advancement of a 12 gauge guide cannula
and introducer (curved arrow) over the 20 gauge, now
hub-less, guide needle (arrow). Axial CT image (e) shows
coaxial insertion of a trephine bone biopsy needle (arrow)
through the guide cannula and into the lesion. Axial CT
image (f) shows exchange of the bone biopsy needle,
which was used to obtain a bone core and obtain access to
the medullary cavity of the rib, for a soft tissue cutting
needle (arrow). Axial CT image (g) shows placement of
the cutting chamber of the needle (arrow) within the
lesion. The pathology showed poorly differentiated carci-
noma of urothelial origin
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Fig. 8.12 A 66-year-old male with a history of multiple
myeloma and new posterior left T6 rib lesion. Axial CT
image (a) shows placement of a guide needle (arrow) at the
margin of a large lytic soft tissue mass within the head of
the rib. A medial trajectory is used for this posterior
approach. Axial CT image (b) shows chamber of cutting

hood of a diagnostic biopsy (Puri et al. 2006; Wu
et al. 2008).

For intramedullary rib lesions with intact sur-
rounding cortical bone, it is first necessary to
access the medullary cavity with the bone needle.
Either a bone needle is directly inserted into the
cortical bone and this cannula serves as a guide
cannula for other biopsy needles or a coaxial sys-
tem is used to gain entry by advancing a trephine
bone needle through a guide cannula (Geremia
et al. 1992). Once inside the medullary space of
the rib, it may be possible to perform an FNA,
depending on the lesion matrix, prior to sequen-
tial bone biopsies. FNA will probably not be suc-
cessful with sclerotic or mixed sclerotic rib
lesions, but may yield cellular tissue with lytic
rib lesions.

With the use of these biopsy approaches and
techniques as well as careful patient selection, it

needle (arrow) advanced into the soft tissue mass. Axial CT
image (c) shows exposure of the cutting chamber (arrow)
within the lesion. Axial CT image (d) shows use of different
biopsy trajectory within the lesion (arrow). A total of two
soft tissue cores were obtained, and the histopathology con-
firmed the presence of plasma cells and myeloma

is possible to optimize the diagnostic yield of the
procedure. In one series involving 51 patients
undergoing rib biopsy, the diagnostic yield was
88% with a diagnostic accuracy of 96%; the 12%
rate of nondiagnostic biopsies occurred in rib
lesions with no extraosseous component, and
these lesions were subsequently demonstrated to
be benign (Jakanani and Saifuddin 2013). There
were no complications reported in this series of
patients. In a smaller series with 11 patients, 10
of the 11 rib biopsies were diagnostic, and an
open biopsy was subsequently required in one
patient (Hardy et al. 1987). There were no com-
plications in this small group of patients. There
are other studies in the literature that include rib
biopsies as part of their data on the diagnostic
efficacy of musculoskeletal biopsies. One such
study included 63 rib lesions within a large series
of 800 CT-guided biopsies (Hwang et al. 2011).



8.8 Post-procedure Care

199

Fig.8.13 A 34-year-old female with diabetes insipidus,
an infiltrative hypothalamic lesion, and a posterior right
rib lesion. Axial CT image (a) with a skin grid in place
shows a posterior approach and medial trajectory (arrow)
for a slightly expansile right posterior rib lesion; defor-
mity of the posterior rib is noted. Axial CT image (b)
shows the placement of a guide needle at the margin of the

The biopsies were diagnostic in 69% and indeter-
minate in 31% of the overall group of patients.
Subsequent clinical follow-up in the indetermi-
nate biopsies showed an eventual diagnosis of
malignancy in 39% of this subgroup of cases.
Another CT-guided needle biopsy study included
20 cases that were labeled as rib/scapula; the
authors gave an overall diagnostic accuracy rate
of 90% for the 207 musculoskeletal lesions that
were biopsied and reported no complications
(Tsukushi et al. 2010).

8.8  Post-procedure Care

In many ways, the post-procedure care for a rib
biopsy patient in terms of recovery and pain
management is similar to that of a spine biopsy
patient with a couple of exceptions. First, given

lesion (arrow). Axial CT image (c) shows coaxial place-
ment of a trephine bone biopsy needle into the lesion. The
biopsy showed nonspecific woven bone with remodeling
and mild marrow fibrosis. The patient was lost to follow-
up; the working differential diagnosis prior to the biopsy
included Langerhans cell histiocytosis and sarcoid

the concern for the possibility of a pneumotho-
rax, a heightened clinical awareness and possi-
ble imaging surveillance may be required.
Vigilance with respect to respiratory parame-
ters, including respiratory rate, oxygen satura-
tion, or new or increased pain with breathing
must be exercised by the recovery room staff
(Table 8.7). If there is a clinical concern for a
possible breach of the pleural surface at the time
of the biopsy, it is possible to obtain a limited
CT scan of the chest to determine if there is a
small pneumothorax (Fig. 8.14). If there is a
pneumothorax, the subsequent clinical manage-
ment depends on the size and behavior of the
pneumothorax. A small pneumothorax can be
followed, usually with a chest radiograph at 1 h
post-procedure. If the pneumothorax is small
and has not increased and the patient is stable,
then the patient can be discharged with specific
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Fig. 8.14 A 53-year-old male with multiple pulmonary
nodules and a rib lesion seen on a chest CT. Axial CT
image (a) with a skin grid in place, and patient in prone
position, shows a large expansile soft tissue mass within
the left posterior ninth rib (arrow). Note the pulmonary
mass (curved arrow). Since this lesion is located within
the lateral aspect of the posterior rib, a lateral and down-
ward needle trajectory is used to sample the lesion with
this posterior approach (arrow). Axial CT image (b)
shows placement of a 19-gauge guide needle at the margin

of the lesion (arrow). Axial CT image (c) shows reposi-
tioning of the guide needle within the lesion (arrow).
Axial CT image (d) with a lung window, performed due to
patient complaints of sudden pain, shows no evidence of
pneumothorax. A chest radiograph (e) was performed one
hour after the rib biopsy procedure and shows no evidence
of pneumothorax; the left rib lesion (curved arrow) is also
seen. Four soft tissue cores were obtained; the histopa-
thology showed small cell lung carcinoma
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Table 8.6 CT-guided rib biopsy technique
Anesthetize the skin entry site up to the margin of the
lesion or rib

Place the guide needle using its stylet or use coaxial
technique

1. Advance guide needle to the margin of the soft tissue
lesion

Perform FNA if possible

Perform soft tissue core biopsy

Or

2. Advance guide needle to the margin of the rib
Access rib with bone needle

Perform FNA of medullary compartment if possible
Perform bone biopsy

Table 8.7 Post-procedure care orders
1. Status post (anterior, lateral, or posterior ) (right or
left) rib biopsy (circle correct site and side)
. Recover patient X 2 h
. Bedrest x 2 h; may elevate head of bed as tolerated
. Vital signs every 15 min until discharge

wn A W N

. Continuous electrocardiogram and pulse oximetry
monitoring

6. Check biopsy site for signs of active bleeding, or
increasing swelling, with vital signs

7. Notify the doctor immediately for bleeding or
swelling at the biopsy site, for increased patient
pain, or for patient respiratory distress

8. Encourage oral intake of fluids

9. Patient may eat when recovered from anesthesia or
sedation

10. Discontinue intravenous line prior to patient
discharge

11. [Portable frontal chest radiograph 1 h after
procedure] (optional order as per operator)

12. Optional pain medication orders as per operator

instructions to return immediately to the hospi-
tal if they experience respiratory distress. The
presence of an enlarging pneumothorax will
require the placement of a chest tube and admis-
sion of the patient for continued observation and
care. The second difference between rib biopsy
and spine biopsy patients with respect to post-
procedure care is that the patients who have had
anterior or lateral compartment rib biopsies do
not have the secondary benefit of a “tamponade
effect” that comes with lying down on their
biopsy site after the procedure. Therefore, extra
attention to the immediate post-biopsy hand

compression and wound surveillance for signs
and symptoms of bleeding or hematoma forma-
tion is highly recommended.

Key Review Points

1. Critical anatomic structures to be aware
of during an image-guided percutaneous
rib biopsy include the lungs and the
intercostal arteries.

2. A frequent indication for performing a
rib biopsy is to assess the etiology of a
rib lesion.

3. The approaches for rib biopsy are either
anterior or posterior, and these are deter-
mined by the location of the lesion
within a specific rib compartment.

4. The use of coaxial technique with rib
biopsies facilitates procedure efficiency
and safety.

5. Major determinants of specimen yield
in rib biopsy procedures include lesion
location relative to critical structures,
lesion size, and lesion type (lytic, scle-
rotic, or mixed).
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Biopsy for Spine Infection

Michael K. Brooks, Yuri Peterkin,

and A. Orlando Ortiz

Learning

1. To review the clinical evaluation of sus-
pected spine infection

2. To learn the role of image-guided percu-
taneous spine biopsy during clinical
management

3. To introduce specific biopsy tech-
niques and tools for the proper perfor-
mance of image-guided percutaneous
spine biopsy

9.1 Introduction

The timely diagnosis and management of
patients with spine infection are crucial as
delays in diagnosis can cause neurologic
impairment and mortality. Infectious spondyli-
tis, or spine infection, is defined as infection of
one or more spine structures. The structure or
structures of the spine that might become
infected include the intervertebral disk, the
vertebral body including the vertebral end-
plate, the posterior elements including the
facet joint, the epidural space with possible
extension to the subarachnoid space, the spinal
cord, and the paraspinal soft tissues (Fig. 9.1).

© Springer International Publishing Switzerland 2017

Infection of one or more of
the spine compartments

Infectious spondylitis

Diskitis Infection confined to the
intervertebral disk

Osteomyelitis Infection confined to the bone
(vertebral body)

Spondylodiskitis Infection of the disk and

adjacent vertebral bodies
Septic arthritis
Epidural abscess

Infection within a facet joint

Epidural space infection with

focal purulent collection
Meningitis Infection involving the
meninges

Although a relatively less common clinical
entity, spine infections are increasing in inci-
dence. Recent studies have reported an estimated
increase in the incidence of spine infection from
5.3/100,000 population per year in 2007 to
7.4/100,000 population per year in 2010 (Akiyama
et al. 2013). While an improved accuracy in diag-
nostic capabilities is hypothesized as an etiology
for the increased incidence of spine infection, iat-
rogenic causes also play a significant role. Up to
one-third of new cases of vertebral osteomyelitis
are healthcare related, and one-third of those
cases are secondary to catheter-related infections
(Pigrau et al. 2015). Spine surgery is a major risk
factor for spine infection (Fig. 9.2). Despite
pre-procedure antibiotic prophylaxis, improved

203

A.O. Ortiz, Image-Guided Percutaneous Spine Biopsy, DOI 10.1007/978-3-319-43326-4_9



204

9 Biopsy for Spine Infection

Fig. 9.1 Spectrum of spine infection. (a) Deep paraspinal
muscle infection in an 84-year-old with low back pain and
elevated ESR (90) and CRP (200) as shown on fat-suppressed
contrast-enhanced T1-weighted axial image. A 56-year-old
male with low back pain and fever due to septic left lumbar
facet joint (large arrow) with edema in adjacent erector spi-
nae and multifidus muscles (small arrow) as shown on
T2-weighted axial image (b), fat-suppressed contrast-
enhanced T1-weighted axial image (c), and axial CT image
in bone window algorithm (d). Note the juxta-articular ero-
sion within the infected joint (arrow in d). In this 76-year-old
female with low back pain and fever, the indium-111 white
blood cell study is normal (e), but the T1 sagittal image (f)

shows intermediate signal soft tissue (arrow) posterior to the
LS5 vertebral body and low signal (curved arrow) within the
sacral promontory, within hyperintense signal seen within
these areas on the T2 sagittal image (g). The fat-suppressed
contrast-enhanced T1-weighted sagittal image (h) shows a
peripherally enhancing abscess (large arrow) and focal end-
plate enhancement (small arrows) as well as subtle lepto-
meningeal enhancement (curved arrows); the epidural
abscess (large arrow) is again seen on the fat-suppressed
contrast-enhanced T1-weighted axial image (i) as is the lep-
tomeningeal enhancement (curved arrow) consistent with
meningitis; deep soft tissue enhancement (small arrow) is
also noted
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Fig.9.2 (continued)

surgical techniques, and postoperative care, post-
procedural diskitis represents up to 30% of all
cases of pyogenic spondylodiskitis (Jiminez-
Mejias et al. 1999). Other factors that might
account for the increased incidence of spine infec-
tion include the increasing age of the overall pop-
ulation, advancements in medicine leading to an
increased life expectancy of patients with chronic
diseases, and the increased prevalence of patients

<

on immunosuppressive medications (Bhavan
et al. 2010; Duarte and Vaccaro 2013; Kim et al.
2015; Pigrau et al. 2015).

9.2  Efficacy of Image-Guided

Spine Biopsy for Infection

Image-guided percutaneous spine biopsy is a safe
and effective procedure with a reported overall
accuracy ranging from 88 to 95% (Gupta et al.
2002; Heyer et al. 2008; Rimondi et al. 2008;
Tehranzadeh et al. 2007). Although, theoretically,
an adequate sample is often obtained with biopsies
in patients with suspected spine infection, there is
an associated lower overall success rate in identify-
ing the causative organism (Table 9.1). The accu-
racy for image-guided percutaneous disk space
biopsy, in patients with surgically proven spondyl-
odiskitis, has been reported to be as low as 36-57%
(Kim et al. 2012; Kim et al. 2015; Marschall et al.
2011; Michel et al. 2006). A negative spine biopsy
for spine infection is operationally defined as no
evidence of microbial agent growth or identifica-
tion in the submitted specimen(s) and no histopath-
ologic evidence of diskitis or osteomyelitis in the
submitted specimen(s).

Operational definition of a negative biopsy

for spine infection:

1. No evidence of microbial identification
or growth in the submitted specimen(s)

2. No evidence of disk or vertebral end-
plate inflammatory change in the sub-
mitted specimens

<

Fig. 9.2 A 40-year-old male with difficulty swallowing
after attempted cervical disk procedure. Lateral radio-
graph (a) of the neck shows extensive prevertebral soft
tissue swelling (arrow) with slightly hypointense signal
intensity (arrow) on the T1-weighted sagittal image (b)
and hyperintensity (arrow) on the T2-weighted sagittal
image (c). The fat-suppressed axial image (d) shows mass

effect (large arrow) upon the hypopharynx at C4-C5 with
a disk herniation that impinges upon the spinal cord (small
arrow). The fat-suppressed contrast-enhanced
T1-weighted sagittal image (e) shows a heterogeneously
enhancing (arrows) retropharyngeal fluid collection
which was emergently drained and shown to be an
infected hematoma
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Table 9.1 Reasons for a negative biopsy result in patients with suspected spine infection

1. Patient
Patient is on concurrent antibiotic therapy

Incomplete patient work-up in imaging study that mimics spine infection

Incomplete imaging work-up and analysis prior to performing the biopsy procedure

2. Procedure
Unable to access the site of infection
Wrong level or wrong side is biopsied
Presence of transitional vertebra

Abnormality on MRI not well visualized with imaging guidance

Use of instruments that fail to collect an adequate amount of tissue and fluid

3. Specimen
Improper specimen handling
Insufficient specimen

Specimen not sent for both microbiologic and pathologic analysis

The length of pre-biopsy antibiotic therapy is
inversely related to the likelihood of identifying a
causative organism and is the most common rea-
son for a false negative biopsy result (Enoch et al.
2008; Kim et al. 2012; Kim et al. 2015; Marschall
et al. 2011; Mazzie et al. 2014; Wu et al. 2007).
Ideally, a biopsy should be performed before the
initiation of antibiotic therapy in order to maxi-
mize the probability of obtaining a positive cul-
ture result. Alternatively, if the clinical
circumstances dictate, then the biopsy should be
performed within 48 h of antibiotic administra-
tion. A patient who has been placed on antibiotic
therapy for a period of time longer than this
should have their antibiotic regimen stopped for a
minimum of 2 days prior to attempting a biopsy
procedure. Other common causes of a false nega-
tive biopsy in patients with suspected spine infec-
tion include insufficient specimen, improper
specimen handling and processing, and obtaining
disk material without adjacent subchondral bone
(Michel et al. 2006). A repeat spine biopsy in
patients with a negative first biopsy and negative
blood cultures may yield a positive culture result,
and this option, in the appropriate clinical setting,
might be considered in patients who are not on
antibiotic therapy (Terreaux et al. 2016).

The length of pre-biopsy antibiotic therapy is
inversely related to the likelihood of identify-
ing a causative organism and is the most com-
mon reason for a false negative biopsy result.

9.3  Spine Infection: Mechanisms

of Spread

Understanding the pathophysiologic basis of spine
infection is integral to perform image-guided per-
cutaneous spine biopsy in patients with suspected
spine infection. There are three possible routes of
spread that may result in spine infection: (1) hema-
togenous spread, (2) direct inoculation, and (3)
contiguous spread from adjacent structures.
Hematogenous spread from a distant site, fre-
quently the genitourinary tract or skin, is the most
common cause of spine infection (Bhavan et al.
2010; Diehn 2012; Govender 2005). In adults,
hematogenous seeding of vertebral body infection
occurs at the level of the end-arterioles adjacent to
the subchondral endplates. End-vessel occlusion
results in ischemic and necrotic bone; the forma-
tion of a bony sequestrum in turn serves as a nidus
for progression of infection. Pyogenic infection
subsequently spreads from the infected vertebral
endplate into the adjacent intervertebral disk
(Bhavan et al. 2010; Duarte and Vaccaro 2013;
Govender 2005; Jimenez-Mejias et al. 1999). In
children, the end-arterioles extend into the inter-
vertebral disk; hence, spine infections in children
originate within the disk proper. In adults, there-
fore, in the setting of suspected vertebral osteomy-
elitis, disk aspiration and core needle biopsy of the
subjacent subchondral vertebral body endplate
should both be attempted (Mazzie et al. 2014;
Michel et al. 2006). Direct inoculation is frequently
due to an iatrogenic etiology. It occurs secondary
to spine instrumentation, including spine surgery,
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lumbar puncture, and percutaneous epidural or
facet joint injections. A penetrating injury into or
near the spine may also result in direct inoculation.
Contiguous spread from an adjacent focus of infec-
tion is the least common of the three mechanisms
responsible for spine infection. Skin infection
(including decubitus ulcers), pulmonary infection,
and kidney infection are examples of conditions
that can be associated with direct contiguous
spread to the adjacent segment of the spine.

9.4  (Clinical Presentation

The clinical presentation depends upon two
major factors, the virulence of the infectious
agent and host resistance factors (Table 9.2).
Potential infectious agents include bacterial,
mycobacterial, fungal, or parasitic organisms
depending on the clinical scenario. Clinically,
spine infections are generally challenging to
diagnose as patients may present with subtle
and non-specific symptoms, which range in acu-
ity. Therefore, a significant delay in clinical
diagnosis may occur. A strong clinical suspicion
of spine infection should be supported by cor-
relation with pertinent imaging studies and lab-
oratory analysis. On initial presentation, the
most common reported symptom is unremitting
back pain, which worsens at night and does not
dissipate with rest. The lumbar spine is the spi-
nal segment that is most frequently involved.
Fever is an unreliable sign of spine infection as
up to 54% of patients are afebrile at initial pre-
sentation (Bhavan et al. 2010). Neurologic defi-
cits including lower extremity weakness,
radiculopathy, and urinary incontinence have
been reported in up to one-third of patients and
are often associated with delays in diagnosis
(Duarte and Vaccaro 2013). Spine infections are
more common in males, and the incidence
increases with age, most commonly affecting
adults who are 50 years of age or older.
Predisposing risk factors include intravenous
drug abuse, chronic disease such as renal failure
or diabetes, previous spinal surgery, or HIV
infection or other immunocompromised state
(Bhavan et al. 2010; Diehn 2012; Duarte and
Vaccaro 2013; Govender 2005).

Table 9.2 Risk factors for spine infection

. Age greater than 50 years

. Intravenous drug use

. Pre-existing source of infection

. Diabetes

. HIV infection or other immunocompromised state
. Previous spine surgery

. Chronic steroid use

0 N Lt AW N~

. Chronic medical condition (renal failure, cirrhosis)

A key initial step in diagnosing spine infec-
tion is to suspect it!

9.5 Laboratory Findings

There are several serum laboratory markers,
which may be helpful in diagnosing and manag-
ing spine infection. The erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP) are
inflammatory markers that are commonly
elevated at initial presentation. ESR is a sensitive
but non-specific measure of inflammation. It is
the rate at which red blood cells layer, or sedi-
ment, in 1 h (Singh 2014). ESR directly corre-
lates with the amount of fibrinogen in the blood,
increasing with any condition that elevates
fibrinogen. Other causes of an increased ESR
include pregnancy, anemia, autoimmune disor-
ders, multiple myeloma, and lymphoma. CRP is
an acute phase protein of hepatic origin, which
rises in response to the release of interleukin-6
by macrophages and T-cells (Go et al. 2012;
Singh 2014). Infections and inflammatory dis-
eases are common causes of an increase in serum
CRP levels (Heyer et al. 2012). Pregnancy,
obstructive sleep apnea, and malignancy can also
cause an elevated CRP. Typically in spine infec-
tion, both ESR and CRP are elevated at initial
presentation. However, bone pathology, specifi-
cally in diabetics, is reported as a common factor
in causing an elevated ESR with a normal CRP
level (Singh 2014). ESR is the most useful
marker of inflammation, with elevation reported
in 70-100% of infections at presentation (Go
et al. 2012). Inflammatory markers are often fol-
lowed to assess the patient’s response to treat-
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ment. Serum CRP returns to normal with
treatment faster than ESR and is therefore a bet-
ter marker for therapeutic response in patients
with infection (Brigden 1999; Duarte and
Vaccaro 2013; Singh 2014). The white blood cell
count (WBC) is the least useful of the inflamma-
tory markers due to its low sensitivity. In a large
2-year retrospective cohort study, 40% of patients
who presented with or developed hematogenous
vertebral osteomyelitis had a normal initial WBC
(Bhavan et al. 2010). Positive blood cultures may
be seen in approximately 24% of patients with
suspected spine infection and may assist in iden-
tifying the offending microorganism and guiding
subsequent treatment. In specific situations,
when a coagulase-positive Staphylococcus infec-
tion is suspected, the use of counterimmunoelec-
trophoresis to detect serum anti-teichoic acid
antibodies may be helpful in confirming the pres-
ence of staphylococcal infectious spondylitis
(Dhale et al. 2003). Ribitol teichoic acid, found
within the cell wall of Staphylococcus aureus
species, is antigenic and a high serum titer (> 4)
of anti-teichoic acid antibodies which may be
detected in patients with staphylococcal spine
infection.

9.6 Imaging

Due to the insidious and non-specific clinical
presentation of infectious spondylitis, radiolo-
gists have an integral role in facilitating this diag-
nosis. Radiographs are often the initial imaging
examination performed; however, plain films
have an extremely low sensitivity for detection of
early infection and may remain normal for

several weeks (Diehn 2012; Govender 2005).
Despite the low sensitivity for acute spine infec-
tion, radiographs often demonstrate findings of
spine infection due to the delayed presentation
that is associated with this condition. Loss of cor-
tical definition with irregularity of the vertebral
endplate is the earliest radiographic finding in
spondylodiskitis (Diehn 2012; Go et al. 2012;
Govender 2005). Radiographic detection of bone
loss requires a 30-40% loss of the bony matrix
typically occurring 2 weeks after initial symp-
toms (Go et al. 2012). Prevertebral or paraspinal
soft tissue swelling, fullness, or bulging with loss
of fat planes can also be identified on radiographs
in early cases of spine infection (Diehn 2012; Go
et al. 2012; Govender 2005). As the infection
progresses, there is subsequent involvement of
the intervertebral disk space, with loss of disk
height and erosive changes of the vertebral end-
plates (Fig. 9.3). Radiographic findings of chronic
infection include sclerosis of the vertebral end-
plates with variable collapse of the infected ver-
tebral body, obliteration, and fusion across the
affected disk space, leading to spinal deformities
such as kyphosis and/or scoliosis (Diehn 2012;
Go et al. 2012). In chronic spine infection, espe-
cially tuberculous spondylitis, calcification may
be observed within the paraspinal soft tissues or
within the epidural space.

Computed tomography (CT) has a higher sen-
sitivity than plain radiography for the detection
of early bony changes in spine infection due to
the increased anatomic resolution. CT findings of
spine infection are similar to those seen on radio-
graphs; however, subtle endplate irregularity and
erosions are better depicted (Fig. 9.4). Loss of the
normal architecture of the trabecular bone is one

»

Fig.9.3 An 11-year-old male with S. aureus proven sep-
tic spondylodiskitis. Lateral radiograph (a) of the lumbar
spine shows L5-S1 disk space narrowing (arrow) with
vertebral endplate erosions and subchondral sclerosis.
Reformatted sagittal CT image (b) in bone window algo-
rithm shows irregularity, sclerosis, and erosion of the sub-
chondral bone (arrow) along the L5-S1 endplates. Sagittal
T1-weighted image (c¢) shows obliteration of the disk
space with loss of the cortical margins (arrow), while the
sagittal T2-weighted image (d) shows hyperintense T2

signal within the disk space, as well as extensive vertebral
bone marrow edema (arrow). Sagittal (e) and axial (f)
T1-weighted fat-suppressed contrast-enhanced images
show intradiskal enhancement with intradiskal abscess
(arrows). Axial CT image acquired during biopsy at the
level of the L5-S1 disk space (g) shows coaxial advance-
ment of the biopsy needle through the guiding cannula
(arrow) via a right S1 transpedicular approach utilizing
cranial angulation through the pedicle (P) for successful
sampling of the vertebral endplate and the adjacent disk
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Fig.9.3 (continued)

of the early CT findings of pyogenic vertebral
osteomyelitis, which is rarely appreciated on
radiographs (Go et al. 2012). CT is commonly
utilized in patients with contraindications to
magnetic resonance imaging (MRI) and for dif-
ferentiating mimickers of spondylodiskitis, such
as reactive vertebral endplate changes. CT is use-
ful for the depiction of the spread of infection and
helps to characterize prevertebral and paraspinal
soft tissue involvement. Mass effect from infected
paraspinal collections can compromise the neural
foramen and may cause nerve root impingement.
Posterior extension of infection can involve the
epidural space and, in the cervical or thoracic
spine, may result in spinal cord compression. In
patients that cannot undergo an MRI examina-
tion, this study may need to be performed with an
intravenous contrast agent or, less commonly,
with an intrathecal contrast agent.

Magnetic resonance imaging is the study of
choice for diagnosing spine infection, with a
reported sensitivity of 96%, specificity of 92%,
and accuracy of 94%. Endplate irregularity, with
loss of cortical definition, and erosions are com-
mon and may later progress to vertebral body
destruction. The earliest MRI finding in spine
infection is altered bone marrow signal mani-
fested as hypointense T1- and hyperintense
T2-weighted signal with contrast enhancement,
most prominent along the vertebral endplates

(Fig. 9.4). Involvement of the adjacent intervertebral
disk space may manifest with loss of interverte-
bral disk height, alteration of normal disk mor-
phology including loss of the intranuclear cleft,
focal T2 hyperintensity, and variable contrast
enhancement patterns (Fig. 9.5). Infection may
also spread posteriorly into the epidural space
and laterally into the paravertebral soft tissues.
Because of the initial involvement of the verte-
bral endplate, loss of the normal disk-endplate
margin may be a helpful sign in suspecting pos-
sible infection. Psoas musculature T2 hyperinten-
sity shows a high sensitivity and specificity (92%
at a 95% confidence interval) with a high positive
likelihood ratio for spondylodiskitis; this may be
a helpful imaging finding especially when an
unenhanced MRI study is performed and may
raise a concern for possible spine infection
(Ledbetter et al. 2016). A contrast-enhanced MRI
examination is the study of choice to evaluate a
patient with a suspected spine infection and/or
epidural abscess with possible spinal cord com-
pression (Fig. 9.6). Initially, irregular, thick para-
spinal, or epidural soft tissue enhancement is
seen compatible with phlegmon. Paraspinal
abscesses are readily identified on MRI as
T1-hypointense and T2-hyperintense fluid collec-
tions with peripheral enhancement. Spine infec-
tions however can have a variable appearance on
MRI, with atypical imaging characteristics and
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Fig.9.4 A 53-year-old male
with pathological analysis
showing acute inflammation
and purulent exudates and
culture-positive gram-positive
cocci in pairs. Reformatted
sagittal CT image (a) in bone
window algorithm shows
irregularity of the inferior
endplate of L4 with loss of
cortical bone (arrow) and
increased intervertebral disk
height anteriorly. Sagittal
T1-weighted image (b) also
shows loss of the normal
hypointense line along the
inferior endplate of L4
(arrow) as well as hypointense
T1 signal adjacent to the
vertebral endplates of L4 and
LS. Sagittal T2-weighted
image (c) shows
corresponding bone marrow
edema (arrows) and
hyperintense signal within the
disk (arrowhead). Sagittal
T1-weighted fat-suppressed
contrast-enhanced image (d)
shows prominent endplate
enhancement (arrows) and
focal epidural enhancement
(arrowhead). Axial CT image
(e) acquired during biopsy
shows the biopsy needle
(small arrow) advanced
coaxially through a guide
cannula (large arrow) via a
posterolateral paravertebral
approach directly into the
L4-L5 disk space
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Fig.9.4 (continued)

variable vertebral involvement with sparing of
the intervening disk spaces. MRI findings with
the reported highest sensitivity for the diagnosis
of spine infection are vertebral body
T1-hypointense signal, intervertebral disk space
T2-hyperintense signal, and disk space enhance-
ment (Diehn 2012) (Fig. 9.7). Epidural abscess
formation may be associated with spondylodiski-
tis or, depending on the etiology (e.g., a spinal
procedure), may be seen in isolation (Fig. 9.8).
MRI will show a heterogeneous T1-hypointense
and T2-hyperintense variable-length fluid collec-
tion within the epidural space that is associated
with prominent peripheral and epidural contrast
enhancement. It should be noted that, at the cervi-
cal and/or thoracic spine level, a patient’s myelo-
pathic presentation may be disproportionately
greater than the severity of spinal cord compres-
sion because the associated spinal cord ischemia
also reflects the presence of epidural venous
plexus vascular congestion. Untreated epidural
abscesses can progress rapidly and cause signifi-
cant morbidity and mortality. The detection of a
suspected epidural abscess should prompt imme-
diate spine surgical consultation for consider-
ation of emergent drainage and decompression of
the epidural abscess.

The MRI detection of a suspected spinal
epidural abscess should prompt immediate
spine surgical evaluation.

In patients with lumbar spondylosis and
advanced degenerative disk disease, diffusion-
weighted MR images (DWI) may distinguish
between reactive fibrovascular vertebral endplate
changes and spondylodiskitis (Patel et al. 2014).
With respect to reactive endplate change, DWI
will show a focal diffusion pattern referred to as
the “claw” sign, whereas in infection, a diffuse
DWI pattern or absent “claw” sign is noted. The
abnormal MRI findings that are seen with spine
infection may persist for a variable period of time
despite successful treatment of the spine
infection.

Nuclear medicine imaging can sometimes be
useful in diagnosing spine infection. The radio-
nuclide imaging method of choice is a combined
triple phase **"technicium-methylene diphospho-
nate bone and “gallium-citrate scan. This dual
radionuclide study has a high sensitivity and high
specificity for spine infection (Diehn 2012;
Duarte and Vaccaro 2013; Go et al. 2012; Mazzie
et al. 2014). Discordant or increased radionuclide
uptake on the gallium scan, in comparison to the
technetium bone scan, is the most common find-
ing in spondylodiskitis. Radionuclide imaging
for spine infection, however, is typically reserved
for certain clinical situations due to limited spa-
tial resolution, a long examination time, and the
greater availability and sensitivity of MRI (Fig.
9.9). The combined bone and gallium scan is
most useful in patients with contraindications for
MRI or with equivocal CT and MRI results.

9.7 Spine Infection in the
Immunocompromised

Patient

Due to a blunted immune response, the diagnosis
of spine infection is often further delayed in
immunocompromised patients. These patients
often do not manifest the typical signs and symp-
toms of spine infection and can even be asymp-
tomatic. The causative microorganisms also
differ in immunocompromised patients, who are
prone to atypical bacterial, fungal, and parasitic
infections. HIV/AIDS predisposes patients to
fungal infections due to neutrophil and leukocyte
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Fig. 9.5 MRI signs of early disk space infection.
T1-weighted sagittal image (a) shows loss of the hypoin-
tense lines (arrows) that correspond to the vertebral end-
plate; compare to the normal vertebral endplate at the
level above (curved arrow). T2-weighted sagittal image

again shows vertebral endplate irregularity/erosion
(arrow) and loss of the normal intranuclear cleft (curved
arrow). Contrast-enhanced T1-weighted sagittal image
(¢) shows prominent marrow enhancement and ring
enhancement surrounding an intradiskal abscess (arrow)
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Fig. 9.6 Chronology of a case of spine infection. Lateral
radiograph of the lumbar spine (a) in a patient with acute
low back pain is normal. T1-weighted sagittal image (b)
obtained on the same day shows hypointense endplate signal
(arrow) which was attributed to degenerative endplate
change at L5-S1; note the subtle cortical erosion of the end-
plate (curved arrow). The T2 sagittal image (c) shows reac-
tive endplate edema (large arrow), loss of the intranuclear
cleft (small arrow), and thick hyperintense signal (curved
arrow) adjacent to the posterior annulus. Three weeks later,
a repeat MR examination shows further loss of the normal
T1 hypointense endplate signal (d) as compared to the level
above (curved arrow) and prominent marrow edema. The
T2-weighted sagittal image (e) shows progression of
intradiskal signal increase (arrow) with contrast enhance-

5

ment confined to the endplates and adjacent marrow as
shown on the fat-suppressed contrast-enhanced T1-weighted
image (f). The findings were attributed to degenerative disk
disease with reactive endplate change at L5-S1, and conser-
vative medical management was continued. The patient’s
back pain symptoms persisted, and lateral radiograph (g)
obtained 10 weeks after the initial onset of the patient’s
symptoms shows complete loss of the cortical endplates at
L5-S1 (arrows); compare to the normal level above (curved
arrow). A third MRI study obtained 12 weeks from the onset
of symptoms now shows extensive marrow edema and disk
space height loss with disorganization and signal abnormal-
ity with extensive vertebral body and intradiskal enhance-
ment at L5-S1 as shown on the sagittal T1(h), T2 (i), and
fat-suppressed contrast-enhanced T1-weighted (j) images
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Fig.9.6 (continued)
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Fig. 9.7 A 65-year-old male with methicillin-resistant
Staphylococcus aureus (MRSA) proven T6-T7 septic
spondylodiskitis. Reformatted sagittal CT image in bone
window algorithm (a) shows irregularity of the T6 and T7
endplates with advanced erosion and destruction of the T6
vertebral body. Sagittal T1-weighted image (b) shows dif-
fuse hypointense signal (arrow) from T6 to T7 with loss

of the normal endplate cortical margins. Sagittal
T2-weighted image (c¢) shows hyperintense fluid signal

within the T6-T7 disk space and T6 vertebral body
(arrow). Sagittal T1-weighted fat-suppressed contrast-
enhanced image (d) shows peripheral enhancement
around the fluid collection (arrow) indicative of a large
intradiskal and vertebral body abscess. Axial CT images
(e, f) acquired during a spine biopsy show the biopsy nee-
dle (arrow) advanced between the right seventh rib (R)
and transverse process (7P) (a costotransverse approach),
in order to access the T6-T7 disk space
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Fig. 9.8 Epidural abscess in patient with severe neck
pain. T2-weighted sagittal image shows a small focal
hyperintense ventral epidural fluid collection at C5-C6
that is associated with mass effect upon the spinal cord

dysfunction (Govender 2005). Mycobacterium
tuberculosis is a particularly common cause of
spine infection in HIV-positive patients, reported
in up to 60% of identified pathogens (Duarte and
Vaccaro 2013). On imaging, involvement of the
vertebral pedicle, lamina, and spinous process is
uncommon for pyogenic infection and should
raise the suspicion for Mycobacterium tuberculo-
sis (Duarte and Vaccaro 2013). The duration of
treatment for tuberculous spondylodiskitis is also
longer with recommendations of at least
12 months, to prevent multidrug resistance in the
immunocompromised patient.

9.8 Spine Infection
in the Postoperative Spine

Patient

The diagnosis of spine infection in the postopera-
tive spine patient is a challenging situation that
requires correlation with the surgical procedure,
clinical presentation, laboratory, and imaging
findings. Clinically, the signs and symptoms of
pain and elevated temperature are unreliable and

may occur with the healing response in the post-
operative patient. A persistently elevated CRP for
greater than 2 weeks following spine surgery is an
early indication of postoperative infection
(Mazzie et al. 2014). Postsurgical change follow-
ing a spine intervention and developing infection
are difficult to differentiate on diagnostic imaging
examinations. For example, hyperintense T2 sig-
nal is seen within the intervertebral disk space and
subchondral endplates after diskectomy, with
varying contrast disk enhancement (Mazzie et al.
2014). Asymptomatic post-diskectomy patients
often have contrast-enhanced MR studies that
show focal enhancement at the diskectomy site,
linear enhancement within the intervertebral disk,
and, less often, vertebral endplate enhancement
(Ross et al. 1996). While initially these “normal”
postsurgical changes are confined to the surgical
tract and site, subsequent spread of signal change
and contrast enhancement beyond the surgical
bed, a so-called triad of vertebral bone marrow,
and intradiskal and posterior annulus fibrosis
enhancement may herald infection (Boden et al.
1992). Due to the overlap between expected
inflammatory changes and infection on diagnostic
imaging of the postoperative spine, image-guided
percutaneous biopsy is sometimes requested in
order to evaluate for possible postoperative spine
infection (Fig. 9.10). When identified either via
biopsy or blood culture, the most common patho-
gens that are encountered for postoperative spine
infections are Staphylococcus species.
Postoperative spine paraspinal fluid collections
are common and may be incidental or require fur-
ther intervention, based upon the patient’s clini-
cal presentation (Fig. 9.11). These paraspinal
fluid collections can be classified as seromas,
hematomas, pseudomeningoceles, or abscesses.
Differentiating a non-infected fluid collection
from an infected collection may be difficult but
is critical for appropriate patient care. Paraspinal
seromas are collections of lymphatic-type fluid,
which may be encapsulated. Seromas follow the
imaging characteristics of fluid on CT and MR,
however, a small hematocrit level may be evident
(Jain et al. 2014). Encapsulated seromas may
demonstrate homogenous wall enhancement on
contrast-enhanced MRI. Treatment options range
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Fig.9.9 An 85-year-old male with intermittent low back
pain and abnormal gait. Static posterior image from bone
scan (a) shows asymmetric focal radionuclide uptake
(arrow) within the upper lumbar spine; this was attributed
to osteoarthritis. Multiple static images from a negative
gallium scan (b). Frontal radiograph (c¢) of the lumbar
spine shows degenerative changes of the spine; there is
focal erosive change on the right at L1-L2 (arrow).
T1-weighted sagittal image (d) shows extensive hypoin-
tense signal extending from T12 to L2 (arrows) with loss
of the vertebral endplate margins. T2-weighted sagittal
image (e) shows patchy hyperintense signal in the same
distribution (arrows) and focal increased signal (curved
arrow) within the T12-L1 disk space. Fat-suppressed

LT POST CHEST RT 67-Galllum

contrast-enhanced T1-weighted axial image (f) shows
prominent patchy enhancement throughout the T12-L1
disk (small arrow), left peri-diskal soft tissue enhance-
ment (large arrow), and left peri-facet soft tissue enhance-
ment (curved arrow). Due to the relatively asymptomatic
nature of the patient’s clinical presentation, this was ini-
tially thought to be related to aggressive degenerative
changes of the spine, and the patient was referred for spine
injections. However, the MR imaging findings and their
location within the upper lumbar spine suggested the pos-
sibility of an indolent spine infection; the high degree of
radiologic suspicion prompted a consideration for an
image-guided percutaneous biopsy
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Fig.9.10 A 53-year-old female with fever and back pain
presenting for fluoroscopic-guided aspiration of the
L4-L5 disk space, previously noted to be abnormal on an
MRI study. The patient is status post extensive spinal

fusion for scoliosis 3 months prior to presentation.
Oblique and AP fluoroscopic images (a, b) of the lumbar
spine show a 13-gauge needle (arrow) advanced into the
L4-L5 disk using a left posterior oblique approach
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Fig.9.11 (continued)
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Fig.9.11 A 76-year-old male with low back pain follow-
ing a laminectomy and diskectomy for an L4-L5 extruded
disk herniation. T1-weighted sagittal image (a) shows a
laminectomy (curved arrow) and a posterior paraspinal
fluid collection (arrows). The collection (arrows) does not
enhance as shown on the contrast-enhanced T1 image (b)
and is well circumscribed and hyperintense (arrow) as
shown on the T2-weighted axial image (c¢). The patient’s
laboratory parameters (WBC, ESR, CRP) were all normal,

and he was afebrile; nevertheless, because of his pain symp-
toms, the surgeon requested an aspiration drainage proce-
dure. This was performed using strict aseptic technique and
with initiation of intravenous antibiotic prophylaxis at the
start of the procedure. Axial CT image in soft tissue algo-
rithm (d) with skin grid in place shows the hypodense fluid
collection (arrow) just superficial to the spinous process. A
coaxial system (e) with a small guide cannula (arrow) was
used to aspirate the collection — a seroma
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from conservative management to percutaneous
or surgical drainage depending on the nature and
extent of the patient’s symptoms. Hematomas are
uncommon in the postoperative spine patient,
occurring in less than 1% of cases (Jain et al.
2014). They are extravascular collections of
blood, which result from iatrogenic manipulation
and are found at or immediately adjacent to the
operative site. Hematomas have variable imaging
characteristics depending on the stage of hemor-
rhage. On CT, acute hemorrhage is hyperdense
and decreases in density as time progresses. Signal
changes on T1- and T2-weighted MR sequences
follow the evolution of blood products within the
collection. Because of their location within the
epidural space, epidural hematomas may cause
spinal cord compression and edema and require
immediate spine surgical consultation for pos-
sible evacuation. Pseudomeningoceles are col-
lections of cerebrospinal fluid (CSF) that extend
from the spinal canal into the adjacent paraspi-
nal soft tissues and are typically the result of a
breach of the dura mater. Pseudomeningoceles
follow the imaging characteristics of CSF on CT
and MRI and may also contain a small hemato-
crit level due to hemorrhage. Variable treatment
options are available and include observation
with monitoring, compression bandages, epidural
blood patch, percutaneous or surgical drainage,
or direct surgical repair of the dural defect. An
abscess is a focal collection of infected fluid.
Edema of the paraspinal soft tissues or epi-
dural space can be present and with contiguous
spread of infection may progress into an abscess.
Paraspinal and epidural abscesses can have a
variable imaging characteristics depending on
stage and water content. Classically, they appear
as a thick-walled fluid collection, which demon-
strates avid irregular wall enhancement following
the intravenous administration of contrast agent.
In many instances, it may be difficult to distin-
guish between an abscess, pseudomeningocele,
and seroma on diagnostic imaging examinations.
Positive blood cultures and persistently elevated
CRP are laboratory findings suggestive of infec-
tion. Ultimately, percutaneous or open surgical
drainage may be necessary for diagnostic evalu-
ation with therapeutic implications. Because it is

highly desirable to avoid superinfecting a ster-
ile fluid collection, image-guided percutaneous
aspiration procedures are best discussed with the
referring clinician in order to develop the appro-
priate treatment plan for the patient.

The diagnosis of spine infection in normal
patients, immunocompromised patients, or
postoperative spine patients requires a high
index of clinical suspicion and utilizes a
combination of clinical, laboratory, and
imaging findings.

9.8.1 Indications

The indication for performing image-guided per-
cutaneous spine biopsy is to diagnose or exclude
the presence of spine infection and, when spine
infection is indeed present, to identify the caus-
ative microorganism. Suspected spine infection is
the second most common indication for spine
biopsy, after suspected metastatic disease in a
patient with known primary malignancy
(Tehranzadeh et al. 2007). Spine infections are
typically mono-microbial with Staphylococcus
aureus accounting for the majority of cases.
Mycobacterium tuberculosis, Escherichia coli,
and Brucella are other common pathogens that
have been identified as a source of spine infection.
Despite a suspicious clinical picture, including
imaging findings that are consistent with spine
infection, a definitive causative organism can only
be obtained by microscopic analysis of an infected
specimen. The offending pathogen may be har-
vested from the infected spine segment or, less
commonly in the case of sepsis, from a positive
blood culture. Identifying the causative organism
is important as it can change patient management
by allowing clinicians to adjust the antibiotic treat-
ment regimen and tailor other treatments specific
to the patient’s condition (Rankine et al. 2004).
Image-guided percutaneous spine biopsy may be
considered in patients with suspected spine infec-
tion, based on the clinical presentation, laboratory
data, and imaging studies, when a microbiologic
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diagnosis for a known associated organism has not
been established by blood cultures or serologic
tests (Berbari et al. 2015; Garg et al. 2014).

9.8.2 Contraindications

Bleeding diathesis and uncorrected coagulopathy
(INR > 1.5 or platelets < 50,000/mm?) are the pri-
mary contraindications to performing image-
guided percutaneous biopsy in patients with
suspected spine infection. Discussion with the
referring physician and the patient is critical to
determine the appropriate actions in either tem-
porarily discontinuing or reversing anticoagulant
and antiplatelet medications prior to spine biopsy
procedures to reduce the risk of bleeding or
thromboembolic events (refer to the Chap. I Pre-
and Peri-procedural Planning and Patient
Management for Spine Biopsies). Informed con-
sent must also be obtained from the patient or an
appropriate designated individual prior to per-
forming image-guided biopsy.

9.9 Image Guidance and Biopsy

Techniques

Image-guided percutaneous sampling of vertebral
lesions and the intervertebral disk for suspected
infectious spondylitis is a safe procedure that
offers several advantages compared to open surgi-
cal biopsy (De Lucas et al. 2009). Percutaneous
image-guided spine biopsy procedures can be per-
formed efficiently and expeditiously within an
imaging suite and do not require an operating
room or an overnight hospital stay, therefore
resulting in overall lower healthcare costs.
Furthermore, image-guided spine biopsy proce-
dures do not require general endotracheal anesthe-
sia and have a lower risk of procedure-related
infection or bleeding resulting in lower morbidity
and complication rates as compared to open
biopsy. The option for an image guidance modality
is ultimately determined by the preference of the
operator and equipment availability. Although the
use of ultrasonography and magnetic resonance
imaging have been described for performing

percutaneous spine biopsy, conventional fluoros-
copy, CT, or CT with fluoroscopy are the most fre-
quently used modalities for performing
image-guided spine biopsy. Conventional fluoros-
copy with a multidirectional fluoroscope enables
prompt access to the vertebral body or interverte-
bral disk with real-time monitoring of the biopsy
needle relative to the level of interest. Coaxial
exchanges are quickly performed with fluoro-
scopic guidance. Nevertheless, subtle or small
lesions may not be visible or accessible with this
form of imaging guidance (Kim et al. 2013).
Furthermore, many critical structures such as the
aorta are not well visualized with fluoroscopy. CT
is advantageous in that it provides a comprehen-
sive view of all anatomic and critical structures
within the biopsy field. The biopsy needle tip loca-
tion and trajectory relative to the target lesion and/
or disk can be readily and precisely monitored
with CT, lessening the likelihood of injury to adja-
cent neurovascular structures. CT fluoroscopy
increases the efficiency and safety of percutaneous
CT-guided spine procedures, combining the real-
time benefits of fluoroscopy and the axial resolu-
tion of CT (Wu et al. 2014).

9.10 General Considerations

Communication and discussion between the
operator and the referring clinician regarding the
patient and the intended biopsy procedure is very
important prior to performing the spine biopsy
procedure. Although percutaneous image-guided
spine biopsy procedures are regarded as safe and
effective procedures, both the performing radiol-
ogist and referring clinician should agree that the
biopsy results will affect the patient’s clinical
management and that this benefit firmly out-
weighs the risks of this interventional procedure.
Additionally, if there is concern that the site to be
sampled may be a malignant bone lesion, a mul-
tidisciplinary team approach with discussion
between the radiologist, surgeon, oncologist,
infectious disease specialist, and pathologist can
be essential for patient management. Before pro-
ceeding with biopsy, the operator must review the
patient’s clinical data, including medical and
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surgical history and laboratory results, as well as
perform a thorough review of all imaging studies.
Adherence to these basic principles will ensure
that a biopsy is indeed indicated while avoiding
unnecessary procedures. It will also help to deter-
mine the optimal location and spine level to sam-
ple. Written informed consent including the risks
and benefits of the procedure should be explained
to the patient and/or patient’s family, as well as
the alternatives to percutaneous sampling includ-
ing open surgical biopsy or continued medical
monitoring with imaging surveillance.

Helpful steps when considering a biopsy

for spine infection:

1. Obtain all pertinent clinical information
(history, past medical history, past sur-
gical history, current and recent medica-
tions, medical allergies).

2. Review all pertinent recent and prior
imaging studies.

3. Consult with the referring clinician
when possible.

4. Obtain and/or order laboratory studies
(white blood cell count with differen-
tial, ESR, CRP; coagulation profile if
necessary).

9.11 Preparation

Pre-procedural laboratory parameters includ-
ing hematocrit, hemoglobin, platelet count,
and coagulation profile (prothrombin time
[PT], partial thromboplastin time [PTT], and
international normalized ratio [INR]) should
be acquired. The operator should be aware of
concurrent patient medications that may be con-
traindicated or perhaps alter the biopsy results.
Patients on antiplatelet and/or anticoagulant
therapies should have these medications tempo-
rarily discontinued prior to biopsy to minimize
bleeding. In the setting of suspected vertebral
spondylodiskitis, a white blood cell count with
differential, an erythrocyte sedimentation rate
(ESR), and a C-reactive protein (CRP) should

also be obtained. It should be noted if the patient
has recently been placed on or is currently on
antibiotic therapy. If the patient is indeed already
receiving antibiotics, then the biopsy procedure
should be performed within 48 h of commenc-
ing antibiotic therapy, or antibiotics should be
discontinued for at least 48 h prior to perform-
ing the biopsy. The operator must be aware of
any potential patient drug allergies, especially
reactions to anesthetic agents and intravenous
radiographic contrast media. Ideally, patients
should not eat or drink (NPO status) for a min-
imum of 8 h prior to the procedure. A major-
ity of image-guided spine procedures can be
performed utilizing local anesthetic adminis-
tration and intravenous sedation and analge-
sia. Intravenous sedation usually consists of a
combination of a short-acting benzodiazepine
(Versed) for anxiety relief, as well as an anal-
gesic agent such as fentanyl (Sublimaze). It is
best to obtain intravenous access via the fore-
arm or hand, as the patient’s arms are often bent
during the procedure, a position that often com-
promises the functionality of antecubital venous
access. Automated patient monitoring equip-
ment, including a pulse oximeter, an electrocar-
diogram, and a blood pressure monitor, adds yet
another level of safety to these procedures.

Patient positioning is dependent upon the
anatomic region of interest and lesion location.
The prone position is preferred for accessing the
thoracic and lumbosacral spine, as well as the
posterior elements of the cervical spine.
Accessing cervical intervertebral disk spaces
and vertebral body lesions is performed with the
patient in the supine position in order to facili-
tate an anterior approach. All patients, regard-
less of the spine biopsy location, are prepared
for the procedure using a standard protocol.
Once written informed consent and intravenous
access are obtained, the patient is placed on the
CT or fluoroscopy table in a position to facili-
tate a safe and successful biopsy, without caus-
ing discomfort to the patient. A “time-out” is
then initiated by the operator to verify the cor-
rect patient and procedure to be performed.
Intravenous sedation and analgesia can also be
administered at this time.
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9.12 CT Guidance

A radiopaque grid is placed on the skin over the
anticipated skin entrance site, followed by acquisi-
tion of scout images in the frontal and lateral projec-
tions. After review of the preliminary images through
the spine level of interest, an entrance site is selected
and marked with a skin marker. The skin is then
prepped via standard sterile technique and draped.
The skin entrance site is then anesthetized utilizing a
local anesthetic agent (e.g., 2% lidocaine) utilizing a
25-gauge needle, which is advanced deeper along
the expected needle path and trajectory. For deeper
local anesthesia, additional anesthetic agent may be
administered using a 22-gauge needle. Utilizing a
#11 scalpel blade, a small crosshair skin incision is
made to facilitate placement of larger caliber needles
through the skin and superficial fascia. A coaxial
bone biopsy needle system utilizing a single needle
pass to access the target is our preferred method for
biopsy of vertebral osteomyelitis, minimizing the
possibility of injuring normal tissues and critical
structures. The biopsy needles can be advanced
through a guide cannula that is “parked” at the level
of interest. Disk aspiration is facilitated by utilizing a
20-mL syringe connected to the biopsy needle so as
to create negative pressure while performing needle
excursions within the area of suspected infection.
Once the needle is confirmed to be within the desired
disk space, craniocaudal and mediolateral angula-
tion of the needle can also be performed with each
sample to increase specimen yield. The location of
the biopsy needle should be monitored with CT for
each attempted needle pass, to confirm the location
of the needle relative to the area of interest and rela-
tive to adjacent critical anatomic structures. The
aspirated intradiskal material and/or subchondral
bone are placed into sterile containers and submitted
for microbiological analysis. Aspirated blood can
also be submitted for microbiologic analysis.

9.13 Biopsy Technique:
The Cervical Spine

An anterior approach (as described in Chap. 4
Cervical Spine Biopsy) is used to access the cer-
vical intervertebral disk space. These are not

frequently performed as cervical spine infections
are less common than thoracic or lumbar spine
infections. The general principles in terms of
using coaxial technique to minimize needle inser-
tions adjacent to critical anatomic structures,
optimal visualization and avoidance of these crit-
ical structures, and optimal lesion targeting to
maximize specimen yield are particularly impor-
tant in this region of the spinal axis, where the
spine structures are smaller and surrounded by
several important vascular and nonvascular struc-
tures. CT aids in optimal visualization of critical
structures and their anatomic relation to the sus-
pected site of infection within the cervical spine.
In some cases, however, fluoroscopic techniques
with manual retraction of the carotid space struc-
tures can yield quick and safe access to the inter-
vertebral disk.

9.14 Biopsy Technique:
The Thoracic Spine

When sampling the intervertebral disk space of
the thoracic spine, care must be taken to avoid the
lung and pleura, the thoracic aorta, and the spinal
cord. The thoracic spine can be accessed via
transpedicular or extrapedicular posterolateral
approaches. Transpedicular approaches in the
thoracic spine are employed when sampling sus-
pected foci of osteomyelitis that occupy an acces-
sible portion of the vertebral body. The margins of
the pedicle, especially the medial margin, should
be visualized, while the needle traverses the pedi-
cle into the vertebral body. There are three extra-
pedicular posterolateral approaches including the
costotransverse, transcostovertebral, and intercos-
tal routes of access (Figs. 9.7 and 9.12).

The costotransverse approach is a well-
established approach to sample thoracic vertebral
body lesions (Fig. 9.7). This approach requires
needle placement between the vertebral trans-
verse process and the tubercle of the correspond-
ing rib. The head of the rib articulates with
superior vertebral costal facet, which is located in
the posterolateral superior aspect of the vertebra
immediately caudal to the superior endplate, thus
allowing access to lesions in the upper portion of


http://dx.doi.org/10.1007/978-3-319-43326-4_4

230

9 Biopsy for Spine Infection

Fig. 9.12 A 65-year-old male with clinically proven
acute osteomyelitis, culture positive for S. aureus.
Reformatted sagittal CT image in bone window algorithm
(a) shows irregularity, sclerosis, and erosion of the T9-T10
vertebral endplates (arrow). Axial CT image (b) acquired

the vertebral body, as well as entry into the inter-
vertebral disk space along the superior endplate
of the corresponding accessed vertebra. The pos-
teromedial margin of the rib prevents the needle

during biopsy shows the biopsy needle (arrow) advanced
in an anatomical groove between the head of the left tenth
rib (R) and the pedicle (P), a transcostovertebral approach,
and safely entering the T9-T10 disk space

from puncturing the pleura, and the transverse
process prevents entrance into the spinal canal.
Damaging the costotransverse articulation is a
theoretical risk with the costotransverse approach.
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Fig.9.13 A 59-year-old male with a history of previously
treated Streptococcus anginosus infectious spondylitis at
T9-T10 presents with back pain and elevated ESR and
CRP. Axial CT image (a) acquired during biopsy shows a
spinal needle (curved arrow) entering the groove between
the pedicle (P) and rib (R), a transcostovertebral approach.

The transcostovertebral approach is a modifica-
tion of the costotransverse approach (Fig. 9.12).
This is an excellent approach for sampling the inter-
vertebral disk space and adjacent vertebral endplate
when osteomyelitis is suspected (Fig. 9.13). The
needle trajectory is located slightly superior to the
costotransverse joint, and the biopsy needle system
is advanced in a groove formed between the pedicle
and head of the corresponding rib, preventing inad-
vertent lung puncture and injury to the exiting nerve
root. This anatomical groove is located just above
the transverse process, which allows more freedom
forneedle angulation and, as with the costotransverse
approach, allows access to lesions within the supe-
rior aspect of the vertebral body and the adjacent
intervertebral disk space, facilitating both vertebral
endplate and disk sampling.

The posteromedial intercostal approach is infre-
quently performed, but it is a reported technique
that is used to access paravertebral thoracic soft tis-
sue masses that extend from the vertebral body into
the adjacent paravertebral soft tissues. Needle
placement is located within the posteromedial

Axial CT images (b, ¢) acquired during biopsy show
advancement of a bone biopsy needle (small arrow in ¢)
through a guide needle (large arrow in b) into the T9-T10
disk space for successful sampling of the T9-T10 disk and
adjacent vertebral endplate

intercostal space, anterior to the head of the rib and
the costovertebral joint. Given the more tangential
needle trajectory, sampling vertebral body lesions
with intact cortex via the intercostal approach
assumes a higher risk of inadvertent lung puncture
because the needle has a tendency to be deflected
anteriorly. This approach also has the added risk of
causing intercostal vascular injury. When using this
approach to sample a paravertebral soft tissue
mass, it might be helpful to infiltrate a few millili-
ters of sterile normal saline into the paravertebral
soft tissues so as to create more space for needle
manipulation by pushing the parietal pleura and
lung anteriorly.

9.15 Biopsy Technique:
The Lumbar Spine

In lumbar spine biopsy, the critical anatomic
structures of interest include the abdominal
aorta, inferior vena cava, kidneys, bowel, and
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exiting spinal nerves. Accessing the lumbar
intervertebral disk spaces and the adjacent sub-
chondral vertebral endplates for evaluation of
vertebral osteomyelitis is performed via the
transpedicular or the extrapedicular posterolat-
eral approach. The transpedicular approach is
often utilized for lesions that are located within
the pedicle or are centrally located within the
vertebral body. Access to the intervertebral
disk can also be obtained by utilizing the trans-
pedicular approach (Michel et al. 2006). For
this approach, the biopsy needle is placed in
the groove between the superior articular pro-
cess and the transverse process, thereby
directly entering the ipsilateral pedicle. The
upper lumbar vertebral disk spaces and verte-
bral endplates are often oriented either parallel
or angled superiorly relative to the needle tra-
jectory; therefore, once the needle passes
through the pedicle, cranial angulation is per-
formed to sample both the superior endplate
and the disk space with a single biopsy pass
(Fig. 9.3). Care must always be taken not to
penetrate the medial cortex of the pedicle as
this would constitute a breach into the spinal
canal and its contents. The transpedicular
approach is preferred by some operators as
compared to the posterolateral approach due to
the shorter and more direct path of the former.
Nevertheless, efficient and successful biopsy
of the intervertebral disk and vertebral end-
plate can be performed by utilizing the pos-
terolateral approach (Fig. 9.4). The entry site
and trajectory are through the soft tissues just
lateral to the superior articular process before
entering the disk space or the lateral vertebral
cortex. The exiting lumbar nerve roots pass
through the upper portion of the neural fora-
men, just posterior to the disk-endplate com-
plex. The posterolateral route allows access to
the disk space by traversing the inferior margin
lateral to the neural foramen. Careful attention
to the patient’s anatomy and imaging guidance
will help to avoid injury to the exiting nerve
root. In the lumbar spine, this can be achieved
with CT guidance or with fluoroscopic

guidance. While the advantages of CT have
already been described, lumbar disk biopsy
can be quickly and safely performed using flu-
oroscopic guidance. This requires craniocaudal
angulation of the fluoroscope in order to align
the vertebral endplates at the level of interest.
Next, the fluoroscope is rotated ipsilateral
oblique in a mediolateral direction depending
on the side of percutaneous access (toward the
right on the patient’s right side and toward the
left on the patient’s left side). This maneuver
effectively creates a “scotty dog” configuration
on the fluoroscopic image such that superior
articular process projects over the disk space of
interest anywhere from 30 to 50% along the
visualized width of the disk space. A steeper
oblique angulation allows for access of the
more median and posterior aspect of the disk.
The biopsy needle system will “ride” along the
lateral aspect of the superior articular process
in order to access the disk space (Fig. 9.14).
The biopsy needle system can also be angled
cephalad to sample the inferior cortical end-
plate or caudal to sample the superior cortical
endplate.

A lateral access route (Garces and Hidalgo
2000) which places the patient in a lateral decu-
bitus position displaces the abdominal viscera
forward and allows for direct access to the lum-
bar vertebral body, intervertebral disks, and
paravertebral masses while avoiding the nerve
roots, bowel, kidneys, and vessels. The transfo-
raminodiskal method (Sucu et al. 2003) is an
alternative to the posterolateral approach.

9.16 Challenging Disk Biopsies

L5-S1 disk space biopsy can pose a challenge.
With fluoroscopic guidance and a steep oblique
lateral-to-medial approach, along with cranio-
caudal angulation to align the L5 inferior ver-
tebral endplate and S1 superior vertebral
endplate, the fluoroscope is used to create a
radiolucent triangular portal of entry to the
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Fig. 9.14 Photographs of a lumbar spine model with a
coaxial needle biopsy system inserted via posterolateral
approach. Lateral view (a) shows guide needle overlying
the superior articular process (curved arrow) and then
passing underneath the exiting nerve root (arrow) to enter

disk (Fig. 9.15). The anatomic relations of this
radiographic inverted triangle include the iliac
crest laterally, the S1 superior articular process
medially, and the L5 inferior vertebral endplate
superiorly. This approach helps to avoid the
exiting L5 nerve root. Sometimes, due to the
patient’s intrinsic spinal axis geometry, it is not
possible to access the L5-S1 disk despite maxi-
mal angulation maneuvers. In this situation, it
is often helpful to use abdominal and pelvic
bolsters to correct for steeply oriented disk
spaces or, alternatively, place the patient in a
prone oblique position. Bolsters can also be
utilized when performing L5-S1 disk biopsy
with CT guidance. Alternatively, angulation of
the CT gantry parallel to the L5-S1 disk space
can be helpful in gaining access for disk sam-
pling. As previously mentioned, a transpedicu-
lar approach with appropriate angulation of the
needle, depending on which pedicle is entered
(L5, angle caudally, or S1, angle cranially),
can be used to access the L5-S1 disk and verte-
bral endplate (Fig. 9.3).

the disk space. Oblique view (b) again shows the close
proximity of the guide needle as it passes over the supe-
rior articular process (curved arrow) to then enter the disk
(arrow) beneath the exiting nerve root (star)

9.17 Disk Aspiration Techniques

Obtaining a satisfactory specimen from a disk
biopsy is not an easy task. The conventional
method for attempting to biopsy the disk is to
place a small gauge needle within the disk and
to aspirate using continuous suction with a
syringe that is attached to the needle as the nee-
dle is moved back and forth within the disk.
This is often followed by the injection of a
small amount of sterile saline into the disk and
aspiration of the saline lavage. Neither of these
techniques is particularly suited to obtaining
disk material due to the small caliber of the
aspiration needle (often 18-22-gauge), the con-
nective tissue characteristics of the disk annu-
lus, and the high viscosity of disk material. An
alternative to this approach is to perform a
mixed vertebral endplate disk biopsy by angling
the bone biopsy needle into the vertebral
endplate.

Another technique that can be used to per-
form a disk biopsy is to utilize a percutaneous
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Fig. 9.15 Fluoroscopic approach to the L5-S1 disk
space. Frontal radiograph (a) shows L5-S1 disk (arrow).
In order to access this disk space, the fluoroscope is
angled both in the craniocaudal direction, so as to align
the vertebral endplates at L5-S1, and in an ipsilateral
mediolateral orientation so as to keep the iliac crest from
obscuring and preventing access to the disk space. The
result of these fluoroscopic maneuvers should result in an
image (b) that projects the superior articular process of S1

(curved arrow) over the L5-S1 disk space. A radiolucent
inverted triangle is formed by the inferior endplate of L5
(small arrow), the iliac crest (large arrow), and the supe-
rior articular process of S1 (curved arrow) as shown on
the oblique radiograph (b). A needle can then be advanced
with a “down-the-barrel” approach toward the disk. In this
case, an insert needle (small arrows) has been advanced
into the disk through a guide needle (large arrow) as
shown on the frontal radiographic projection (c)
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diskectomy device (Wattamwar and Ortiz 2010).
A 13- or 17-gauge guide needle is advanced into
the margin of the disk (Fig. 9.16). A 6-in. auto-
mated percutaneous device is then inserted
coaxially via the guide needle into the disk. The
device is then activated, and its excursions to
and fro within the disk are actively monitored
with fluoroscopy. This device is able to aspirate
infected purulent fluid material within the disk
as well as disk tissue. Coaxial technique allows
for multiple passes with this device in order to
obtain adequate amounts of disk specimen for
subsequent microbiologic and histopathologic
analysis. The initial experience with this type of
device has been extremely favorable in terms of
obtaining an adequate specimen yield. In addi-
tion, the guide needle can then be exchanged
over a removable hub insert needle, with subse-
quent placement of a bone biopsy system that
can then be used to obtain specimens from the
adjacent vertebral endplates.

9.18 Specimen Handling

The operator should obtain as much specimen
as reasonably possible, be given the location
and extent of the suspected infectious process,
and be given the limitations of the biopsy tools
that the operator is using. Specimen handling
and transfer are important steps in the biopsy
process for spine infection. Under optimal con-
ditions, specimens should be submitted for both
microbiologic and pathologic analysis. All
microbiology specimens should be placed in
sterile containers and transported as soon as
reasonably possible to the microbiology labora-
tory. The clinical, including whether or not the
patient is already on antibiotic therapy, and
imaging information should be communicated
with the request for microbiologic analysis. If a
specific pathogen, for example, Mycobacterium
tuberculosis, is suspected, then this information

should also be communicated to the laboratory
personnel. Most specimens are submitted for
bacterial, fungal, and mycobacterial stains and
cultures. The specimens (e.g., mycobacterial)
may be kept for a long period of time, and the
operator should periodically check for the final
results of each specific test. For pathology, the
specimens can be placed in a container with
10% formalin and then transported to the
pathology department. Bone specimens will
require additional processing time in order to
allow for appropriate decalcification prior to
histopathologic analysis.

Key Review Points

1. The incidence of spine infection appears
to be increasing.

2. The imaging diagnosis of spine infec-
tion is improved by not only being
aware of the early imaging findings in
spine infection but also by suspecting
this diagnosis.

3. MRI is the imaging modality of choice
for helping to diagnose spine infection.

4. Spine biopsy, whenever possible, is best
performed before the initiation of anti-
biotic therapy.

5. A persistently elevated CRP for greater
than 2 weeks following spine surgery is
an early indication of postoperative
spine infection.

6. Postoperative paraspinal fluid collec-
tions are common and include seroma,

hematoma, pseudomeningocele, and
abscess. Percutaneous image-guided
biopsy is sometimes requested to

exclude an infected collection.

7. Coaxial techniques with sampling of the
intervertebral disk and the adjacent ver-
tebral endplates maximize specimen
yield.
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Fig.9.16 An 85-year-old male with intermittent low back
pain and abnormal gait. Frontal projection of the lumbar
spine (a) shows vertebral endplate erosion at T12-L1 (arrow).
Lateral radiograph of lumbar spine (b) shows disk space nar-
rowing and reactive sclerosis at T12-L1 (arrow). Oblique
fluoroscopic image (¢) of lumbar during the spine biopsy
shows advancement of a 17-gauge spinal needle (arrow)
adjacent to the superior articular process of L1 (curved
arrow). Note that this mediolateral angulation of the fluoro-
scope places the superior articular process (curve arrow) or
ear of the “scotty dog” at least 30-40% of the width of the
vertebral body as seen on this projection. A lateral fluoro-
scopic image (d) shows the needle tip (arrow) at the posterior
aspect of the T12-L1 disk with subsequent advancement into
the disk (arrow in e). The stylet of the needle is removed, and

an aspiration of the disk is performed with the needle left in
place. A percutaneous diskectomy device is then coaxially
inserted into this guide needle (arrow) as shown on this lat-
eral fluoroscopic image (f), and disk material is obtained.
The diskectomy device is removed, and the guide needle is
left in place such that a 20-gauge insert needle with a removal
hub is then inserted into this guide needle. The 20-gauge
insert needle (small arrow) serves as a guide pin for a coaxial
exchange for a bone biopsy guide cannula (large arrow) and
introducer (curved arrow) as shown in the lateral fluoro-
scopic image (g) and frontal fluoroscopic image (h). Lateral
(i) and frontal (j) fluoroscopic images show a trephine biopsy
needle that is inserted coaxially through the guide needle and
angled cephalad in order to sample the inferior endplate of
T12 (arrows)
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Fig.9.16 (continued)
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Fig.9.16 (continued)
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Learning Objectives

1. To introduce and describe several patho-
logic entities with imaging manifesta-
tions in the spine that simulate spine
infection

2. To learn to identify and discriminate
these mimics from spine infection

3. To understand the utility of image-
guided percutaneous spine biopsy when
indicated to assess for possible spine
infection

10.1 Introduction

The diagnosis of spine infection can be chal-
lenging on either a clinical basis or even with
highly sensitive imaging studies such as mag-
netic resonance imaging (MRI). With back
pain as a very ubiquitous patient complaint, it
is not uncommon to encounter clinical situa-
tions in which the imaging study shows find-
ings that resemble, but are not, spine infection.
The diagnosis of spine infection cannot always
be solely based upon imaging findings. It is in
the context of this clinical management dilemma
that this chapter intends to describe and analyze
diagnostic entities that may mimic the imag-
ing presentation of spine infection. In general,
the radiologic differential diagnosis for spine

© Springer International Publishing Switzerland 2017

infection includes degenerative disk disease,
diskectomy, spondyloarthropathy, and, less
commonly, trauma and neoplasm. The find-
ings of some of these so-called spine infection
mimics simulate the appearance of infection so
closely that, in many instances, a spine biopsy is
required to exclude the possibility of spine infec-
tion. It is important to understand that the clini-
cal management of these entities is different than
what would be seen with spine infection. Hence,
a spine biopsy may be required in order to facili-
tate arriving at the correct clinical diagnosis.

Table 10.1 Spine infection: radiologic differential
diagnosis
Common Less common
Degenerative disk disease Trauma
Type 1 reactive vertebral Spine trauma
endplate changes Osteoporotic
Schmorl’s nodes vertebral compression
fracture
Chronic low-grade
trauma
Neuropathic
osteoarthropathy
Disk intervention Neoplasm
Diskectomy Primary neoplasm
Disk injection procedures (chordoma)
Other spine surgery Metastatic disease
Lymphoma, myeloma
Spondyloarthropathy Other
Gout Sarcoid
Chronic hemodialysis
Seronegative
spondyloarthritis
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The radiologic differential diagnosis for
spine infection includes degenerative disk
disease, diskectomy, spondyloarthropathy,
and, less commonly, trauma and
neoplasm.

10.2 Degenerative Disk Disease

This condition is encountered in the majority of
spine imaging examinations that are performed
in the adult population. The frequency and sever-
ity of imaging findings tend to increase with the
age of the patient. Given the increased weight-
bearing stress that is placed upon the lumbar
spine, degenerative disk disease is often seen
within the lower lumbar intervertebral disk
spaces, including L.4-L5 and L5-S1.0ne or more
of the intervertebral disk space levels may be
affected. Disk space narrowing at the affected
level is usually present. Anterior spur formation
may be seen particularly in elderly patients. A
disk bulge, protrusion, or extrusion may also be
present. Fibrovascular changes in the adjacent
vertebral endplates result in varying amounts of
T1 hypointensity and T2 hyperintensity within
the affected endplates, the so-called type 1
change (Modic et al. 1988). These MR signal
changes may occur in a horizontal band-like or
triangular pattern. Because there is altered vascu-
larity within the endplates, contrast enhancement
is observed and is more pronounced on
fat-suppressed  Tl-weighted MR  images.
Intradiskal post-contrast enhancement is dis-
tinctly absent. Another pattern (type 2) is due to
fat deposition within the affected vertebral end-
plates resulting in T1 hyperintensity and T2 iso-
or hypointensity with no associated contrast
enhancement. The degenerative cascade ulti-
mately progresses to osseous growth within the
vertebral endplates that is manifested as sclerosis
on radiographic or CT examinations and on MRI
is hypointense on both T1 and T2 sequences
(type 3 change). Thus, it is the type 1 reactive
endplate change in degenerative disk disease that
can at times be confused for spine infection,

especially when the reactive change is exuberant
(Fig. 10.1). The disk-endplate margin remains
relatively intact in early reactive endplate changes
which may help to distinguish this entity from
spondylodiskitis. A focal diffusion pattern, or
“claw” sign, on MR diffusion-weighted
sequences is reported to be present in type 1 reac-
tive endplate change (Fig. 10.1) (Patel et al.
2014). Some authors postulate that disk infection
with Propionibacterium acnes bacteria, a low-
virulence skin microbe, may play a role in the
development of these reactive endplate changes
and have reported improvement in low back pain
and disability following treatment with antibiot-
ics in a double-blind randomized clinical trial
(Albert et al. 2013). In the presence of aggressive
reactive endplate changes in patients with degen-
erative disk disease, if there is a reasonable clini-
cal suspicion for spine infection, then the
possibility of a spine biopsy may be considered.

Type 1 reactive endplate change in degen-
erative disk disease, consisting of fibrovas-
cular replacement, can at times be confused
for spine infection, especially when the
reactive change is exuberant.

10.3 Schmorl’s Nodes
(Intravertebral Disk
Prolapse)

A Schmorl’s node is a focal prolapse of disk
material (annulus fibrosis and/or nucleus pulpo-
sus) through the superior or inferior vertebral
endplate into the vertebral body. Schmorl’s nodes
have a bimodal age distribution and are seen in
young adolescents and patients in their sixth
decade of life and beyond (Stabler et al. 1997).
Males are affected much more frequently (76%
of cases) than females (Mattei and Rehman
2014). The etiology of this acquired condition
is variable and includes trauma, degenerative
disk disease, and metabolic and neoplastic dis-
orders. Schmorl’s nodes can be found anywhere
along the spinal axis, but are most frequently
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Fig. 10.1 A 75-year-old female with severe mid-back
pain. T1-weighted sagittal image (a) shows triangular
areas of low signal intensity (arrows) at the T10-T11
level. These show mixed hypo- and hyperintensity
(arrows) on the T2-weighted sequence (b) as well as a
small disk protrusion (curved arrow). The inversion
recovery sagittal image (c¢) shows focal hyperintensity
within the anterior aspect of the disk (arrow). The fat-
suppressed contrast-enhanced T1-weighted sagittal image
(d) shows enhancement within the anterior disk and in the
endplates (arrow). The patient was referred for a spine

encountered within the lower thoracic spine and
the upper lumbar spine. They are most commonly
located within the mid-portion of vertebral body
(Mattei and Rehman 2014). When trauma is the

biopsy for suspected spine infection. A serum infection
profile (WBC with differential, ESR, and CRP) was drawn
and was normal. Therefore, the MR study was repeated
with a diffusion-weighted sequence (e) which shows the
presence of a “claw” sign (arrows) — indicating the pres-
ence of reactive endplate change. A lateral fluoroscopic
image of the thoracic spine (f) shows disk space narrow-
ing (arrow) and endplate sclerosis (curved arrows). An
axial CT image (g) in bone window algorithm obtained
during a subsequent thoracic epidural steroid injection
procedure shows scattered sclerotic foci (arrows)

precipitating event, an axial loading mechanism
is responsible for Schmorl’s node formation
(Wagner et al. 2000a). The other etiologic enti-
ties are thought to weaken the vertebral endplate,
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subsequently leading to intraosseous extension of
the disk material. Schmorl’s nodes can be associ-
ated with focal axial back pain that localizes to
the vertebral body level of the Schmorl’s node.
Alternatively, they may be incidental findings
that are seen during spine imaging examinations
performed for other clinical indications.

Regardless of the etiology and the patient’s
clinical presentation, Schmorl’s node imaging
presentation on MR examinations can be quite
striking and may even simulate infection. The
prolapsed disk material elicits an inflammatory
response in the surrounding bone (Fig. 10.2).
This manifests as a zone or band of T1 hypoin-
tensity and T2 hyperintensity. There may be
alternating zones of inflammation with Schmorl’s
node at the center, which may create a target-like
appearance. Since the vertebral endplates are
vascularized structures, the inflammatory reac-
tion surrounding Schmorl’s node may create a
vascular response at the margin of Schmorl’s
node. This zone of vascular proliferation will
show enhancement on contrast-enhanced MRI
studies (Stabler et al. 1997). To a certain extent,
there is an overlap in this type of reactive end-
plate process and what is seen in the degenerative
disk reactive endplate change cascade. MR may
show Schmorl’s nodes with surrounding fatty
replacement or sclerotic reaction (which can also
be seen on plain radiographs or CT examina-
tions). Additionally, the two processes,
degenerative disk disease and Schmorl’s node
formation, may be superimposed. But when there
is prominent signal alteration and enhancement
within and about the affected disk and Schmorl’s
node, the MR imaging findings may mimic
spondylodiskitis.

Fortunately, in the case of Schmorl’s nodes,
there are a few imaging findings that may indi-
cate the diagnosis. First, the preponderance of
pathologic findings in Schmorl’s node formation
is within the affected vertebral endplate and the
adjacent portion of the vertebral trabeculae and
marrow. This is where the corresponding MR
signal and enhancement findings will be encoun-
tered with Schmorl’s node formation. In con-
trast, disk space infection shows signal and
enhancement abnormalities within the disk.

A target-like pattern of alternating zones of sig-
nal change with peripheral enhancement adja-
cent to the vertebral endplate as seen on
multiplanar MR images may also indicate the
presence of Schmorl’s node. The focal location
within the mid-portion of the vertebral endplate
may also suggest the presence of Schmorl’s
node. Lastly, Schmorl’s nodes can occur at mul-
tiple vertebral levels within the same patient and
may also show some variation in MR signal and
enhancement characteristics. This constellation
of imaging findings with respect to MR signal
and enhancement pattern, location, and lesion
multiplicity may strongly suggest the diagnosis
and obviate the requirement for spine biopsy.

A target-like pattern of alternating zones of
signal change with peripheral enhancement
adjacent to the vertebral endplate as seen
on multiplanar MR images may suggest the
presence of Schmorl’s node.

10.4 Disk Intervention

The MR imaging appearance in patients who have
recently undergone a diskectomy or disk injection
procedure can have features that overlap those
that are seen with disk space infection (Fig. 10.3).
Patients, who have undergone other spine surgical
procedures whether open or percutaneous, may
also demonstrate postsurgical imaging findings
that can overlap with those of spine infection
(Fig. 10.4). The diskectomy procedure is being
performed on a disk that has already been injured;
fissuring of the annulus fibrosis is associated with
protrusion or extrusion of disk material. The her-
niated disk fragment is resected, a mechanical
excision that further disturbs the normal architec-
ture of the disk and vertebral endplate. Therefore,
it is expected that the disk signal on TI- and
T2-weighted images will be altered as compared
to nearby normal disks. Additionally, contrast-
enhanced MRI will show focal enhancement at
the surgical site. Two thin bands of linear enhance-
ment that extend within the disk annulus parallel
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Fig. 10.2 A 78-year-old male with history of prostate
cancer. T1-weighted sagittal image (a) shows a Schmorl’s
node (curved arrow) involving the inferior endplate of L3.
A peripheral zone of T2 hyperintensity (arrow) surrounds
the Schmorl’s node (b). The T1 axial image (c) shows a
round zone of hyperintensity (arrow) surrounding the
Schmorl’s node. The fat-suppressed contrast-enhanced

to the vertebral endplates, with or without
enhancement in the endplates, have been reported
in 20% of asymptomatic post-diskectomy patients
(Ross et al. 1996). It is when this pattern of signal

T1-weighted sagittal (d) and axial (e) image shows focal
enhancement within the Schmorl’s node and adjacent
marrow (arrows). A sagittal CT reformation in bone win-
dow algorithm (f) shows the focal endplate defect (curved
arrow) and the patchy reactive bone formation (arrow)
along the margin of this intravertebral disk protrusion

and enhancement change starts to extend beyond
the surgical site that the possibility of infection
should be considered (Bittane et al. 2014; Boden
et al. 1992).
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Fig. 10.3 A 73-year-old male with neck pain. Lateral
fluoroscopic image (a) obtained during C4-C5 anesthetic
injection (arrow). Patient’s pain improved, and a follow-
up MRI for evaluation of prostate cancer shows diffuse-
increased signal within the vertebral bodies (large arrows)
and C4-C5 disk (small arrow) on the T2 sagittal

Fig. 10.4 A 70-year-old female with history of osteopo-
rosis and recent lower thoracic vertebral augmentation
presents with severe upper thoracic back pain. T1-weighted
sagittal image (a) shows round hypointense foci of low
signal intensity (large arrows) at T9 and T11 from the
recent vertebral augmentation procedures. Additionally,
T1 hypointensity (curved arrows) is seen at the T10-T11
endplates. A subtle hypointense band of marrow edema is
associated with mild height loss at T6 (small arrow). The
T2 sagittal image (b) shows areas of hyperintense signal

image (b). The fat-suppressed contrast-enhanced
T1-weighted sagittal image (c¢) shows vertebral body
enhancement (arrows) and prevertebral soft tissue
enhancement (curved arrow). The patient remained
asymptomatic and his serum infection profile was normal

within the T11 vertebral body, T10-T11 disk, and T10
endplate (large arrows). A hyperintense band of marrow
edema (small arrow) is seen within the T6 vertebral body.
The signal changes are further accentuated at T10-T11
(arrow) on the STIR sagittal image (c). A lateral fluoro-
scopic image (d) shows the treated T9 and T11 vertebral
compression fractures (arrows); there was no tenderness
to palpation on physical examination at these levels. The
patient’s back pain was due to the acute T6 vertebral com-
pression fracture
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Distinguishing between ‘“normal” post-
diskectomy changes and an infected diske-
ctomy site is challenging, the latter being
suggested by extensive intradiskal and ver-
tebral endplate enhancement on contrast-
enhanced MR images.

10.5 Spondyloarthropathies
10.5.1 Gout

Gout is the most common crystalline type of
arthropathy in the United States, and its incidence
and prevalence are steadily increasing (Lawrence
et al. 2008). Gout typically affects the appendicu-
lar skeleton resulting in the deposition of monoso-
dium urate crystals within intra- or extra-articular
sites. The intra-articular deposition of these
monosodium urate crystals results in an acute
inflammatory response; this leads to osseous ero-
sions and progressive destruction of bones and
joints. When long-standing and severe, gout can
progress to form chalky white tophi (chronic
tophaceous gout). When examined under polar-
ized light, urate crystals characteristically demon-
strate a needle shape with strong negative
birefringence.

Establishing a diagnosis of gout is most com-
monly performed on the basis of clinical and
laboratory findings and is usually straightfor-
ward. However, with atypical manifestations,
the clinical diagnosis can be delayed, thus
affecting patient morbidity (Ning and Keenan.
2010). The most common clinical presentation
of an acute gout attack is the rapid onset of a
painful mono-arthropathy often in the first
metatarsophalangeal joint (podagra). While
urate crystal deposition is commonly encoun-
tered in the appendicular skeleton, involvement
of the axial skeleton is rare but does occur. In
one retrospective review, the authors found that
approximately 48% of the axial gout patients
had involvement of the lumbar vertebrae, 29%
involved the cervical spine, 20% involved the
thoracic spine, and 8.7% involved the sacroiliac

joints (Konatalapalli et al. 2009). Involvement
of the spine has been reported to occur in the
posterior elements, sacroiliac joints, paraverte-
bral soft tissues, and the intervertebral disk
(Popovich et al. 2006). Involvement of the axial
skeleton may occur at multiple levels with both
osseous and extra-osseous imaging findings.
These findings include osseous erosions or
destruction as well as paravertebral soft tissue
masses. Axial skeleton gouty arthropathy may
have a confusing clinical presentation and can
be readily mistaken for an infectious or malig-
nant etiology (Fig. 10.5). Therefore, differential
diagnostic considerations prior to biopsy would
include infection, lymphoma, myeloma, or met-
astatic disease (Popovich et al. 2006).

CT is sometimes used to evaluate back pain.
Gouty tophus on CT has been measured to be
approximately 160 Hounsfield units secondary
to the monosodium urate crystals (Gerster et al.
2002). Facet joint erosions in the lumbar spine
in a patient with gout should raise suspicion for
axial gouty arthropathy (Saketkoo et al. 2009).
With the advent and increasing use of dual-
energy CT, and with the inherent capabilities of
dual-energy CT, it is now possible to distinguish
clusters of urate crystals from other calcifica-
tions, i.e., hydroxyapatite crystals. Urate crys-
tals can be uniquely color coded, allowing for
improved depiction. As such, dual-energy CT
may be used in patients with an unclear diagno-
sis or in excluding gout (Desai et al. 2011).
Since dual-energy CT may directly depict urate
crystal deposition, it can be specifically used to
evaluate for gout regardless of patients’ serum
urate levels; as such, dual-energy CT findings
can confirm a diagnosis of gout in patients with
normal serum urate levels or even exclude it in
patients with hyperuricemia (Desai et al. 2011).
While MRI maybe helpful in establishing a
diagnosis, the overall imaging findings are non-
specific. One study found that 13 patients with
axial gout demonstrated lesions to be hypo- to
iso-intense on T1- weighted images and variable
on T2-weighted images. The degree of T2 signal
intensity was thought to be related to the degree
of calcium within the tophi (Yu et al. 1997).
This study also found that nearly all gouty tophi
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Fig. 10.5 A 67-year-old female with history of breast
cancer and low back pain. Focal radionuclide uptake
(arrow) is seen within the lumbar spine on the static image
from the bone scan (a). Coronal CT reformation in bone
window algorithm (b) shows focal asymmetric sclerotic
change adjacent to a prominent lateral osteophyte at L.3—
L4 (arrows); this finding is present at other spinal levels.

demonstrated near-homogeneous enhancement
on contrast-enhanced MR examinations. It can
be difficult to differentiate axial gouty arthropa-
thy from infectious spondylodiskitis as epidural

Fluoroscopic frontal projection (¢) shows an insert needle
(arrow) within the L3-L4 disk. Fluoroscopic frontal pro-
jection (d) shows a biopsy needle within an area of sclero-
sis at L3—L4 (arrow). The disk and endplate biopsies were
submitted for both microbiologic and pathologic analysis;
the latter showed the presence of urate crystals. A subse-
quent radiograph of the foot showed the presence of gout

collections have also been reported with gouty
arthropathy (Fig. 10.6) (Yen et al. 2005). FDG-
PET has recently been reported to be positive in
axial gouty arthropathy demonstrating hyper-
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Fig.10.6 A 72-year-old male with prior history of diabe-
tes, chronic renal failure, and gout presents with severe,
crippling back pain. An elevated ESR (83), CRP (32.8),
and WBC (12.1) were noted at the time of clinical presen-
tation. A T1-weighted sagittal image (a) shows a subtle
hypointense dorsal epidural collection at L2-L3 (curved
arrow). What appears to be Schmorl’s node (arrow)
involves the inferior endplate of L2. The epidural fluid
collection (curved arrow) is hyperintense on the T2 sagit-
tal image (b). The small round hyperintense focus within
the inferior endplate of L2 (small arrows) appears sepa-
rate from the adjacent disk and may not be Schmorl’s
node. Axial CT image (c) in bone window algorithm at

metabolism within the lytic bone lesions and
paraspinal masses. The authors postulate that
macrophages and other growth factors play a
role in the resolution of urate crystals in an acute
gouty attack. High uptake of FDG has been cor-
related with macrophage/growth factor activity
accounting for increased FDG uptake (Popovich
et al. 2006).

L2-L3 shows multiple small periarticular erosions
(arrows) within the facet joints. Because of the patient’s
multiple comorbidities and poor medical condition, a per-
cutaneous aspiration of the epidural collection was
requested. Axial CT image (d) shows a bone needle tra-
versing the lamina (arrow) and entering the dorsal epi-
dural space (curved arrow) at L2-L3. A percutaneous
aspiration device was then carefully inserted into the dor-
sal epidural space (curved arrow) as shown on the axial
CT image (e) in order to aspirate thick viscous material;
note the focal erosion (arrow) within the facet joint.
Subsequent pathologic analysis showed the presence of
urate crystals and confirmed a diagnosis of gout

10.5.2 Spondyloarthropathy
of Chronic Hemodialysis:
Dialysis-Related Amyloidosis

Patients receiving long-term hemodialysis therapy
may develop an erosive and destructive spondyloar-
thropathy (Kiss et al. 2005). This spondyloarthropa-
thy can involve one or more components of the
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spinal column and can affect on or more levels of the
spinal axis. The lower cervical spine is involved
more frequently than the thoracic or lumbar spine.
The etiology of this condition is due to

2-microglobulin amyloid deposits which accumu-
late at the sites of spinal involvement (Otsubo et al.
2009). Non-spinal sites of involvement include the
hips, wrists, shoulders, and knees (Lim and Ong

Fig. 10.7 A 44-year-old female with neck pain.
T1-weighted sagittal image (a) shows hypointense signal
within the C5 and C6 vertebral bodies (arrows). The T2
sagittal image (b) shows hyperintense signal (arrows)
within these vertebral bodies and within the intervening
disk (small arrow). The fat-suppressed contrast-enhanced
T1-weighted sagittal image (c¢) shows vertebral body

2013). This spondyloarthropathy has a somewhat
indolent presentation with pain and neurologic
symptoms referable to the affected spine level(s).
The MR imaging findings, however, can be quite
striking and may closely simulate those of spine
infection (Fig. 10.7). The vertebral endplates will
show low T1 signal intensity and high T2
signal intensity. Additionally focal or diffuse T2

enhancement (arrows). Lateral static images from a
SPECT bone scan (d) shows increased radionuclide
uptake (arrows) within the lower cervical spine. Axial CT
image (e) obtained during biopsy shows focal endplate
erosions (small arrow). A C5-C6 biopsy (f) was per-
formed using an anterior approach (arrow); this revealed
amyloid deposition
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Fig.10.7 (continued)

hypointensity or hyperintensity can be seen within
the disk. Low T2 signal within the disk, when pres-
ent, is helpful in distinguishing this entity from dis-
kitis. When dialysis patients were routinely being
administered intravenous gadolinium-based contrast
agents to evaluate for possible infection, prominent
enhancement could be seen within the affected disk
and adjacent vertebral endplates. Amyloid deposits
may also involve the facet joints and the ligamentum
flavum (Kiss et al. 2005). Plain radiographs may
show disk space narrowing associated with vertebral
endplate irregularity (Theodorou et al. 2002). CT
will show focal erosions within the vertebral end-
plate or articular facet with or without a surrounding
sclerotic rim. The paraspinal soft tissues are rela-
tively spared by the amyloid deposits, but synovial
involvement at joint interfaces can be quite promi-
nent. With progression of the disease, vertebral body
collapse may occur, which can result in spinal insta-
bility and possible spinal canal compromise with
spinal cord compression.

An increased serum P2-microglobulin is not
diagnostic. Therefore, a spine biopsy is often
required for definitive diagnosis. Nevertheless,
the combination of a history of chronic hemodi-
alysis and unenhanced MRI findings suggesting a
focal erosive spondyloarthropathy with other
musculoskeletal sites of involvement may avoid
the need for a spine biopsy.

When a spondyloarthropathy is suspected,
the histopathologic analysis should include
the appropriate analytic techniques; i.e.,
assess for birefringent urate crystals or
amyloid deposition.

10.5.3 Seronegative
Spondyloarthritis

Seronegative spondyloarthritis consists of a
group of inflammatory disorders of the musculo-
skeletal system in which the serum rheumatoid
factor is absent. Many of these disorders, how-
ever, are associated with another positive antigen,
HLA-B27. These disorders include ankylosing
spondylitis, psoriatic arthritis, arthritis associated
with inflammatory bowel disease, reactive arthri-
tis (Reiter syndrome), and undifferentiated arthri-
tis (Canella et al. 2013; Hermann et al. 2005).
These disorders affect both the axial and appen-
dicular skeleton, with enthesopathy or inflamma-
tion at the junction between the bone and adjacent
connective tissue (tendon, ligament, or fascia).
Individually, these entities are also associated
with specific extraarticular manifestations, such
as uveitis, that may suggest their diagnosis.
Sacroiliac joint involvement is not uncommon;
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facet joint involvement may also be observed
(Hermann et al. 2005). The C-reactive protein
may also be elevated and can be used as a marker
of disease activity. In approximately one-third of
patients, inflammatory lesions may occur within
the vertebral endplates associated with variable
intervertebral disk involvement. The signal
changes on MRI, T1 hypointensity, T2 hyperin-
tensity, and contrast enhancement can resemble
those seen in early infectious spondylodiskitis.
The location near the vertebral corner and the
relative sparing of the vertebral endplate cortical
margin, and/or the presence of multi-spinal level
involvement, may distinguish a seronegative
spondylodiskitis from infection (Fig. 10.8).
Alternatively, the presence of paraspinal and/or
epidural soft tissue involvement or the destruc-
tion of the disk-endplate cortical margin is more
in keeping with a diagnosis of spine infection.
The additional clinical information, including
patient history, clinical findings, and laboratory
tests, can be used to differentiate these inflamma-
tory spondyloarthropathies from spine infection.
Additionally, review of extremity (hands, wrists,
feet) and/or sacroiliac joint radiographs can be
very helpful.

10.6 Trauma

Traumatic injury to the spine can affect the ver-
tebral body and intervertebral disk. This is often
seen with flexion or axial load mechanisms, but
can be observed in any type of traumatic insult to
the spinal axis. Disruption of the disk — vertebral
endplate complex will be associated with mor-
phologic and signal and enhancement changes
on MRI that can simulate infectious spondylitis.
It is therefore important to look at the plain

radiographs and CT examinations of the spinal
axis that are commonly performed in these
patients in order to identify fracture deformities
and fracture lines. Equally as important is the
requirement for obtaining an accurate history of
recent significant trauma. The combination of
clinical history and radiographic information
(plain film and CT) can usually be used to distin-
guish a traumatic etiology from an infectious
cause.

Osteoporotic vertebral compression fractures
can occur insidiously or as a result of a fall or
sudden bending or lifting movement (Fig. 10.9).
These patients are often elderly and female.
Acute and subacute osteoporotic vertebral com-
pression fractures are associated with a high inci-
dence of vertebral endplate fracture and disk
injury as demonstrated on MRI studies (Ortiz and
Bordia. 2011). MR will show a disruption of the
vertebral endplate with angulation or overt frac-
ture line and a variable amount of marrow edema
or vertebral body cleft formation. The superior
endplate, inferior endplate, or both endplates
may be affected depending on the type of fracture
morphology. The affected intervertebral disk will
show alteration of morphology and may show
either focal or diffuse T2 hyperintensity. Contrast-
enhanced MRI studies are infrequently per-
formed during the evaluation of these patients,
but when they are, band-like contrast enhance-
ment or more diffuse enhancement will be seen
within the affected portions of the vertebral body.
Evaluating the scout sagittal image in these
patients can be helpful in identifying other
chronic vertebral compression deformities,
which in combination with the appropriate clini-
cal history (i.e., a history of osteoporosis) may
suggest the correct diagnosis. Additionally,
reviewing prior imaging studies will also help to

Fig. 10.8 A 45-year-old female with low back pain.
T1-weighted sagittal image (a) shows multiple large areas
of hypointense endplate signal (arrows) at several levels.
Focal areas of endplate deformity are seen throughout the
lumbar spine. These areas are hyperintense on the T2 sag-
ittal image (b) and located near the corners of the verte-
bralbodies (arrows). The fat-suppressed contrast-enhanced
T1 sagittal image (c¢) shows prominent enhancement

»
»

(arrows) in these areas of presumed inflammation. The
reformatted sagittal CT image (d) in bone window algo-
rithm shows subtle foci of endplate erosion (curved
arrows) and sclerosis (small arrows). A CT-guided biopsy
(e) was performed using a posterolateral approach (arrow)
with an unremarkable microbiologic and pathologic anal-
ysis. A follow-up rheumatologic evaluation confirmed a
diagnosis of ankylosing spondylitis
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Fig.10.8 (continued)

Fig. 10.9 A 55-year-old female with 10/10 mid-back
pain after a fall at work. T1-weighted sagittal image (a)
shows two vertebral body compression fractures (arrows)
with signal abnormality within the intervertebral disk

suggest the diagnosis, as osteoporotic vertebral
compression deformities, while initially occult
on plain radiographs, will gradually progress
over a relatively short period of time (weeks to
months).

Vertebral endplate and disk injury are asso-
ciated with spine fractures and can there-
fore be confused for spine infection on
MRI examinations. Radiographic and/or
CT correlation, in addition to a history of
recent trauma or osteoporosis, can help to
suggest the appropriate diagnosis.

(curved arrow). STIR sagittal image (b) shows endplate
signal abnormality (arrows). Lateral radiograph (c¢) of
thoracic spine shows the vertebral compression deformi-
ties (arrows)
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10.7 Neuropathic
Osteoarthropathy

Neuropathic osteoarthropathy consists of a spec-
trum of bone and joint destruction that is associ-
ated with a significant neurosensory deficit
including loss of proprioception (Jones et al.
2000). This impairment of normal sensory feed-
back is thought to lead to repetitive mechanical
trauma to the axial and appendicular skeleton.
Another possible mechanism for this osteoar-
thropathy is that compromised sympathetic
innervation results in loss of vascular tone; the
resulting vasodilation and hyperemia lead to
bone resorption at joint or disk interfaces. Thus,
pathologic alteration of the normal sensory
mechanism either affecting the peripheral ner-
vous system or the central nervous system, or
both, results in neuropathic bone disease that
affects one or more components of the axial and/
or appendicular skeleton. Some conditions that
may predispose to the development of neuro-
pathic osteoarthropathy include spinal cord
injury, syringomyelia, meningomyelocele, con-
genital insensitivity to pain, and diabetes melli-
tus (Jones et al. 2000). Diabetes mellitus is the
most common cause of neuropathic osteoar-
thropathy, affecting the foot. Hypertrophic and
atrophic forms of neuropathic osteoarthropathy
may be seen; the former is characterized by osse-
ous fragmentation, sclerosis, and osteophytosis,
whereas the latter consists of osseous resorption.
When the osteoarthropathy affects the spinal
axis, the imaging findings on radiography, CT, or
MRI will reflect injury to the intervertebral disk,
the adjacent vertebral bodies, and the facet joints
(Wagner et al. 2000b). Disk space height loss
tends to be associated with vacuum phenomena;
rim enhancement of the residual disk tissue may
be seen on contrast-enhanced MR images. The
vertebral body and endplates will show sclerosis,

osseous fragmentation, osseous debris, and dis-
organization. Spondylolisthesis is due to both
disk space and facet joint involvement. A key
radiologic finding in neuropathic osteoarthropa-
thy is the absence of soft tissue swelling or
edema in the setting of such extensive disk and
osseous involvement. Without the appropriate
clinical history, the imaging findings in neuro-
pathic osteoarthropathy can be strikingly similar
to and be interpreted as possible spine infection
(Jones et al. 2000).

The presence of disk space height loss, ver-
tebral endplate destruction with debris and
fragmentation, increased density due to
sclerosis, and osteophytosis, in the appro-
priate clinical setting, may indicate the
presence of neuropathic osteoarthropathy.

10.8 Neoplasm

For the most part, neoplastic processes that
involve the spinal axis can usually be differenti-
ated from spine infection. When two adjacent ver-
tebral bodies, however, are involved by a
neoplastic process, the imaging findings can be
indistinguishable from spine infection (Gabe
et al. 2010). These overlapping imaging appear-
ances become even more similar when the
involved spinal segment is affected by the pres-
ence of a pathologic fracture. By far the two most
common neoplastic processes that can involve the
spine and result in this diagnostic dilemma are
metastatic disease and multiple myeloma (Fig.
10.10). In the case of metastatic disease, the clini-
cal history of a known primary with a predilection
for osseous metastatic spread, and the involve-
ment of other skeletal or organ sites of metastatic
spread, can be used to suggest the diagnosis
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Fig. 10.10 A 91-year-old female with remote history of
pancreatic cancer presents with burning back pain.
T1-weighted sagittal image (a) shows diffuse hypointense
signal (arrows) within two adjacent vertebral bodies. The
STIR sagittal image (b) shows hyperintense signal within
the vertebral bodies (arrows) and the intervening disk

(Fig. 10.11). Yet it is in those situations in which a
neoplasm is first presenting with metastatic
involvement of the axial skeleton that it can be
difficult to distinguish between metastases and

(curved arrow). Axial CT image (c) from the spine biopsy
procedure performed using a transcostovertebral approach
shows diffuse vertebral endplate irregularity with mild
soft tissue swelling (arrow). The initial clinical concern
was spine infection, but the biopsy demonstrated meta-
static pancreatic cancer

infection. This clinical scenario can also be seen
in multiple myeloma which may not yet be
diagnosed until the occurrence of a pathologic
vertebral compression fracture (Fig. 10.12).
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a

Fig. 10.11 A 69-year-old female with a history of breast
cancer presents with 10/10 low back pain. Skeletal scintigra-
phy (a) shows focal radionuclide uptake within the upper
lumbar spine (arrow). Reformatted sagittal CT image in
bone window algorithm (b) shows a lytic lesion (curved
arrow) within the posterior aspect of the inferior endplate of

L1. Lumbar spine biopsy performed through a transpedicu-
lar approach using coaxial technique shows the biopsy nee-
dle within the posterior vertebral body (arrow) on this lateral
projection (c). Frontal projection (d) shows inferior angula-
tion of the coaxial biopsy needle system (arrow). The biopsy
confirmed the presence of metastatic breast cancer
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Fig.10.12 A 41-year-old female with history of intrave-
nous drug abuse and severe thoracic and abdominal pain.
Axial CT image (a) from an abdomen CT study shows
concentric areas of osteolysis within a thoracic vertebral
body (curved arrows) surrounded by extensive paraspinal
soft tissue (arrows). A reformatted coronal image (b)
shows that the lytic change involves adjacent vertebral
endplates (arrows). A Tl-weighted sagittal image (c)
shows loss of the disk-endplate margins (arrow) and a
ventral epidural soft tissue component (curved arrows).
The diffuse hypointense marrow signal reflects the
patient’s chronic anemia. The T2 sagittal image (d) shows
destruction of the disk space (large arrow) and abnormal
vertebral marrow signal involving three vertebral bodies
and the posterior elements (small arrows). Spinal cord

<

compression with edema is also noted (curved arrow). A
fat-suppressed contrast-enhanced T1-weighted sagittal
image (e) shows prominent enhancement surrounding a
necrotic area in the disk and ventral epidural space (curved
arrows). An image-guided biopsy was requested to assess
for a presumed spine infection. The axial CT image (f)
from the biopsy procedure shows the use of the costo-
transverse approach (arrow) to access this extensive area
of pathology. The operator was able to obtain multiple
specimens, which were submitted for not only microbio-
logic analysis but also for pathologic analysis. The biopsy
results showed plasmacytoma and no evidence of infec-
tion. This altered the patient’s clinical management, and
she underwent surgical decompression and spinal stabili-
zation along with clinical management of myeloma

<

Indeed, additional clinical evaluation may be
required in these cases especially when the patient
does not manifest the clinical signs of infection.
Lymphoma and leukemia, especially the extrano-
dal form of lymphoma, can also involve the verte-
bral body, paraspinal soft tissues, and/or the
epidural space and, rarely, can simulate the
appearance of infectious spondylitis (Fig. 10.13).
Primary bone tumors such as chordoma or sar-
coma, for example, can occasionally mimic the
appearance of an infected spinal segment.

The medical literature is replete with case
reports in which any number of neoplasms that
can involve the spinal axis present initially with
an imaging appearance that masquerades as infec-
tion. Alternatively, there is also a long list of case
reports in which an infectious process simulates a
neoplastic process. For example, scattered foci of
vertebral osteomyelitis can look just like meta-
static disease on MRI (Hsu et al. 2008). How then
should we best approach this type of diagnostic
challenge from both an imaging and an interven-
tional perspective? In clinical situations where
pathologic diagnostic categories may overlap,
then it is critical to recognize the value of differ-
ential diagnosis and to at least consider the diag-
nostic possibility of an infectious or neoplastic

entity and to observe a meticulous process for
either including or excluding a given diagnostic
entity. First, it is important to obtain the patient’s
prior medical history, in particular, querying for a
history of cancer. Second, all prior imaging stud-
ies on that patient should be reviewed as this may
help to distinguish progression of a neoplastic
process from spine infection. Third, all pertinent
clinical laboratory analyses to assess for both neo-
plastic and infectious states should be performed.
When an intervention, such as a biopsy of the
spine, is warranted, then it is important to obtain
an adequate volume of specimen. This will be
necessary as specimens should be submitted for
both pathologic and microbiologic analysis. Such
a strategy will enable the operator to utilize spine
biopsy to its fullest potential as a problem-solving
procedure.

10.9 Other

Sarcoid can occasionally involve the spinal axis.
One or more of the spinal compartments may be
affected, and rarely the imaging appearance can
be similar to that seen with spine infection
(Valencia et al. 2009).
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Fig. 10.13 An 81-year-old female with low back pain.
T1-weighted sagittal image (a) shows diffuse hypointense
signal within two vertebral bodies (large arrows) and the
intervening disk space (small arrow). Close-up view of
upper lumbar spine on T2-weighted sagittal image (b)
shows no signal abnormality within the disk (arrow) and
a small disk protrusion (curved arrow). Close-up view of
reformatted sagittal CT image (c¢) in bone window algo-

<
<

rithm shows intradiskal gas (curved arrow), focal epidural
gas (small arrow), as well as intact vertebral endplates.
Static image from bone scan (d) shows focal uptake of
radionuclide within the upper lumbar spine (arrow). Axial
CT image (e) in soft tissue algorithm shows a disk protru-
sion (curved arrow) and left paraspinal soft tissue fullness
(arrow). A biopsy was performed and demonstrated
leukemia

Key Review Points

1. Degenerative disk disease, recent diskec-
tomy, and spondyloarthropathy are com-
mon conditions that share a similar
imaging appearance with spine infection.

2. Trauma, neuropathic osteoarthropathy,
and neoplasm can also mimic the imaging
appearance of infectious spondylitis.

3. Type 1 degenerative disk disease is often
seen within the lower lumbar spine (L4—
L5 or L5-S1); T2 signal loss is part of the
degenerating disk cascade, whereas T2
signal increase is seen within the infected
disk.

4. The focal target-like imaging appearance
of Schmorl’s nodes can be used to distin-
guish this entity from infection.

5. In acute diskectomy patients, the signal
alterations and enhancement findings are
confined to the diskectomy site with par-
allel linear bands of enhancement seen
within the disk annulus.

6. In patients with suspected gout or sero-
negative spondyloarthropathy, it is impor-
tant to look at other imaging studies such
as radiographs of the hands, feet, and sac-
roiliac joints.

7. Spondyloarthropathy of chronic hemodi-
alysis has an imaging appearance that
strikingly resembles infection. An
important observation is to note that the
patient is not undergoing the contrast
portion of the MRI study because they
have kidney failure and are on long-term
hemodialysis.

8. Clinical history and prior studies (plain
radiographs and/or CT) are useful in iden-
tifying trauma patients or patients with
osteoporotic vertebral compression frac-
tures that have concomitant vertebral end-
plate and disk injuries.

9. A useful imaging finding that might sug-
gest neuropathic osteoarthropathy of the
spine as the diagnosis, instead of spine
infection, is the paucity of soft tissue
swelling or involvement in the presence
of extensive vertebral body destruction
and debris.

10. When trying to differentiate between spine
infection and a neoplastic process, always
obtain as much specimen as possible so
that samples can be sent for microbiologic
and histopathologic analysis.
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and Rib Biopsy: Pathology

Steven A. Drexler and A. Orlando Ortiz

11.1  Introduction

A biopsy procedure does not necessarily start and
end with the performance of the procedure. The
objective of a biopsy is to obtain pathologic tis-
sue in a sufficient amount so as to enable a
pathologist and/or a microbiologist to make the
diagnosis. The assumption that all that is neces-
sary is to provide them with a specimen and that
they will make the diagnosis can be equated with
the request for an imaging study and the typical
poor/vague history that presents itself at the radi-
ologist’s reading station. Neither of these scenar-
ios results in excellent medical care.

11.2 What Does the Operator
Expect from the Pathologist?

Prior to an image-guided percutaneous spine or
rib biopsy procedure, the operator may be con-
sidering a specific pathologic diagnosis based
upon the patient’s imaging examinations and
clinical presentation. At this time, the operator
may want to discuss the case with the pathologist
to determine how to proceed with the biopsy pro-
cedure. For example, if the operator is concerned
about spine infection, then the majority of the
specimen may be sent to microbiology. If the
operator is suspecting lymphoma, then the speci-
men may be prepared for flow cytometry. A spe-
cial stain may be required based upon the
suspected pathologic diagnosis. The operator can

© Springer International Publishing Switzerland 2017

also review the imaging findings with the pathol-
ogist, and this will in turn assist the pathologist in
their subsequent analysis of the biopsy speci-
mens. During the procedure, the pathologist’s
assistance can be quite valuable. The presence of
a pathologist is particularly helpful when assess-
ing FNA samples for specimen adequacy and for
cytologic diagnosis. After the procedure, the
pathologist owns the major responsibility of try-
ing to make the correct diagnosis. It may be help-
ful in certain instances for the operator to review
the slides and images with the pathologist.

11.3 What Does the Pathologist
Expect from the Operator?

A spine or rib biopsy procedure is requested. This
presents the operator with significant opportuni-
ties to discuss the case not only with the clinician
but also with the pathologist and microbiologist.
There may be special circumstances when the
operator should discuss the case with the pathol-
ogist or microbiologist prior to the procedure. It
is important for the operator to not only commu-
nicate with these clinical associates after the
biopsy procedure, not just to get the results, but
prior to the procedure in order to optimize the
results. The pathologist may want to discuss the
case with the operator in order to obtain more
clinical information. The operator should inform
the pathologist if the patient has undergone any
prior biopsies or surgeries and at which institution
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or facility these were performed. This will
improve the pathologist’s chances of establishing
the correct diagnosis. Similarly, the microbiolo-
gist should be informed whether or not the patient
is being treated with antibiotics and, if so, which
ones and for how long. Providing adequate clini-
cal and radiologic information is also helpful to
the pathologist. It is sometimes beneficial for the
pathologist to review the prior imaging studies

with the operator in order to assist in optimal
biopsy planning. For instance, it is helpful for the
pathologist to know if the lesion is lytic, cystic,
solid, or enhancing. A radiologic differential
diagnosis is quite useful and should be provided
to the pathologist. If the operator suspects a spe-
cific diagnosis based upon a pathognomonic
radiologic presentation, then the pathologist
should be informed (Fig. 11.1).

Fig. 11.1 An 18-year-old male with nocturnal low back
pain (same patient as in Fig. 12 in Chap. 6). Axial CT image
in bone window algorithm (a) shows a small, well-
circumscribed hypodense lesion within a sclerotic right lum-
bar pedicle (arrow); the lesion contains a small central mixed

density nidus. Close-up photograph of biopsy specimen (b)
shows red-brown bone core (arrow). Photomicrograph with
H/E stain (c) shows circumscribed area of disorganized, scle-
rosed bone with marrow fibrosis. The histologic findings
were consistent with an osteoid osteoma
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Diagnostic tissue is best obtained from the non-
necrotic component of a given lesion (Omura et al.
2011). After all, the goal of an image-guided percu-
taneous spine or rib biopsy procedure is to obtain
specimen. The optimum biopsy procedure should
yield as much tissue from the pathologic structure
or region as possible. FNA is suitable for rapid
answers in lesions that are easily biopsied using
needle aspiration (Fig. 11.2) (Gupta et al. 2002).

Fig.11.2 Photograph (a)
of a dual-viewer
microscope that is located
within the procedure area.
This enables the
cytotechnologist and
pathologist to immedi-
ately confirm the absence
or presence of a diagnos-
tic FNA specimen.
Photograph (b) of rapid
staining agents that allow
the cytotechnologist or
pathologist to quickly
process an FNA specimen
and air-dry the slides. The
slides can be prepared and
reviewed within a few
minutes. This technology
contributes to the
efficiency and safety of
the biopsy procedure. A
specimen cup (arrow) is
kept on standby for any
core biopsy material.
Furthermore, the operator
can directly convey
additional information to
the pathology department
at the time of the biopsy

Cobhesive or fibrous lesions may not be easily aspi-
rated (e.g., schwannoma or fibrosarcoma). The
small amount of tissue from FNA may not be suf-
ficient for special studies including immunohisto-
chemistry, flow cytometry, or molecular studies.
The size of the needle that is used or additional
FNA passes in order to obtain more tissue can alle-
viate this concern (Kreula 1990). Fine-needle aspi-
rates are submitted in 50% alcohol. FINAs can be
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also performed during some bone biopsy proce-
dures (Schweitzer et al. 1996). For FNA proce-
dures, small cell clusters from the tissue that is
sampled are desirable. The objective is to avoid
contamination of the FNA sample with the patient’s
blood. It is difficult to detect an abnormal cell in a
virtual “sea” of blood. For this reason, it is impor-
tant to perform the FNA procedure prior to the core
biopsy procedure, as the latter can of cause an intra-
lesional hemorrhage of sufficient quantity so as to
contaminate a subsequent FNA pass. Soft tissue
cores generate a much larger sample of the lesion
than FNA which enables the performance of special
studies with fewer needle passes (Yang and Damron
2004). A soft tissue cutting needle can be useful for
Iytic lesions. Small lesions require a short needle
“throw” or excursion, while larger lesions can
accommodate a longer needle “throw.” The pathol-
ogist is looking for as much tissue as possible from
the soft tissue components of a given lesion. That
being said, at least 2 mm in each dimension is pre-
ferred. Large bone cores by increasing the volume
and area of sampling are desirable (Ortiz et al.
2010). However, the larger needle size and diag-
nostic benefit of larger specimens must be bal-
anced againstthe increasedrisk of procedure-related
hemorrhage. Tissue cores are submitted in 10%
formalin. When performing bone biopsies, the
operator must try to not only obtain as many bone
cores as possible but also to handle the specimens
as carefully as possible. This applies to transferring
the specimen from the bone biopsy cannula into
the transport media. Crush artifact may be created
when obtaining core specimens, and this can cause
diagnostic dilemmas. The likelihood of crush arti-
fact can be reduced by trying not to impact the
bone biopsy needle with one single specimen.
Some lytic osseous lesions are very soft, and an
FNA or soft tissue core biopsy may need to be per-
formed in order to obtain a specimen. In certain
situations, the only specimen that can be obtained
is an aspirate of bloody material. This specimen
should not be discarded and should be analyzed for
the presence of neoplastic cells.

Always try to perform the FNA procedure
prior to the core biopsy procedure.

11.4 Special Situations

Specimens for flow cytometry to diagnose lym-
phoma are submitted fresh on ice as quickly as
possible to the lab, preferably early in the day to
allow for specimen handling. FNA specimens
that cannot be immediately assessed by the
pathologist can be placed in an alcohol-based
transport medium. If there is a concern for an
inflammatory process such as gout, the specimen
can be placed on a small piece of non-adherent
dressing that is soaked in normal saline
(Fig. 11.3). Infection is best verified by Gram
stain and culture (Howard et al. 1994). Bacterial,
fungal, and mycobacterial cultures should be
submitted directly to the microbiology depart-
ment separately from the specimen submitted for
tissue processing. An operator ought to consider
sending specimens to both microbiology and
pathology for analysis for lesions that involve
multiple spinal levels and/or when the clinical
and laboratory parameters (white blood cell
count, erythrocyte sedimentation rate, and
C-reactive protein) are abnormal. Another clini-
cal scenario in which both types of analyses
should be performed is in patients who are
immunocompromised.

11.5 Optimizing Specimen
Volume and Transport
Media

One of the most deflating reports to receive, after
a spine or rib biopsy procedure, often reads as
one of the following:
“Non-diagnostic specimen. Blood only in smears.
Cell block shows minute fragments of benign car-
tilage and benign cortical bone. No marrow ele-
ments are present in the smears or cell block.”
Or
“QNS: quantity not sufficient for diagnosis.”

It must be understood that this biopsy result can
occur with any biopsy procedure (Hwang et al.
2011). Hence, pre-procedure disclosure to the
patient about the possibility of a nondiagnostic
biopsy should always be discussed. This will pre-
vent the patient from becoming frustrated or dis-
appointed if the result of the procedure is less
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Fig.11.3 Photograph
(a) of non-adherent
dressing (arrow) and

10 mL normal saline. The
scissors are used to cut a
small piece from the pad
and place the small piece
of the pad within the
sealable container. The
normal saline is used to
soak the non-adherent
dressing. Photograph

(b) of saline-soaked
non-adherent dressing
(arrow) within a sealed
container. A specimen
core (curved arrow) has
been placed on top of the
non-adherent dressing;
this was submitted to
assess for urate crystals

than what was expected. The patient will also be
aware that they may require another biopsy pro-
cedure. The biopsy procedure represents sam-
pling of a small portion of a spine or rib lesion. If
there is scant tissue within the sampled volume,
then the likelihood of achieving a pathologic
diagnosis is reduced. If the lesion is not com-
pletely sampled or not sampled at all, then the
possibility of a confirmatory diagnosis is reduced
(Figs. 11.4 and 11.5). Even more frustrating is
the improper handling of specimens from the

time of their acquisition (e.g., placing the speci-
men in the wrong transport medium) to the time
of transport and delivery (the specimen is lost).
The goals then are to maximize the amount of
pathologic tissue that can be reasonably acquired
during the biopsy procedure, to place the har-
vested material in the appropriate labeled speci-
men containers, and to expeditiously transport
these containers to the appropriate destinations
for processing and analysis. Limited specimen
volume due to small gauge sampling devices may
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be an issue. At times the operator may not have a
choice in this matter due to factors such as small
lesion size or a suspected hypervascular lesion.
Small lesions may limit the number and size of
specimen samples. Whenever possible, the use of
larger-gauge needles enables the operator to har-
vest more specimens (Fig. 11.6). This translates
into better statistical sampling of the lesion with
a higher likelihood of obtaining diagnostic tissue.

The most useful pathology information is
obtained from biopsy samples that include at
least one core of bone or soft tissue. In order to
optimize pathologic evaluation and diagnosis, it
is best to submit as many cores as possible (Wu
et al. 2008). At least three bone cores, if possible,
should be obtained and placed in 10% formalin
for submission to pathology. Of note, bone
biopsy specimens must undergo a 48-h period of

Fig.11.4 A 58-year-old male with T12 bone lesion. Fat-
suppressed contrast-enhanced T1-weighted axial image
(a) shows large enhancing lesion (arrow) that contains
several large necrotic or cystic foci (curved arrows). Axial
CT image (b) with skin grid in place shows a subtle lesion
(arrows). CT-guided coaxial biopsy (¢, d) using costover-
tebral approach shows biopsy needle at the margin of
lesion (arrows). An FNA (e) was then performed (arrow).
The procedure yielded three bone cores and one FNA
specimen. The FNA specimen (f) was nondiagnostic with
only blood present on the smears. That the latter showed
only blood is no surprise as the FNA was performed after

the bone biopsy. Moreover, if the needle tip is within the
vertebral marrow, blood will be aspirated (think of the
vertebral body as a large trabeculated venous structure
with marrow elements). The cell block (g), which was
obtained from the bone cores, showed only minute frag-
ments of calcified tissue (arrow), most likely representing
the bone. In this case, the peripheral location of the biopsy
needle relative to the center or “meat” of the lesion may
account for this nondiagnostic biopsy. A steeper approach
to the lesion would have yielded access to the epicenter of
the lesion with the possibility of a diagnostic biopsy
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Fig.11.4 (continued)

decalcification in 7% formic acid prior to sec-
tioning and staining. Thus, it is important to
obtain enough tissue such that an adequate
amount remains after decalcification for histo-
logical analysis. Never discard marrow aspirates
as these may harbor representative tissue from
the lesion in question (Hewes et al. 1983). For
soft tissue or lytic lesion soft tissue biopsies, at
least four soft tissue cores, if possible, should be
obtained; these also can be submitted in 10% for-
malin. The type of imaging guidance (i.e., CT vs.
fluoroscopy) does not appear to be a factor in
obtaining core samples and arriving at a patho-
logic diagnosis.

Pre-procedure disclosure to the patient
about the possibility of a nondiagnostic
biopsy should always be discussed.

11.6 Basic Histopathology

The pathologist will utilize certain basic staining
techniques for analyzing spine or rib osseous
lesions or paraspinal or extraosseous rib lesions.
The initial stain that is used is the H/E or
hematoxylin-eosin stain (Fig. 11.1). The results
of this stain will help determine which additional
staining techniques, if any, might be of benefit.

Common stains used for bone biopsy
procedures:

1. H/E is the primary screen used to evalu-
ate the pathology and decide if addi-
tional staining or testing is warranted.

2. Immunohistochemistry  for tumor
types or infection—antibody binding
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to antigens present in the tissue linked
to a chromagen. For example, schwan-
nomas are S100 positive; lymphomas
are positive for LCA (CD20).

3. For bacteria, Gram stain will stain Gram
negatives purple and Gram positives black.

4. For mycobacterium, Ziehl-Neelsen
stain will stain the organisms red.

5. For fungus, PAS (pink) or GMS (black).

11.7 Histopathology
of Commonly Encountered
Spine and Rib Lesions

While a variety of pathologic conditions may be
encountered within the spine, ribs, or their adjacent
soft tissues, there are certain neoplasms that have a
propensity to occur within these sites (Table 11.1)
(Mills et al. 2015).

Certain special stains are helpful in the identi-
fication of specific tumor types (Table 11.2). The

Fig. 11.5 An 86-year-old male with prior history of
asbestos exposure presents with focal left pleural thicken-
ing and a rib lesion. Axial CT image (a) shows FNA
(arrow) of extraosseous soft tissue component. The results
of this biopsy were negative for malignant cells and con-
sisted of a relatively hypocellular specimen. The patient
returned 7 months later for a repeat biopsy. Axial CT
image (b) shows a marked increase in the size of the rib
lesion (arrow) and its extraosseous extension (small

arrows). A guide needle (curved arrow) is in place for
FNA. The repeat biopsy consisted of two FNA touch
preps which showed the presence of sheets of atypical
plasma cells (¢) with numerous Dutcher bodies (arrows).
Immunoperoxidase stains that were performed on the cell
block, from the soft tissue biopsy cores, included a posi-
tive kappa stain (d). The immunoprofile excluded malig-
nant mesothelioma and was consistent with a
plasmacytoma with kappa restriction
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Fig. 11.6 A 68-year-old male with history of metastatic
prostate cancer and painful lumbar vertebral compression
fractures. Contrast-enhanced fat-suppressed T1-weighted
sagittal image (a) shows a partial impaction-type vertebral
compression deformity of L1 (arrow) with band-like
enhancement along the vertebra endplates (curved
arrows). Superior endplate enhancement is also seen
involving the L2 vertebral body (small arrow). Lateral
fluoroscopic image (b) shows use of an 8-gauge bone
biopsy system (curved arrow) with transpedicular tech-

nique at L2; L1 (arrow) was also biopsied, but did not
yield any diagnostic tissue. Photograph (c¢) of a large
1.5 cm length bone core being expressed from the biopsy
cannula (arrow). Photograph (d) of the tan-red bone core
(arrow) within the 10% formalin specimen container.
Photomicrograph (e) with H/E stain shows changes con-
sistent with a healing fracture, fracture callous including
fibrosis (arrow) and reorganizing bony spicules (curved
arrow)
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Table 11.1 Lesions Commonly Encountered at Biopsy
Spine
1. Metastasis: lung, breast, prostate, gastrointestinal
2. Myeloma
3. Lymphoma
4. Primary: giant cell tumor, chordoma
Rib
1. Metastasis
2. Primary: chondrosarcoma

staining pattern, positive or negative, on specific
immunohistochemistry studies contributes to the
immunoprofile of the tissue and may narrow if
not determine the histopathologic diagnosis
(Kabiraj et al. 2015).

11.7.1 Metastasis

The vertebral column is the most common site for
osseous metastases, with about 70% of lesions
found within the thoracic spine (Ross 2005). The
most common primary sites to metastasize to the
spine include carcinomas of the prostate, lung,
and breast (Murphy et al. 1981). It is therefore
important to notify the pathologist if the patient
has either a prior history of cancer or suspicious
concurrent imaging findings in another location.
Additionally, lesion multiplicity will increase the
probability that a given spine or rib lesion might
represent a metastatic process (Jakanani and
Saifuddin 2013). It is in this latter situation where
skeletal scintigraphy may be of value in screening
the skeleton. Metastases are initially character-
ized into one of the groups of carcinoma, lym-
phoma, or sarcoma and then further subcategorized
using histological and immunohistochemical
means (Figs. 11.7, 11.8, 11.9, and 11.10). Some
tumors require molecular studies utilizing fluores-
cent in situ hybridization (FISH) or sequencing.

11.7.2 Myeloma
Multiple myeloma is a clonal B-cell tumor con-

sisting of differentiated plasma cells (Angtuaco
et al. 2004). Since it accounts for approximately

Table 11.2 Special Stains (Dabbs 2014)

Metastasis Carcinoma—CK7 and CK20 to
narrow source site

Lung TTF1 adenocarcinoma, P63
squamous cell carcinoma, CAM 5.2.
small cell carcinoma

Breast ER/PR/GCDFP/E-cadherin for
lobular vs. ductal, GATA-3

Prostate PAP, PSA

Thyroid TTF1, thyroglobulin

Myeloma CD138, Kappa/Lambda—via IHC or
SISH

Lymphoma LCA CD20, CD3, and other
lymphoid markers

Leukemia IHC myeloperoxidase, C34,

lysozyme, TdT, CD117, and FISH
(various for deletions and

translocations)
Primary bone
tumor
Chordoma S100
Giant cell tumor CD68, S100

Vimentin, CD99+, various other
markers to narrow type

Sarcoma

Chondrosarcoma—S100 positive,
IDH1, and IDH2

10% of hematologic cancers, it is common for
this condition to involve the skeletal system,
including the spine and ribs (Stoker and Kissin
1985). Myeloma is identified initially by the
presence of dense aggregates of atypical plasma
cells and then subcategorized using stains for
kappa and lambda studies (Fig. 11.5). This may
include immunohistochemistry and/or in situ
hybridization studies.

11.7.3 Lymphoma

Lymphoma is identified by the presence of aggre-
gates of atypical lymphocytes (Fig. 11.11).
Immunohistochemical staining with B-cell, T-cell,
and other markers is needed to confirm the diagno-
sis of lymphoma. Lymphoma may either present
with secondary involvement of the spine or ribs or,
less commonly, with primary involvement of these
osseous structures. Primary lymphoma of the bone
is rare and accounts for less than 5% of all primary
osseous neoplasms (Krishnan et al. 2003).
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Fig.11.7 A 68-year-old
male with metastatic
prostate cancer and painful
thoracic vertebral
compression fractures
(same patient as in Fig. 6).
Contrast-enhanced
fat-suppressed
T1-weighted sagittal image
(a) of the thoracic spine
shows a partial
compression deformity of
T7 (large arrow) with
diffuse vertebral body
enhancement, subtle
superior endplate
enhancement within the T9
vertebral body (curved
arrow), and focal
enhancement within a
partially compressed T11
vertebral body (small
arrow). Lateral
fluoroscopic image (b)
shows coaxial bone biopsy
of the T9 vertebra with a
10-gauge bone biopsy
system (arrow); the height
loss at T9 has progressed
as compared to the MRI
study (a). Photomicrograph
of biopsy specimen (c)
with H/E stain shows
fragments of bone with
foci of metastatic
carcinoma (arrows),
consistent with prostate
carcinoma

11.7.4 Giant Cell Tumor

Giant cell tumor is identified by the presence of
osteoclast like giant cells evenly distributed in a
background of polyhedral or oval mononuclear
cells (Fig. 11.12). These tumors occur most fre-
quently within the appendicular skeleton, arising
in the epiphyses of long bones, especially about
the knee. Giant cell tumors, however, can be
found within the spine or sacrum (Chakarun et al.
2013). This neoplasm tends to be large and multi-

lobular and contains foci of hemorrhage, cyst for-
mation, and pale necrosis. Though histologically
benign, giant cell tumors are locally aggressive
and have a fairly high recurrence rate (15-25%).

11.7.5 Chordoma

These tumors are derived from notochordal rests
that are present along the craniospinal axis from
the skull base to the sacrum. Indeed, the central
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Fig. 11.8 A 65-year-old female with history of breast
cancer presents with back pain and a T7 vertebral com-
pression fracture (same patient as in Fig. 3 in Chap. 5).
T2-weighted sagittal image (a) shows a pathologic T7
vertebral compression deformity (arrow) as well as small
lesions (small arrows) within other vertebra. Axial CT
image (b) obtained during a T7 biopsy with coaxial tech-

skull base and sacrum are two common locations
for these neoplasms. Upon gross inspection,
these tumors show a glistening off-white chon-
droid, fleshy appearance. Their histopathology
shows large PAS-positive vacuoles within the
cellular cytoplasm which accounts for the “phys-
aliphorous cell” terminology (Fig. 11.13). The
dense connective tissue trabeculae within the

nique shows a bone needle within the lesion (arrow).
Photomicrograph (¢) with H/E stain is positive for malig-
nant cells (arrow). Photomicrograph (d) of positive
immunohistochemical stain for cytokeratin 7 (CK7)
(arrow) confirmed a diagnosis of metastatic breast
carcinoma

lesion contribute to its lobulated appearance.
These slow-growing neoplasms show locally
invasive characteristics that result in bone
destruction. This limits tumor resection and con-
tributes to their unfavorable prognosis. CSPGY is
a tumor biomarker that may be associated with an
increased risk of metastatic disease (Schoenfeld
et al. 2016).
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Fig. 11.9 A 53-year-old male with multiple pulmonary
nodules and a rib lesion seen on a chest CT (same patient
as in Fig. 14, Chap. 8). Axial CT image (a) from rib
biopsy procedure shows a 19-gauge guide needle within a
soft tissue mass (arrow) that has destroyed a portion of the
posterior ninth rib; a posterior lung mass is present
(curved arrow). Photomicrograph (b) with H/E stain is

11.7.6 Chondrosarcoma

This is the third most common malignant bone
tumor and a small percentage can be located
within the spine (7%) and ribs (8%) (Murphey
et al. 2003). They may occur as primary tumors
or be secondarily superimposed on preexisting
lesions such as enchondromas or osteochondro-
mas. Chondrosarcoma is heterogeneous in
appearance depending on the type of chondrosar-
coma and grade. However, generally it is com-
posed of atypical chondrocyte-like cells in a

positive for malignant cells (arrows). Photomicrograph
(¢) shows positive immunocytochemical stain for synap-
tophysin (arrows). The cytomorphological and immuno-
phenotypic features (also positive for TTF-1 and CK7) of
this tumor were consistent with a primary lung small cell
carcinoma

background of malignant myxoid-type matrix.
The tumor usually presents as a lytic bone lesion
with or without calcifications (Fig. 11.14).
Diagnosis and classification are highly dependent
on location and radiological appearance (includ-
ing lesion size, extent (within the bone as well as
the extraosseous soft tissue component), mar-
gins, matrix, and the presence or absence of
metastases). So communicating that history to
the pathologist is important. A pathologist that
has expertise in orthopedic pathology may be
needed to review the case.
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Fig. 11.10 An 81-year-old female with severe low back  (¢) shows positive immunocytochemical stain (arrows)
pain and a lung mass (same patient as in Fig. 12, Chap. 7).  for CK7. The tumor was focally positive for CA 125 (not
Axial CT image (a) from coaxial biopsy procedure shows  shown). The pathologic differential diagnosis for the pri-
the tip of a cutting needle (arrow) within a large lytic soft  mary site included the ovary, uterus, or lung; clinical and
tissue mass at S1. Photomicrograph (b) with H/E stain is  radiographic correlation were recommended

positive for malignant cells (carcinoma). Photomicrograph
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Fig. 11.11 A 56-year-old male with painful lytic rib
lesion and no known primary tumor. Axial CT image (a)
during biopsy procedure with coaxial technique shows
fine-needle aspiration (arrow) of soft tissue component of
the rib lesion. Axial CT image (b) shows a soft tissue core
biopsy needle within the lesion (arrow). Photomicrograph
(¢) with high-power view is positive for malignant cells

(arrows). Immunoperoxidase stains were performed on
the cell block from the soft tissue core biopsy.
Photomicrograph (d) shows positive stain (arrow) for
CD20 (a B-cell marker). The immunoprofile of the tumor
(CD10, CD20, bc16, and MUM1 positive) and a high pro-
liferative index were consistent with a large cell
lymphoma
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Fig.11.12 A 47-year-old male with low back pain (same
patient as in Fig. 5, Chap. 6). Contrast-enhanced
T1-weighed axial image (a) shows large enhancing mass
(arrows) within the L4 vertebral body. Axial CT image (b)
shows transpedicular coaxial placement of a soft tissue

core biopsy needle (arrow) into this lytic lesion.
Photomicrograph of biopsy specimen (c¢) shows the pres-
ence of multinucleated giant cells (arrows) within the
tumor matrix consistent with giant cell tumor
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Fig. 11.13 A 57-year-old female with 3 year history of
pain radiating to the lower extremities. Fat-suppressed
T2-weighted sagittal image (a) shows large lobulated hyper-
intense sacral mass (arrows). Fat-suppressed contrast-
enhanced T1-weighted axial image (b) shows an enhancing
sacral mass (arrow) at the S5 level. Axial CT image (c) dur-
ing biopsy procedure with coaxial technique shows soft

tissue core biopsy needle (arrow) within the destructive
sacral lesion. Photomicrograph (d) with H/E stain shows
prominent cytoplasmic vacuoles (arrows).
Photomicrographs show positive staining for CAMS.2 (e)
(arrows) and s100 (f); the latter shows a focal weak cyto-
plasmic stain (arrows). The immunoprofile (positive CAM
5.2, AE1/AE3, EMA, S100) was consistent with chordoma
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Fig.11.14 A 70-year-old male with a palpable chest wall
mass. Axial CT image (a) from a rib biopsy procedure
shows a soft tissue core biopsy needle (arrow), inserted
via coaxial technique, within the substance of an expans-
ile lytic rib lesion with an extraosseous soft tissue compo-

Key Review Points

1. The objective of a biopsy procedure is
to obtain pathologic tissue in a sufficient
amount so as to enable a pathologist
and/or a microbiologist to make the
diagnosis.

2. Whether considering a specific diagno-
sis or if uncertain how to process or
transport a specimen, the most optimal
opportunity for the operator to discuss
the case with the pathologist is prior to
performing the biopsy procedure.

3. Always discuss the possibility of a non-
diagnostic biopsy with the patient prior
to obtaining informed consent.

4. Important objectives for the operator
and his/her team are to maximize the
amount of pathologic tissue that can be
reasonably acquired during the biopsy
procedure, to place the specimens in
correctly labeled containers, and to
expeditiously transport these labeled
containers to the appropriate destina-
tions for processing and analysis.

nent (curved arrow). Photomicrograph (b) with H/E stain
showed a chondroid neoplasm with enlarged nuclei and
binucleate chondroid cells (arrows) consistent with a
chondrosarcoma

5. The hematoxylin-eosin (H/E) stain is
the primary screening stain for evaluat-
ing biopsy specimens.

6. Immunohistochemistry is used to fur-
ther assess tissue samples in order to
determine the etiology of the neoplastic
tissue that is identified on the H/E stain.

7. The pathologist does not interpret the
gross and microscopic features of the
biopsy specimen in a void; rather, the
pathologist relies on the critical history
that is provided by the operator as well
as on the imaging findings that are
reported by the radiologist.
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Four-factor prothrombin complex concentrate

(4F-PCC), 25-26

Fresh frozen plasma (FFP), 26

G
Giant cell tumor, 273, 278
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Glycoprotein IIb/Illa inhibitors, 21
Gout, 247-249

H

Heparin, 21

Histopathology, 269-270
chondrosarcoma, 275, 280
chordoma, 273, 274, 279
giant cell tumor, 273, 278
lymphoma, 272, 277
metastasis, 272-276
myeloma, 272
spine and rib lesions encountered,

270, 272

1

Idarucizumab, 26

Imaging guidance
cervical spine biopsy, 78-79
lumbar spine biopsy, 133-141
rib biopsy, 185, 189
sacral biopsy, 167, 172
thoracic spine biopsy, 104—107

Informed consent, 3—4

K
Kyphoplasty, 16

L
Lateral compartment, rib biopsy of, 190, 196
Low molecular weight heparin (LMWH), 23

Lumbar spine biopsy, 231-233. See also Biopsy

anatomy, 126-129

anesthesia, 146, 148

approaches, 139, 141-148
contraindications, 130-131

CT guidance, 148-157

fluoroscopic disk space biopsy, 159
fluoroscopic guidance, 155, 157-158

fluoroscopic vertebral body biopsy, 158-161

imaging guidance, 133-141
indications, 129-130
open surgical techniques, 126
pathologic entities, 125
patient factors, 141, 146
patient preparation, 148, 149
post-procedure care, 161
risks and complications, 131-133
staff factors, 146

Lymphoma, 272, 277

M

Magnetic resonance imaging (MRI),
212,214-223

Metastasis, 272-276

Myeloma, 272

N
Neoplasm, 255-261
Neuropathic osteoarthropathy, 255

Nonsteroidal anti-inflammatory drugs (NSAIDs), 20-21

NSAIDs. See Nonsteroidal anti-inflammatory drugs

(NSAIDs)
Nuclear medicine imaging, 214

P
Pathology
flow cytometry, specimens for, 266, 267

operator, pathologist expect from, 263-266

optimizing specimen volume, 266269
pathologist, operator expect from, 263
Patient follow-up, 8
Patient’s medications, 1
Patient’s prior imaging studies, 2
Percutaneous diskectomy device, 46, 49
Persantine. See Dipyridamole
Pletal. See Cilostazol

Posterior compartment, rib biopsy of, 190, 197-200

Praxbind. See Idarucizumab
Protamine, 25
P2Y 12 inhibitors, 20

R
Reversal medications
desmopressin, 26

four-factor prothrombin complex concentrate, 25-26

fresh frozen plasma, 26
idarucizumab, 26
protamine, 25
vitamin K, 25
Rib biopsy
anatomy, 185-186
anesthesia, 194
approaches, 189-191
contraindications, 188—189
critical structures, 187
CT guidance, 194, 197-199, 201
imaging guidance, 185, 189
indications, 188
metastatic disease, 185
patient factors, 191-192
patient preparation, 194
post-procedure care, 199-201
risks and complications, 189
staff factors, 192—-194
Rivaroxaban, 23

S

Sacral biopsy
anatomy, 163-165
anesthesia, 175
approaches, 167, 169, 171, 173-174
in biomechanical, 163
contraindications, 166—171
CT guidance



286

Index

Sacral biopsy (cont.)
for bone biopsy, 176—179
examination, 176
fluoroscopic, 182-183
for sacroiliac joint, 180—182
for soft tissue masses, 178-181
imaging guidance, 167, 172
indications, 166—171
patient factors, 171, 173, 174
patient preparation, 175
post-procedure care, 183
risks and complications, 166—-167
staff factors, 174
Sacroiliac joint, CT guidance, 180-182
Sarcoid, 259
Schmorl’s node, 242-245
Sedation, 5-6
Seronegative spondyloarthritis, 251-254
Short-axis technique, 169, 173
Single needle technique, 47, 50, 51
Soft tissue core biopsy
comparison, 41, 44
complication, 41, 47
critical aspect, 41
CT-guided, 41, 47
needle, 44
photographs, 41, 45, 46
practical aspect, 41
semiautomated photographs, 4143
Spine biopsy, 9, 10
Spine infection, 9, 10
cervical spine biopsy, 229
clinical presentation, 209
communication, 227
contraindications, 227
CT guidance, 210-214, 229
diagnosis, 241
disk aspiration techniques, 233, 235
disk space biopsy, 232-234
efficacy, 207-208
handle specimen, 235
image guidance, 227
immunocompromised patient, 214, 221
indication, 226-227
laboratory parameters, 228
lumbar spine biopsy, 231-232
mechanisms, 208-209
MRI, 212, 214-223
nuclear medicine imaging, 214
patient positioning, 228
postoperative patient, 221, 224-226
radiographs, 210
radiologic differential diagnosis, 241
risk factors, 209
serum laboratory markers, 209-210
spectrum of, 203-205
surgery, 203, 206-207
thoracic spine biopsy, 229-231
Spondyloarthropathy
of chronic hemodialysis, 249-251
gout, 247-249
seronegative spondyloarthritis, 251-254
Steep ipsilateral oblique approaches, 169, 174

T

Tandem needle techniques, 48, 52
Thoracic spine biopsy, 229-231

anatomy, 96-98

anesthesia, 110

approaches, 104, 107-110
contraindication, 101-102

CT guidance, 111-119
fluoroscopic guidance, 114, 116, 118-121
imaging guidance, 104—107
indications, 98—101

patient factors, 108

patient preparation, 111

posterior approaches, 95
post-procedure care, 120, 122
radiologic anatomy, 95

risks and complications, 102-103
staff factors, 108—110

Tools and techniques

bone biopsy

axial CT image, 53, 67

coaxial needle technique, 48, 49, 52-65
disk, 56

fluoroscopic images, 52, 65
photograph, 53, 66

single needle technique, 47, 50, 51
tandem needle techniques, 48, 52
vertebra or rib, 46-66

CT guidance, 57, 62

optimization, 64, 66—69
table setup, 67, 68
technologist, 67, 68

fine needle aspiration

bone biopsy needle, 35, 36
CT-guided, 40
Luer-Lok syringe, 38, 40

step-by-step simulated demonstration, 38-39

fluoroscopic guidance, 57, 62-64
intervertebral disk biopsy, 4446, 49
operator, 35

soft tissue core biopsy

comparison, 41, 44

complication, 41, 47

critical aspect, 41

CT-guided, 41, 47

needle, 44

photographs, 41, 45, 46

practical aspect, 41

semiautomated photographs, 41-43

Transpedicular approaches, 229
Traumatic injury, 252, 254

v

Vertebroplasty, 16
Vitamin K, 25

A

‘Warfarin, 21-23
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