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BACKGROUND AND PURPOSE: CT-guided spinal biopsy (CTGSB) is considered a safe and
accurate procedure. Our goal was to determine the accuracy of a CTGSB of osseous spinal
lesions in patients with known or suspected underlying malignancy in reference to major
variables such as the radiographic appearance of the biopsied lesion and its location within the
spinal column.

METHODS: We retrospectively reviewed results of 410 consecutive percutaneous CTGSB
procedures of osseous spinal lesions. Biopsy was determined to be adequate if diagnostic tissue
was obtained (n � 401) or unsatisfactory (n � 9) if only blood without cellular elements was
present on final pathologic-cytologic examination.

RESULTS: The level of spinal biopsy was cervical in nine patients (2%), thoracic in 123
(31%), lumbar in 164 (42%), and sacral in 96 (25%). The overall diagnostic accuracy of CTGSB
was 89%, with a false-negative rate of 11%. Biopsy of lytic lesions yielded an accurate diagnosis
in 93% (220 of 236). Despite technical challenges inherent to biopsy of sclerotic lesions,
diagnostic accuracy was 76% (63 of 83), although more importantly, 24% (20 of 83) of the results
in sclerotic lesions were falsely negative.

CONCLUSION: CTGSB of osseous spinal lesions is an important tool in the workup of
patients with known or suspected underlying neoplastic disease. However, a negative result
must be confirmed with either close follow-up or, preferably, open biopsy, especially in cases of
sclerotic lesions for which diagnostic accuracy is decreased and the false-negative rate is high.

Since the first descriptions of percutaneous spinal
biopsy by Robertson and Ball in 1935 (1) and Valls,
Ottolenghi, and Schajowicz in 1948 (2), the addition
of CT has allowed safe and accurate biopsy of osseous
lesions throughout the spine, obviating invasive open
biopsy in most cases (3). The aim of the study was to
determine the accuracy of CT-guided spinal biopsy
(CTGSB) in patients with known or suspected neo-
plastic disease with respect to variables such as pa-
tient age, sex, radiographic appearance, and lesion
location.

Methods

Patient Selection and Preparation
We retrospectively reviewed findings of 410 consecutive

CTGSB of osseous lesions of the spine performed in the neu-
roradiology service at Memorial Sloan-Kettering Cancer Cen-
ter, New York, NY. The patients had known or suspected
neoplastic disease. Eighteen patients were excluded from the
study: nine were lost to follow-up and nine had unsatisfactory
biopsy samples (i.e., samples yielding only blood). Two biopsy
procedures of the same lesion within 4 weeks (22 patients) were
counted as one biopsy.

The major indication for a CTGSB at our institution was an
indeterminate osseous lesion in the spine, most commonly in a
patient with a documented history of cancer and less commonly
in a patient with no history of cancer. Most patients were
referred from the neurosurgical service or the orthopedic ser-
vice. Workup consisted of MR imaging of their spine, as well as
bone scanning and staging CT scanning of the chest, abdomen,
and pelvis. The studies were reviewed by a neuroradiologist
(E.L., G.K.), who determined whether a solitary lesion was
suitable for CTGSB or which one of multiple lesions was most
suitable for biopsy (i.e., the lesion likely to yield diagnostic
results while affording a safe approach). Blood workup per-
formed before all procedures included a determination of the
patient’s platelet count, prothrombin time, activated partial
thromboplastin time, and international normalized ratio. Co-
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agulopathies were corrected before the procedure, often by
using fresh frozen plasma or platelets during the procedure,
with a platelet count generally preferred to be �100,000
K/mcL. Aspirin was withheld for 1 week before the procedure.

CTGSB Technique

At our institution, all spinal biopsies are done under CT
guidance. We have a dedicated CT scanner for biopsy operated
by an interventional radiology technologist and equipped with
patient-monitoring devices. We prefer CT to fluoroscopy, be-
cause many lesions are difficult to identify by using fluoroscopy.
CT allows better documentation of the placement of the biopsy
needle within the lesion, especially when cytologic or histologic
findings are negative. For lesions in which definitive resection
will eventually be performed, including resection of the biopsy
tract, CT better documents the path of the biopsy needle and
the skin entry point for the surgeon.

In this study, the location of the lesion selected for biopsy
dictated patient positioning on the CT table. Typically, patient
positioning for thoracic, lumbar or sacral biopsy is prone, but
positions for cervical spinal biopsy positioning vary as supine,
prone, or oblique. To ensure patient comfort and immobiliza-
tion, biopsy was performed with the patient under conscious
sedation with intravenous meperidine hydrochloride (25–100
mg) or fentanyl citrate (50–200 mg) and midazolam hydrochlo-
ride (0.5–3 mg). General anesthesia could be used for pediatric
patients or patients with intractable pain. All patients were
monitored during the procedure with a pulse oximeter, elec-
trocardiographic monitor, and automated blood pressure cuff.

The lesion selected for biopsy was localized by using 2.5–
5-mm thick axial images through the vertebral body in ques-
tion. A single axial CT image depicting the lesion was selected.
The best biopsy approach was determined and traced back to
the skin by using the cursor on the CT console. The depth of

the lesion and cutaneous entry point were determined (Fig
1A). The point of entry was then estimated on the patient’s
skin. Alternatively, a radiopaque grid was placed on the pa-
tient’s skin to localize the skin point of entry (Fig 1B). The
overlying skin and soft tissues were then anesthetized with a
local anesthetic usually consisting of 1% lidocaine occasionally
buffered with sterile sodium bicarbonate. For deep lesions, the
subcutaneous tissue, paraspinal muscles, and spinal periosteum
could be anesthetized with a 21-gauge vanSonneberg one-step
access needle (Cook, Bloomington, IN) that had a detachable
hub. The detachable hub was removed, and a 15-gauge Ostycut
bone biopsy needle (C. R. Bard) was coaxially advanced over
the access needle, which was then removed (Fig 2). The bone
biopsy needle had the dual advantages of having the strength to
be advanced through normal bone or overlying intact cortex to
provide access and also the capability to obtain a core speci-
men. Typically, the Ostycut needle was advanced through the
overlying cortex to the periphery of the lesion. The stylet was
removed, and a smaller-gauge, thin-wall, cutting needle (Per-
cucut biopsy needle; EZ-EM, Westbury, NY) was advanced
into the lesion with its stylet slightly retracted. A repeat CT
scan was obtained through the plane of the needle to confirm
its placement in the lesion (Fig 3).

Tissue aspirates were placed on glass slides for microscopic
examination by a cytotechnologist or cytopathologist, who was
present in the radiology suite during the procedure to deter-
mine the adequacy of the specimen. If the tissue sample re-
vealed only red blood cells or necrotic acellular material, ad-
ditional aspirations could easily be obtained via the indwelling
large-bore needle. A small core sample was often obtained with
the thin-walled 18-gauge needle, although this was lesion-de-
pendent. The core sample was rolled on a glass slide for
analysis by the cytopathologist then placed in formalin or oc-
casionally sodium chloride solution if lymphoma was suspected.
More recently, if the initial samples were suggestive of lym-

FIG 1. Axial CT images of midthoracic
lesions.

A, Image obtained in a patient with no
known cancer shows the planned angle,
entry point, depth to the most posterior
part of the cortex, and depth to the lesion.
Biopsy revealed adenocarcinoma, proba-
bly originating from the lung.

B, Image obtained in a patient with a
history of breast cancer shows ra-
diopaque skin markers in place to deter-
mine the entry point. Biopsy confirmed
suspected metastatic breast cancer.

FIG 2. Axial CT images from biopsy of a L3 collapse deformity revealing metastatic non–small cell lung carcinoma. Left, Image through
the 25-gauge anesthetic needle used to anesthetize the skin and subcutaneous soft tissues. Middle, Image shows the 21-gauge
vanSonneberg one-step access needle (Cook) allowing anesthetization of the deep paraspinal soft tissues and adjacent periosteum.
Right, Image shows a 15-gauge Ostycut needle (C. R. Bard, Covington, GA) in good position and ready to be advanced through the
adjacent cortex.

1584 LIS AJNR: 25, October 2004



phoma, the aspirates were the placed in a Roswell Park Me-
morial Institute solution that kept the cells viable for flow
cytometry. If inflammatory cells were identified or if infection
was clinically suspected, cultures were obtained.

Although every case was planned individually, the tech-
niques were similar (3). Typically, biopsy was performed in
osseous lesions of the thoracic spine with either a transpedicu-
lar (Fig 4A) or a transcostovertebral approach, which allowed
the needle to enter the posterolateral aspect of the vertebral
body across the costotransverse ligament (Fig 4B). In the lum-
bar spine, a paraspinal approach was often used (Fig 4C).
Cervical spine biopsy posed more challenges given the rela-
tively small size of the vertebrae and the proximity of vital
structures. A lateral or anterolateral approach was often used
(Fig 4D). Transoral approaches for anterior lesions of the
upper cervical spine were used as well (Fig 5).

No additional precautions were taken for potentially hyper-
vascular lesions such as suspected metastatic renal cell carci-
noma (n � 9) or metastatic thyroid cancer (n � 2). Because
they are lytic, these lesions could be entered with an 18-gauge
biopsy needle. Although the aspirations were often hemor-
rhagic, in our experience any bleeding was self limited. We
never encountered a hematoma from direct bleeding from
these tumors.

The average time for CTGSB depended on the type of the
lesion and, more importantly, the location of the lesion. Typi-
cally, the procedure was completed in about 1 hour, with the
shortest time being about 25 minutes and difficult procedures
taking up to 2 hours. Most of the CTGSBs were performed on
an outpatient basis with the patient recovering in the outpatient
procedure department. Most patients were discharged after a
3-hour observation period.

Data Analysis

The lesions were grouped by their location in the spine and
by their radiographic appearance. They were divided into five
categories according to their radiographic features: 1) lytic
lesions, 2) sclerotic lesions, 3) mixed lytic and sclerotic lesions,

4) compression or burst fractures with no demonstrable lytic or
blastic features, and 5) lesions identified on T1-weighted or
T2-weighted short-tau inversions recovery MR images but with
a normal appearance on CT scans.

The accuracy of CTGSB was determined. Diagnostically
accurate biopsy results included: 1) those that demonstrated
histologic evidence of neoplastic tissue (true-positive finding)
and 2) those showing no evidence of tumor, which was con-
firmed on subsequent open biopsy or a combination of clinical
and radiographic follow-up demonstrating either stability or
regression of the imaging findings in the absence of ongoing
treatment for a minimum of 6 months (true-negative finding).
Inaccurate biopsy results were those demonstrating no evi-
dence of tumor but subsequently determined to be falsely
negative for tumor on the basis of open biopsy findings, lesion
progression, or the development of new osseous lesions.

Results
Over 8 years, 410 patients underwent CTGSB at

our center. Eighteen patients were excluded because
they had negative biopsy results and were lost to
follow-up (n � 9) or because biopsy findings had been
unsatisfactory (n � 9). Of the remaining 392 patients,
226 (58%) were female and 166 (42%) were male.
Their median age was 61 years (range, 7–90 years).
The site of biopsy was the cervical spine in nine
patients (2%), the thoracic spine in 123 (31%), the
lumbar spine in 164 (42%), and the sacrum in 96
(25%). The CT appearances of the lesions were lytic
in 236 (60%), sclerotic in 83 (22%), and mixed lytic
and sclerotic in 13 (3%). Compression fractures were
present in 44 patients (11%), and no CT evidence of
tumor was found in 16 (4%).

The overall accuracy was 89%, with no significant
difference between men and women. Diagnostic ac-
curacy was similar between lesions in the thoracic
(88%) and lumbar spine (85%) and slightly higher for
lesions in the sacrum (96%) and cervical spine
(100%). The radiographic appearance of the lesions
corroborated the accuracy rate: sclerotic lesions had
an accuracy of 76%, which was significantly lower
than that of either lytic (93%), mixed lytic-sclerotic
lesions (92%), or compression fractures (93%). A
lower accuracy rate (81%) was also noted when the
lesion was identified on the basis of MR imaging
findings, although no abnormalities were appreciated
on CT scans at the time of biopsy.

There was no significant difference in the accuracy
rate of biopsy of spinal lesions in patients with a
documented cancer history (n � 298, 90%) and those
with no known cancer history at the time of biopsy
(n � 94, 87%).

The most common diagnosis was metastatic breast
carcinoma in women (64 [28%] of 226), followed by
metastatic lung cancer, (15 [7%] of 226). Metastatic
lung cancer was the most common diagnosis in men
(20 [12%] of 166). The second most common diagno-
sis in men was metastatic prostate carcinoma, (12
[7%] of 166). Primary osseous tumors of the spine
accounted for only 26 (6%) of 392 lesions in this
study. The most common primary osseous lesion di-
agnosed was multiple myeloma-plasmacytoma (n �
14, 54%).

FIG 3. Axial CT image shows the larger-bore Ostycut needle
(C. R. Bard) providing a tunnel through the posterior cortex of L2
and allowing the narrower 18-gauge, thin-walled, cutting needle
to be advanced coaxially into the lytic lesion in this patient with
a history of colon cancer. Biopsy showed adenocarcinoma con-
sistent with a colonic origin.
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Five patients had lesions that were negative for
tumor but determined to be infectious with culture or
histologic findings. Two were bacterial and two fun-
gal, with one lesion revealing tuberculosis. One pa-
tient had a lesion that revealed metastatic esophageal
carcinoma and a superimposed bacterial infection.

Two major (0.5%) and one minor (0.25%) compli-

cations occurred in this series. One patient with par-
tially corrected coagulopathy developed a postproce-
dural posterior paraspinal hematoma requiring
transfusion, but no other intervention was needed. A
second major complication occurred after biopsy of a
midthoracic lesion associated with epidural disease
and moderate spinal canal compromise. The patient’s

FIG 4. Axial CT images. A, Transpedicu-
lar approach to a T6 lytic lesion in a patient
without a prior cancer history. Cytologic
and histologic findings revealed numerous
plasma cells compatible with plasma cell
neoplasm-plasmacytoma.

B, Transcostovertebral approach to a T8
lytic lesion in a patient with a history pap-
illary thyroid cancer. Biopsy confirmed
metastatic thyroid cancer.

C, Paraspinal approach to a mixed L3
lytic-sclerotic lesion in a patient with breast
cancer. Biopsy showed adenocarcinoma
consistent with a mammary origin.

D, Anterolateral approach to a C5 lytic
lesion in a patient with a history of gastric
cancer. Cytology was compatible with
metastatic gastric carcinoma.

FIG 5. Lateral scout and axial CT images through C2 show a transoropharyngeal approach to a lesion in the body of C2 in a patient
without a history of cancer but who was first stabilized posteriorly. Arrow shows the needle tip in the C2 lytic lesion. Biopsy showed
squamous cell carcinoma, possibly from the lung or upper aerodigestive tract. The primary site was never determined.
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neurologic condition declined, and she underwent
acute surgical intervention. She subsequently recov-
ered with no permanent neurologic sequelae. A mi-
nor complication consisted of a small needle frag-
ment that broke off during biopsy and remained in a
cervical vertebral body.

Discussion
It has been almost 70 years since Robertson and

Ball (1) first described percutaneous biopsy of the
lumbar spine in 1935. Initial biopsy is often limited to
the lower thoracic or lumbrosacral spine with radio-
graphic-fluoroscopic guidance. The development of
CT and the more-recent addition of faster image
acquisition and multiplanar reconstruction capabili-
ties have allowed safe and accurate biopsy at virtually
all segments of the spine (3–23).

CTGSB is an important tool in the treatment of
patients with known or suspected malignancy and
osseous spinal lesions. The procedure improves accu-
racy for staging or initial diagnosis in patients with
known or suspected underlying malignancy while of-
fering minimal risk and discomfort.

Our results are comparable to other accuracy rates
described in the literature (4–6, 8, 11, 14, 21). Inter-
estingly, our diagnostic accuracy rates were somewhat
higher in the cervical spine and sacrum compared
with the thoracic and lumbar segments. Certainly, the
number of cervical biopsy procedures in our study
group was less than that for other segments of the
spine, and in large part the high accuracy was related
to lesion location. Increased accuracy rate in the sa-
crum was likely due to easier access and the absence
of vital structures (e.g., spinal cord or major vessels),
which allowed more aggressive sampling of a lesion.
Although Kornblum et al (14) have reported de-
creased diagnostic accuracy rates in the thoracic
spine, we did not find this to be the case in our series.

Lytic, mixed lytic and sclerotic lesions, and com-
pression fractures had the highest accuracy rate
(93%). Sclerotic lesions and those with no CT evi-
dence of tumor had statistically lower accuracies of
76% and 81%, respectively. Several groups have re-
ported lower accuracy rates in sclerotic lesions (6, 11,
21). Despite modifications of technique, such as try-
ing larger-bore needles or sampling the periphery of
the lesion, results have not improved. Typically, large
core samples from needles on the order of 15 gauge
or less can easily be obtained from a sclerotic lesion,
although reactive change and sclerosis is often the
only abnormality identified. This outcome is probably
secondary to a small amount of tumor, causing the
formation of extensive bone or sclerosis. We suspect
that the lower accuracy associated with the lesions with-
out no identifiable tumor on CT scans (MR imaging
abnormality only) was due to the lack of a clear target.

Twenty-two patients underwent biopsy twice, al-
though for this study these procedures were counted
once, as they involved the same lesion and were gen-
erally performed within 4 weeks. The most common
reason for second biopsy was a technically adequate,

although negative, initial biopsy finding (n � 14,
64%). Of the 14 patients who initially had a negative
biopsy result, seven had a negative second biopsy
finding, which was confirmed to be truly negative at
long-term follow-up or open biopsy. Four of the sec-
ond biopsy procedures resulted in a change in the
diagnosis, in that tumor was identified. Three of the
initially negative results remained negative on second
biopsy and were found to be falsely negative at long-
term follow-up. In four patients who had positive
results the first time, additional material was re-
quired, usually for marker or genetic studies. Four
patients underwent repeat biopsy, because the initial
specimen was unsatisfactory.

Conclusion

CTGSB of osseous lesions of the spine is an im-
portant tool in the care of patients with known or
suspected malignancy. These findings confirm that
the procedure is safe and accurate, although negative
results—particularly with sclerotic lesions—should be
viewed with caution, as accuracy is decreased and the
false-negative rate is high for these lesions.
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