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ABSTRACT

BACKGROUNDAND PURPOSE: CT is currently the method of choice for guiding biopsy of lesions of the spine. However, in our hospital,
fluoroscopy-guided percutaneous biopsy has been preferred for several years because of equipment availability and easy craniocaudal
angulation. The aim of this study was to evaluate the efficacy of fluoroscopy-guided percutaneous biopsy in a clinical setting for
diagnosing infectious spondylitis.

MATERIALS AND METHODS: A retrospective study was performed to evaluate 170 fluoroscopy-guided percutaneous biopsies in 140
patients (male/female � 70:70; mean age, 65.1 years; range, 16–89 years) in a clinical setting who were suspected of having infectious
spondylitis between July 2003 and March 2010. Diagnosis was based on pathologic confirmation by tissue or culture from biopsy. The
percentage of adequate specimens for diagnosis, histopathologic diagnosis for infectious spondylitis, and positive cultures for causative
organisms were evaluated by retrospective review of medical records.

RESULTS: Adequate specimens for diagnosis were obtained in 165 of 170 cases (97.1%). The diagnosis of infectious spondylitis resulted in 134 of
170 cases confirmed through histopathology or clinical outcome (78.8%). In 51 of 134 cases (38.1%), the causative organism was confirmed by
specimens from percutaneous bone biopsy. There were no biopsy-related major complications. The most common organism isolated was
Mycobacterium tuberculosis (24 cases), followed by Staphylococcus aureus, Streptococcus agalactiae, and Streptococcus viridans.

CONCLUSIONS: Fluoroscopy-guided percutaneous biopsy is as accurate and effective as CT-guided biopsy for diagnosing infectious
spondylitis.

ABBREVIATION: TB PCR� Tuberculosis polymerase chain reaction

Infectious spondylitis is a rare disease that may cause severe

complications such as irreversible neurologic defects and verte-

bral deformity.1 The diagnosis of infectious spondylitis is sup-

ported by laboratory data and appropriate imaging changes in

investigations such as plain radiography, CT, and MR imaging.

For correct diagnosis and optimal antimicrobial treatment, isola-

tion of the causative organism and histologic diagnosis are neces-

sary.2 To achieve these, a spinal biopsy to get sufficient tissue for

identification of the causative organism is essential.

Gradually through the years, image-guided percutaneous bi-

opsy has replaced open biopsy because it has many advantages,

including cost and time, lower morbidity, avoidance of general

anesthesia, and outpatient procedure availability.3 Of all the im-

aging methods, CT is currently the method of choice for guiding

biopsy of lesions of the spine for many authors.4-7 However, in

our hospital, fluoroscopy-guided percutaneous biopsy has been

preferred for several years because of equipment availability and

ease of craniocaudal angulation. In our experience, fluoroscopic

guidance is as appropriate as CT guidance for vertebral body bi-

opsy to diagnose infectious spondylitis.

There have been few large studies of fluoroscopy-guided per-

cutaneous biopsy for infectious spondylitis, and compared with a

high accuracy rate for confirmation of neoplastic spinal le-

sions,3,7-9 percutaneous spinal biopsy for bacteriologic diagnosis

has a variable rate of reported success in patients with spondyli-

tis.10,11 Even in more recent studies,12,13 the identification of a

causative organism proved impossible in a number of cases, and

empiric antibiotic therapy had to be used.

The aim of this study was to evaluate the efficacy of fluorosco-

py-guided percutaneous biopsy in a clinical setting for diagnosing

infectious spondylitis.
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MATERIALS AND METHODS
Study Population
The retrospective study was approved by our institutional review

board. Informed consent was waived. The materials reviewed by

the authors for this study were medical records, including outpa-

tient and emergency department notes, admission notes, surgical

reports, radiology reports, pathology reports, and microbiology

laboratory results. Between July 2003 and March 2010, fluorosco-

py-guided percutaneous spine biopsies were performed for 309

patients at our institution. Of these, we selected patients in whom

the fluoroscopy-guided biopsy was performed to confirm or rule

out the clinical or radiologic possibility of infectious spondylitis.

Patients who underwent biopsy for suspected primary bone tu-

mors or metastases were excluded.

In our institution, in principle, empiric antibiotic treatment

was not started until the culture result was reported. Re-biopsy

was indicated if results were negative at 1-week follow-up. After

re-biopsy, empiric antimicrobial treatment was started. A total of

170 biopsy procedures were performed in 140 patients with sus-

pected infectious spondylitis.

The study group consisted of 70 males and 70 females, with

ages ranging from 16 to 89 years.

One hundred fourteen patients underwent only 1 procedure.

In 26 of 140 patients, re-biopsies were performed to identify the

causative organism for treatment of infectious spondylitis: Twen-

ty-six patients underwent 2 biopsies, and 2 patients underwent 3

biopsies. However, because the time interval between the first

biopsy procedure and successive biopsies in these 2 patients was

�6 months, we regarded these cases as 2 separate events and these

28 patients were considered as 56 re-biopsy cases. In 22 of the 26

patients in whom multiple procedures were performed, the pro-

cedures were performed at the same levels; the rest were per-

formed at the different levels. Lesions were located in the follow-

ing regions (Table 1): 1 cervical, 22 thoracic, and 147 lumbar.

Diagnosis of infectious spondylitis was defined when the caus-

ative organism was identified from spinal biopsy, or the clinical

course satisfied 1 of the follow conditions: confirmation by oper-

ation, improvement after empiric antibiotic treatment, identifi-

cation of the causative organism by other procedures such as

blood culture, or aggravation on follow-up MR imaging.

Technique
In all cases, percutaneous biopsy was performed to obtain a spec-

imen for culture and histologic examination under fluoroscopic

guidance as described in a previous study.14 In all cases, bacterial

culture, TB PCR, staining for acid-fast bacilli, fungal culture, and

histologic examination were performed. The method of approach

depended on the lesion location. The anterior approach was used

for cervical spine lesions; an intercostovertebral or transpedicular

approach, for the thoracic spine; and a transpedicular approach,

for lumbar lesions. Immediately before the biopsy, complete

blood count, activated partial thromboplastin time, and pro-

thrombin time were measured. All patients were monitored dur-

ing the procedure with a pulse oximeter, an electrocardiographic

monitor, and an automated blood pressure cuff.

Percutaneous spinal biopsy was performed under the guid-

ance of a biplane (Integris Allura 12/12; Philips Healthcare, Best,

the Netherlands) or uniplane (Integris Allura Xper FD 20; Philips

Healthcare) DSA unit. All biopsies were performed with a 15-ga

Bonopty biopsy needle system (RADI Medical Systems, Uppsala,

Sweden). The Bonopty needle has the advantage of obtaining an

adequate amount of specimen for diagnosis as well as facilitating

needle positioning compared with other needles, so it was used in

the study despite the high cost. Each percutaneous biopsy was

performed more than twice to obtain sufficient tissue and aspira-

tion material to identify the causative organism. Also, in 22 cases,

disk aspiration was performed with spinal biopsy, and epidural or

paravertebral abscess aspiration was performed in 7 cases.

Clinical Outcome
One radiologist reviewed the microbiologic and histologic reports

to investigate the adequacy or inadequacy of the specimen for

analysis, the rate at which infectious spondylitis was confirmed

through the microbiologic and histologic reports or clinical infor-

mation, the rate at which causative organisms were isolated in

infectious spondylitis, and the kind of commonly isolated organ-

isms. The radiologist also investigated the rebiopsy results sepa-

rately to ascertain the rate and the cause of the positive re-biopsy

after negative results on the first biopsy.

RESULTS
In all cases, there were no technical failures such as inaccessibility

to the lesion or biopsy at the wrong location while obtaining the

tissue. There were no biopsy-related major complications such as

hemorrhage, infection, sinus tract formation, fracture, or pneu-

mothorax. An adequate amount of specimen for diagnosis was

obtained in 165 cases (97.1%), with only 5 cases yielding inade-

quate specimens. Of these 5 cases, re-biopsy was performed in 1

case. In the other 4 cases, re-biopsy was not performed due to

death by aspiration pneumonia (1 case), surgery for symptom

aggravation (1 case), and spontaneous improvement (2 cases).

The diagnosis of infectious spondylitis resulted in 134 of 170 cases

confirmed through histopathology or clinical outcome (78.8%)

(Tables 2 and 3). In 51 of 134 cases (38.1%), the causative organ-

ism was isolated by specimens from percutaneous bone biopsy.

The isolated causative organisms were as follows: Mycobacterium

tuberculosum (26 cases) was the most frequent organism, fol-

lowed by Staphylococcus aureus (13 cases), Streptococcus agalac-

tiae (4 cases), Streptococcus viridans (2 cases), coagulase-negative

Staphylococcus organisms, Escherichia coli, Enterococcus faecalis,

Enterobacter cloacae, Staphylococcus epididymis, and Klebsiella or-

ganisms (1 case each).

Re-biopsy was performed in 26 patients comprising 52 cases.

Of these, the causative organism was identified in re-biopsy after a

negative first biopsy result in only 2 patients. These were M tuber-

culosum and S aureus. In 6 patients, the causative organism was

Table 1: Level in bone biopsy
Level No.

Cervical
spine

1

Thoracic
spine

22

Lumbar spine 147
Total 170
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identified in both the first and second biopsy, and these cases were

all due to M tuberculosum spondylitis. This result was due to a

delay in the report for the TB PCR after the first biopsy, when only

the TB PCR was positive. In the remaining 18 patients, the caus-

ative organism could not be identified in both the first and second

biopsies. Of these, 12 patients were diagnosed as having infectious

spondylitis, and 4 patients were diagnosed with conditions due to

noninfectious causes such as compression fracture or degenera-

tive change.

DISCUSSION
Infectious spondylitis accounts for 2%�4% of cases of skeletal

infection.15 However, there is evidence that the incidence is rising

due to longer life expectancy for patients with chronic debilitating

disease, immunosuppressive therapy, increasing use of indwelling

devices, and spinal surgery.2,16,17 Because delays in diagnosis can

result in more severe outcomes,18 early diagnosis and prompt

application of appropriate antibiotic therapy for cultured organ-

isms are crucial for successful nonsurgical treatment of infectious

spondylitis and prevention of further morbidity.19,20

Percutaneous needle biopsy of the spine was introduced by

Robertson and Ball in 1935.21 It is a less invasive procedure than

open biopsy. However, because of the relatively small amount of

tissue obtained and the amount of normal tissue damaged by a

blind approach, the clinical validity of this procedure was limited.

To improve both clinical validity and safety, better access routes

and guidance methods have been developed for more accurate

access to involved vertebrae, as well as improvements in needle

design.22,23

Since the introduction of fluoroscopic guidance by Siffert and

Arkin,24 radiographic guidance of the needle has become routine

for vertebral bone biopsy, especially after the advent and popular-

ization of the multidirectional image intensifier.25,26 In 1981,

Adapson et al27 described the use of a CT scan for percutaneous

biopsy.

Although currently many radiologists use CT to guide percu-

taneous biopsy, we prefer to use fluoroscopic guidance when we

suspect infectious spondylitis in our institution. We think that the

advantages of fluoroscopic guidance are the following: 1) a wide

range of craniocaudal angulation, 2) easy perception of the needle

position in the vertebral body in the lateral view, 3) short proce-

dure time, and 4) real-time visualization and control of the needle

position.

The most common area for infectious spondylitis is in a ver-

tebral body near the disk space. In cases of L5-S1 involvement, a

biopsy will target the L5 lower vertebral body rather than the

L5/S1 disk or S1 upper vertebral body because bone marrow yields

a more adequate specimen than disk and targeting the S1 upper

body is difficult due to the overlying shadow of the iliac bones.

However, targeting the L5 lower vertebral body requires a large

cranial angulation, and for this reason, fluoroscopy is more con-

venient than CT in these cases. In early infectious spondylitis, the

involved area cannot be detected by CT until the osteolytic area is

evident, so biopsy targeting is achieved by MR imaging. A lateral

view is needed on MR imaging to introduce a needle into the

correct area of the abnormal vertebral body. In contrast, CT-

guided biopsy is done on the axial plane, so the needle position is

corrected by comparison with a scout image. With fluoroscopy,

real-time correction and confirmation of the needle position can

be attained with a lateral view by matching the targeted area on the

MR sagittal image. In our experience, fluoroscopic guidance can

be easily performed with a short procedure time.

In our study, adequate specimens were obtained by percuta-

neous biopsy in 165 of 170 cases (97.1%). Our results are compa-

rable with those in other large studies of CT guidance.3,7,9 Our

results are also consistent with those of Nourbakhsh et al,28 who

reported that studies involving the use of CT demonstrated

slightly higher rates for adequacy (92.6% compared with 90.1%,

P � .40) and accuracy (90.2% compared with 88.1%, P � .59)

compared with fluoroscopy; these increases were not significant.

There were no biopsy-related serious complications including

hemorrhage, infection, sinus tract formation, fracture, or pneu-

mothorax in our study. Therefore, fluoroscopy-guided percuta-

neous spine biopsy is thought to be a safe procedure.

Because our study was retrospective, total procedure time was

Table 2: The classification of the case by pathologic reporta

No.
Histology(�) 115
Culture(�) 51
Culture(�) 64
Histology(�) 55
Infection 32
Noninfection 13
Follow-up loss 1
Inadequate specimen 5
Etc 4
Total 170

Note:—Etc. indicates the case that infectious spondylitis was suspected on MRI
image, but clinical symptoms were improved without empirical antibiotic treatment.
a For Histology(�), the pathology report was recorded as follows: “consistent with
infectious spondylitis,” “active or acute inflammation,” “suggestive of osteomyelitis,”
“chronic granulomatous inflammation.” Histology(�) is the rest except the histol-
ogy(�). Culture(�) indicates cases of identification of the causative organism. Cul-
ture(�) is cases of no identification of the causative organism.

Table 3: Clinical outcome in histology(�) and culture(�) and
histology(�) casesa

Histology(+),
Culture(−) Culture(−)

Infection 53 30
Confirmed by operation 13 4
Isolation of the causative organism
by blood culture

12 5

Improvement after empiric antibiotic
treatment

25 19

Aggravation on follow-up MRI 3 1
Noninfection 11 20
Compression fracture 6 7
Degenerative change (Modic type I) 2 3
Hemorrhage by previous trauma 0 2
CML 0 1
Follow-up loss 1 1
Etc 2 6

64 50

Note:—Etc. indicates the case that infectious spondylitis was suspected on MRI
image, but clinical symptoms were improved without empirical antibiotic treatment;
CML, chronic myelomonocytic leukemia.
a For Histology(�), the pathology report was recorded as “consistent with infectious
spondylitis, “active or acute inflammation,” “suggestive of osteomyelitis,” and
“chronic granulomatous inflammation.” Histology(�) indicates the rest except the
histology(�). Culture(�) is identification of the causative organism. Culture(�) is no
identification of the causative organism.
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not recorded. However, in practice, procedure time took 15 min-

utes on average and did not exceed 20 minutes.

Percutaneous spine biopsy has been recommended for isolat-

ing causative organisms. However, the reported accuracy of spinal

biopsy varies from 36% to 76.5%, depending on the causative

organism isolated.10,11,29-32 D’Agostino et al29 classified cases of

spondylodiskitis into 2 groups, 38 cases being community-ac-

quired and 43 cases hospital-acquired. A causative organism for

FIG 1. A 35-year-old woman with neck pain and a sense of heat in both shoulders for 6 months. A, Sagittal T2-weighted MR image shows low
signal change with upper endplate destruction at the C6 upper body. Percutaneous biopsy was performed at the C6 upper body with a right
unilateral anterior approach under fluoroscopic guidance, which is seen on anteroposterior (B) and lateral (C) spot radiographs. Biopsy was
confirmed as chronic osteomyelitis, but the causative organism was not isolated.

FIG 2. A 69-year-old man with fever 15 days after an operation for mechanical obstruction. Sagittal T1-weighted (A) and enhancement (B) MR
images show low bone marrow signal change with enhancement at T12 and the L1 body and abscess formation at the anterior epidural space of
the T12-L1 level. Percutaneous biopsy was performed at the T12 lower body with a left unilateral transpedicular approach under fluoroscopic
guidance, which is demonstrated on anteroposterior (C) and lateral (D) spot radiographs. Pathologic findings were consistent with infectious
spondylitis. The isolated causative organism was Klebsiella pneumoniae.
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spondylodiskitis was isolated in 62 (76.5%) patients. In a retro-

spective study of postoperative spondylodiskitis, Fouquet et

al30obtained a positive bacteriologic diagnoses in 9 (36%) of 25

patients who had biopsies. Rankine et al10 analyzed 20 patients for

spinal infections by percutaneous spinal biopsy. They isolated or-

ganisms in 6 of 12 patients not taking antibiotics, but in only 2 of

8 patients taking antibiotics. Yang et al32 performed CT-guided

biopsy to diagnose cases of suspected spine infection and identi-

fied causative pathogens in 15 (47%) of 32 biopsy specimens. In

our study, the causative organisms were identified in 51 of 134

patients (38.1%). Compared with previous studies by using CT

guidance, our study is within the reported range.

In this study, re-biopsy due to failure to culture the causative

organism on initial biopsy showed negative results in all except 2

patients. Thus, we recommend against rebiopsy for culture-neg-

ative patients.

The limitations of this study include the following: First, be-

cause our study was a retrospective one, there is the possibility of

selection bias. Second, several clinical variables influencing the

results of our study could not be controlled, such as prognostic

factor, underlying disease such as diabetes mellitus or hyperten-

sion, previous operation history, and so forth. Clinical outcomes

and long-term follow-up between the groups with and without

identified causative organisms could not be compared. However,

the main focus of our study was to evaluate the usefulness of

fluoroscopic guidance for percutaneous spine biopsy in infectious

spondylitis, so this information was deemed irrelevant.

In conclusion, fluoroscopy-guided percutaneous spine biopsy

is a safe and accurate procedure and can be a preferred guidance

method for diagnosis of infectious spondylitis.
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