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Abstract
Objective The purpose of this study was to examine the yield of repeat CT-guided biopsy in patients with suspected infectious
spondylodiscitis following an initial biopsy with negative microbiology, and to identify factors associated with successful
pathogen isolation.
Materials and methods In this retrospective study, 21 patients (12 men, 9 women; mean age, 52, range, 12–84) were identified
with clinically and radiologically suspected infectious spondylodiscitis who underwent repeat biopsy following negative cultures
from an initial biopsy. The microbe yield as well as demographic, clinical, and laboratory findings were reviewed and statistical
analysis was performed.
Results Repeat CT-guided biopsy isolated a causative microbe in 3/21 patients (14.3%). Younger age (p = 0.021) was signifi-
cantly associated with successful microbe isolation. All three cases of successful microbe isolation occurred in patients not
exposed to antibiotics (3/9 patients) whereas no successful microbe isolation occurred in patients who received antibiotics (0/12
patients); however, this difference did not reach statistical significance (p = 0.062). Gender, duration of symptoms, white blood
cell count, biopsy interval, and biopsy site were not significantly associated with microbe isolation.
Conclusions Overall microbiologic yield of repeat CT-guided biopsy for patients with suspected infectious spondylodiscitis was
low at 14.3%; however, a higher yield was identified in patients who were younger in age and not exposed to pre-biopsy
antibiotics.
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Introduction

Infectious spondylodiscitis is a serious and morbid disease,
accounting for 2–7% of cases of osteomyelitis occurring
throughout the body [1]. The majority of cases are the result
of hematogenous seeding of the subchondral bone with

extension to the intervertebral disc, although cases may also
be the result of prior surgery or extension of an adjacent soft
tissue infection [2, 3]. The diagnosis of infectious
spondylodiscitis is often suspected after magnetic resonance
(MR) imaging of the spine [4]. Contemporary treatment in-
volves administration of antimicrobials tailored to the causa-
tive organism [4, 5], and the ability to isolate a specific mi-
crobe is critical to avoid incorrect antimicrobial treatment for
the patient as well as to avoid unnecessary prolonged empiric
broad-spectrum antibiotic therapy, which can increase antimi-
crobial resistance [6, 7]. Blood cultures variably yield a caus-
ative organism in 20–78% of patients [8]. In blood culture-
negative patients, computed tomography (CT)-guided biopsy
has emerged as the method of choice for establishing the di-
agnosis and isolating the causative organism [9–11]; however,
the reported yield of image-guided biopsy ranges widely from
19 to 91% [2, 8, 11–16], with a recent meta-analysis showing
a yield of 48% [17]. It is therefore not uncommon that the
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radiologist is consulted for repeat spinal biopsy in the setting
of an initial biopsy that was unsuccessful in isolating an or-
ganism. The appropriate management of these patients is cur-
rently unclear. Although expert opinion exists suggesting ei-
ther repeat CT-guided or open surgical biopsy in this setting
[4, 18], that recommendation is based on the clinical impor-
tance of identifying the causative agent rather than on robust
supporting literature. Some authors propose that these patients
should proceed directly to open surgical biopsy [19], although
surgery is more invasive than image-guided biopsy and there
have been no trials comparing repeat percutaneous biopsy to
surgical biopsy.

There is a paucity of data on the yield of repeat CT-guided
biopsy, with no prior studies in the radiology literature and no
studies using specific imaging findings as inclusion criteria.
The purpose of this retrospective study is to evaluate the yield
of repeat biopsy following an initial negative biopsy in a pop-
ulation of patients suspected of having infectious
spondylodiscitis based on both clinical suspicion and specific
findings suggestive of infection on pre-biopsy imaging, and to
identify clinical and biopsy-related factors associated with
successfully isolating an organism.

Materials and methods

This retrospective study was approved by the institutional
review board and informed consent was waived. The radiolo-
gy information system at a single, urban, tertiary referral aca-
demic hospital was searched from January 1995 to December
2016 for reports containing the words Binfection^, Bdiscitis^,
Bosteomyelitis^, or Bmicrobiology .̂ The results were sorted
by medical record number and procedure code. Patients with
two or more biopsy procedure codes were identified. Imaging,
procedure reports, and medical records were reviewed to iden-
tify patients who had undergone two or more biopsy proce-
dures within a period of 6 months. Patients were excluded if
the biopsy sites were performed at a site other than the spine, if
the biopsy was performed for a noninfectious condition (most
commonly malignancy), or if the first biopsy for suspected
infectious spondylodiscitis yielded a causative organism.

Image review

Pre-biopsy MRI or CTwas available on all patients, and strict
imaging criteria of findings characteristic of infectious
spondylodiscitis [20, 21] were used as inclusion criteria. For
MRI, these findings included vertebral bone marrow edema
on T2-weighted images, bone marrow hypointensity on T1-
weighted images, endplate erosion or destruction, disc
hyperintensity on T2-weighted images or disc destruction,
paravertebral inflammation, and (when applicable) abnormal
contrast enhancement (Figs. 1a–c and 2a–c). For CT, which

was utilized in three patients unable to undergo MRI, these
findings included endplate erosion or destruction, disc mor-
phologic abnormality or heterogeneity, and paravertebral in-
flammation. MR or CT imaging was not routinely repeated
prior to repeat biopsy. Biopsy images were reviewed on each
patient to determine the site biopsied, type of tissue biopsied,
and side of each biopsy (Figs. 1d, e and 2e, f).

Biopsy technique

Percutaneous biopsy was performed by fellowship-trained
musculoskeletal radiologists under CT guidance
using standard departmental techniques. Prior to the first
biopsy, a complete blood count, activated partial throm-
boplastin time, and prothrombin time was measured.
Patients were routinely provided intravenous conscious
sedation and continuous procedural monitoring was per-
formed with pulse oximetry, cardiac tracing, and an auto-
mated cycling blood pressure cuff. Coaxial core biopsy
samples were obtained in each case and the specific biop-
sy equipment used was dependent on the planned sam-
pling site (bone, disc, and/or soft tissue) and preference
of the radiologist, with needle sizes ranging from 13
gauge to 20 gauge used to obtain samples. Biopsy sam-
ples were submitted to microbiology in all cases, and
when technically safe and feasible core biopsy samples
were submitted for histopathology at the discretion of
the radiologist. Multiple biopsy passes were obtained dur-
ing each procedure, although the exact number of passes
was not regularly recorded. The presence of any immedi-
ate procedural complication was recorded.

Microbiology

Biopsy samples were sent for aerobic and anaerobic bacterial
culture, fungal culture, and mycobacterial culture. No poly-
merase chain reaction (PCR) assay was performed on tissue
obtained from repeat CT-guided biopsy. After repeat biopsy
was performed, one patient underwent open surgical biopsy
after which identified Propionibacterium acnes RNA using a
polymerase chain reaction assay.

Clinical data collection

For each patient, the electronic medical record or paper charts
were reviewed to collect data on patient age, gender, duration
of symptoms, biopsy date, level of biopsy recorded by report,
microbiology results, histopathology results, the presence of
antibiotic treatment prior to or following the initial biopsy,
white blood cell count, ESR, and CRP.
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Clinical outcome

Electronic medical record or paper chart review was per-
formed to confirm that patients met criteria for clinically
suspected infectious spondylodiscitis. This included pre-
biopsy clinical suspicion for infection, a biopsy sample which
did not elucidate another cause of the patient’s symptoms
(such as malignancy), a post-biopsy treatment regimen includ-
ing antimicrobials for suspected infectious spondylodiscitis,
and post-biopsy clinical follow-up which showed improve-
ment of clinical and imaging findings. In each case, no alter-
native final diagnosis was established.

Statistics

Descriptive statistics were calculated for age, gender, and bi-
opsy yield. Correlation between categorical data (gender, an-
tibiotic exposure, same vs. different biopsy site) and biopsy
microbe yield was calculated using Fisher’s exact test.
Correlation between numerical data (age, white blood cell
count, biopsy interval, ESR, CRP) and biopsy yield was cal-
culated using logistic regression. A p < 0.05 was considered
statistically significant. Statistical software (JMP Pro 13.0,
SAS Institute, Cary, NC, USA) was used to perform all statis-
tical analyses.

Fig. 1 A 41-year-old male (patient 21) with suspected infectious
spondylodiscitis at L3–4 with no organism isolated on initial or repeat
biopsies; however, with Streptococcus parasanguinis isolated from L5-
S1 6months after the repeat biopsy. a Sagittal short tau inversion recovery
image shows loss of disc height, bone marrow edema-like signal, and
endplate irregularity (arrows). Edema-like signal extends into the poste-
rior elements. b Corresponding sagittal T1-weighted image shows abnor-
mal marrow replacement and endplate indistinctness due to erosion

(arrows). c Corresponding sagittal T1-weighted, fat-saturated, post-
gadolinium image shows abnormal endplate and intra-osseous enhance-
ment as well as prevertebral enhancement (arrows). d Axial image from
initial CT-guided biopsy shows core-biopsy needle sampling bone and
disc material. e Axial image from repeat CT-guided biopsy performed
16 days after initial biopsy shows core-biopsy needle sampling bone
and disc material at essentially the same site
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Results

Over a 21-year period, 21 patients with suspected infectious
spondylodiscitis underwent a repeat CT-guided biopsy fol-
lowing an initial negative biopsy (Table 1). The mean age
was 53.0 years (SD ± 19.7) and 12/21 patients (57.1%) were
male. The mean duration of symptoms was 80.9 days (range,
10–176; SD ± 55.7). The mean time between the first and
second biopsies was 16.7 days (range, 2–79; SD ± 20.54),
and the median time between biopsies was 9 days. Biopsy
procedures occurred in the thoracic spine in four cases and
in the lumbar spine in 17 cases. Repeat biopsy was performed
at a different site at the same spinal level in 17 cases, at the

same site at the same spinal level in three cases, and at an
adjacent level in one patient who presented initially with con-
tiguous two-level disease. No complications were
encountered.

Culture and Gram stain results were negative for all 21
initial biopsies. Repeat biopsy isolated an organism in 3/21
cases (14.3%) (Table 1). Organisms isolated were
Staphylococcus aureus (in culture), Salmonella typhi (in cul-
ture), and Gram-negative rods (on Gram stain, although cul-
ture negative). Antibiotics were tailored to the microbe isolat-
ed in each case, and antibiotics were utilized to cover
suspected causative Gram-negative rod bacteria in the case
of Gram stain positive but culture negative results.

Fig. 2 A 12-year-old male (patient 3) with suspected infectious
spondylodiscitis at L1–2 with Salmonella typhi isolated on repeat biopsy.
a Sagittal T2-weighted, fat-saturated image shows loss of disc height,
bone marrow edema-like signal, and endplate irregularity (arrows). b
Corresponding sagittal T1-weighted image shows abnormal marrow re-
placement and endplate indistinctness due to erosion. c Corresponding
sagittal T1-weighted, fat-saturated, post-gadolinium image shows abnor-
mal endplate, disc space, and intra-osseous enhancement as well as

prevertebral enhancement (arrows). d Axial T1-weighted, fat-saturated
post-contrast image shows right paravertebral enhancing phlegmon
(arrows), which was targeted for initial biopsy. e Axial image from initial
CT-guided biopsy shows core-biopsy needle sampling paraspinal soft
tissue inflammation (arrows denote enlargement of psoas muscle due to
phlegmon). f Axial image from repeat CT-guided biopsy performed
19 days after initial biopsy shows core-biopsy needle within the bone
and extending to disc margin
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In patients not receiving antibiotics, the microbe yield was
3/9 (33.3%); however, in patients who received antibiotics, the
yield was 0/12 (0%). For each case in which a microbe was
isolated, no antibiotics had been given prior to the first or
second biopsies. This relationship did not reach statistical sig-
nificance (p = 0.063, Table 2).

The mean age of patients with positive microbe yield from
repeat biopsy was significantly lower than those with negative
yield(31.3 ± 19.5yearsvs.56.6 ± 17.8years,p = 0.021)(Table2).

No significant association was identified between success-
ful organism isolation and gender, duration of symptoms,
white blood cell (WBC) count, biopsy interval, or same vs.
different biopsy site (Table 2). The majority of patients did not

have erythrocyte sedimentation rate (ESR) or C-reactive pro-
tein (CRP) drawn prior to the repeat biopsy.

As a secondary endpoint, the number of confirmed diagno-
ses of infectious spondylodiscitis was recorded. The diagnosis
was confirmed if either culture or histopathologywas positive.
A diagnosis of infectious spondylodiscitis was established on
initial biopsy by means of histopathology in 3/21 cases
(14.3%), with all cultures negative. Repeat biopsy, yielding
positive microbiology and/or histopathology in four addition-
al patients whose results were negative on the initial biopsy,
increased the overall rate of diagnosis of infectious
spondylodiscitis to 7/21 cases (33.3%). Histopathology sam-
ples were not processed on 5/21 initial biopsies and 9/21

Table 1 Database of 21 patients showing results of initial and repeat
spinal biopsies including demographic factors, symptom duration,
antibiotic exposure, biopsy level, type of tissue biopsied, pathology

results, microbiology results, white blood cell (WBC) count, interval
between initial and repeat biopsies, and whether the biopsies were per-
formed at the same site within the affected tissue

Patient Age Gender

Symptom 

duration 

(days) Antibiotics

Biopsy #1 

Level

Tissue 

type Path Micro WBC

Biopsy 

interval 

(days)

Biopsy #2 

Level

Tissue 

type

Same 

site ? Path Micro WBC

1 32 F 63 Yes L5-S1 Bone/Disc Positive Negative 7.2 3 L5-S1 Bone/Disc No Positive Negative 6.4

2 65 F 28 No L3-L4 Bone/Disc Negative Negative 6.0 14 L3-L4 Bone/Disc No Positive Negative 6.1

3 12 M 49 No L1-L2 Soft tissue Negative Negative 10.6 19 L1-L2 Bone/Disc No S. Typhi 8.1

4 38 M 35 Yes L2-L3 Soft tissue Negative 6.7 5 L2-L3

Bone/Soft 

tis. No Positive Negative 7.0

5 44 M Yes L3-L4 Disc Negative Negative 14.3 68 L3-L4 Bone/Disc No Negative 8.3

6 64 M 62 Yes L4-L5 Disc Negative Negative 7.4 32 L4-L5 Bone/Disc No Negative 6.8

7 75 F Yes T12-L1 Bone Negative Negative 18.6 13 T12-L1 Bone No Negative Negative 12.4

8 75 F No L1-L2 Bone Negative 11.6 2 L1-L2 Bone No Negative Negative 9.7

9 34 M 176 No T8-T9 Bone Negative Negative 7.7 5 T8-T9 Bone/Disc No Negative

10 41 M 10 Yes L3-L4 Disc Negative 11.9 3 L4-L5 Disc No Negative Negative 9.5

11 42 M 33 No L5-S1

Soft 

Tissue Negative Negative 9.7 3 L5-S1 Disc No Negative 6.3

12 84 F 97 Yes L3-L4 Bone/Disc Negative Negative 8.8 7 L3-L4 Disc No Negative Negative 9.8

13 31 M 136 No L3-L4 Disc Positive Negative 11.6 16 L3-L4

Bone/Soft 

tis. No

S. 
Aureus 13.9

14 70 F 13 Yes T6-T7 Soft tissue Negative 8.5 7 T6-T7

Soft 

Tissue No Negative Negative 6.9

15 51 M 63 No L2-L3 Bone/Disc Negative Negative 3.3 21 L2-L3 Soft tissue No Negative 4.3

16 65 F Yes L1-L2 Bone/Disc Negative Negative 10.2 9 L1-L2 Disc No Positive Negative 8.5

17 51 F 80 No T6 Bone Positive Negative 8.0 20 T6 Bone No Negative GNR 6.8

18 84 M No L3-4 Disc Negative Negative 9.6 4 L3-L4 Disc Yes Negative 12.4

19 72 F 139 Yes L4-5 Bone/Disc Negative Negative 8.9 79 L4-5 Bone No Negative Negative 6.3

20 42 M 175 Yes L3-4 Bone/Disc Negative 10.3 5 L3-4 Bone/Disc Yes Negative Negative 10.6

21 41 M 136 Yes L3-4 Bone/Disc Negative Negative 6.6 16 L3-4 Bone/Disc Yes Negative 6.5

Empty fields represent that data could not be determined or that no sample was processed. Highlighted rows represent cases with positive microbiology
results. (GNR= gram negative rods)

Table 2 Analysis of multiple
factors and their association with
microbiology yield of repeat CT-
guided biopsy

Negative microbe yield Positive microbe yield p value

Age (years) 56.6 ± 17.8 31.3 ± 19.5 0.021

Male gender 10/18 2/3 1.0

Symptom duration (days) 79.2 ± 59.4 88.3 ± 44.1 0.81

Antibiotics pre-biopsy 12/18 0/3 0.063

WBC (× 109/L) 9.3 ± 3.4 10.1 ± 19 0.70

Biopsy interval (days) 16.4 ± 22.2 18.3 ± 2.1 0.88

Different biopsy site 15/18 3/3 1.0

Numerical data are displayed as mean ± SD. Categorical data are displayed as a fraction of the total. P values
should be interpreted with caution due to the small group size of the positive microbe yield group (n = 3)
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repeat biopsies, and in those cases only microbiology samples
were provided. Interestingly, 2/3 patients with positive micro-
biologic yield upon repeat biopsy had positive histopathology
on the initial biopsy.

Four patients in which no microbe was isolated from either
biopsy had subsequent procedures: patient 1 underwent a third
biopsy for recurrent back pain after antibiotic treatment with
negative biopsy results, patient 12 underwent an open biopsy
yielding Aspergillus fumigatus, patient 20 underwent open
biopsy at another spinal level yielding Propionibacterium
acnes RNA, and patient 21 underwent biopsy at a new level
of disease yielding Streptococcus parasanguinis.

Discussion

Initial percutaneous biopsy of suspected infectious
spondylodiscitis has a yield of < 50% [17]. For negative cases
in which a repeat biopsy is contemplated, it is important to
consider that inability to isolate the causative organism may
have resulted from multiple factors including biopsy at sites
devoid of living organisms, small biopsy sample size, treat-
ment of organisms with pre-biopsy antimicrobials, low-grade
infection, or inability to grow fastidious organisms [2, 10,
22–24]. The available data on biopsy negative patients should
be interpreted in light of these considerations.

Our data show that for patients with infectious
spondylodiscitis based on clinical and imaging features, a re-
peat biopsy identified a causative organism in 14.3% of cases.
This yield is lower than the reported yield for initial biopsies,
which is not unexpected given that this population of patients
is likely impacted by factors or organisms that are associated
with lower culture yield. In fact, three patients with negative
initial and repeat biopsies were ultimately found in subsequent
biopsy procedures to have infections with organisms -
Streptococcus parasanguinis, Propionibacterium acnes, and
Aspergillus fumigatus, which may be difficult to isolate in
culture from biopsy [25–27]. Therefore, it may be prudent to
consider adding additional testing, such as polymerase chain
reaction assays, to standard culture analysis in order to maxi-
mize yield.

In a population already likely enriched for a lower diagnos-
tic yield, it is important to identify factors that are associated
with positive yield. We found a larger microbe yield in pa-
tients who had received no antibiotic therapy. In fact, no bi-
opsy performed on a patient exposed to pre-biopsy antibiotics
yielded a causative organism in our study. In this small study,
this relationship did not reach statistical significance. The ef-
fect of pre-biopsy antibiotics on microbial yield in the litera-
ture is controversial. Some authors have reported a lower yield
from initial biopsy in patients with suspected infectious
spondylodiscitis who received pre-biopsy antibiotics [10, 11,
13, 28, 29]; however, other authors have found no difference

in yield between patients who had received antibiotics and
those who have not [8, 16, 30]. A recent meta-analysis [17]
found a lower microbe yield from image-guided spine biopsy
if patients had received antibiotics; however, the difference
did not reach statistical significance and included studies were
heterogeneous. None of the above studies stratified patients by
the severity of infection, and it is possible that patients with
severe infections may have higher bacterial load and higher
microbiology yield even if treated with antibiotics [8]. Thus, if
patients were treated with pre-biopsy antibiotics due to severe
infection or septic shock, which is advised by expert opinion
[4, 18], it is theoretically possible that microbiologic yield of a
repeat biopsy may be less affected, although further studies
are necessary to address this. Using our data set it would be
difficult to justify percutaneous biopsy on patients who have
received antibiotic therapy; however, our sample size is small
and this topic remains controversial.

Some potential factors which could theoretically affect cul-
ture yield were unable to be assessed by this study. It is pos-
sible that sites devoid of living organisms were sampled. In
fact, one case showing Gram-negative rods on Gram stain did
not yield an organism in culture. It is possible that polymerase
chain reaction assays could increase yield, although such test-
ing was not performed in this study and has not been routinely
performed in many prior studies examining microbial yield of
spinal biopsy. The effect of biopsy sample size on yield could
not be assessed on this study, as the number of biopsy passes
was not recorded in each case.

Younger patient age was also found in our study to be
associated with successful microbe isolation. The explanation
for this association is unclear; however, this has been reported
previously [31].

Another interesting finding in our study is the predictive
effect of initial biopsy positive histopathology on repeat biop-
sy microbe isolation. Although only three patients were found
to have positive histopathology from initial biopsy, two of
those three had successful microbe isolation on repeat biopsy.
It is difficult to derive any conclusions from this small number
of patients and note is made that histopathology samples were
not sent in all patients; however, this could be addressed in
future studies.

Several prior studies have examined the yield of repeat
percutaneous biopsy for infectious spondylodiscitis in the set-
ting of an initial negative biopsy. Kim et al. [32] performed
repeat fluoroscopy-guided biopsy on 16 patients ultimately
proven to have infection, identifying an organism in 12.5%
(2/16) of cases in which the initial biopsy was unrevealing and
recommending against repeat biopsy in this setting. They re-
port that Bin principle^ a biopsy was repeated if initial results
were negative after 1 week while holding antibiotics, although
the use of antibiotics was not specifically recorded. Gras et al.
[31] performed repeat CT-guided biopsy on 33 patients with
vertebral osteomyelitis, yielding positive results in 39.4% (13/
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33), ultimately concluding that repeat percutaneous biopsy
could be an alternative to open biopsy. Patients who received
prior antibiotics were excluded from their analysis and the
effect of antibiotic use on repeat biopsy yield therefore could
not be assessed. In our experience, it is not uncommon for a
repeat biopsy request to be made in patients who had been
exposed to recent antibiotics, and it was felt important to in-
clude this subset of patients in order to both evaluate the effect
of antibiotics on microbe yield and to establish a study popu-
lation representative of our experience in this clinical situa-
tion. Interestingly, our data show that if patients exposed to
antibiotics are excluded, the yield of repeat biopsy is 33.3%
(3/9), which is similar to the yield of 39.4% reported by Gras
et al. Terreaux et al. [33] found the yield of repeat CT and/or
fluoroscopic biopsy in ten patients to be 60% (6/10), conclud-
ing that repeat biopsy is helpful; however they did not exam-
ine the effect of antibiotics on biopsy yield. Finally, Friedman
et al. [34] reported a yield for initial percutaneous biopsy of
52.5% (21/40) and considering the results of all attempted
biopsies, the yield increased to 73% overall; however, details
about the repeated biopsy attempts including the number of
biopsies per case was not documented. The studies discussed
here notably have heterogeneous inclusion criteria, with no
studies documenting specific MR or CT imaging findings
for inclusion criteria as utilized in the current study.

This study has several limitations. As a retrospective study,
it is subject to inherent bias and potential confounding. The
small sample size results in an underpowered statistical anal-
ysis. The inclusion criteria of Bsuspected osteomyelitis^ was
based on a combination of clinical and imaging parameters
intended to include patients likely to have infectious
spondylodiscitis; however, we acknowledge that it is not pos-
sible to confirm that infection is present in each case that is not
biopsy proven. As a tertiary care center, it is common for
patients to be transferred from an outside facility, and it may
not be possible to confirm the presence or absence of antibi-
otic administration prior to arrival at our hospital.
Furthermore, it would be ideal to be able to determine if the
number of core samples affected biopsy yield; however, the
exact number of passes was not recorded in each case. This
study spans a long period of time and it is possible that the
evolution of biopsy technique and equipment could affect re-
sults. Finally, this study included traditional culture-based mi-
crobiology analysis to identify pathogens, and it is possible
that a higher yield may be obtained with newer and evolving
molecular assays.

In conclusion, we found an overall low rate of organism
isolation from repeat CT-guided biopsy in patients with
suspected infectious spondylodiscitis following an initial neg-
ative biopsy. This raises questions about the broad utility of
this procedure for all patients with an initial negative biopsy;
however, a higher yield was identified in patients of younger
age and those who had no pre-biopsy antibiotic treatment.

These factors are among those to be considered when
selecting patients for repeat biopsy.
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