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Abstract
Objective The aims of this study are to assess the diagnostic yield of image-guided biopsy for discitis-osteomyelitis (DO),
identify factors associated with biopsy yield (laboratory, pre-defined MRI findings, and biopsy technique), and impact of biopsy
on management of patients appropriately selected according to the Infectious Disease Society of America guidelines (IDSA).
Materials and methods This is a retrospective review of patients who underwent biopsy for suspected DO from 2011 to 2019.
Reference standards to establish diagnosis of DO in order were histopathology/microbiology from biopsy or subsequent surgical
sampling, positive blood culture or serology, and imaging/clinical follow-up. Laboratory markers, pre-biopsy antibiotics and
MRI features, procedural-related variables, and impact of biopsy onmanagement were assessed.Multivariable logistic regression
was also performed.
Results Out of 97 included patients, 78 were diagnosed with DO. Overall sensitivity of biopsy for detecting DO was 41.0% (32/
78), including 10 patients with positive histopathology only, 14 with positive biopsy culture only, and 8 with both. Elevated ESR
(p < 0.001) and epidural collection onMRI (p = 0.008) were associated with higher biopsy yield (63.6% and 68.6%, respectively)
in a multivariable model. Procedural variables were not associated with yield. Biopsy results impacted the management in 19/77
(24.7%) patients, of whom 15/19 (78.9%) had treatment de-escalation and 4/19 (21.0%) had treatment escalation including
starting new anti-tuberculous and anti-fungal regimens.
Conclusion Sensitivity of biopsy for detecting DO was 41.0%. When IDSA guidelines are followed, biopsy provided impactful
information that changed the management in 24.7% of patients. Evaluation for elevated ESR and epidural collection can help
improve yield and patient selection for biopsy.
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Abbreviations
CRP C-reactive protein
DO Discitis-osteomyelitis
ESR Erythrocyte sedimentation rate
FN False negative
IDSA Infectious Disease Society of America
MRSA Methicillin-resistant Staphylococcus aureus
MSSA Methicillin-sensitive Staphylococcus aureus
TN True negative
TP True positive

Introduction

Discitis-osteomyelitis (DO) is a rare diagnosis, estimated
to occur in only 4–24 patients per million per year [1].
The diagnosis of DO is difficult and often delayed due
to nonspecific clinical presentation, such as insidious
back pain; more specific symptoms like fever and neu-
rologic deficits occur in a minority of cases. More com-
mon potential mimickers such as spine degenerative
changes may also cloud the diagnosis [1–5]. Imaging,
specifically MRI, is an essential part of the diagnostic
workup, accurately characterizing the level and extent of
disease [6]. The MRI features of DO have been well-
described [7, 8]; however, literature is limited on specif-
ic imaging features predictive of diagnostic yield of
image-guided biopsy, with one study finding association
of paravertebral inflammation with biopsy yield [9].
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Biopsy of the involved vertebral body, with variable yield
of 31–91% reported in the literature for detecting an etiologic
pathogen by culture, has been part of the diagnostic evaluation
of DO, especially in a select group of patients as defined by
the Infectious Disease Society of America (IDSA) in 2015.
The IDSA strongly recommends percutaneous image-guided
biopsy in all suspected cases of DO if a typical culprit patho-
gen (Staphylococcus aureus, Staphylococcus lugdenensis, or
Brucella spp.) is not initially identified by serology or blood
culture, which also has a widely reported yield of 40–89% [2,
10]. Yet, the clinical value and the impact of biopsy on treat-
ment management has recently been questioned, with one
study reporting that less than 10% of biopsies alter patient
management [11, 12].

The goals of this study were to (1) assess overall diagnostic
yield of image-guided biopsy for DO; (2) identify clinical factors,
procedure-related variables, and MRI features that correlate with
yield; and (3) evaluate the rate of clinically meaningful microbi-
ologic data provided by biopsy results that impacts management
by aiding tailored antibiotic therapy in candidates selected for
biopsy as per the IDSA guidelines. We hypothesize that biopsy
maintains considerable impact in current practice by providing
microbiologic data undetected by noninvasive means.

Materials and methods

This investigation was approved by the institutional review
board and was compliant with the guidelines of the Health
Insurance Portability and Accountability Act (HIPAA).
Informed consent was waived for the study due to its retro-
spective nature and minimal risk to participants.

Study participants

We performed a retrospective search of medical records from
September 2011 to May 2019 in our institution using
Primordial worklist manager advanced search (Primordial,
San Mateo, CA). Consecutive patients who underwent percu-
taneous image-guided biopsy for suspected DO based on clin-
ical and imaging findings, and also had microbiological and/or
histopathological examination of the obtained tissue specimen,
were included in the study (Table 1, Fig. 1). The reference
standard for diagnosis of DO was histopathology at time of
percutaneous biopsy, or subsequent surgical biopsy or debride-
ment, matched with the clinical concern. If pathology was not
conclusive or available, the reference standard was defined by
positive blood culture with a typical pathogen (S. aureus, S.
lugdenensis) or the same organism as biopsy culture, or positive
serology with a typical pathogen (Brucella antibody assay)
[10]. If the above criteria were not met, then clinical and imag-
ing follow-up was used. For example, patients who were not
treated for DO due to lower clinical suspicion, and showed

stability or improvement in their follow-up clinical or imaging
findings, were considered negative for DO. Those who had to
receive antibiotic therapy due to high clinical suspicion for DO,
and showed improvement in their clinical or imaging findings,
were considered positive for DO.

Patients were excluded from the study if medical records
did not include required laboratory and narrative notes, if final
diagnosis of DO could not be ruled in or out based on the
defined criteria, if they had facet joint septic arthritis without
suspicion for vertebral body or intervertebral disc involve-
ment, or if the procedure was aborted for any reason without
sampling. If pre-biopsy MRI within 1 month was not avail-
able, the patient was excluded from the MRI feature analysis
portion of the study.

MRI technique and evaluation

MRI studies were performed on either a 1.5 or 3.0 T MR
scanner (Magnetom Aera or Skyra; Siemens Medical
Solutions, Erlangen, Germany) using a spine array coil and
standardized departmental protocol. The MRI sequences and
parameters are summarized in Table 2.

Two musculoskeletal fellowship-trained radiologists (MS
with 8 years and WW with 7 years of experience), blinded to
the clinical history and biopsy results, independently reviewed
anonymized MRI examinations of the cervical, thoracic, or lum-
bar spine. Consensus review was performed, where discrepan-
cies were settled through discussion and review of the case. If
needed, the opinion of a third musculoskeletal radiologist would
be used to break a tie. Prior to imaging evaluation, a training
sessionwas conducted using a group ofMRI studies not included
in the cohort to standardize the imaging criteria, which included
(1) disc edema defined as T2-hyperintense signal less than fluid
and separate from normal nucleus pulposus evaluated on sagittal
T2-weighted images, (2) disc fluid involving greater than 50% of
the length of the disc on sagittal T2-weighted images, (3) epidural
phlegmon as focal hyperintense signal on T2-weighted imaging,
(4) epidural collection as loculated fluid signal, (5) paraspinal soft
tissue edema, (6) paraspinal soft tissue fluid collection, (7)
endplate erosion, and (8) disc or endplate enhancement if contrast
media was administered.

Table 1 Demographic data and biopsy modality of patients included in
our retrospective study evaluating yield of image-guided biopsy

Study group characteristics

Study participants (n) 97

Males (n) 57 (58.8%)

Females (n) 40 (41.2%)

Average age (mean years ± SD) 65.4 ± 14.9

CT-guided biopsy (n) 82 (84.5%)

Fluoroscopic biopsy (n) 15 (15.5%)
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Biopsy technique

Biopsies were performed by nine different musculoskeletal
and neuroradiology physicians over the course of study with
variable range of experience (3 to 18 years) in performing
these procedures. Percutaneous image-guided biopsy was

performed from posterolateral or transpedicular approaches
under CT or fluoroscopic guidance, similarly to previously
published techniques [13]. For CT-guided biopsies, localizer
images at the level of suspected disease were obtained for
entry site and trajectory planning purposes. Following aseptic
preparation of the skin overlying the biopsy needle trajectory,

Table 2 Standardized MRI protocols used for spinal imaging using a spine array coil, performed on patients suspected of having discitis-osteomyelitis

Sequence Plane Spinal segment Slice thickness (mm) TR (ms) TE (ms) Field of view (mm) Base resolution Phase resolution

T2 Sagittal Lumbar 3.0 4000.0 96.0 280 384 100

Thoracic 3.0 4000.0 100.0 340 448 100

Cervical 3.0 3000.0 103.0 200 320 80

STIR Sagittal Lumbar 3.0 3570.0 50.0 280 384 90

Thoracic 3.0 4000.0 45.0 340 384 80

Cervical 3.0 3500.0 47.0 200 320 75

T1 IR Sagittal Lumbar 3.0 2000.0 8.5 280 384 70

Thoracic 3.0 2400.0 8.5 340 384 80

Cervical 3.0 2400.0 9.0 200 320 70

T2 Axial Lumbar 4.0 3800.0 105.0 200 320 100

Thoracic 4.0 5500.0 100.0 200 320 90

Cervical 3.0 3630.0 101.0 180 320 100

T1 IR Axial Lumbar 4.0 2300.0 9.3 200 320 70

Thoracic 4.0 2600.0 9.3 200 320 65

Cervical 3.0 2000.0 9.8 180 320 70

T1 IR post Axial Lumbar 4.0 2600.0 9.3 200 320 65

Thoracic 4.0 2600.0 9.3 200 320 65

Cervical 3.0 2000.0 9.8 180 320 70

T1 FS post Sagittal Lumbar 3.0 800.0 8.5 280 384 70

Thoracic 3.0 900.0 8.5 340 384 80

Cervical 3.0 800.0 9.0 200 320 70

Fig. 1 Selection criteria for the retrospective cohort assessing the ability of clinical, laboratory, and imaging variables in predicting biopsy yield and in
detecting discitis-osteomyelitis
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local anesthesia was administered. A small skin incision was
made, and the biopsy needle was subsequently introduced
using bone biopsy kits ranging in size from 11 to 20 gauge
(ten different biopsy kits were used in total), most commonly
11 gauge (54% of biopsies), then 13 gauge (10%). A
transpedicular/transforaminal approach was chosen in 54/97
(56%) patients, and a posterolateral approach was chosen in
43/97 (44%) patients. CT or fluoroscopic confirmation of cor-
rect entry site and trajectory toward the target was obtained,
and the biopsy device was advanced into the target. One or
more core samples were then obtained via biopsy needle. Fine
needle aspiration was performed from fluid collections found
on pre-biopsy imaging (disk/bone or paraspinal regions) with
needles ranging in size from 11 to 22 gauge and, in one case, a
5 French Yueh catheter (Fig. 5). If both core biopsy and fine
needle aspiration were performed (n = 31), fluid aspiration
was performed in 25/31 (80.6%) cases using the introducer
sheath and, in 6/31 (19.4%), with an additional spinal needle
under coaxial technique. Fluoroscopy-guided biopsies were
performed in a similar technical fashion but using orthogonal
images to guide placement of the biopsy needle into the target.
A biopsy sample was sent for microbiological examination in
all 97 patients, which included aerobic, anaerobic, mycobac-
terial, and fungal cultures. Additional formalin-fixed samples
for histopathological analysis were sent in 64/97 (66.0%)
patients.

Sampling sites were recorded, which included various
combinations of the affected intervertebral disc, adjacent ver-
tebral body endplates, paraspinal soft tissue, and fluid collec-
tions. If available in the procedure note, the following data
were collected: core needle gauge, number of cores taken,
and specific biopsy targets. If the biopsy sites were not de-
scribed on the procedure note, images from the biopsy were
used to identify the targets. When available on the histopa-
thology report, biopsy core length (cm) was recorded.

Clinical and laboratory review

The data we recorded from medical record review included
age, gender, history of present illness and relevant follow-up
documentation, physical examination, presence of fever (max-
imum temperature > 100.3 °F within 2 weeks of biopsy),
laboratory studies, presence of antibiotic therapy in the past
2 weeks, and relevant reports from radiology, pathology, and
biopsy procedures. Recorded laboratory studies included pres-
ence of leukocytosis with white blood cell count > 10,800/μl,
ESR (normal range 0–20mm/h), and CRP (normal range 0–-9
mg/L) levels, and results of blood and urine cultures. Themost
recent results were considered and only if within 2 weeks prior
to image-guided biopsy.

If clinical judgment favored non-septic etiologies but biopsy
was positive with flora typical for contamination, patients would
be assigned false-positive. Biopsy was considered true positive

(TP) if a true organism was detected on biopsy culture or if
histopathology demonstrated bacteria, acute inflammatory cellu-
lar infiltrate, or chronic inflammatory change (i.e., fibrosis, ne-
crosis) deemed compatible with DO by the pathologist.

Determining clinical impact

Biopsy result provided meaningful information when changes
in antimicrobial management were made directly attributed to
the results of percutaneous image-guided biopsy in patients
appropriately selected as per the IDSA criteria [10].
Unexpected organisms were defined as fungi or tuberculous
pathogens uncovered by empiric antibiotics, or resistant or-
ganisms with suboptimal empiric coverage. Subsequent
changes in management were defined as start or escalation
of antimicrobial therapy for patients who were sub-optimally
or inadequately covered based on susceptibility profiling from
biopsy culture. De-escalation of empiric broad-spectrum anti-
biotics to a more narrow-spectrum antibiotic was also consid-
ered a change inmanagement based on susceptibility profiling
from biopsy culture. Furthermore, in three cases where histo-
pathology showed DO and biopsy culture was negative, clini-
cians downgraded broad-spectrum coverage due to the ab-
sence of methicillin-resistant Staphylococcus aureus
(MRSA) isolation—these cases were regarded as clinically
meaningful.

Statistical analysis

Correlation of categorical variables to biopsy yield was deter-
mined using Fisher’s exact test, and correlation of continuous
variables to yield was determined using Mann-Whitney’s test.
Multivariable logistic regression was used to assess whether a
set of independent factors can predict biopsy outcome. Since
logistic regression cannot reliably estimate the independent
effects of predictors in a multivariable model if the number
of predictors is high relative to the number of positive out-
comes, the multivariable analysis only examined models
consisting of two predictors. For each outcome, only factors
showing a significant association with the outcome in
univariable analysis were considered for inclusion in a multi-
variable model to predict that outcome. All statistical tests
were conducted with the two-sided 5% significance level
using SAS software (SAS Institute, Cary, NC; version 9.4,
2013).

Results

Study participants

The retrospective search initially yielded a total of 183 pa-
tients who underwent spinal biopsy for suspected DO. On
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initial review of patients included in the search range, we
excluded 81 patients with inadequatemedical records required
to determine the clinical outcome and the diagnosis of DO.
Three patients were excluded due to facet joint septic arthritis
without involvement of the vertebral body or intervertebral
disc. Two patients were excluded due to aborted biopsies:
one patient with intraprocedural hypertensive urgency and
one patient by request. Therefore, 97 patients met inclusion
criteria including 57 (58.8%) males and 40 (41.2%) females
with an average age of 65.4 ± 14.9 years and range of 30–93
years (Table 1), and with clinical data available to establish the
presence or absence of DO (Fig. 2). Of these, 15 patients were
excluded from MRI analysis: 11 without pre-biopsy MRI
available and 4 withMRI performed greater than 30 days prior
to biopsy.

The diagnosis of DO according to our reference standard
was based on clinical judgment in 50 patients, histopathology
in 30 patients, tissue culture showing the same organism as
blood culture in 6 patients, MRI improvement after antibiotic
therapy in 6 patients, open surgical pathology in 4 patients,
and brucellar serology in 1 patient. In total, 78/97 (80.4%)
patients received the diagnosis of DO, and 19/97 (19.6%)
patients were deemed negative for DO despite initial concern
on imaging.

Biopsy review

Biopsy yield

There were 82/97 (84.5%) CT-guided and 15/97 (15.5%)
fluoroscopic-guided biopsies. Biopsies included 57 (58%)
with core sampling only, 31 (32.0%) with both core sampling
and aspiration, and 9 (9.3%) with aspiration only. Out of 78
patients with DO, there were 32 patients with positive biopsy
results, with overall sensitivity of 41.0% (Fig. 2). There were
no false-positive results, resulting in a specificity of 100%.
Among the 32 patients with positive biopsy, there were 10
patients positive for histopathology only, 14 patients positive
for biopsy culture only, and 8 patients positive for both.

In total, fourteen different organisms were identified by
biopsy culture (Table 3), most commonly Staphylococcus
epidermidis and Escherichia coli (n = 3/20, 15.0%). The three

patients with S. epidermidis growth were deemed to have
significant infections by infectious disease specialist.
Therefore, there were no false positive results based on the
clinical scenario despite growth of typical skin flora. Eight of
nine (88.9%) patients with a positive outcome on both biopsy
and blood cultures demonstrated organism concordance (in-
cluding the above patients with concordant S. epidermidis
cultures). Four of six (66.7%) patients with a positive outcome
on both biopsy and urine cultures demonstrated organism con-
cordance. Other organisms identified on biopsy and blood
cultures are summarized in Table 4. One patient was diag-
nosed with brucellar DO by serology subsequent to image-
guided biopsy. Only one patient had methicillin-sensitive
Staphylococcus aureus (MSSA) growth on pre-biopsy blood
culture, which was replicated by biopsy culture.

Biopsy-related variables and biopsy yield

Biopsy yield did not correlate with modality of imaging
guidance—CT (28/67 or 41.8%) or fluoroscopic (4/11 or
36.4%) guidance (p = 0.76). Choice of sampled tissue did
not correlate with yield (p = 0.35 to 1.00), which included
bone in 66 (68.0%) patients, disc in 65 (67.0%), paraspinal
soft tissue in 10 (10.3%), and fluid aspirate in 39 (40.2%).
Mean core sample length, needle size, and number of cores
did not demonstrate significant association with biopsy yield
(Tables 4 and 5).

MRI evaluation

A total of 82 patients had MRI within 30 days of biopsy (67/
78MRI’s in the DO group, 53 with contrast; and 15/19MRI’s
in the DO-negative group, 9 with contrast). The sensitivities
and specificities of MRI features for DO are summarized in
Table 5. MRI features with highest sensitivity for diagnosing
DO included disc edema (67/67, 100%), endplate enhance-
ment (52/53, 98.1%), paraspinal phlegmon (64/67, 95.5%),
and endplate erosion (65/67, 95.5%). Epidural collection of-
fered the highest specificity of 14/15 (93.3%). There was a
significant difference in presence of disc edema comparing
patients with DO (67/67 or 100%) and those without DO
(12/15 or 80.0%, p = 0.005). After discussion of studies

Fig. 2 Overall sensitivity,
specificity, positive predictive
value, and negative predictive
value of percutaneous image-
guided biopsy for discitis-
osteomyelitis
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needing consensus decisions, readers were able to resolve
their initial records and disagreements; therefore, a third mus-
culoskeletal radiologist opinion was not needed.
Representative MRI images of each feature are illustrated in
Figs. 3, 4, 5, and 6, with a representative true-negative case
illustrated in Fig. 7.

MRI features and biopsy yield

When comparing TP and FN biopsies, epidural collection was
a significant predictor of biopsy yield (p = 0.008), present in
15/29 (51.7%) TP and 7/38 (18.4%) FN biopsies (Table 5) for
overall yield of 15/22 (68.1%). The other MRI features

Table 4 Percentage and number of subjects with each clinical and
laboratory feature (top) and biopsy target (middle) among patients with
true positive or false negative results on percutaneous image-guided bi-
opsy for suspected discitis-osteomyelitis. The mean and standard

deviation of each numeric pre-biopsy clinical feature or biopsy technical
factor (bottom) among patients with true positive or false negative
results. Italicized p values are significant at p < 0.05

True positive (n = 32) False negative (n = 46) p

Pre-biopsy clinical features Blood culture positive 37.0% (10/27) 16.3% (7/43) 0.084

Urine culture positive 29.4% (5/17) 25.0% (8/32) 0.746

Pre-biopsy antibiotics 56.7% (17/30) 51.3% (20/39) 0.164

Fever >100.3 F 21.9% (7/32) 13.0% (6/46) 0.362

Biopsy target Fluid aspiration 31.3% (10/32) 43.5% (20/46) 0.346

Bone 75.0% (24/32) 67.4% (31/46) 0.615

Disc 62.5% (20/32) 67.4% (31/46) 0.809

Soft tissue 12.5% (4/32) 13.0% (6/46) 1.000

Other features and biopsy techniques (mean ± SD) ESR (mm/h) 90.6 ± 30.6 61.8 ± 27.3 <0.001

CRP (mg/L) 72.2 ± 63.6 55.5 ± 62.2 0.069

Core biopsy length (cm) 0.80 ± 0.54 0.83 ± 0.68 0.874

Mean needle size (gauge) 14.1 ± 3.5 13.1 ± 2.9 0.339

Mean number of cores 2.5 ± 1.2 2.3 ± 0.7 0.236

Table 3 Number of organisms
identified by blood culture and
biopsy culture, and the number of
cases with concordant organism
growth

Organism identified Blood culture (n) Biopsy
culture (n)

Concordant
cultures (n)

Staphylococcus epidermidis (n = 3) 3 3 2

Escherichia coli (n = 3) 2 3 1

Methicillin-sensitive Staphylococcus aureus (n = 2) 1 2 1

Streptococcus intermedius 1 1 1

Streptococcus mitis/Streptococcus oralis 1 1 1

Salmonella enteritidis 1 1 1

Klebsiella pneumoniae 1 1 1

Staphylococcus agalactiae 0 2 0

Pseudomonas aeruginosa 1 1 0

Staphylococcus parasanguinis 0 1 0

Mycobacterium tuberculosis 0 1 0

Mycobacterium tuberculosis and Propionibacterium acnes 0 1 0

Proteus mirabilis 0 1 0

Candida albicans 0 1 0

Methicillin-sensitive Staphylococcus epidermidis 1 0 0

Prevotella intermedius 1 0 0

Corynebacterium jeikeium 1 0 0

Escherichia coli 1 0 0

Streptococcus constellatus 1 0 0
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examined were not significantly different between patients
with DO and without DO, and between TP and TN (Table 5).

Clinical and laboratory review

Among pre-biopsy clinical and laboratory variables, ESR was
significantly elevated in patients with DO (73.6 ± 31.9 mm/h)
versus those without (46.3 ± 37.3, p = 0.004). Mean CRP was
also significantly elevated in those with DO (62.3 ± 38.5 mg/
L) versus those without (44.3 ± 84.5, p = 0.005). Fever and
leukocytosis were highly specific for DO (100% and 78.6%,
respectively) but not sensitive (7.1% and 16.0%,
respectively).

Clinical variables and biopsy yield

Elevated mean ESR was also associated with yield (p <
0.001—Table 4, Fig. 8). ESR greater than 75 mm/h was able
to predict yield (p = 0.037), seen in 21/33 or 63.6%. Fever >
100.3 °F, and blood or urine culture positivity were seen at
greater rates in TP versus FN biopsies, though not significant-
ly (Table 4). Biopsy yield was not significantly different be-
tween patients who received (17/37 or 45.9%) and did not
receive (13/31 or 41.0%) pre-biopsy antibiotics (p = 0.16).

Determining clinical impact

Image-guided biopsy provided clinically meaningful informa-
tion that impacted clinical management in 19/77 (24.7%) pa-
tients meeting IDSA criteria for biopsy (Supplementary
Table 1). All but one patient, who showed S. aureus on pre-
biopsy blood culture, were appropriately selected according to
the IDSA guidelines, and this patient was excluded from the
clinical impact calculation. In 15 patients, broad-spectrum an-
tibiotics were downgraded to narrower-spectrum antibiotics

based on susceptibility testing of the isolated organism, which
directly guided antibiotic therapy in 12/15 of these patients. In
4/19 patients, antimicrobial coverage was escalated due to
suboptimal empiric coverage: one patient with methicillin-
resistant S. epidermidis (added additional coverage with ri-
fampin), two patients with tuberculous discitis-osteomyelitis
(changed empiric antibiotics to anti-tuberculous regimen), and
one patient with candida discitis-osteomyelitis (changed em-
piric antibiotics to anti-fungal regimen) identified on biopsy
culture. In 3/15 patients with positive histopathology and neg-
ative biopsy culture, clinicians downgraded antibiotics based
on negative MRSA isolation.

Of patients with TP biopsy, 9/32 (28.1%) underwent sur-
gery subsequent to image-guided biopsy versus 4/46 (8.7%)
of patients with FN biopsy. Of patients with TN biopsy, 3/19
(15.8%) underwent surgery, one paraplegic patient with
Charcot arthropathy of the facet joint who underwent stabili-
zation surgery, and two patients with discogenic
radiculopathy.

Multivariable analysis

Multivariable analysis identified mean ESR (p = 0.003) and
epidural collection (p = 0.020) as the only set of significant
independent discriminators of TP from FN. The model with
these factors predicted TP with an AUC of 0.800. When con-
sidered alone, ESR had an AUC of 0.757 and epidural collec-
tion had an AUC of 0.699.

Discussion

Our study showed overall sensitivity of image-guided biopsy
of 41.0% and specificity of 100% for diagnosing discitis-os-
teomyelitis. The biopsy results changed clinical management

Table 5 Sensitivity and specificity of MRI features comparing patients with discitis-osteomyelitis versus those without, and percentage of subjects
positive for the indicated MRI feature comparing true positive to false negative biopsies. Italicized p values are significant at p < 0.05

Sensitivity (n, [%]) Specificity (n, [%]) p Prevalence in true
positive biopsy (n, [%])

Prevalence in false
negative biopsy (n, [%])

p

Disc edema 67/67 (100) 3/15 (20.0) 0.005 29/29 (100) 38/38 (100) 1.000

Disc fluid 51/67 (76.1) 4/15 (26.7) 1.000 23/29 (79.3) 28/38 (73.7) 0.775

Epidural collection 22/67 (32.8) 14/15 (93.3) 0.056 15/29 (51.7) 7/38 (18.4) 0.008

Epidural phlegmon 58/67 (86.6) 3/15 (20.0) 0.686 28/29 (96.6) 30/38 (78.9) 0.067

Paraspinal collection 21/67 (31.3) 9/15 (60.0) 0.552 12/29 (41.4) 9/38 (23.7) 0.184

Paraspinal phlegmon 64/67 (95.5) 1/15 (6.7) 0.562 29/29 (100) 35/38 (92.1) 0.252

Disc enhancement 33/53 (62.2) 4/9 (44.4) 0.725 13/21 (61.9) 20/32 (62.5) 1.000

Endplate enhancement 52/53 (98.1) 1/9 (11.1) 0.271 20/21 (95.2) 32/32 (100) 0.396

Endplate erosion 64/67 (95.6) 1/15 (6.7) 0.562 27/29 (93.1) 37/38 (97.4) 0.574
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in 19/77 (24.7%) of patients with DO after excluding one pa-
tient who did not meet the IDSA criteria for biopsy. This im-
pact was critical in four patients whose biopsy culture and
susceptibility testing revealed atypical organisms inadequately
covered by empiric therapy, resulting in complete change in
the therapy regimen for three patients with non-pyogenic
DO—two Mycobacterium tuberculosis and one Candida

albicans infections—and addition of rifampin to a patient with
methicillin-sensitive S. epidermidis. Broad-spectrum antibi-
otics were safely narrowed based on unique microbiologic data
from biopsy in 15 patients, consistent with the principles of
responsible antibiotic stewardship in reducing adverse effects
and the incidence of antimicrobial resistance [14]. Mean ESR
and epidural collection on pre-biopsy MRI were independent

Fig. 4 Representative MRI of a 65-year-old male with discitis-
osteomyelitis at L1-2 characterized by disc edema, disc fluid, endplate
erosion, and endplate enhancement. Subsequent histopathology showed
necrotic bone and rare gram-variable cocci without growth from biopsy
culture (true positive). a Sagittal T1-weighted image showing

hypointense signal involving the eroded L1-2 endplates. b Sagittal T2-
weighted image showing fluid signal in intervertebral disc (arrow) and
vertebral body edema. c Sagittal contrast-enhanced T1-weighted image
showing endplate erosion, endplate enhancement (arrowheads), and ver-
tebral body enhancement

Fig. 3 Representative MRI of an 80-year-old female with discitis-
osteomyelitis at T12-L1 characterized by epidural fluid collection and
epidural phlegmon secondary to Mycobacterium tuberculosis on subse-
quent biopsy culture (true positive). a Sagittal contrast-enhanced T1-

weighted image showing enhancing phlegmon in the epidural space (ar-
rows). bAxial contrast-enhanced T1-weighted image showing enhancing
epidural phlegmon with central, focal non-enhancing areas consistent
with epidural collections (thin arrows)
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predictors of biopsy yield and were included in multivariable
analysis, which revealed increased accuracy when seen togeth-
er. Mean ESR, CRP, and disc edema on MRI were significant
differentiators of those with and without DO.

The overall yield of biopsy in our study is consistent with
two previous meta-analyses reporting mean sensitivity of 48–
49% and specificity of 99.9% [5, 15]. Our results show higher
meaningful clinical impact compared to two prior studies that
report that biopsy identified the culprit organism in 1/13
(7.7%) and 8/84 (9.5%) of total cases [11, 12]. There are sev-
eral possible explanations for these differences. Tachibana
et al. reported identification of a potentially causative organism
in 7/13 of patients who underwent biopsy culture and in 10
patients from blood and other foci (non-specified), for a total of
15 identified organisms. In their cohort, the culture result re-
vealed suboptimal treatment in 1/15 patients, and they con-
cluded that identification of the organism could not provide a
therapeutic benefit in a majority of the patients [11]. However,
they did not consider the effect of downgrading antibiotics
from broad-spectrum as clinically significant. The study also

lacks specific information on the spectrum of antibiotic cover-
age, the percentage of patients who had positive blood culture
before the biopsy, and the details of biopsy technique.
Additionally, both these studies included patients with positive
pre-biopsy blood culture in their analysis and considered con-
cordant organism growth on blood culture as well as cultures
from urine or other foci as reference standards when evaluating
for the impact of biopsy culture. Our data showed that the rate
of concordant organism growth on urine and biopsy cultures
(4/6 or 67%) is lower than the rate of concordance on blood
and biopsy cultures (8/9 or 89%). The IDSA guidelines also do
not mention infectious foci other than peripheral blood as po-
tential reference standards for a microbiological diagnosis. In
contrast, two studies found higher rates of change in clinical
management: 7/20 (35%) and 15/64 (23%) among all patients,
and 15/20 (75%) among those with positive biopsy results [16,
17]. Kasalak et al. included patients who had pre-biopsy pos-
itive blood culture, which comprised 20% of their patients. Of
these, almost half were also culture-positive on CT-guided
biopsy and were included in their calculation of impact of

Fig. 5 Representative MRI of an
82-year-old female with discitis-
osteomyelitis at T11-12 compli-
cated by a large paraspinal col-
lection. a Sagittal T2-weighted
image showing a large fluid col-
lection (asterisks) in the T11-12
disc space extending into anterior
paraspinal space and near com-
plete destruction of the T12 ver-
tebral body. b Sagittal contrast-
enhanced T1-weighted image
showing rim enhancement of the
fluid collection, extensive osseous
destruction of the T11 and T12
vertebral bodies. c Axial T2-
weighted image showing the ex-
tent of the paraspinal fluid collec-
tion. d Axial image from CT-
guided biopsy showing a 5
French Yueh catheter targeting
the left anterolateral aspect of the
paraspinal collection from a pos-
terolateral approach
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Fig. 7 Representative MRI of a
true negative biopsy in a 79-year-
old male with severe lower back
pain, diagnosed through histopa-
thology and clinical follow-up. a
Sagittal STIR image showing
fluid signal in disc (arrow) and
vertebral bone marrow edema. b
Sagittal T1-weighted image
showing hypointense signal in-
volving the endplates (arrows)
with endplate irregularities. c
Sagittal contrast-enhanced T1-
weighted image showing endplate
enhancement (arrowheads) and
surrounding vertebral body en-
hancement (arrows). dCT-guided
biopsy of intervertebral disc and
endplates, which revealed sterile
culture and lamellar bone debris
on histopathology

Fig. 6 Representative MRI of a 72-year-old male showing discitis-
osteomyelitis characterized by disc edema, disc fluid, disc enhancement,
and epidural phlegmon. Subsequent biopsy culture showed
Staphylococcus epidermidis (true positive). a Sagittal T2-weighted image
showing fluid signal in the T9-10 disc space (arrow). b Sagittal contrast-

enhanced T1-weighted image showing enhancing epidural soft tissue
(arrowhead) and enhancing soft tissue in the disc space (thin arrow). c
Axial image from CT-guided biopsy of the bone and disc space using a
transpedicular approach
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biopsy on clinical management—including the calculation of
75% (15/20) impact for those with positive biopsy culture—
which is not in accordance with the IDSA guidelines.

Our cohort demonstrated 89% rate of concordance when
both blood and biopsy cultures are positive, consistent with a
prior study reporting 80% concurrence rates [12]. Only 2/78
patients (2.6%) in our cohort showed MSSA as the etiology,
an organism consistently reported in the literature as the most
common causative organism (42–58% of DO cases) [2]. No

cases of MRSA were found, which is reported to have an
incidence of 24.9% [18]. The low number of S. aureus isola-
tion in our cohort is likely, in part, related to the adherence of
our clinicians to the IDSA guidelines in that they did not refer
those patients who had blood culture positivity for typical
pathogens, including S. aureus, for biopsy. As with most prior
reports studying patients with DO, all of our positive biopsy
cultures were considered truly positive, with only 2/33 studies
in a large meta-analysis reporting false positive results [15].
The three patients with S. epidermidis identification in our
cohort were clinically regarded as true infections.

We found that elevated ESR predicted yield similar to other
prior studies [19, 20], providing quantitative stratification of
patients more likely to yield positive results. The presence of
epidural collection on pre-biopsy MRI also predicted biopsy
yield (present in 15/29 or 51.7% in TP versus 7/38 or 18.4% in
FN with p = 0.004). Our results were not able to replicate a
prior study of 34 patients that found paraspinal infiltration on
MRI as a predictor of successful pathogen detection (present
in 29/29 or 100% of TP patients and 35/38 or 92% of FN
patients) [9]. We did not find other clinical, biopsy-related,
or MRI factors in our study significantly correlating with
yield. Choice of tissue target did not predict a higher yield,
consistent with a prior study reporting no statistical difference
between the yields of bone-disc, disc-only, and paraspinal soft
tissue biopsies [21].

Disc edema, paraspinal phlegmon, endplate enhancement,
and endplate erosion all demonstrated high sensitivities for
DO of greater than 95% but limited specificities of up to only
20%. Only disc edema was seen in significantly greater rates
in patients with DO versus without. Our imaging data is con-
sistent with a prior report of MRI feature analysis which
showed 90–100% sensitivities for disc edema, paravertebral
phlegmon, endplate erosion but additionally identifies
endplate enhancement as a sensitive (98.1%) but nonspecific
(6.7%) feature of DO [9].

Our study has several limitations. It was a retrospective
study with inherent selection bias and a relatively small sam-
ple size, whichmay have been underpowered for the detection
of differences for some of the included measures. We were
also unable to control for factors such as MRI technique, bi-
opsy technique variables including operator experience, and
pre-sampling antibiotic administration due to the retrospective
nature of the study. We had to use different criteria for the
diagnosis of DO when anatomical pathology was not avail-
able; therefore, the reference standard was evaluated through a
combination of endpoints. Finally, we did not specifically
assess the value of biopsy in true negative subjects following
ruling out DO. We acknowledge that there are varying degree
of imaging and clinical overlap between DO and other spinal
pathologies such as erosive osteochondritis and seronegative
spondylodiscitis. We had several true-negative subjects in our
study with final diagnoses of long-standing degenerative disc

Fig. 8 The mean (bar) and standard deviation (error lines) of each nu-
meric pre-clinical feature or biopsy technical factor among patients who
were true positive (TP), false negative (FN), or true negative (TN) at
percutaneous image-guided biopsy for suspected discitis-osteomyelitis.
Blue bar = significantly different versus false negative by Mann-
Whitney’s test with p < 0.05
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disease, erosive osteochondritis, and renal osteodystrophy.
Given poor specificity of inflammatory marker elevation in
some of these cases, biopsy retains meaningful impact as a
tool in these ambiguous scenarios to exclude infection, which
can further highlight the value of biopsy in these particular
scenarios.

Overall, our study shows that image-guided biopsy provid-
ed clinically meaningful information independent of blood
culture in 24.7%, allowing clinicians to provide tailored
narrow-spectrum antibiotic therapy in 19.5% and identifying
atypical organisms inadequately covered by empiric antibi-
otics in 5.2%. Elevated ESR and presence of epidural collec-
tion on MRI are significant independent predictors of biopsy
yield in a multivariable model. Therefore, evaluation of sero-
logic inflammatory markers and spine MRI can improve pa-
tient selection for biopsy referral.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00256-020-03675-7.

Compliance with ethical standards

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
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