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Examining the current image-guided biopsy and empiric antibiotic
paradigm for suspected spondylodiscitis

Frederick W. Ott!

Caleb D. Hoover! PURPOSE

Jordan A. Helmer2 This study aims to identify factors associated with successful pathogen isolation via percutan?ous
2 image-guided biopsy (IGB) in suspected spondylodiscitis, compare diagnostic value between fluo-

Tanner L. Nordseth roscopy and computed tomography (CT) guided IGB, evaluate the influence of empiric antibiotics

Kevin Ehlers! prior to biopsy, and assess the impact of IGB results on clinical management and patient outcomes.
Russell Pluhm!
Mark Folkertsma' METHODS

This retrospective study examined 81 IGBs (62 CT-guided, 19 fluoroscopy-guided) performed for

Can Ozitemiz’ ByE ) [ :
suspected spondylodiscitis between March 2014 and February 2025. Retrospective diagnosis was

JEffrey B. Rykker11 determined using a composite of biopsy microbiology, clinical criteria, and radiologic findings. Pri-
mary analyses included IGB culture yield (procedural diagnostic return), as well as sensitivity, spec-
TUniversity of Minnesota Medical Center, Mayo ificity, and diagnostic accuracy. Subgroup analyses included biopsy modality and prior antibiotic
Building and Addition, Minneapolis, United States of administration.
America
2University of Minnesota Twin Cities Campus, Medical RESULTS
School, Minneapolis, United States of America The overall culture yield was 37.0%, with a sensitivity of 44.4% and a specificity of 88.9%. Culture

yield did not differ significantly among patients who received antibiotics prior to biopsy (36.4%)
and those who did not (37.8%; P = 0.890). Similarly, no significant difference in yield was observed
between CT-guided (38.7%) and fluoroscopic IGB (31.6%; P = 0.586). No significant difference was
observed between the coaxial devices used for either transpedicular bone biopsy (P = 0.604) or disc
biopsy/aspiration (P = 1.000). Excluding tuberculosis (TB) case, 97% of cultured organisms were
susceptible to the institution’s standard empiric antibiotic regimen of vancomycin and ceftriaxone.

CONCLUSION

In cases of suspected spondylodiscitis, IGB demonstrated low sensitivity and rarely altered clinical
management during the study. Culture yield was not significantly diminished by prior antibiotic
therapy, and 97% of cultured organisms (excluding TB) were susceptible to this institution’s stan-
dard empiric antibiotics. Furthermore, the relative infrequency of positive cultures suggests that
empiric antibiotic initiation should not be delayed solely for the purpose of biopsy in clinically sta-
ble patients with characteristic magnetic resonance imaging findings and elevated inflammatory
markers. Although the findings in this single-center retrospective study support consideration of a
more selective use of IGB, further multicenter studies and meta-analyses are warranted.

CLINICAL SIGNIFICANCE
If additional larger studies corroborate these findings, this could result in a paradigm shift for the
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pondylodiscitis, including vertebral os-

teomyelitis and discitis, is an infection

of the intervertebral disc and adjacent
vertebrae that often presents with non-spe-
cific symptoms and diagnostic uncertain-
ty. The condition is associated with a wide
spectrum of pathogens and most common-
ly results from hematogenous spread; less
frequently, it arises from direct inoculation
or contiguous extension.! The estimated an-
nual incidence is 0.4-2.4 cases per 100,000
and has increased in recent years due to
improved imaging and the rising preva-
lence of risk factors such as diabetes, immu-
nosuppression, intravenous drug use, and
implanted devices.'? Patients often present
with back pain (86% of patients), fever (60%),
or neurologic deficits (34%), though these
findings lack specificity.? Delayed diagnosis
may result in vertebral deformity, paraplegia,
chronic pain, or death.'? Treatment of spon-
dylodiscitis generally requires 6-8 weeks of
antimicrobial therapy.

Contrast-enhanced magnetic resonance
imaging (MRI) is the primary imaging mo-
dality for diagnosis, with reported sensitivity,
specificity, and diagnostic accuracy > 90%.*
However, early infection may mimic degen-
erative changes, and imaging findings alone
cannot establish a microbiologic etiology.®
Laboratory markers, including erythrocyte
sedimentation rate (ESR) and C-reactive pro-
tein (CRP), are sensitive for spondylodiscitis
(approximately 90%) but lack specificity.*
Definitive pathogen identification tradition-
ally relies on blood cultures, open surgical
biopsy, or percutaneous image-guided bi-
opsy (IGB). Although open biopsy remains

* Percutaneous image-guided biopsy (IGB)
for suspected spondylodiscitis demonstrat-
ed low sensitivity (44%) and modest culture
yield (37%), limiting its ability to reliably ex-
clude infection when results are negative.

* Culture yield was not significantly affected
by prior antibiotic administration, suggest-
ing that empiric therapy does not need to
be delayed solely to improve biopsy yield.

* In most patients (57%), biopsy results did
not alter clinical management, and nearly all
pathogens identified (97%, excluding tuber-
culosis) were susceptible to standard empir-
ic therapy with vancomycin and ceftriaxone.

* These findings support a more selective role
for IGB in suspected spondylodiscitis, re-
serving it for patients with atypical features,
concern for uncommon pathogens, or lack
of clinical improvement after empiric treat-
ment.

the gold standard, it is invasive and gener-
ally reserved for refractory or complicated
cases.” Percutaneous IGB, performed under
computed tomography (CT) or fluoroscopic
guidance, has been utilized as a less invasive
diagnostic option since its introduction in
1981.%9

Staphylococcus aureus is the most com-
mon causative pathogen of spondylodiscitis
in the United States, accounting for nearly
half of all cases;** Mycobacterium tuberculosis
is the most common pathogen worldwide.
Fungal cases represent rare non-bacterial
sources of spondylodiscitis typically con-
fined to endemic regions, including Coccid-
ioides species in the American Southwest
desert region.”

For the diagnosis of spondylodiscitis, the
2015 Infectious Diseases Society of Amer-
ica guidelines recommend percutaneous
IGB when initial cultures are negative and
advise withholding empiric antibiotics until
after IGB to optimize culture yield.® Under
these guidelines, empiric treatment is not
recommended before biopsy unless there
are clinical signs of life-threatening sepsis
or neurological complications, with target-
ed antibiotic therapy initiated only upon
pathogen identification via culture. Howev-
er, emerging literature challenges this par-
adigm.’? Specifically, recent studies suggest
that prior antibiotic administration may not
significantly reduce IGB yield."* A 2025
multicenter retrospective analysis similarly
reported no impact of antibiotic exposure (<
6 weeks) on culture positivity." Additionally,
systematic reviews demonstrate substantial
heterogeneity in IGB yield, with reported av-
erages ranging from 33% to 48%.""

Despite widespread use, uncertainty
persists regarding the true diagnostic per-
formance of IGB for suspected infection,
the comparative value of CT vs. fluorosco-
py-guided techniques, and the extent to
which biopsy results meaningfully alter
clinical management. Literature directly
linking diagnostic performance metrics to
downstream treatment decisions remains
limited.'® Whereas culture yield reflects the
procedural ability to obtain a microbiologic
diagnosis, sensitivity and specificity depend
on the reference standard used to define true
infection status. In practice, the final diagno-
sis is often clinical rather than microbiologic,
partially as a function of low IGB culture yield.
This distinction has important implications
for interpreting the clinical utility of IGB.

This study aims to (1) evaluate the diag-
nostic yield, sensitivity, and specificity of per-
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cutaneous IGB in suspected spondylodiscitis,
(2) assess the impact of biopsy modality and
prior antibiotic exposure on culture positiv-
ity, and (3) determine the clinical impact of
IGB results on patient management. The au-
thors hypothesize that antibiotic exposure
and biopsy modality do not significantly
affect diagnostic yield and that IGB results
seldom alter treatment when empiric antibi-
otics are initiated based on clinical and MRI
findings. With recent studies suggesting sub-
stantial increases in the incidence of spinal
infection over the past decade and calling for
implementation of an appropriate diagnostic
algorithm, further investigation is crucial."”
Ultimately, this study seeks to improve pa-
tient care by providing supplementary data
to a growing body of evidence that could
lead to an update of current IGB practices.

Methods

Data collection

This single-center retrospective study
evaluated all image-guided percutaneous
IGBs performed for suspected spondylodis-
citis at a quaternary academic medical cen-
ter between March 2014 and February 2025.
University of Minnesota Institutional Review
Board approval was obtained from the aca-
demic institution (study number: 00011154,
date: January 10, 2020, “Imaging-guided bi-
opsy/aspiration of the spinal osteomyelitis/
discitis”); patient consent was not required
given the nature of the study. In accordance
with institutional guidelines, electronic med-
ical records were reviewed for each case,
and all IGBs meeting the inclusion criteria
completed during the specified time range
were included consecutively to minimize
selection bias. Inclusion criteria included (1)
documented clinical suspicion of spondylo-
discitis as the primary indication for IGB and
(2) submission of an adequate biopsy sample
for microbiologic culture. Cases were exclud-
ed if the IGB was performed for an indication
other than suspicion of spondylodiscitis or if
the tissue/aspirate sample was insufficient
for analysis (Figure 1). Sample adequacy was
determined by the onsite hospital pathology
service.

Patient electronic medical records for IGBs
meeting inclusion criteria were retrospec-
tively reviewed for demographic informa-
tion (age and sex of patient), clinical features
(back pain, fever, and neurologic deficits),
laboratory markers (CRP and ESR), MRI fea-
tures of spondylodiscitis, type and duration
of pre- and post-biopsy antibiotics (if any),
blood culture results if completed (culture
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positivity and microbiology), biopsy details
(biopsy approach, modality of image-guid-
ance, and level of vertebra/disc biopsied), bi-
opsy results (culture positivity, microbiology,
and histopathology), and long-term clinical
improvement (or lack thereof).

Magnetic resonance imaging review

For all included cases, MRIs were system-
atically reviewed for features of spondylo-

discitis by multiple in-house board-certi-
fied neuroradiologists prior to biopsy. The
diagnosis of spondylodiscitis/vertebral
osteomyelitis on MRI was based on each
interpreting neuroradiologist’s overall clin-
ical impression of the images. Criteria for a
positive finding included a combination of
the following MRI features: T1 hypointen-
sity and T2 hyperintensity in the disc; en-
hancement in adjacent vertebral endplates

Image-Guided Biopsy Case Breakdown

94 image-guided biopsy
cases reviewed

l

l

81 cases met inclusion
criteria

13 cases excluded

1

l

62 CT-guided biopsies

19 fluoroscopy-guided
biopsies

1 l

1
l 1

24 38
Positive Cultures Negative Cultures

6 13
Positive Cultures Negative Cultures

Figure 1. Flowchart demonstrating final case selection for retrospective electronic health record review,
with corresponding yield of computed tomography- and fluoroscopy-guided biopsies. Examples of
excluded cases were biopsy for an indication other than suspected spondylodiscitis and insufficient tissue/

aspirate sample.

and/or the contiguous vertebral bodies; T2
hyperintensity and enhancement of sur-
rounding paravertebral soft tissues; epidur-
al thickening and enhancement centered
at the suspected level; “psoas sign” with T2
hyperintensity involving the psoas muscle;
absent “claw sign”; and restricted diffusion
within the disc + epidural and/or paraspinal
tissues (Figure 2).

Biopsy technique

All IGBs were completed by neuroradiol-
ogists under CT or fluoroscopic guidance.
Modality selection was based on radiologist
preference and equipment availability, with
CT generally preferred for deep, anatomically
complex targets. The biopsy approach (e.g.,
transpedicular, posterolateral) and site of in-
sertion were determined by the practitioner
based on lesion location and surrounding
anatomy. Biopsies consisted of vertebral bone
core samples, disc space needle biopsy or as-
pirate, or both bone and disc samples. Speci-
mens were taken for microbial culture. Core
biopsies for histopathological evaluation were
collected only if deemed clinically useful to rule
out malignancy. Transpedicular vertebral bone
biopsies were performed with either a coaxial
electric drill (13/15 or 11/13 gauge), a coaxial
manual drill (13/14 gauge), or a mallet-driven
coaxial biopsy system (14/15 gauge). Inter-
vertebral disc biopsies were performed with
either a coaxial slotted needle biopsy system
(17/18 gauge) or via aspiration with a spinal
needle (after stylet removal) within the disc
(18, 20, or 22 gauge). The diagnostic perfor-
mance of each system is summarized in Table
1. Imaging for each biopsy was retrospectively
reviewed by two in-house board-certified neu-
roradiologists to ensure appropriate device
position for the biopsy.

Figure 2. Magnetic resonance imaging features of spondylodiscitis. (a) Sagittal post-contrast fat-saturated T1-weighted image of the thoracic spine showing
endplate erosions, diffuse enhancement throughout the adjacent vertebral bodies, peripheral enhancement around the infected disc material, epidural thickening,
and enhancement (white-outlined arrow). (b) Axial fat-saturated post-contrast T1-weighted image of the thoracic spine showing paravertebral soft tissue thickening
and enhancement (solid black arrows), and epidural thickening and enhancement (black-outlined arrows). (c) Sagittal short tau inversion recovery image of the
thoracic spine showing fluid signal in the disc (solid white arrow). (d) Sagittal diffusion weighted image (DWI) of the thoracic spine showing restricted diffusion
in the disc and endplates (white-outlined arrows) (not the “claw sign,” which demonstrates increased signal on DWI in the endplates but not in the disc). There is
corresponding hypointense signal on the apparent diffusion coefficient map (not included).

Current image-guided biopsy and empiric antibiotic paradigm for spondylodiscitis «



Table 1. Diagnostic performance of biopsy/aspiration systems by device type

Device Gauge Total cases TP TN FP FN SN (%) SP (%) Culture yield 95% Cl (yield)
(%)

Electric drill system 113://11?32 21 4 6 0 11 273 100.0 19.0 (5.4-41.9)
Manual drill system 13/14G 9 5 1 1 2 71.4 50.0 66.7 (29.9-92.5)
Mallet-driven system 14/15G 33 14 6 1 12 54 85.7 424 (25.5-60.8)
Slotted needle biopsy system 17/18G 11 3 3 0 5 375 100.0 273 (6.0-61.0)
22G spinal needle 22G 3 1 1 0 1 50.0 100.0 333 =

20G spinal needle 20G 2 1 0 0 1 50.0 — 50.0 —

18G spinal needle 18G 2 0 0 0 2 0.0 — 0.0 =

G, gauge; TP, true positive; TN, true negative; FP, false positive; FN, false negative; SN, sensitivity; SP, specificity; Cl, confidence interval.

Determination of diagnostic utility and
composite diagnostic reference standard

Two complementary measures of di-
agnostic performance were evaluated: (1)
culture yield, defined as the proportion of
biopsies resulting in organism identification,
and (2) test characteristics (sensitivity, speci-
ficity, and predictive values) calculated using
a retrospective composite clinical diagnosis
as the reference standard. Culture yield re-
flects the procedural ability of IGB to obtain a
microbiologic diagnosis, whereas sensitivity
and specificity reflect the ability of IGB cul-
ture results to correctly classify patients as
having or not having an infection based on
their overall clinical course.

For each case, the complete clinical work-
up, treatment course, and long-term patient
outcome were reviewed to establish the ret-
rospective clinical diagnosis. This retrospec-
tive clinical diagnosis was used to approxi-
mate true disease status, which served as a
composite reference standard against which
microbiologic results could be assessed. This
reference standard incorporated all available
microbiology, blood culture results, imaging
findings, clinical presentation, and response
to therapy.

Clinical improvement was defined as
documentation by the treating clinical team
(e.g., infectious disease, primary service) of
normalization or downward trend in inflam-
matory markers, stabilization of vital signs,
and/or improvement in symptoms, such as
pain or neurologic deficits, with or without
radiologic improvement.

Using this composite diagnostic refer-
ence standard, each IGB result was classified
as true positive, false positive, true negative,
or false negative according to predefined cri-
teria (Table 2). False negatives were defined
as negative biopsy cultures in patients ulti-
mately determined to have spondylodiscitis
based on the composite reference standard.
These included patients demonstrating clini-
cal and/or radiologic improvement following
antimicrobial therapy. False positives were
defined as positive cultures deemed to be
contaminants or clinically insignificant based
on longitudinal clinical course. Antibiotic
administration, including timing relative to
biopsy and subsequent modifications in
therapy, was recorded for each case. In true
negative and false positive cases, an alterna-
tive diagnosis was determined to be more
likely by the treating clinical teams based on
additional workup and follow-up.

Statistical analysis

The primary outcomes analyzed in this
study include (1) culture yield (proportion
of IGBs with positive cultures); (2) diagnostic
performance metrics [sensitivity, specificity,
diagnostic accuracy, and diagnostic odds
ratio (OR) calculated using the composite
reference standard as the final diagnosis];
and (3) concordance between IGB and pe-
ripheral blood culture results. Categorical
variables, including antibiotic exposure and
imaging modality, were compared using the
chi-square or Fisher’s exact tests. Blood cul-
ture yield in the setting of suspected spon-
dylodiscitis was also assessed, and further
chi-square analysis examined the relation-

Table 2. Definitions of image-guided biopsy diagnostic categories

True positive
False positive
True negative

False negative

ship between blood culture results and IGB
culture results. The 95% confidence intervals
(CIs) were calculated for all diagnostic met-
rics.

A multivariable logistic regression mod-
el was employed to identify potential inde-
pendent predictors of positive IGB results.
Variables analyzed in the model were se-
lected based on prior literature and clinical
relevance, including sex, age, inflammatory
markers, presence of fever, back pain, neu-
rologic symptoms, diabetes, and transplant
status. A formal sample size calculation was
not performed a priori given the retrospec-
tive nature of the study, although post-hoc
power considerations are included in the
study’s Discussion section.

Results

Sample selection

Upon initial chart review, all 94 1GBs per-
formed by radiology for possible spondylo-
discitis at this institution during the specified
timeframe were reviewed and evaluated
against the inclusion criteria. All cases meet-
ing the inclusion criteria were consecutively
included to minimize sampling bias. Six IGB
cases were excluded based on a primary in-
dication other than spondylodiscitis (e.g.,
malignancy), 5 cases were excluded due to
inadequate sample for culture, and 2 cases
were excluded because soft tissue samples
were obtained instead of vertebral bone or
disc. The technical success rate, defined as
the procurement of adequate tissue or as-
pirate for microbiologic analysis, was 94.7%

Positive IGB culture with clinical improvement following targeted antibiotics or concordant culture (blood, etc.) from another site
Positive IGB culture deemed spurious or contaminated by the infectious disease service or with clinical improvement without antibiotics
Negative IGB culture with no antibiotic administration and clinical condition improved or remained stable

Negative IGB culture with subsequent clinical improvement (symptoms and/or imaging) after empiric antibiotic therapy

IGB, image-guided biopsy.
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(89/94). Eighty-one cases (n = 81) ultimately
met the inclusion criteria of (1) suspicion of
spondylodiscitis as primary indication for IGB
and (2) adequate sample of vertebral bone or
disc submitted for culture. No major proce-
dure-related complications were observed.

Overall yield, pathogens, and symptoms

Of the 81 cases reviewed, 30 cultures
were positive, with an overall yield of 37.0%
(30/81), consistent with recent studies re-
porting yield averages ranging from 33%
to 48%."*"® The most frequently isolated
pathogen was Cutibacterium acnes in 5 cas-
es. Other recurrent organisms included S.
epidermidis, methicillin-sensitive S. aureus,
coagulase-negative Staphylococcus, Esche-
richia coli, Pseudomonas aeruginosa, and M.
tuberculosis (Figure 3). Prevalent signs and
symptoms reported across the 81 cases in-
cluded back pain (96%; 78/81), fever (16%;
13/81), and neurologic deficits (23%; 19/81).
Elevated inflammatory markers (CRP and/or
ESR) were recorded in 86% of cases (70/81).

Diagnostic performance of image-guided
biopsy relative to composite clinical diag-
nosis

Using the composite reference standard
diagnosis, IGB culture results were classified
as true positive, true negative, false negative,
or false positive. There were 28 true positive
cases, 16 true negative cases, 35 false nega-
tive cases, and 2 false positive cases. IGB had
a sensitivity of 44.4% (95% Cl: 32.8%-56.7%)
and a specificity of 88.9% (95% Cl: 67.2%-

96.9%) for suspected spondylodiscitis. Posi-
tive predictive value (PPV) was 93.3% (95% Cl:
78.7%-98.2%) and negative predictive value
(NPV) was 31.4% (95% Cl: 20.3%-45.0%). The
diagnostic OR was 6.40, and the diagnostic
accuracy was 54.3% (95% Cl: 43.5%-64.7%).

Effects of image-guided biopsy modality
and antibiotics on yield

All IGBs for suspected spondylodiscitis
reviewed in this study were conducted with
CT (n =62) or fluoroscopic (n = 19) guidance.
The yield of IGB was 38.7% (24/62) with CT
guidance and 31.6% (6/19) with fluoroscop-
ic guidance, with no significant difference
between modalities (P = 0.586). When di-
agnostic performance was stratified by IGB
modality, CT-guided biopsies demonstrated
slightly higher sensitivity of 48.9% (95% Cl:
32.7%-65.2%) and specificity of 92.9% (95%
Cl: 66.1%-100%) compared with fluorosco-
py-guided biopsies, which showed a sen-
sitivity of 31.3% (95% Cl: 8.7%-53.8%) and
specificity of 75.0% (95% Cl: 22.3%-100%).
Furthermore, CT-guided biopsies also slightly
outperformed fluoroscopy-guided biopsies
in PPV (95.8% vs. 83.3%) and NPV (35.1% vs.
21.4%), as well as diagnostic accuracy (59.7%
vs. 42.1%). However, these diagnostic perfor-
mance metrics have wide Cls, particularly in
the fluoroscopy group (Figure 4). Although
CT-guided biopsies consistently—albeit only
slightly—outperformed fluoroscopy-guided
biopsies, these differences in diagnostic rate
were not significant given the wide, overlap-
ping Cls.

IGB Culture Organism Frequency

C. acnes

S. epidermidis

MSSA
Coagulase-negative staphylococcus
E. coli

P. aeruginosa

B

Aspergillus fumigatus
Bacillus (broth only)
Clostridium perfringens
Clostridium spp.
Enterococcus
Fusobacterium
Lactobacillus

MRSA

S. bovis

S. pasteuri

.

v 7

0 1

W Gram-positive

@B Gram-negative / Fungus

2 3 4 5
Frequency

v##i False Positive / Contaminant

Figure 3. Organisms isolated on image-guided biopsy. IGB, image-guided biopsy; MSSA, methicillin-
sensitive Staphylococcus aureus; TB, tuberculosis; MRSA, methicillin-resistant S. aureus.

Of the 81 patients in this study, 54%
(44/81) received antibiotics before under-
going IGB. There was a 36.4% (16/44) yield
when antibiotics were given before IGB, and
a 37.8% (14/37) yield when antibiotics were
not given before IGB. This difference was not
statistically significant (P = 0.890), indicating
that pre-procedural antibiotic administration
did not significantly impact yield.

Image-guided biopsy and blood culture
concordance

Blood cultures were obtained from 76 of
the 81 patients in this study. Overall blood
culture yield was 34.2% (26/76). The most
common outcome was concordant nega-
tivity between blood and IGB cultures, seen
in 42.1% (32/76) of cases. In 10.5% (8/76) of
patients, both IGB and blood cultures were
positive for the same organism, and 3.9%
(3/76) showed discordant positive results
with different organisms. Only blood cul-
tures were positive in 19.7% (15/76) of pa-
tients, and only IGB cultures were positive
in 23.7% (18/76) of patients (Figure 5). Chi-
square analysis demonstrated no significant
association between blood culture positivity
and IGB culture positivity (P = 0.887).

Biopsy device

Regarding transpedicular bone biopsies,
the coaxial drill devices listed above had
a combined vyield of 33.3%, a sensitivity of
40.9%, and a specificity of 87.5%. The mal-
let-driven coaxial biopsy device had a yield of
42.4%, a sensitivity of 52%, and a specificity
of 85.7%. The comparison of yields between
the two groups was not statistically signif-
icant (P = 0.604). Regarding slotted needle
disc biopsy vs. aspiration, the coaxial slotted
needle biopsy system had a yield of 27.3%,
a sensitivity of 37.5%, and a specificity of
100%. The spinal needles with aspiration had
a yield of 28.6%, a sensitivity of 33.3%, and
a specificity of 100%. The comparison be-
tween the yield of these two groups also did
not meet statistical significance (P = 1.000).

Multivariable logistic regression

A multivariable logistic regression anal-
ysis was performed to assess potential pre-
dictors of positive IGB culture results. Factors
evaluated included sex, age, elevated inflam-
matory markers, fever, back pain, neurologic
symptoms, diabetes, and transplant status.
Of these factors, only age and elevated in-
flammatory markers proved to be signifi-
cantly associated with positive IGB culture
results (Table 3). Each year of additional age
increased the odds of positive IGB culture

Current image-guided biopsy and empiric antibiotic paradigm for spondylodiscitis «



results (OR: 1.02; P = 0.040). Elevated inflam-
matory markers (ESR and/or CRP) were also
significantly associated with positive IGB
culture results (OR: 3.62; P = 0.015). Although
fever, back pain, and neurologic deficits are
classically associated with spondylodiscitis,
the presence of these signs and symptoms
was not a significant predictor of positive IGB
culture results (Figure 6).

Impact on clinical management

Of the 81 patients undergoing IGB in this
study, the antibiotic treatment plan did not
change in the majority of cases after biopsy
(56.8%; 46/81). Of the 46 patients with no
change in treatment plan, 27 of them contin-
ued the same empiric antibiotics before and
after biopsy, whereas 19 had not started an-
tibiotics prior to biopsy and remained off an-
tibiotics after a non-actionable biopsy result.

Diagnostic Performance of Image-Guided Biopsy for Spondylodiscitis

100%

Diagnostic performance

0% -
Sensitivity

Specificity

Biopsy modality
EZ3 Overall IGB
== Crguided
=3 Fluoroscopy-guided

Accuracy

Figure 4. Diagnostic performance of image-guided biopsies by modality with 95% confidence intervals. IGB,
image-guided biopsy; CT, computed tomography; PPV, positive predictive value; NPV, negative predictive

value.

Blood Culture and Image-Guided Biopsy Concordance (n = 76)

, Concordant:
— 1G8 P_OSI[IVE Same Organism
(n=11) =
(n=18)
Blood Culture Discordant:
Positive —_— Different Organism
(n=26) (n=3)
IGB Negative
(n =15)
IGB Positive
(n =18)
Blood Culture
Negative
(n=50)
IGB Negative
(n=32)

Figure 5. Flowchart illustrating concordance between blood cultures and image-guided biopsy (IGB) results
among the 76 patients with available blood culture data.

Antibiotic therapy was narrowed after biop-
sy in 5 patients and discontinued altogether
in 1 patient. Antibiotic therapy was broad-
ened in 3 patients, all with positive cultures
(Figure 7).

Antibiotic regimens were started or al-
tered in 32.1% (26/81) of patients after biop-
sy. Empiric antibiotic therapy was initiated
for 8 patients, and targeted antibiotic thera-
py was initiated for 18 patients. This institu-
tion’s empiric antibiotic regimen of vanco-
mycin and ceftriaxone would have covered
the identified pathogens, excluding TB, in
97% (29/30) of patients with cultured or-
ganisms. The single exception was a patient
requiring the addition of amoxicillin-clavula-
nate for cultured Lactobacillus following IGB.
An additional case of methicillin-resistant S.
aureus had been started on suboptimal anti-
biotics at an outside institution and required
broadened antibiotics after IGB; however, it
would have been adequately covered by the
empiric regimen at this institution.

Discussion

This study contributes to a growing body
of literature evaluating the clinical utility of
IGB in suspected spondylodiscitis. Despite
longstanding guidelines, the real-world di-
agnostic performance of IGB and its impact
on clinical management remain limited. In
this cohort of 81 patients, the overall culture
yield was 37.0%, consistent with contempo-
rary reports and reinforcing the known lim-
itations of IGB in vertebral osteomyelitis and
discitis.'>"*

Using a composite clinical reference stan-
dard incorporating clinical, radiologic, mi-
crobiologic, and outcome data, IGB demon-
strated low sensitivity (44.4%) and relatively
high specificity (88.9%). Prior studies have re-
ported similar sensitivity but often assumed
near-perfect specificity.'® By identifying false
positive cases, the present study provides
a more balanced and clinically applicable

Table 3. Variables analyzed as potential predictors of positive image-guided biopsy culture results

Predictor Odds ratio 95% Cl P value
Sex (male) 1.05 0.43-2.57 0.910
Age 1.02 1.00-1.04 0.040
Inflammatory markers 3.62 1.29-10.1 0.015
Fever 1.33 0.52-3.43 0.550
Back pain 0.75 0.17-3.30 0.710
Neurologic symptoms 0.90 0.32-2.53 0.840
Diabetes 1.38 0.50-3.80 0.530
Transplant 0.58 0.15-2.20 0.420

Cl, confidence interval.
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assessment of diagnostic performance. The
findings highlight two distinct limitations:
IGB infrequently yields a microbiologic diag-
nosis, and it often fails to detect a substantial
proportion of clinically confirmed infections.

CT-guided biopsy demonstrated a mod-
est, non-significant trend toward improved
diagnostic performance compared with fluo-
roscopy-guided biopsy. However, these differ-
ences should be interpreted cautiously given
the small sample size and wide, overlapping
Cls, particularly in the fluoroscopy subgroup.
Advances in culture methods and image guid-
ance, including cone-beam CT-assisted sys-
tems, may further influence diagnostic perfor-
mance and warrant future study.'

Antibiotic administration prior to biopsy

was not associated with a reduction in cul-
ture yield. Patients receiving antibiotics had
similar culture positivity rates to those who
did not, supporting emerging evidence that
withholding empiric therapy solely to im-
prove biopsy yield may not be necessary.'®
Given the risk of clinical deterioration, early
empiric antibiotic initiation may be appropri-
ate when clinical and MRI findings strongly
suggest infection. Consistent with this, nega-
tive IGB results did not reliably exclude spon-
dylodiscitis and had limited influence on
treatment decisions in this cohort.

Multivariable analysis identified elevated
inflammatory markers (ESR and/or CRP) and
increasing age as independent predictors of
positive culture results, potentially reflect-
ing greater infection burden or chronicity.

Predictors of Positive IGB Culture
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Figure 6. Multivariable logistic regression analysis of independent predictors of positive image-guided
biopsy cultures in suspected spondylodiscitis. Odds ratios (OR) with 95% confidence intervals (Cls) are
shown. Age and elevated inflammatory markers (erythrocyte sedimentation rate/C-reactive protein) were
significantly associated with positive image-guided biopsy culture (P < 0.05).
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Figure 7. Clinical impact of image-guided biopsy (IGB) culture results on antibiotic management in patients
with suspected spondylodiscitis (n = 81), further stratified by whether the pathogen would have been
covered by empiric therapy (vancomycin and ceftriaxone).

In contrast, commonly cited clinical features,
such as fever, back pain, neurologic deficits,
diabetes, and transplant status, were not
predictive of culture positivity. Concordance
between blood and biopsy cultures was low,
indicating that these modalities provide
complementary, but not interchangeable,
diagnostic information.

In 32.1% of cases, antibiotic regimens
were initiated or modified following biop-
sy; however, management remained un-
changed in the majority of patients. Notably,
excluding TB, 97% of patients with cultured
organisms would have been adequately
covered by this institution’s standard empir-
ic regimen of vancomycin and ceftriaxone.
Although uncommon, atypical pathogens
remain clinically important and should be
considered in the appropriate clinical con-
text, including relevant exposures, travel his-
tory, and immunosuppression (e.g., Brucella
in endemic areas or fungal infections in im-
munocompromised patients). Adjunctive di-
agnostic tools, including CT, sputum culture,
QuantiFERON-TB Gold for TB, and peripheral
cultures, may aid in identifying such infec-
tions but do not necessarily replace spinal
sampling.

Collectively, these findings support con-
sideration of a more selective role for IGB in
suspected spondylodiscitis. In this cohort,
diagnostic performance was limited, the im-
pact on management was modest, and the
vast majority of pathogens were susceptible
to standard empiric therapy. IGB also car-
ries procedural risks, including nerve injury,
pneumothorax, vascular injury, hematoma,
and complications related to sedation or an-
esthesia.?® Current guidelines recommend
repeat biopsy or escalation to open surgical
sampling after negative results, which may
increase patient risk and cost.”® Although
alternative approaches, such as endoscopic
techniques, have been explored, they remain
incompletely studied.

This study does not suggest abandoning
IGB, but rather potentially refining IGB use
if adequate evidence is found in future mul-
ticenter studies and meta-analyses. Biopsy
may be most valuable in patients who fail to
improve with empiric therapy, have atypical
clinical features, or have high suspicion for
uncommon pathogens. In such cases, mi-
crobiologic confirmation may meaningfully
guide treatment. However, in patients with
characteristic MRI findings, elevated inflam-
matory markers, and stable clinical status,
empiric therapy may be reasonably initiated
without delaying for biopsy. These findings
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should be interpreted cautiously given this
study’s retrospective, single-center design
and modest sample size and should not be
considered definitive evidence for changes
in clinical practice. Additional multicenter
studies and meta-analyses are warranted,
and potential revisions to current guidelines
should only be considered if there is wide-
spread concordance with the results of this
study.

Several limitations should be acknowl-
edged. As a retrospective single-center study,
the findings are subject to potential selection
bias and confounders. This includes the pos-
sibility of limited heterogeneity in patient
characteristics and institutional practices,
which may limit generalizability and external
validity. The modest sample size, particular-
ly in subgroup analyses, reduces statistical
power and contributes to wide Cls. Variabil-
ity in biopsy technique, including differences
in needle type, gauge, and sample volume,
may have influenced culture yield and rep-
resents a source of heterogeneity. This het-
erogeneity may reasonably represent clinical
practice but also merits further investigation.
Also, given the methodological exclusion of
five cases where biopsy results were insuffi-
cient, the practical yield in clinical practice
may actually be lower than reported here.
Furthermore, although multivariable logistic
regression was performed, there may be ad-
ditional unmeasured confounders affecting
patient outcomes, including illness severity,
timing of imaging, and pathogen virulence.
Last, the use of a composite clinical reference
standard introduces potential misclassifica-
tion bias, particularly in cases where clinical
improvement may not definitively confirm
infection.

Finally, although data recency is a
strength of the study, the extended study pe-
riod (2014-2025) may introduce variability in
imaging technology, biopsy technique, and
clinical practice patterns. Some subgroup
analyses were underpowered, particularly
in comparisons between CT- and fluorosco-
py-guided biopsy. Larger, prospective, multi-
center studies are needed to validate these
findings and better define the role of IGB in
the diagnostic pathway.

Although additional multicenter stud-
ies and meta-analyses are needed to con-
firm these results, this study supports the
consideration of a more selective and ev-
idence-based approach to utilizing IGB in
the diagnosis of suspected spondylodiscitis.
In patients with characteristic MRI findings

and high clinical suspicion for infection,
empiric broad-spectrum antibiotic therapy
should not be delayed for IGB, particularly
when concern for atypical organisms is low.
Consistent with recent literature, this study
demonstrates both a low microbiologic yield
and limited sensitivity of IGB for detecting
clinically confirmed infection. Regardless of
culture results, nearly all isolated organisms
would have been adequately treated by this
institution’s empiric antibiotic regimen of
vancomycin and ceftriaxone.

Based on these findings, empiric antibi-
otics may be initiated when a diagnosis of
spondylodiscitis is clinically and radiographi-
cally supported. IGB may be best reserved for
cases with concern for unusual pathogens
(such as M. tuberculosis) that would not be
covered by standard empiric therapy, or for
patients who fail to improve after 4-6 weeks
of treatment.?’?? Such management should
also account for the expected lag in imaging
improvement relative to clinical response.
In these rare scenarios, the high specificity
of IGB has potential utility in narrowing an-
tibiotic regimens if there is concern about
adverse effects of long-term broad-spectrum
antibiotic coverage.

This study does not suggest abandoning
IGB, but rather refining its role in the man-
agement of spondylodiscitis. Utilizing IGB
more selectively would minimize unneces-
sary procedural risk, reduce healthcare costs,
and ultimately expedite the initiation of ap-
propriate antibiotic treatment. Ideally, this
study will prompt further, more robust multi-
center studies to validate these findings and
help carefully define evidence-based criteria
for the role of IGB in the diagnostic algorithm
for suspected spondylodiscitis.
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