Get Clarity On Generics =) messvs

WATCH VIDEO

Combination of Imaging Featuresand

Clinical Biomarkers Predicts Positive
A N R Pathology and Microbiology Findings

Suggestive of Spondylodiscitisin Patients

Undergoing | mage-Guided Per cutaneous

Biopsy
Thisinformation is current as S Kihira. C. Koo K. Mah Gi T L % Mei. B
of August 12, 2025. . KInira, C. KOO, K. moudi, 1. Leong, X. Vi€, b.

Rigney, A. Aggarwal and A.H. Doshi

AINR Am J Neuroradiol published online 18 June 2020
http://www.ajnr.org/content/early/2020/06/18/ajnr. A6623


http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
http://www.ajnr.org/content/early/2020/06/18/ajnr.A6623

Published June 18, 2020 as 10.3174/ajnr.A6623
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Combination of Imaging Features and Clinical Biomarkers

Predicts Positive Pathology and Microbiology Findings
Suggestive of Spondylodiscitis in Patients Undergoing Image-
Guided Percutaneous Biopsy

S. Kihira, *#C. Koo, “#K. Mahmoudi, ““T. Leong, "“'X. Mei, ““B. Rigney, "~ A. Aggarwal, and "’AH. Doshi

ABSTRACT

BACKGROUND AND PURPOSE: Pathology and microbiology results for suspected spondylodiscitis on MR imaging are often nega-
tive in up to 70% of cases. We aimed to predict whether MR imaging features will add diagnostic value when combined with clini-
cal biomarkers to predict positive findings of spondylodiscitis on pathology and/or microbiology from percutaneous biopsy.

MATERIALS AND METHODS: In this retrospective single-center institutional review board—-approved study, patients with radiologically
suspected spondylodiscitis and having undergone percutaneous biopsies were assessed. Demographic characteristics, laboratory values,
and tissue and blood cultures were collected. Pathology and microbiology results were used as end points. Three independent observers
provided MR imaging-based scoring for typical MR imaging features for spondylodiscitis. Multivariate logistic regression and receiver
operating characteristic analysis were performed to determine an optimal combination of imaging and clinical biomarkers in predicting
positive findings on pathology and/or microbiology from percutaneous biopsy suggestive of spondylodiscitis.

RESULTS: Our patient cohort consisted of 72 patients, of whom 33.3% (24/72) had spondylodiscitis. The mean age was 63 * 16
years with a male/female ratio of 41:31. Logistic regression revealed a combination with an area under the curve of 0.72 for pathol-
ogy and 0.68 for pathology and/or microbiology. Epidural enhancement on MR imaging improved predictive performance to 0.87
for pathology and 0.78 for pathology and/or microbiology.

CONCLUSIONS: Our findings demonstrate that epidural enhancement on MR imaging added diagnostic value when combined with
clinical biomarkers to help predict which patients undergoing percutaneous biopsy will have positive findings for spondylodiscitis
on pathology and/or microbiology.

ABBREVIATIONS: AUC = area under the curve; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; NPV = negative predictive value; PPV =

positive predictive value

iagnosis of vertebral spondylodiscitis is often difficult and

determined on the basis of a combination of imaging find-
ings, clinical context, inflammatory biomarkers, spondylodiscitis,
degenerative changes, and spinal tumors, though it is not a perfect
tool; more invasive sampling is frequently still required. The typical
findings suggestive of spinal infection include hyperintense T2 disc
signal, adjacent vertebral endplate destruction, and epidural/
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paraspinal enhancement."” However, in the absence of these typi-
cal features, the diagnosis of spondylodiscitis can be difficult and
Modic type 1 degenerative changes and inflammatory disease may
often mimic spinal infections. Currently, percutaneous CT or fluo-
roscopy-guided biopsy is the standard of care for the diagnosis of
spondylodiscitis.’

In patients with radiologically suspected spinal infection,
identification of the organism is useful in directing antibiotic
treatment. Per Sehn and Gilula," these organisms “may be
identified by blood culture or biopsy and culture of site of sus-
pected infection with reported success rates of 20-59%° and
46-91%.”” The histologic examination is useful for a correct
diagnosis when the microbes responsible for spinal infection
do not grow in tissue or blood culture medium or in case of
anaerobic organisrns.8 In clinical practice today, both microbi-
ology and pathology are typically obtained from the tissue
specimen.
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FIG 1. Imaging panel in a patient with osteomyelitis with hyperintense T2 disc signal, adjacent
vertebral endplate erosions, and paraspinal/epidural enhancement. Thoracic spine MR imaging of
a 72-year-old man with radiologically suspected infection at T4-T5. A, Disc-centered and bone
marrow hypointensity on a Tl-weighted image. B, Mild hyperintensity of the disc and adjacent
bone marrow on T2-weighted image. The arrow represents hyperintense T2 disc signal. C,
Contrast-enhanced Tl-weighted image demonstrates epidural (arrow) and paraspinal enhance-

imaging with contrast within 3 weeks
of biopsy (n=24), or did not have
laboratory markers within 2 weeks of
biopsy (n=50). Furthermore, they
were excluded if they had been on
broad-spectrum IV antibiotics for
>3 days before the biopsy date (n =
19). Patients were further excluded if
the biopsy yielded nondiagnostic/
inadequate tissue specimens (n = 5).
This process yielded a final cohort of
72 patients.

Procedure

All biopsies were performed with
the patient under CT or fluoroscopic
guidance. A 40-section CT scanner
(Somatom Definition AS; Siemens)
was used. Drill systems varied depend-
ing on operator comfort. All biopsies
were by a transpedicular approach by
1 of 3 procedural neuroradiologists at
our institution.

ment (arrowhead). The asterisk represents adjacent vertebral endplate erosion. Pathology dem-

onstrated that inflammatory histology and microbiology had no growth. ESR was 123 mm/h, and
CRP was 176 mg/L. The patient was febrile on presentation with leukocytosis.

9-11 and

Inflammatory markers such as C-reactive protein (CRP)
erythrocyte sedimentation rate (ESR)'>"
patients with spondylodiscitis. The association of spinal infection

. . . 10, 5, .
with biomarkers such as leukocytosis,''* fever status,'>'® alkaline

17,18
,

are commonly elevated in

phosphatase level and hemoglobin count'®" have been
explored in the past without a clear consensus. Further studies are
needed to clarify whether these clinical and laboratory biomarkers
are associated with spinal infections.

MR imaging is currently the preferred technique for predic-
tion of spondylodiscitis; however, pathology and microbiology
results for radiologically suspected spondylodiscitis are only posi-

tive in up to 30% of cases.”’

In this study, we aimed to evaluate
whether MR imaging features add diagnostic value when com-
bined with clinical biomarkers to help predict which patients
who undergo percutaneous biopsy will have positive findings for

spondylodiscitis on pathology and/or microbiology.

MATERIALS AND METHODS

Study Population

This is a single-center retrospective study, which was
approved by the local institutional review board, with a waiver
of informed consent. From July 2014 to August 2019, a total of
187 CT- and fluoroscopy-guided percutaneous bone biopsies
were performed at our institution for suspicion of spondylodisci-
tis based on prior MR imaging findings. Patients were included if
they had pathology reports from the biopsy, MR imaging with
contrast within 3 weeks of biopsy, and laboratory markers within
2weeks before biopsy. Patients were excluded if they did not
have pathology reports from biopsy (n=17), did not have MR
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Data Collection

Demographic characteristics, comor-
bidities, fever status, laboratory values,
tissue and blood culture results, and
antibiotic exposure were collected from our institutional electronic
medical record system. Three independent observers, blinded to
clinical data and diagnosis, provided MR imaging-based scoring
for the presence of hyperintense T2 disc signal, adjacent vertebral
endplate erosion, epidural enhancement, and paraspinal enhance-
ment (Fig 1). Each score was obtained in a binary fashion for the
presence or absence of these features. Observers were neuroradiol-
ogists with 2, 6, and 10 years of attending experience. The presence
of inflammatory histology was obtained from the surgical pathol-
ogy report, and microbiology culture growth was obtained from
the microbiology report of the biopsied tissue specimen.

Statistical Analysis

The SPSS statistical package for Macintosh, Version 25 (IBM)
was used for statistical computations. The Spearman rank corre-
lation coefficient was used for categoric/rank variables, and the
Pearson correlation coefficient was used for continuous variables.
Positive predictive value (PPV), negative predictive value (NPV),
sensitivity, and specificity were calculated from cross-tabulation
entry. The Cohen « analysis was used to assess paired interob-
server agreement among the 3 independent observers scoring the
presence of MR imaging features. Additionally, majority consen-
sus analysis for the 3 observers was performed for each MR imag-
ing feature for each case. Univariate analysis for each clinical and
imaging biomarker was used to assess the association with posi-
tive pathology and/or microbiology indicating spondylodiscitis.
Subsequently, multivariate backward stepwise logistic regression
and receiver operating characteristic analysis using clinical and
imaging biomarkers were used to find the optimal combination



Table 1: Demographic characteristics of patient cohort

total of 29 patients had either positive

Variable No (%) pathology or microbiology results (7
Age (mean) (yr) 63+ 16 patients had both positive pathology
Sex (M/F) 4131 and microbiology, and 5 patients only
Immunosuppression 33 (46) . . . .
Cancer 8 (1) had positive microbiology with nega-
COPD 6(8) tive pathology results for spondylodis-
Cirrhosis 3 (4) citis). Of the bacterial isolates from
Diabetes 15 (21) tissue culture, Staphylococci and
HIV 4(6) Streptococci were most commonly
Steroid use 12 (17) bserved
IV drug abuse 9 (13) observed.

Postoperative status (within 1wk)
Symptoms relevant to discitis
Back pain
Febrile
Radiation
Numbness/weakness
Bowel or bladder incontinence
Time to diagnosis (days)®
Site of involvement
Cervical
Thoracic
Lumbar
Biopsy technique
CcT
Fluoroscopy
Either surgical pathology (+)/microbiology (+)
Surgical pathology (+)
Microbiology growth from tissue (+)
Both
Bacterial isolates from tissue culture
Staphylococci
Streptococci
Pseudomonas
Klebsiella
Mycobacteria
Blood culture growth (+)
Laboratory leukocyte count (cells/mm?)?
CRP (mg/L)*
ESR (mm/h)*

CRP values for patients with spon-
0(0) dylodiscitis averaged 93.4mg/L with a

72 (100) range of 7-303 mg/L, while they aver-
25 (35) aged 40.2mg/L with range of 1-
]1(2) gz; 156 mg/L for patients without spondy-
3(4) lodiscitis (Table 2). ESR values averaged
55 (1-270) 65.1lmm/h in patients with spondylo-
discitis with a range of 12-150 mm/h,
3(4) while they averaged 51.0mm/h and
20 (28) , .
49 (68) ranged from 6-106 mm/h in patients
without spondylodiscitis.
50 (69)
22 (31) Clinical Biomarkers and Imaging
5491 gg)) Features Associating with
2 1) Spondylodiscitis
7 (10) Univariate analysis showed that fever
12 status (r = 0.26, P = .03), CRP (r =
5(42) 0.29, P = .02), hyperintense T2 disc sig-
; 51275;) nal (r = 0.29, P = .03), adjacent verte-
1(8) bral endplate erosion (r = 0.31, P =
1(8) .02), epidural enhancement (r = 0.41,
2(3) P = .001), and paraspinal enhancement
8.0 (4.1-17.5) (r = 0.33, P = .01) were associated
:gg g,jgz)) with positive pathology and/or posit-

Note:—COPD indicates chronic obstructive pulmonary disease.
*Mean followed by range in parenthesis.

of biomarkers for predicting spondylodiscitis. This analysis was
performed for 2 end points: 1) spondylodiscitis as proved on pa-
thology only, and 2) spondylodiscitis as proved on pathology
and/or microbiology because clinicians use different criteria to
diagnose spondylodiscitis.

RESULTS

Clinical Characteristics of the Patient Population

Our cohort consisted of 72 patients, of whom 50 had CT-guided
and 22 had fluoroscopy-guided imaging (Table 1). The mean age
was 63 £ 16 years with a median of 62 years and a male/female
ratio of 41:31. Forty-six percent of our patient cohort was immu-
nosuppressed. All of our patients presented with back pain, and
approximately one-third of the patients presented with fever.
Additional neurologic symptoms on presentation included radic-
ulopathy, paresthesia, and incontinence. There were 24 patients
found to have positive pathology and 12 patients found to have
positive microbiology growth in support of spondylodiscitis. A

ive microbiology for spondylodiscitis
(Tables 3 and 4). Blood culture growth,
leukocytosis, hemoglobin count, plate-
let count, alkaline phosphatase level,
and ESR did not have statistically significant associations (P > .05).
In the setting of epidural enhancement, the PPV and NPV ranged
from 40.7% to 61.3% and 75.6% to 100% for positive pathology
and either positive pathology or positive microbiology, respec-
tively. For paraspinal enhancement, PPV and NPV ranged from
36.9% to 53.8% and 75.8% to 100%, respectively. Hyperintense T2
disc signal and adjacent endplate erosion had similar PPV and
NPV ranges with relatively low PPV (ranging from 31.2% to
55.5%) and high NPV (ranging from 79.2% to 100%).

Combination of Imaging and Clinical Biomarkers
Predicting Positive Pathology and/or Microbiology
Findings Suggestive of Spondylodiscitis

Logistic regression for an optimal combination of clinical bio-
markers showed that a combination of CRP, ESR, and fever status
yielded the highest area under the curve (AUC) of 0.72 for posi-
tive pathology (On-line Fig 1) and 0.68 for positive pathology
and/or microbiology (On-line Fig 2). When clinical biomarkers
were combined with imaging features, a combination of CRP,
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Table 2: Inflammatory biomarker characteristics associated with pathology and/or microbiology for spondylodiscitis

Pathology Pathology and/or Microbiology
Positive Negative Positive Negative

CRP (mean) (mg/L) 934 402 864 383

Median 50 315 60.5 220

Range 7-303 1-156 2-303 1-156

SD 90.3 38.7 84.9 42.4
ESR (mean) (mm/h) 65.1 51.0 66.8 51.6

Median 59.0 46 61.5 38.5

Range 12-150 6-106 22-156 6-109

SD 36.5 27.5 34.9 333

Table 3: Correlation between individual biomarkers and pathology-proved spondylodiscitis®
Positive Pathology
r P PPV NPV Sensitivity Specificity

Epidural enhancement

Observer 1 0.52 <.001° 613 87.8 79.2 75.0

Observer 2 0.36 .002° 421 100 100 313

Observer 3 0.33 .004° 40.7 100 100 27.1

Majority consensus 0.41 .001° 44.4 100 100 37.5
Paraspinal enhancement

Observer 1 0.27 .02° 40.7 88.9 9.7 333

Observer 2 0.23 .05¢ 36.9 100 100 14.6

Observer 3 0.24 .04° 43.6 78.8 70.8 54.2

Majority consensus 0.33 .01° 40.7 100 100 27.1
Hyperintense T2 disc signal

Observer 1 0.37 .02° 55.5 80.1 86.5 45.0

Observer 2 0.19 03¢ 33.0 100 100 20.2

Observer 3 0.21 03¢ 412 79.2 731 51.0

Majority consensus 0.29 03¢ 51.0 100 100 33.2
Vertebral endplate erosion

Observer 1 0.333 .01 46.0 834 88.8 30.2

Observer 2 0.22 .05¢ 35.6 95.5 93.2 257

Observer 3 0.30 .0° 394 80.6 75.6 56.7

Majority consensus 0.31 .02° 421 923 92.0 35.6
Blood culture growth 0.06 .63 50 66.7 42 979
Fever status 0.26 03¢ 483 76.7 583 68.8
Leukocytosis 0.032 .80 40 64.3 16.7 85.7
Hemoglobin count® -0.05 .67 NA NA NA NA
Platelet count® 020 il NA NA NA NA
ALP level® -0.03 84 NA NA NA NA
ESR® -0.09 49 NA NA NA NA
CRP® 029 02° NA NA NA NA

Note:—NA indicates not applicable; ALP, alkaline phosphatase.

*The Spearman correlation was used for rank/categoric variables. PPV, NPV, sensitivity, and specificity numbers are represented in percentages. Continuous variables will

not have PPV, NPV, sensitivity, or specificity values without established thresholds.
® Continuous variables in which the Pearson correlation was used.
€ Statistically significant P values (<.05).

ESR, fever status, and the presence of epidural enhancement
yielded an improved AUC of 0.76-0.87 for positive pathology and
0.73-0.78 for positive pathology and/or microbiology (Table 5).
The presence of hyperintense T2 disc signal, adjacent vertebral end-
plate erosion, and paraspinal enhancement did not improve predic-
tion for positive pathology and/or microbiology findings suggestive
of spondylodiscitis in combination with clinical biomarkers.

Interobserver Agreement among Multiple Raters and
Majority Consensus

Interobserver k agreement among 3 independent observers for
hyperintense T2 disc signal, adjacent vertebral body erosions, epi-
dural enhancement, and paraspinal enhancement was 0.58, 0.55,
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0.49, and 0.33, respectively. To overcome fair k agreement, we
used a majority consensus for imaging scores. NPV was 100% for
epidural and paraspinal enhancement based on majority consen-
sus for positive pathology and positive pathology and/or microbi-
ology (Tables 3 and 4). When epidural enhancement from
majority consensus was combined with ESR, CRP, and fever sta-
tus, an optimal AUC of 0.80 was obtained for positive pathology
(On-line Fig 1) and 0.79 for positive pathology and/or microbiol-
ogy (On-line Fig 2).

DISCUSSION
Diagnosis of spondylodiscitis can be difficult and often delayed
or missed due to the insidious onset of symptoms and relative



Table 4: Correlation between individual biomarkers and spondylodiscitis as proved on pathology and/or microbiology®

Positive Pathology and/or Microbiology

r P PPV NPV Sensitivity Specificity

Epidural enhancement

Observer 1 0.37 .00° 613 75.6 65.5 721

Observer 2 0.42 001° 50.9 100 100 34.9

Observer 3 0.39 001° 49.2 100 100 30.2

Majority consensus 0.47 001° 537 100 100 419
Paraspinal enhancement

Observer 1 0.34 03° 50.0 88.9 93.1 37.2

Observer 2 0.27 02° 44.6 100 100 16.3

Observer 3 0.30 or 53.8 75.8 724 58.1

Majority consensus 0.39 or 49.2 100 100 30.2
Hyperintense T2 disc signal

Observer 1 0.30 03° 49.2 79.6 82.5 42.6

Observer 2 0.15 05° 312 96.2 95.3 19.6

Observer 3 025 02° 455 80.2 742 50.4

Majority consensus 0.28 03° 48.0 95.2 935 29.8
Vertebral endplate erosion

Observer 1 0.29 02° 48.9 824 89.6 33.6

Observer 2 0.17 03° 37.5 95.8 92.5 27.5

Observer 3 0.33 or 381 82.5 763 59.1

Majority consensus 0.31 02° 42.6 915 91.8 347
Blood culture growth 0.03 79 50 59.4 34 97.6
Fever status 0.25 .03° 55.2 69.8 55.2 69.8
Leukocytosis 0.039 77 40 55.4 13.8 838
Hemoglobin count® —0.02 .86 NA NA NA NA
Platelet count® 0.7 18 NA NA NA NA
ALP level® 0.05 73 NA NA NA NA
ESR® —0.07 .62 NA NA NA NA
CRP© 0.26 .04° NA NA NA NA

Note:—NA indicates not applicable; ALP, alkaline phosphatase.
The Spearman correlation was used for rank/categoric variables.
® Statistically significant P values (<.05).

€ Continuous variables in which the Pearson correlation was used.

Table 5: Predictive performance of clinical and image-based features®

Positive Pathology and/or

Positive Pathology Microbiology
AUC  Sensitivity Specificity =~ AUC  Sensitivity  Specificity
CRP, ESR, and fever 0.72 68.2 67.0 0.68 60.5 64.5
CRP, ESR, fever, and epidural enhancement (observer 1) 0.87 83.1 79.8 0.76 68.4 75.6
CRP, ESR, fever, and epidural enhancement (observer 2) 0.76 75.0 66.5 073 59.6 76.2
CRP, ESR, fever, and epidural enhancement (observer 3) 0.79 772 70.1 0.78 69.3 758
CRP, ESR, fever, and epidural enhancement (majority consensus) ~ 0.80 783 75.6 0.79 774 74.6

* Logistic regression with backward stepwise selection was used to find the optimal combination of clinical and imaging features for 3 independent observers with major-

ity consensus among the observers.

rarity of the disease in the setting of a high prevalence of patients
presenting to the hospital with back pain. In our study, we
assessed spondylodiscitis with 2 separate end points: as proved
on pathology only and as proved on pathology and/or microbiol-
ogy because clinicians use different criteria for the diagnosis of
spondylodiscitis. We demonstrated that epidural enhancement
on MR imaging added diagnostic value when combined with
clinical biomarkers to help predict which patients undergoing
percutaneous biopsy will have positive findings for spondylodis-
citis on pathology and/or microbiology.

Clinically, the initial presentation of discitis is often back pain;
however, in up to 15% of patients, the initial presentation may be
fever or neurologic symptoms without pain.*'* Correct diagnosis
and treatment are essential to avoid long-term sequelae involving
neurologic deficits."'” Fever has been shown in prior studies to be

associated with spondylodiscitis, specifically occurring in up to 60%

of patients.'>*!

We observed similar findings in our study, with
roughly 58% (14/24) of patients with positive pathology found to be
febrile on presentation. Prior studies have shown conflicting associ-
ations of discitis with laboratory panels such as leukocytosis, '
anemia,'®"” and alkaline phosphatase (ALP) levels."”'® We did not
observe a statistically significant association among these bio-
markers in our study.

ESR and CRP are well-studied inflammatory biomarkers and
have been shown to have high sensitivity but low specificity for
spondylodiscitis in prior studies.”’* An and Seldomridge'® showed
elevation of ESR in >80% of cases, with a mean of roughly 60 mm/
h. In our study, the mean value was 65 mm/h for positive pathology
and 67 mm/h for either positive pathology or microbiology. Most

interesting, ESR was not found to have a statistical association with
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spondylodiscitis as an independent biomarker; however, it was stat-
istically significant when combined with CRP, fever status, and epi-
dural enhancement through a multiparametric model. CRP was
found to be associated with spondylodiscitis independently. In our
study, CRP ranged from 1 to 156 mg/L in the negative cohort, while
it ranged from 7 to 303 mg/L in the positive cohort. Thus, elevated
CRP values above the range of the negative cohort (>156m g/L)
may support the diagnosis of spondylodiscitis if suspected.

The presence of hyperintense T2 disc signal, adjacent vertebral
body erosion, epidural enhancement, and paraspinal enhancement
are well-recognized MR imaging characteristics of spondylodisci-
tis.">*>*” In our study, we had 3 neuroradiologists independently
score these characteristics blinded to the diagnosis. However, there
was suboptimal interobserver agreement with « values of 0.58,
0.55, 0.49, and 0.33 for hyperintense T2 disc signal, adjacent verte-
bral body erosions, and epidural and paraspinal enhancement,
respectively. We attempted to overcome this discordance by apply-
ing majority consensus in our univariate analysis and prediction
model.

Spira et al*> had previously demonstrated 100% sensitivity
and roughly 50% specificity with paraspinal enhancement but
40% sensitivity and 80% specificity with epidural enhancement
for microbiology. Our results were similar for paraspinal
enhancement with a sensitivity as high as 100% and specificity
ranging from 14% to 54%. However, results differed for epidural
enhancement with sensitivity ranging from 79% to 100% and
specificity ranging from 27% to 75%. Ledermann et al' had previ-
ously shown high sensitivity for paraspinal/epidural enhance-
ment (97.7% sensitivity), hyperintense T2 disc signal (93.2%
sensitivity), and adjacent endplate erosion (84.1% sensitivity) in a
cohort of patients with positive pathology and/or microbiology.
We also found high sensitivities for these MR imaging features
ranging from 70.8% to 100%, 73.1% to 100%, and 75.% to 93.2%
for paraspinal/epidural enhancement, hyperintense T2 disc sig-
nal, and adjacent endplate erosion, respectively. These findings
also corresponded with high NPVs in all typical MR imaging fea-
tures of spondylodiscitis and, not surprisingly, indicate that the
absence of these typical features can be a helpful tool in excluding
pathology- and microbiology-proved spondylodiscitis.

However, the novelty of this study was in demonstrating that
MR imaging features, specifically epidural enhancement, when
combined with clinical biomarkers, improved predictive perform-
ance, increasing the AUC from 0.72 to 0.87. This finding can also
be observed in a range of experience levels because our observers
ranged from having 2-10 years of attending experience as neurora-
diologists. Moreover, this finding is observed in spondylodiscitis
proved by either criterion: pathology only or pathology and/or mi-
crobiology. Patients suspected of having spondylodiscitis will likely
undergo MR imaging, and it is clinically important to recognize
that the enhancement pattern should be considered along with
clinical biomarkers in the diagnosis of spondylodiscitis.

There are several limitations to our study. First, it was retro-
spective. A prospective study would facilitate increasing our
cohort size by obtaining MR imaging and laboratory markers at
the time of tissue biopsy for more patients. There is also an inher-
ent bias of only including patients with high radiologic suspicion
of spondylodiscitis requiring biopsy. An ideal study would have
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included patients without radiologic suspicion for spondylodisci-
tis; however, this would imply performing biopsies on patients
without suspicion for spinal infection. The limitation of assessing
patients who have been on antibiotics for <3 days is arbitrary;
however, a recent study showed that antibiotics do not affect tis-
28 Additionally, we
acknowledge that the use of pathology and/or microbiology

sue yield within 3 weeks before biopsy.

results from percutaneous biopsy for spondylodiscitis may have a
large percentage of false-negatives, shown in up to 37% by Nam
et al.*® They previously compared pathology results from open-
to-percutaneous needle biopsies and found, within the same
cohort, that 70.4% of patients had positive pathology results from
open biopsy, whereas only 33.3% of the cohort had positive find-
ings with percutaneous biopsies. We acknowledge that using pa-
thology results from open biopsy may have been an ideal, or
perhaps more sensitive, criterion standard; however, open biop-
sies are no longer routinely performed.

Finally, there was suboptimal interobserver agreement among
the 3 observers for MR imaging features. This is likely due to
varying experience levels among the observers because the high-
est AUC for prediction of spondylodiscitis corresponded with
scores from the observer with the most experience. We acknowl-
edge that in clinical practice, there is a broad range of experience
levels, and we attempted to overcome this limitation by using a
majority consensus among the 3 observers.

CONCLUSIONS

Our findings demonstrated that epidural enhancement on MR
imaging added diagnostic value when combined with clinical bio-
markers to help predict which patients who undergo percutane-
ous biopsy will have positive findings for spondylodiscitis on
pathology and/or microbiology.
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