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Abstract

Purpose To compare the microbiology results and needle gauge for CT-guided biopsies of suspected discitis-osteomyelitis.
Methods All CT-guided biopsies performed for suspected discitis-osteomyelitis at our institution between 2002 and 2019 were
reviewed. Biopsy location, needle type and gauge, microbiology, pathology, and clinical and imaging follow-up were obtained
through chart review. Yield, sensitivity, specificity, and accuracy were calculated. A pairwise analysis of different needle gauges
was also performed with calculations of odds ratios. Naive Bayes predictive modeling was performed.

Results 241 (age: 59 + 18 years; 88 [35%] F, 162 [65%] M) biopsies were performed. There were 3 (1%) 11 gauge (G), and 13
(5%) 12-G biopsies; 23 (10%) 13-G biopsies; 75 (31%) 14-G biopsies; and 90 (37%) 16-G, 33 (14%) 18-G, and 4 (2%) 20 G
biopsies. True disease status (presence of infection) was determined via either pathology findings (205, 86%) or clinical and
imaging follow-up (36, 14%). The most common true positive pathogen was Staphylococcus aureus (31, 33%). Overall biopsy
yield, sensitivity, specificity, and accuracy were 39%, 56%, 89%, and 66%, respectively. Pooled biopsy yield, sensitivity,
specificity, and accuracy was 56%, 69%, 71%, and 69% for 11-13-G needles and 36%, 53%, 91%, and 65% for 14-20-G
needles, respectively, with an odds ratio between the two groups of 2.29 (P =0.021). Pooled biopsy yield, sensitivity, specificity,
and accuracy was 48%, 63%, 85%, and 68% for 11-14-G needles and 32%, 49%, 91%, and 64% for 16-20-G needles,
respectively, with an odds ratio between the two groups of 2.02 (P = 0.0086).

Conclusion The use of a larger inner bore diameter/lower gauge biopsy needle may increase the likelihood of culturing the
causative microorganism for CT-guided biopsies of discitis-osteomyelitis.
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Introduction

Spinal discitis-osteomyelitis is estimated to account for 3—5%
of all cases of osteomyelitis [1]. The diagnosis of discitis-
osteomyelitis is typically made using a combination of patient
history, clinical exam, laboratory testing for acute-phase reac-
tants, blood culture data, and diagnostic imaging. The isola-
tion of a causative organism is important for determining the
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appropriate antibiotic regimen [2—5]. Blood cultures are pos-
itive in approximately 58% of cases of discitis-osteomyelitis
[6-8]. Current Infectious Disease Society of America guide-
lines recommend percutaneous biopsy in patients with
suspected discitis-osteomyelitis when other culture data do
not yield a causative organism [9].

Percutaneous CT-guided biopsy is widely considered a safe,
accurate, and, when compared with open biopsy, economical
method of acquiring tissue for microbiologic and histologic
evaluation. One meta-analysis assessing diagnostic culture re-
sults for vertebral osteomyelitis following image-guided percu-
taneous biopsy showed a pooled yield of 48% [10], although
the reported range is wide (19-91%) [11-18]. Repeat CT—
guided biopsy in the setting of a negative initial biopsy has been
shown to improve overall yield, although the yield from the
second biopsy is variable and ranges from 14 to 60% [19, 20].

The purpose of this study was to assess the impact of the
size of the CT-guided percutaneous biopsy needle on
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microbiologic yield in patients with suspected discitis-osteo-
myelitis. We hypothesize that microbiology samples acquired
with lower-gauge (larger inner diameter) biopsy needles
would be more likely to yield a causative organism.

Materials and methods
Patient selection

This investigation was approved by the institutional review
board and was compliant with the guidelines of the Health
Insurance Portability and Accountability Act (HIPAA).
From a searchable database of all radiology studies performed
at our institution, we retrospectively identified 241 cases of
suspected spinal discitis-osteomyelitis in which CT-guided
percutaneous biopsy was performed between 2002 and
2019. Biopsies done on patients who had a previous biopsy-
proven or clinically proven diagnosis of discitis-osteomyelitis
at the same level were not included in this analysis. Patients
who did not have biopsy-proven discitis-osteomyelitis and
who did not receive sufficient follow-up to establish a clinical
diagnosis of osteomyelitis were also not included. Patients
with a history of biopsy-proven discitis-osteomyelitis at the
level of repeat biopsy were also not included.

Spine biopsy technique

All procedures were performed using a GE LightSpeed 16
slice CT scanner. A total of 10 radiologists with 1-41 years
of experience were the primary operators on the procedures.
The decision regarding use of local anesthesia, conscious se-
dation, or general anesthesia was made after discussion with
the patient, the primary patient care team, the radiology nurs-
ing staff, and the radiologist with consideration of the patient’s
clinical status, patient positioning, the procedure target
(disc/endplate versus disc versus soft tissue), the procedure
target location, and prior patient experience with sedation.
Procedural CT images were acquired at 2.5-5.0-mm slice
thickness at 100-140 kVp and 40-440 mAs with a field of
view ranging from 22 to 36 cm. Soft tissue kernels were
applied.

The exact site of biopsy was determined by the radiologist
after consideration of location of greatest abnormality, the
safety of the required approach, patient comfort, and likeli-
hood of highest diagnostic yield. All biopsies were performed
using coaxial technique. Biopsies including portions of
endplate bone were performed with an Arrow OnControl sys-
tem (12- or 13-gauge) (Teleflex, Wayne, PA, USA),
Ackerman biopsy needle (14-gauge) (Cook Medical), or a
combination of a bone penetration system (14-gauge)
(Bonopty, AprioMed) to access bone and a biopsy needle
(15-gauge) (Ostycut, Bard Biopsy Systems) to perform the
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bone biopsy. For soft tissue biopsies, a Temno Evolution core
biopsy needle (14-, 16-, 18-, or 20-gauge) system was used.
Core samples were placed in sterile, preservative-free, non-
bacteriostatic normal saline for microbiological and patholog-
ical analysis.

Biopsies reviewed were performed from January 2002
through December 2018. All reports and biopsy images were
retrospectively reviewed for needle position, needle type, and
biopsy level. T12-L1 was considered a thoracic level, and L5-
S1 was considered a lumbar level.

Samples were sent for microbiological and pathological
analysis, including Gram stain, acid-fast stain, fungal stain,
and culture. Aerobic and anaerobic cultures were incubated
for a 7-day period, while fungal and mycobacterial cultures
were held for 28 and 56 days, respectively.

The gold standard for diagnosis of discitis-osteomyelitis
was anatomic pathology, obtained either at the time of CT-
guided biopsy procedure or during subsequent open surgical
biopsy or debridement. If pathology was not available, then
positive blood or urine culture with same organism as spine
sampling was used as the gold standard. If blood culture was
not available, a combination of imaging and clinical follow-up
was used. Finally, if imaging was not available, clinical
follow-up alone was used as the gold standard.

Imaging technique and review

Diagnostic MRI of the spine was performed in all patients
prior to aspiration. MRI was obtained in the supine position.
Standard MRI protocol includes a sagittal T1, sagittal fast
spine echo (FSE) T2, sagittal FSE T2 with fat suppression
(FS) or sagittal STIR, and axial T2 sequences. Post-contrast
T1 fat—suppressed sagittal and axial images and CT examina-
tions with or without contrast were also available in some
patients. MRI features considered diagnostic of discitis-
osteomyelitis were T2 hyperintense signal of the intervertebral
disc, erosive endplate changes, abnormal T1 hypointense and
T2 hyperintense endplate signal, endplate or disc enhance-
ment, and inflammation or fluid collections within the
paravertebral or epidural space (Figs. 1 and 2). CT features
considered diagnostic of discitis-osteomyelitis were endplate
erosions, loss of intervertebral disc height, paravertebral in-
flammatory changes or fluid collections, and epidural inflam-
matory changes or fluid collections (Fig. 3).

On follow-up CT or MRI between 1 and 12 months
after initial imaging, the following findings were diagnos-
tic for discitis-osteomyelitis: worsening erosive endplate
changes, loss of vertebral body height, and persistent or
increased paravertebral and epidural fluid collections and
enhancement. If the CT or MRI was more than 12 months
after the initial imaging, osseous fusion across the disc
space was diagnostic for healed discitis-osteomyelitis. A
positive culture was categorized as a false positive if the
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Fig. 1 A 22-year-old man with history of intravenous drug use presents
with acute on chronic back pain. a Sagittal T1, b sagittal STIR, ¢ sagittal
T1 fat suppressed post contrast, d axial T1, and e axial T1 fat suppressed
post-contrast images demonstrate fluid within the L4-L5 intervertebral
disc, with surrounding endplate destruction and low T1 endplate marrow
signal. There is also increased T2 signal and enhancement in the epidural
space, without focal fluid collection, consistent with phlegmon. The disc/

cultured species was determined to be a contaminant by
the care team and/or Infectious Disease consultant and
the patient clinically improved without the use of
antibiotics.

Clinical review

The patient age, gender, and anatomic pathology results were
recorded. The date of the biopsy was recorded.
Microbiological studies, including culture, and sensitivity data
from urine, blood, or repeat percutaneous biopsy or surgical
biopsy samples, were also reviewed.

The medical record of each of these patients was reviewed,
including clinical notes, laboratory results (CBC, ESR, CRP),
radiology reports, microbiology reports, and pathology re-
ports. Pathology results showing acute osteomyelitis or acute

endplate abnormality is slightly eccentric to the left, and this area was
targeted on the biopsy. f Axial noncontrast CT image from the biopsy
3 days after the MRI demonstrates the tip of a 12-gauge core needle
biopsy device (arrow) sampling the disc and endplate. The cultures grew
Methicillin-sensitive Staphylococcus aureus (MSSA), a true positive
result

discitis were considered positive for discitis-osteomyelitis.
Clinical features considered supportive of a diagnosis of
discitis-osteomyelitis in conjunction with imaging findings
included the presence of fever (>38.0 °C), elevated erythro-
cyte sedimentation rate (ESR, >30 mm/h) or elevated C-
reactive protein (CRP, >8.0 mg/L), leukocytosis (=10 x

10% uL), and back pain or radiculopathy. An appropriate treat-
ment response was used to confirm infection. These findings
included resolution or improvement in fever and other symp-
toms, improvement or normalization of laboratory values (i.e.,
leukocytosis, elevated inflammatory markers). Clinical notes
from Infectious Disease specialists were used in all cases to
support or not support a diagnosis of discitis-osteomyelitis.
This diagnosis was made by Infectious Disease specialists in
consideration of imaging findings, laboratory results, micro-
biology results, and response to treatment.
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Fig. 2 A 36-year-old man with history of intravenous drug use presents
with 4 months of progressive back pain, and acute fevers, chills, and
diaphoresis. a Sagittal T1, b sagittal STIR, ¢ sagittal T1 fat suppressed
post contrast, d axial T1, and e axial T1 fat suppressed post contrast
images demonstrate destruction of the L4-L5 intervertebral disc, which
is also peripherally enhancing. There is also endplate destruction and low

Statistical analysis

Yield (the total number of true-positive findings divided by the
total number of biopsy specimens obtained multiplied by
100%), sensitivity, specificity, and accuracy were calculated. A
pairwise analysis of different needle gauges was performed with
calculations of odds ratios. A pairwise analysis of the first 121
biopsies in the cohort compared with the following 120 biopsies
in the cohort was performed with calculations of odds ratios.
Naive Bayes predictive modeling was performed for the
observations needle size, type of tissue biopsied, whether the
biopsy was one of the first 121 biopsies performed or one of
the last 120 biopsies performed, and the gender of the patient.
A normal distribution was assumed for the priors. All predic-
tors were considered independent uniform inputs. The maxi-
mum and minimum observed values were used to define a
uniform distribution. From this, Monte Carlo samples are
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T1 endplate marrow signal. There is pronounced surrounding soft tissue
enhancement, eccentric to the right, but no abscess or drainable fluid
collection. f Axial noncontrast CT image from the biopsy 2 days after
the MRI demonstrates the tip of a 18-gauge core needle biopsy device
(arrow) sampling the disc. The cultures did not grow any organism, a false
negative result

drawn for each factor, and the importance of each variable
as a predictor is assessed and reported as a “Total Effect,”
which weighs a combination of the relative contribution of
the factor alone as well as with other factors.

All statistics were performed using JMP Pro version 14.0.0
(SAS Institute Inc., Cary, NC).

Results
Patient cohort

The study group included 241 patients (83 [35%] female
patients, 158 [65%] male patients; mean age 59 + 18 years;
range, 4-99). There were 69/241 (29%) thoracic and 172/
241 (71%) lumbar biopsies. There were 103/241 (42%)
were of disc/endplate, 109/241 (44%) were of disc only,
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Fig. 3 A 84-year-old female with acute back pain. a Sagittal noncontrast
CT of the lumbar spine demonstrates endplate erosions at L4-L5 (arrows).
b Axial noncontrast CT image from the biopsy 1 day after the diagnostic
CT demonstrates the tip of a 16-gauge core needle biopsy device (arrows)

and 29/241 (13%) were of paravertebral soft tissue.
Pathology was available for 205/241 (85%) patients. The
true positive microbiological results are detailed in
Table 1. The positive cultures deemed to be false positives
by the clinical teams were Propionibacterium acnes (4/8,
50%) and coagulase-negative Staphylococcus (4/8, 50%).

Spine biopsy

The needle distribution and the disease/test categorization are
detailed in Table 2. The pooled needle gauge analyses, includ-
ing odds ratios, are detailed in Tables 3, 4, and 5.

In patients under the age of 50, the microbiological
yield was 44% (31/71). In patients aged 50 and older,
the microbiological yield was 37% (64/170). The odds
ratio of a true positive microbiology result comparing bi-
opsies done in patients under the age of 50 and patients
aged 50 and older is 0.78 (95% confidence interval 0.44—
1.37, P=0.39). For the first 121 biopsies performed in

sampling the disc. The cultures did not grow any organism, a false neg-
ative result. ¢ Sagittal noncontrast CT of the lumbar spine 5 weeks later
demonstrates progressive L4-L5 endplate destructive changes,
confirming the diagnosis of discitis-osteomyelitis (arrows)

this cohort, the microbiological yield was 35% (42/121).
For the following 120 biopsies performed in this cohort,
the microbiological yield was 44% (53/120). The odds
ratio of a true positive microbiology result comparing
the first 121 biopsies compared with the last 120 biopsies
was 1.49 (95% confidence interval 0.89-2.50, P=0.15).
No needles of 13 gauge or larger were used in the group
consisting of the first 121 biopsies performed. During the
subsequent half of the biopsies performed, 13 gauge or
larger needles were used in 32% (38/120) of cases. The
needle gauges used for biopsies in the first and second
halves of the cohort are shown in Table 6.

The odds ratio of a true positive microbiology result
comparing needles 13-gauge or larger versus 14-gauge or
smaller was 2.3, and this comparison was statistically
significant (95% confidence interval 1.14-4.58, P=
0.02). The odds ratio of a true positive microbiology
result comparing needles 14-gauge or larger versus 16-
gauge or smaller was 2.0, a comparison that was also
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Table 1 True positive

microbacterial results Organism Number
Staphylococcus aureus (including MSSA and MRSA) 31
Streptococcal species 11
Fungal species (Candida albicans, Candida parapsilosis, Aspergillus, Scedosporium) 9
Escherichia coli 6
Coagulase-negative Staphylococci species, (Staph epidermidis, hominis, lugdunensis) 3
Enterococcus 4
Klebsiella species 4
Mycobacterium species (tuberculosis, abscessus) 4
Salmonella species (including typhi) 4
Enterobacter species 3
Propionibacterium acnes 3
Pseudomonas aeruginosa 3
Other bacteria (Brucella, Bacteroides, Bifidobacterium, Citrobacter, Corynebacterium, 10
Lactobacilius, Peptostreptococcus, Prevotella)
TOTAL 95
(100%)
Table 2 Diagnostic tests by needle gauge. Sensitivity, specificity, and accuracy are reported with 95% confidence intervals
Needle gauge N (%) TP FN FP TN Biopsy yield Sensitivity Specificity Accuracy
11 3 (1%) 1 1 0.33 0.05 (0.013-0.99) 0 (0-0.98) 0.33 (0.0084-0.91)
12 13 (5%) 9 0 0.69 0.82 (0.48-0.98) 1.0 (0.16-1.0) 0.85 (0.55-0.98)
13 23 (10%) 12 1 0.52 0.63 (0.38-0.84) 0.75 (0.19-0.99) 0.65 (0.43-0.84)
14 75 (31%) 33 22 2 18 0.44 0.60 (0.46-0.73) 0.90 (0.68-0.99) 0.68 (0.56-0.78)
16 90 (37%) 26 33 2 29 0.29 0.44 (0.31-0.58) 0.94 (0.79-0.99) 0.61 (0.50-0.71)
18 33 (14%) 13 9 2 0.39 0.59 (0.36-0.79) 0.82 (0.48-0.97) 0.67 (0.48-0.82)
20 4 (2%) 1 0 0 3 0.25 1.0 (0.025-1.0) 1.0 (0.29-1.0) 1.0 (0.40-1.0)
Overall 241 (100%) 95 74 8 64 0.39 0.56 (0.48-0.63) 0.89 (0.80-0.95) 0.66 (0.60-0.72)

statistically significant (95% confidence interval 1.20—
3.43, P=0.008). The remainder of the comparisons dem-
onstrated an odds ratio greater than 1 with the larger
inner diameter/lower gauge needles being more likely
to result in true positive microbiology results. However,
these comparisons were not statistically significant.

The odds ratio of a true positive microbiology result
comparing 13 gauge needles to 14 gauge needles was 0.7,
and this comparison was not statistically significant (95%
confident interval 0.280-1.84, P=0.63).

Table 3  Diagnostic tests by needle gauge, pooling 14-gauge and
larger—internal diameter and 16-gauge internal diameter and smaller.

Naive Bayes predictive modeling

Using the naive Bayesian predictive model with the five clin-
ical predictors, the misclassification rate was 0.36. There were
66/95 (69%) misclassifications in the positive microbiological
yield group and 21/146 (14%) in the negative microbiological
yield group. A larger needle gauge was a more important
predictor of a positive microbiological yield than the type of
tissue biopsied, whether the biopsies were chronologically in
the first half or second half of the cohort, and patient gender
(total effect 0.78, 0.12, 0.088, 0.002, respectively).

Sensitivity, specificity, and accuracy are reported with 95% confidence
intervals

Needle gauge N (%) TP FN FP N Biopsy yield Sensitivity Specificity Accuracy
11to 13 39 (16%) 22 10 2 5 0.56 0.69 (0.50-0.84) 0.71 (0.29-0.96) 0.69 (0.52-0.83)
14 t0 20 202 (84%) 73 64 6 59 0.36 0.53 (0.45-0.62) 0.91 (0.81-0.97) 0.65 (0.58-0.72)
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Table 4 Diagnostic tests by needle gauge, pooling 13-gauge and larger internal diameter and 14-gauge internal diameter and smaller. Sensitivity,

specificity, and accuracy are reported with 95% confidence intervals

Needle gauge N (%) TP FN FP N Biopsy yield Sensitivity Specificity Accuracy
11to 14 114 (47%) 55 32 4 23 0.48 0.63 (0.52-0.73) 0.85 (0.66-0.96) 0.68 (0.59-0.77)
16 t0 20 127 (53%) 40 42 4 41 0.32 0.49 (0.38-0.61) 0.91 (0.79-0.98) 0.64 (0.55-0.72)
Discussion However, the study looked at cases of osteomyelitis outside

Our data suggest that a larger needle size is associated with
improved microbiological yield from percutaneous biopsy of
discitis-osteomyelitis. Specifically, using 13- and 14-gauge or
larger inner diameter/lower gauge needles may result in a
higher biopsy yield. A larger needle gauge may be a more
important predictor of a positive biopsy yield than the type
of tissue sampled.

Spondylodiscitis and vertebral osteomyelitis are potentially
life-threatening conditions. Delay in treatment may result in
sepsis, epidural abscess, neurologic complications including
paralysis, and death [6, 8, 21, 22]. Clinical history, physical
exam, laboratory tests, and imaging studies are used to estab-
lish the diagnosis of discitis-osteomyelitis [2—5]. The role of
biopsy is to determine the causative organism and therefore to
tailor antibiotic therapy [9]. Open surgical biopsy remains the
gold standard for tissue sampling, for which the yield is ap-
proximately 76% but has been reported to be as high as 91%
[10, 12]. However, percutancous CT-guided biopsy is often
performed and is less invasive and less expensive and results
in shorter hospitalization than open surgical biopsy [23, 24].

Overall microbiology yields from a single percutaneous
CT-guided biopsy is relatively low. A meta-analysis of 88
articles demonstrated a yield of 48%, which is similar to the
rate of positive blood cultures (42%) [6-8, 10]. These studies
use pooled needle sizes. In our study, biopsy yield was as high
as 69% for the 12-gauge needles. Although the biopsy yield
for 11-gauge needles was lower, there were only three 11-
gauge biopsies. Studies evaluating the yield of a repeat bone
biopsy in the setting of a negative initial biopsy have been
shown to improve the overall microbiology yield, although
results are variable, with reported yield in the second biopsy
being as low as 14% and as high as 60% [19, 20].

A previous analysis of 41 cases of osteomyelitis did not
find an association between needle gauge and biopsy yield. As
in this study, 11-18-gauge biopsy needles were used.

of the spine and therefore all the biopsies were bone biopsies.
The majority (83%) of samples were taken with 14- or 15-
gauge biopsy needles. The similarity in needle sizes and the
relative lack in larger or smaller gauge needles may have lim-
ited the ability of this study to detect differences in biopsy
yield with needle gauge [25]. A separate series consisting of
111 spine biopsies for discitis-osteomyelitis also showed no
difference in yield with different needle sizes. However, only
14-20-gauge needles were used [26]. As seen in this cohort,
the largest needle gauges, particularly the 12- and 13-gauge
needles, had the highest biopsy yields.

Our study includes 241 biopsies performed over a period of
17 years. In order to attempt to account for changes in both
biopsy technique and potential changes in microbiological
laboratory technique, the results from the first 121 biopsies
performed were compared with the results from the second
120 biopsies. Although microbiological yield during the sec-
ond half of the cohort was greater than during the first half,
this was not statistically significant. This increased yield may
in part be due to the adoption of 13-gauge and larger needles
by our group during the time period of the second half of the
cohort.

The limitations of this study arise from its retrospective
design. As a result, we could not control for factors such as
variations in operator preference, difficulty of the biopsy, lo-
cation of the biopsy in the spine, which may incline the oper-
ator to use a smaller inner diameter/higher gauge needle (e.g.,
thoracic versus lumbar spine), and type of tissue biopsied (i.e.,
bone/disc versus soft tissue). This study would be best per-
formed as a prospective study, where the same location was
biopsied using multiple different gauge needles, and clinical
factors such as antecedent antibiotic use could be controlled.
However, such a study design could not be justified in clinical
practice.

An additional limitation of this study is the lack of infor-
mation regarding the number of core samples acquired and the

Table 5 Pooled needle gauge

odds ratios of a true positive Needle gauge Odds ratio 95% CI lower 95% CI upper P
microbiology sample from CT-
guided biopsy. LID = larger inner 12 and LID vs 13 and SID 2.75 0.96 7.82 0.064
diameter/lower gauge needles. 13 and LID vs 14 and SID 2.29 1.141 458 0.021
SID = smaller inner diameter/ 14 and LID vs 16 and SID 202 120 343 0.0086
higher gauge needles

16 and LID vs 18 and SID 1.08 0.53 223 0.80
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Table 6 Needle gauges used during the first half of the cohort and the
second half of the cohort

Needle gauge First half of cohort Second half of cohort
11 1 2
12 0 13
13 0 23
14 45 30
16 41 49
18 31 2
20 3 1

length of acquired core samples. These parameters were not
available in the procedural notes or the microbiological re-
cords. These factors affect the total volume of sampled tissue
and may affect the microbiological yield of percutaneous bi-
opsy. In a study of diagnostic yield from bone and soft tissue
lesions tumors, Wu et al. suggested a minimum of 3 speci-
mens of bone and 4 specimens of soft tissue to maximize yield
[27]. Given that this study used benign and malignant tumors,
it is difficult to know whether recommendations are applicable
to biopsies of infection. A fundamental technical challenge
with spine biopsies arises from the limited means of accessing
abnormal tissue given the location of the spinal cord, the the-
cal sac bony structures, and the exiting nerve roots. Limited
access, in conjunction with challenges with patient position-
ing, means multiple passes with a coaxial needle system may
be difficult. Furthermore, the presence of critical structures
such as the great vessels, retroperitoneal organs, mediastinal
structures, the pleura, and the lungs beyond to the biopsy
device may limit the number of cores taken from a single
needle position. These factors underscore the importance of
using a larger-gauge needle to maximize the size of the tissue
samples acquired from a single needle position. Given that the
benefit of larger-gauge needles likely relates to the fact that a
larger sample of tissue is acquired, we believe that multiple
core samples should be considered if a smaller gauge needle is
being used.

In conclusion, use of a larger-gauge needle, particularly 13-
and 14-gauge and larger—inner diameter/lower-gauge needles,
in percutaneous CT-guided biopsy procedures, may increase
the likelihood of culturing the causative microorganism.
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