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Abstract

Vertebral discitis-osteomyelitis is an infection of the spine that involves the intervertebral disc and the adjacent vertebral
body but may also extend into the paraspinal and epidural soft tissues. If blood cultures and other culture data fail to identify
a causative microorganism, percutaneous sampling is indicated to help guide targeted antimicrobial therapy. Despite limited
supporting evidence, withholding antimicrobial therapy for up to 2 weeks is recommended to maximize microbiological yield,
although literature supporting this recommendation is limited. During the procedure, technical factors that may improve yield
include targeting of paraspinal fluid collections or soft tissue abnormalities for sampling, acquiring multiple core samples if
possible, and use of larger gauge needles when available. Repeat sampling may be indicated if initial percutaneous biopsy
is negative but should be performed no sooner than 72 h after the initial percutaneous biopsy to ensure adequate time for

culture results to return.
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Introduction

Vertebral discitis-osteomyelitis (DO) is an infection of the
intervertebral disc, the adjacent vertebral bodies, and sur-
rounding epidural and paravertebral structures. Primary risk
factors for DO include intravenous drug use, endocarditis,
immunosuppression, diabetes mellitus, and active malig-
nancy [1-4]. The incidence of DO is approximately 5.4 per
100,000 people and is increasing, probably due to several
factors including the opioid epidemic, increased rates of
spine surgery and percutaneous intervention, increase in

Key points

o Yield from biopsy of vertebral discitis-osteomyelitis is low.

o Technical factors that may improve yield include targeting
paraspinal fluid and soft tissue abnormalities, collecting multiple
core samples if feasible, and use of larger needle gauge.

e Although guidelines suggest holding antimicrobial therapy
prior to biopsy, biopsy should be considered if cessation of
antimicrobial treatment is not clinically reasonable.

e Repeat sampling can be considered in the setting of a negative
initial biopsy but should be performed no sooner than 72 h from
the initial biopsy.
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intravascular procedures, and greater survival in patients
with chronic diseases [4-8].

DO is usually the result of hematogenous spread of infec-
tion with the most common causative pathogen Staphylococ-
cus aureus [9—11]. Common sources include urinary tract
infections, pneumonia, endocarditis, or bacteria in the oral
cavity [10, 12]. The pathophysiology of DO differs between
children and adults due to age-dependent changes in vascu-
larity of the intervertebral disc and endplate. In children and
young adults up to 20 years of age, blood vessels penetrate
the annulus fibrosis of the intervertebral disc [13, 14]. As a
result, direct hematogenous infection of the intervertebral
disc via these vessels can occur in children and in young
adults. In adults over the age of 20 years, these blood vessels
regress, and DO is believed to occur as a result of deposition
of pathogen near the vertebral endplate resulting in osteomy-
elitis and secondary infection into the intervertebral space
[7, 15]. Another proposed route for hematogenous spread of
infection is by retrograde flow of pathogens from the pelvis
via the epidural venous plexus, a theory that is supported
by the fact that urinary tract infections and other pelvic
infectious are relatively common sources of DO in adults
[16]. Approximately 14-26% of cases of DO are the result
of direct infection of the intervertebral disc and adjacent
structures, most common as a result of spine surgery [17,
18]. The incidence of post-operative DO ranges from 0.2 to
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3.6%, although the literature on infection rates for specific
procedures is poor [18].

MRI is the imaging modality of choice for identifying
DO, allowing for characterization of the extent of bone and
soft tissue involvement and for identification of targets that
may guide percutaneous sampling [19, 20]. The reported
sensitivity and specificity of MRI for pyogenic DO are high
(96% and 92-94%, respectively) [12, 17, 19, 21]. The find-
ings with the highest sensitivity are paraspinal inflamma-
tion (97.7-100%), disc enhancement (95.4%), and fluid-
signal intensity replacing the disc (93.2%) [21, 22]. Other
MRI findings of DO and their sensitivities include endplate
erosion or destruction (84.1%), nuclear cleft effacement
(83.3%), loss of intervertebral disc height (52%), epidural
inflammation (40.0%), paravertebral abscess (40.0%), and
decreased disc signal on T1-weighted sequences (29.5%)
[21, 22]. Although paravertebral abscess and epidural
inflammation have lower sensitivities, they have relatively
high specificities (83.3% and 90.9%, respectively) [22].
The specificity of paraspinal inflammation specificity is
lower (50.0%) and increases to 62.5% if the thickness of the
inflammation is greater than 5 mm [22]. The other imaging
findings have much lower specificities (4.2-45.8%) [22].
Unless otherwise contraindicated, gadolinium-based intrave-
nous contrast agents should be used to distinguish paraspinal
or epidural phlegmon from abscess [23].

Non-pyogenic DO can be due to a variety of atypical
organisms, including Mycobacterium tuberculosis, fungi,
or Brucella. Tuberculous DO typically has a more indolent
course than pyogenic DO and usually begins in the ante-
rior part of spine and soft tissues and progresses posteriorly

[24]. MRI findings of tuberculous DO include marrow signal
abnormality and deformity of a single or multiple contigu-
ous vertebral bodies [24, 25] with relative or complete spar-
ing of the intervertebral disc [24-26]. Large paravertebral
fluid collections can occur, tracking into the paraspinal soft
tissues or the anterior longitudinal ligament over multiple
vertebral levels in a pattern referred to as “subligamentous
spread” (Fig. 1). Fluid collections typically have thin walls
with smooth peripheral enhancement [24, 25, 27]. Fungal
DO is more common among immunocompromised patients,
persons who inject IV drugs, and patients who have had
recent exposure to antibiotics [10]. As with tuberculous
DO, fungal infection is typically indolent [27]. MRI find-
ings more specific for fungal DO include partial disc and
endplate involvement, and eccentric paravertebral soft tissue
inflammation [27]. The intranuclear cleft is often preserved,
and the disc may not demonstrate hyperintense T2 signal
[25, 28]. MRI of Brucella DO typically shows relative spar-
ing of the intervertebral disc despite surrounding marrow
signal abnormality [10, 29]. Other characteristic findings
include absent or mild deformity of the vertebral bodies,
small paraspinal abscesses with irregular walls, facet joint
involvement and sacroiliitis [25, 30]. Recognition of the
features of non-pyogenic is crucial to ensure that sampled
material is sent for the appropriate microbiological analysis.

If DO is suspected based on the clinical presentation and
imaging findings, and blood cultures are negative, tissue sam-
pling with open biopsy or percutaneous needle sampling may
be needed to identify the causative pathogen and its suscepti-
bilities in guide treatment with the appropriate antimicrobial
agent [31, 32]. The two techniques for isolating the responsible

Fig. 1 a Sagittal T2-weighted MR images of the thoracic spine show
large heterogeneously T2 hyperintense anterior paraspinal (white
arrows) and epidural (dashed arrows) fluid collections. The T9-10
disc is relatively preserved (black arrows). b Axial fat-suppressed
post-contrast images show large paraspinal (white arrows) and epi-
dural (white asterisk) fluid collections with central non-enhancement
and thick peripheral enhancement. The T10 endplate *(black asterisk)
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also shows enhancement. The features are compatible with tubercu-
lous discitis with osteomyelitis. ¢ Prone axial CT image through the
lower thoracic spine during CT-guided biopsy shows the biopsy nee-
dle targeting the soft tissue/fluid collection in the surrounding par-
aspinal tissues (arrow). Culture grew Mycobacterium tuberculosis
complex
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microorganism are percutaneous sampling and open biopsy.
A meta-analysis from 2017 shows a relatively poor yield of
48% from image-guided percutaneous sampling, compared to
76-91% for open biopsy [33, 34]. Despite a higher yield from
open biopsy, percutaneous image-guided sampling is the tech-
nique of choice for identifying the causative microorganism
owing to several advantages, including decreased morbidity,
shorter associated hospitalization time, and lower complica-
tion rates [35, 36]. Open biopsy is often performed when open
surgery is otherwise required, such as when neurological com-
promise would require posterior spinal decompression [33, 34].

In this paper, we will discuss clinical and technical factors
that affect microbiological yield from percutaneous needle
biopsy of the spine in the setting of DO.

CT-guided percutaneous biopsy

Given the complex anatomy of the spine, the presence of
critical surrounding structures, and the conspicuity of abnor-
mal tissues on CT, CT-guided biopsy is favored for percu-
taneous sampling of DO. At our institution, core biopsies

Fig.2 Sagittal T1-weighted (a),
STIR (b), and fat-suppressed
post-contrast (¢) MR images

of the thoracic spine show low
T1-signal intensity, high STIR
signal intensity, and enhance-
ment of the T5-6 intervertebral
disc with erosive/destructive
changes of the adjacent T5

and T6 vertebral endplates
(vertical arrows), suggestive of
discitis-osteomyelitis. There is
also anterior (horizontal solid
arrows) and posterior (horizon-
tal dotted arrows) paraspinal
low T1 signal intensity, high
STIR signal intensity, and
enhancing soft tissue consist-
ent with phlegmon. d Axial
fat-suppressed post-contrast
MR image through the T5-6
disc shows paraspinal (white *)
and anterior epidural (black *)
enhancing soft tissue consistent
with phlegmon. e Prone axial
CT image through the T5-6 disc
during CT-guided biopsy shows
the biopsy needle targeting

the T5-6 disc and endplates
using a transpedicular approach
(arrow). Culture grew Entero-
bacter cloacae

are performed using a coaxial technique, where an intro-
ducer needle or cannula is inserted into or at the edge of
the area suspicious for DO, and then a core biopsy needle
is advanced coaxially through the introducer to obtain mul-
tiple core samples. In the thoracic and lumbar spine, the
intervertebral disc, vertebral endplate, and adjacent paraspi-
nal soft tissues can be accessed either by passing the needle
lateral to the posterior elements (posterolateral approach)
or by inserting the needle into the posterior elements and
advancing it through the pedicle (transpedicular approach)
(Fig. 2). Anatomy of the cervical spine permits safe access to
abnormal soft tissue posteriorly and laterally but also ante-
riorly, where avoiding the airway, esophagus, and great ves-
sels is necessary to prevent injury to these critical structures
(Fig. 3) [37, 38].

Prior antimicrobial exposure
Patients with suspected DO may receive antimicrobial ther-

apy prior to the requested biopsy. Antimicrobial therapy may
be initiated during the course of the patient’s work up before
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Fig.3 Sagittal T1-weighted
(a), STIR (b), and fat-sup-
pressed post-contrast (¢) MR
images of the cervical spine
show low T1-signal intensity,
high STIR signal intensity,

and non-enhancement of the
C6-7 intervertebral disc with
erosive/destructive changes

of the adjacent C6 and C7
vertebral endplates (verti-

cal arrows), suggestive of
discitis-osteomyelitis. There

is also anterior paraspinal low
T1 signal intensity, high STIR
signal intensity, and enhancing
soft tissue (horizontal arrows)
consistent with phlegmon. d
Axial fat-suppressed post-
contrast MR image through the
C6-7 disc redemonstrates the
paraspinal enhancing soft tissue
consistent with phlegmon (*¥). e
Prone axial CT image through
the C6-7 disc during CT-guided
biopsy shows the biopsy needle
targeting the C6-7 disc and
endplates using a transpedicular
approach (arrow). Culture grew
Staphylococcus aureus

DO is clinically suspected or identified by imaging. In order
to decrease the potential impact of antecedent antimicro-
bial therapy on microbiological yield from tissue sampling,
the current Infectious Diseases Society of America (IDSA)
guidelines for DO management recommend holding antimi-
crobial medications for 1-2 weeks prior to attempted biopsy
[31]. Exceptions are made in cases of hemodynamic insta-
bility or neurological compromise, where immediate surgi-
cal intervention and treatment with empiric antimicrobial
therapy is recommended.

Despite these recommendations, the literature does not
show a clear relationship between antecedent antimicrobial
therapy and decreased DO biopsy yield. A 2017 meta-anal-
ysis of open and percutaneous biopsy of DO showed a lower
microbiological yield of biopsy in the setting of anteced-
ent antimicrobial therapy (32% versus 43%) [33]. However,
this difference was not statistically significant. One of the
limitations of this study and of interpreting the literature on
this topic more broadly is the variability of how anteced-
ent antimicrobial therapy is defined. The criteria used to
define antecedent antimicrobial therapy, including the type
of medication and the time between cessation of therapy
and biopsy, are variable. Furthermore, the studies included
in this meta-analysis evaluated open biopsies, CT-guided
percutaneous biopsies, fluoroscopically guided percutane-
ous biopsies, and fine needle aspirations. In some studies,
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the technique used for biopsies was not described. This
meta-analysis also included pyogenic DO as well as non-
pyogenic DO, including tuberculous DO. Many studies
mixed acute and chronic osteomyelitis, for which the impact
of antecedent antimicrobial therapy may be different. Two
subsequent studies have similarly also shown no effect of
antecedent antimicrobial exposure on microbiological yield
[39, 40]. Therefore, although it is probably appropriate to
follow IDSA guidelines and hold antimicrobial therapy for
1-2 weeks prior to percutaneous sampling, the lack of strong
evidence supporting this recommendation underscores that
sampling should still be performed if holding antimicrobials
is not clinically advisable.

Repeat biopsy

Current ISDA guidelines recommend repeat biopsy in sus-
pected DO if the initial biopsy was nondiagnostic, meaning
that either no microbe or only skin contaminants could be
isolated, and there are no other culture data to guide manage-
ment [31]. These guidelines emphasize the importance of
targeted antimicrobial therapy. However, the microbiological
yield from a repeat biopsy is probably lower than from the
initial biopsy, particularly in patients who have had anteced-
ent antimicrobials [32, 34, 41]. A single study showed that
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75% of initial biopsies that will ultimately yield an organism
will detect the microorganism within 3 days of the biopsy.
This suggests that it may be preferable to wait 3 days before
repeating a percutaneous biopsy to ensure sufficient time to
receive the initial biopsy culture results [42].

Technical factors
Target tissue

Although centered at the vertebral endplate and interverte-
bral disc, DO commonly involves surrounding soft tissue
structures. The impact on microbiological yield of targeting
different tissue types for percutaneous biopsy has not been
thoroughly established.

Studies of positive culture rates from percutaneous biopsy
of bone are highly variable. Studies of bone biopsy at all
sites, although primarily of the foot in the setting of sus-
pected diabetic foot osteomyelitis, show microbiological
yield ranging from 18 to 99% [39, 43—45]. The applicabil-
ity of these results to spine biopsies should be interpreted
with caution, given that limited windows of access to abnor-
mal bone and the presence of surrounding critical structures
often means that a limited number of core samples of bone
can be acquired.

Two studies specifically comparing the microbiological
yield of DO biopsy of different target tissues have yielded
conflicting results. In a study of 111 biopsies, there was no
significant difference in microbiological yield when para-
vertebral soft tissue, disc, or combined disc and vertebral
endplate were sampled [46]. Other authors, in a study of 136
percutaneous spine biopsies, showed a higher microbiologi-
cal yield from soft tissues, including disc and abscess, than
from bone [47]. A study of osteomyelitis not limited to the
spine showed aspiration of 2 mL or more of pus is associ-
ated with higher microbiological yield than biopsy of bone
(Fig. 4) [48].

Some groups have suggested the value of submitting
tissue for histopathological evaluation, which can provide
diagnostic evidence of DO even if the culture results of aspi-
ration are negative [49-51]. Given that the causative micro-
organism is frequently not isolated through percutaneous
tissue sampling and that the imaging findings of DO can
overlap with other noninfectious conditions, confirmation
of DO through histopathology may be helpful for guiding
management and potentially avoiding treating a patient with-
out spine infection with a long course of empiric broad-
spectrum antimicrobials. It should be noted, however, that
the diagnostic criteria for the histopathological diagnosis of
osteomyelitis are not clearly defined and, as a result, inter-
observer variability amongst pathologists is high [52, 53].

Needle gauge

Several needle sizes are available for percutaneous biopsy,
and needle selection is dictated by the imaging approach and
the target tissue. The impact of needle gauge on yield has not
been definitively established. A study of 241 patients with
DO showed that core needle biopsies using 14-gauge and
larger needles were associated with a higher microbiological
yield. However, two studies have also shown no association
between needle gauge and yield, although one study did not
include larger gauge (12- and 13-gauge) needles, and the
majority of the biopsies in the other were performed with
14- and 15-gauge needles [46, 48]. Despite limited evidence,
a larger bore needle should be considered for tissue sampling
if safe access to abnormal tissue permits.

If the target of sampling is fluid, the use of a 20- gauge
or larger needle can increase the likelihood that thick fluid
can be successfully aspirated. As an alternative to aspiration
with a needle, a biopsy needle introducer can be advanced
into a suspected fluid collection and used for aspiration. If
the operator is unable to aspirate fluid, a core biopsy needle
can be advanced through the introducer in order to take core
samples.

Number of core samples

As a result of the presence of critical structures around
the spine, percutaneous access to abnormal tissue in
DO is often limited to certain anatomic windows. This
impacts both the approach the operator must take as well
as the depth to which the needle can be advanced safely
to acquire tissue samples. If care is not taken, structures
distal to the tip of the needle, such as the great vessels,
bowel, pleura, mediastinum, esophagus, and airway could
be injured. As a result, there is often a limited number of
core samples that can be obtained without repositioning
the introducer needle, which would result in increased pro-
cedure time and further risk of injury to adjacent critical
structures. The assumption that a larger amount of tis-
sue acquired improves the microbiological yield is sup-
ported by the fact that open biopsies, where more tissue
is acquired and submitted for culture, have a higher yield
than percutaneous biopsies [54]. A study in which the
number of core samples from DO biopsies was recorded
showed no statistically significant difference in microbio-
logical yield when one core was acquired compared to
when two or more cores were acquired [46]. One study of
142 biopsies of bones not limited to the spine showed no
association between microbiological yield and the number
of core samples submitted [39]. A study of 203 bone biop-
sies of non-vertebral osteomyelitis also showed no impact
of the number of core samples on microbiological yield
[45]. None of these studies, however, specified the lengths

@ Springer



1820

Skeletal Radiology (2023) 52:1815-1823

Fig.4 Sagittal T1-weighted (a), STIR (b), and fat-suppressed post-
contrast (¢) MR images of the lumbar spine show low T1-signal
intensity, high STIR signal intensity, and non-enhancement of the
L5-S1 intervertebral disc with erosive/destructive changes of the
adjacent L5 and S1 vertebral endplates (vertical arrows), sugges-
tive of discitis-osteomyelitis. There are also anterior (horizontal
solid arrows) and posterior (horizontal dotted arrows) paraspinal
low T1 signal intensity, high STIR signal intensity, and peripherally

of the cores acquired, a parameter which presumably
reflects the total amount of tissue sampled. Furthermore,
these studies did not specify whether core samples were
taken from a single needle trajectory, or whether multiple
separate sites of abnormal tissue were targeted.

Given the sparse evidence on the optimal number of core
samples, operators should consider maximizing the number
of core samples that can be acquired safely following a single
placement of the introducer needle to provide the highest vol-
ume of tissue for culture. There is currently no evidence to sup-
port repositioning the introducer needle to acquire additional
samples, given the implications of this on lengthening the pro-
cedure and increasing the risk of injury to adjacent structures.

16S rRNA

Polymerase chain reaction (PCR) targeting of 16S ribosomal
RNA (rRNA) is a technique that has become increasingly
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enhancing collections suggestive of abscesses. d Axial fat-suppressed
post-contrast MR image through the L5-S1 disc shows peripherally
enhancing collections adjacent to the vertebral body (white *) and the
left L5-S1 facet joint (black *) suggestive of abscesses. e Prone axial
CT image at the level of the S1 superior endplate during CT-guided
biopsy shows the biopsy needle targeting the collection adjacent to
the left L5-S1 facet joint (arrow), which yielded 3 mL of purulent
material. Culture grew Mycobacterium tuberculosis

available and may be a valuable tool to supplement cul-
ture data. PCR is used to amplify and sequence the bacte-
rial rRNA gene, which is present in all bacteria and which
contains regions that are conserved across many species, to
determine the species of a bacterial pathogen [55]. This tool
may be of particular utility for pathogens that are difficult to
grow in laboratory culture media or that have been killed by
antecedent antimicrobial therapy [56-58].

To our knowledge, the utility of this technique in identify-
ing the causative pathogen in DO has not been thoroughly
evaluated. In a study of 104 biopsy or aspirate samples, 83
of which were orthopedic samples, authors reported a high
diagnostic sensitivity and specificity of PCR (88.5% and
83.5%, respectively) [59]. A study of samples in 71 patients
showed that PCR results changed management in 18 patients
(25%). A study of 132 clinical samples that included tissues
of all types showed that 16S PCR findings, when interpreted
in light of other culture information, resulted in treatment
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change in only 6 patients (4.5%) [56]. In a study including
391 musculoskeletal specimens of various types, the PCR
positivity rate in infected cases was 30%, and the PCR data
only led to a change of management in 6% [60]. The major-
ity of these samples were joint fluid or soft tissue; only 4%
of the specimens were of bone. More evidence is needed
to understand the value of routine 16S rRNA PCR in DO.

Conclusion

Percutaneous sampling of DO is often indicated in order
to obtain culture and sensitivity information to guide tar-
geted antimicrobial therapy. However, the microbiological
yield from percutaneous sampling is less than 50%. Per
ISDA guidelines, antimicrobial therapy should be held for
1-2 weeks prior to percutaneous sampling [31]. However,
given weak evidence supporting this recommendation, sam-
pling can still be considered if delaying biopsy until antimi-
crobial therapy has been withheld is not clinically advisable.
When performing percutaneous sampling, paraspinal fluid
collections should be targeted if present, as this may be asso-
ciated with higher microbiological yield. Other soft tissue
targets such as disc material or paravertebral phlegmon may
have higher microbiological yield than bone. Submitting tis-
sue samples for histopathological analysis can be helpful
if histopathological confirmation of infection is needed to
guide management, although histopathological definitions
of osteomyelitis result in substantial interobserver variabil-
ity amongst pathologists. Larger gauge needles (12- and
13-gauge) should be favored when technically feasible. More
work is needed to better understand how these and other
clinical and technical factors impact microbiological yield
from percutaneous sampling of DO.
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