J. Bone Joint Infect., 8, 1-9, 2023
https://doi.org/10.5194/jbji-8-1-2023

© Author(s) 2023. This work is distributed under
the Creative Commons Attribution 4.0 License.

Pyogenic spinal infections warrant a total spine MRI
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Abstract. Study design: retrospective case series. Objective: the presenting clinical symptoms of spinal infec-
tions are often nonspecific and a delay in diagnosis can lead to adverse patient outcomes. The morbidity and
mortality of patients with multifocal spinal infections is significantly higher compared to unifocal infections.
The purpose of the current study was to analyse the risk factors for multifocal spinal infections. Methods: we
conducted a retrospective review of all pyogenic non-tuberculous spinal infections treated surgically at a single
tertiary care medical center from 2006-2020. The medical records, imaging studies, and laboratory data of 43 pa-
tients during this time period were reviewed and analysed after receiving Institutional Review Board approval.
Univariate and multivariate analyses were performed to identify factors associated with a multifocal spinal in-
fection. Results: 15 patients (35 %) had multifocal infections. In univariate analysis, there was a significant asso-
ciation with chronic kidney disease (p = 0.040), gender (p = 0.003), a white blood cell count (p = 0.011), and
cervical (p < 0.001) or thoracic (p < 0.001) involvement. In multivariate analysis, both cervical and thoracic
involvement remained statistically significant (p = 0.001 and p < 0.001, respectively). Conclusions: patients
with infections in the thoracic or cervical region are more likely to have a multifocal infection. Multifocal pyo-
genic spinal infections remain a common entity and a total spine MRI should be performed to aid in prompt

diagnosis.

1 Introduction

Pyogenic spinal infections comprise a wide range of clini-
cal entities and include infections of the disc, vertebra, facet
joints, dura, spinal cord, and paravertebral soft tissues (Had-
jipavlou et al., 2000). The mechanism of infection is most
commonly by a hematogenous spread with inoculation of the
vertebral endplates (Lew and Waldvogel, 2004). The clinical
consequences can be devastating, and this condition can lead
to irreversible neurologic damage or even death (Doutchi et
al., 2015). While the presenting clinical symptoms of spinal
infection are often nonspecific and can be confused at times
with those of a degenerative condition, a prompt diagnosis of

all affected regions of the spine is critical to improving neu-
rological and functional outcomes (McHenry et al., 2002).
On initial presentation, patients with a pyogenic spinal in-
fection may present with an axial neck or back pain, radicu-
lopathy, myelopathy, or even paralysis (Lew and Waldvo-
gel, 2004). A multitude of patient-related risk factors have
been associated with spinal infections. Quite often the pa-
tients have a compromised immune system due to a va-
riety of causes. These include an advanced age, chronic
steroid usage, diabetes mellitus, human immunodeficiency
virus (HIV), an immunocompromised state, a presence of in-
travascular devices, orthopaedic hardware, intravenous drug
abuse, malignancy, malnutrition, recent spinal surgery, au-
toimmune condition, renal failure, and septicemia (Gasbar-
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rini et al., 2005; Reihsaus et al., 2000; Sampath and Rig-
amonti, 1999). Magnetic resonance imaging (MRI) is the
most reliable imaging modality for detecting spinal infec-
tions, with a sensitivity and specificity greater than 90 %
(Modic et al., 1985; Ledermann et al., 2003). The American
College of Radiology guidelines state that emergent MRI of
the spine is indicated in patients with new or worsening neu-
rologic deficits, and either signs or symptoms of a spine in-
fection (Lavi et al., 2018).

While the algorithm for diagnosing unifocal spinal in-
fections is relatively straightforward, there is no consensus
on the approach toward screening and excluding multifocal
spinal infections.

Multifocal spinal infections are defined as infections lo-
cated in greater than one region of the spine (Butler et
al., 2006; Korovessis et al., 2012; Chow et al., 1996;
Deshmukh, 2010). Those can be either contiguous or non-
contiguous and separated by one or more healthy segments.
The multifocal spine infections may be present at the same
time (synchronous) or present at different points in time
(metachronous).

The morbidity and mortality of patients with multifocal
spinal infections is significantly higher compared to unifocal
infections (Butler et al., 2006; Korovessis et al., 2012; Chow
et al., 1996; Deshmukh, 2010). Therefore, it is imperative to
promptly identify all involved regions of the spine so that
the appropriate treatment can be administered. Our previ-
ous single-institution retrospective study found an incidence
of 35 % for multifocal infections in the patients surgically
treated for non-tuberculous pyogenic spinal infections (Bal-
cescu et al., 2019). Other studies have reported incidences of
multifocal spinal infection ranging from 4 % to 30 % (Leder-
mann et al., 2003; Mann et al., 2004; Ziu et al., 2014; Cox et
al., 2018).

The screening practices for multifocal spinal infections
vary significantly across institutions and countries. In some
geographic regions, it is a routine practice to obtain a multi-
sequence sagittal MRI of the entire spine (Cox et al., 2018).
However, in other regions, only a limited part of the spine
is typically imaged during the examination. This limited
imaging may be attributed to the overly aggressive medico-
legal systems, increased economic cost, loss of potential re-
imbursement for the future spine examinations, and an in-
creased time in the scanner. Few studies have investigated
the specific predictors of multifocal spinal infections (Siam
etal., 2013; Abbara et al., 2016; Siam, 2016) when compared
to unifocal infections (Hadjipavlou et al., 2000; Butler et al.,
2006; Korovessis et al., 2012; Mann et al., 2004; Malawski
and Lukawski, 1991). Elucidation of these differences may
provide clarity and standardisation in the screening for mul-
tifocal infections. Our previous study had investigated those
differences and found that patients surgically treated for cer-
vical or thoracic spinal infections had a high rate of multifo-
cal spinal infections (71 % and 83 %, respectively) (Balcescu
et al., 2019). However, the power of our study was small due
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to the sole inclusion of patients who were operated on at a
single institution over the course of 6 years.

The purpose of the current study was to revisit the risk
factors for multifocal spinal infections while using a more
robust data set. Our results may promote a prompt diagnosis
of the occult multifocal spinal infections and improve patient
outcomes (Redekop and Maestro, 1992; Verner and Musher,
1985).

The vascular anatomy of each spinal region varies signifi-
cantly. The prevertebral pharyngeal venous plexus may per-
mit a bacterial spread between the head and neck and cervical
spine (Wiley and Trueta, 1959). The Batson’s paravertebral
venous plexus may allow for the bacterial spread between
pelvic organs and the lumbar spine (Batson, 1967). Based on
the vascular anatomic differences and the presumed differ-
ences in the ease of infectious spread, we have hypothesised
that the initial region of spinal involvement is a significant
predictor of multifocality.

2 Methods

We conducted a retrospective review of all pyogenic
non-tuberculous spinal infections treated surgically by
fellowship-trained spine surgeons at our institution from
1 April 2006 to 30 April 2020. Preliminary screening
was performed using International Classification of Disease
(ICD) 9 and 10 codes to search the electronic medical record
for all potential patients. Different types of pyogenic spinal
infections were considered, such as vertebral osteomyelitis,
discitis, epidural abscess, and septic facet arthritis. The diag-
nostic criteria included characteristic MRI findings (e.g. hy-
pointense signal on T1-weighted images, hyper-intense sig-
nal on T2-weighted images) and suggestive laboratory re-
sults (e.g. elevated white blood cell count (WBC), erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), and
lactate). The final diagnosis was based on clinical, radiolog-
ical, and serologic evidence. Exclusion criteria were adoles-
cents aged under 18 years and early postoperative infections
(within 6 months of a previous spine operation). The hu-
man subjects review committee at our institution provided
approval for this study.

Data were collected regarding demographics (age, sex,
race), patient characteristics (weight, height, body mass in-
dex), predisposing factors (past medical history, social his-
tory), preoperative laboratory data (WBC, ESR, CRP, lac-
tate), the indications for surgery, level of spinal involve-
ment, bacteriology results (blood cultures, spinal tissue cul-
tures), MRI/CT imaging, therapeutic management, and dura-
tion of hospitalisation. Immunocompromised status, defined
as a history of diabetes mellitus, theumatoid arthritis, can-
cer, or malnutrition, was also assessed. Recent infection was
defined as a history of infection within 3 months of presen-
tation of spinal infection. Albumin < 3.5 was used to define
a state of malnutrition. A fellowship-trained musculoskele-
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tal or neuroradiologist reviewed each of the imaging stud-
ies and determined the presence of prevertebral soft tissue
component involvement, epidural soft tissue component in-
volvement, and T1 abnormality. All patients included in the
study received the following seven MRI sequences: (1) sagit-
tal T1-weighted; (2) sagittal T2-weighted fast relaxation fast
spin echo (FRFSE); (3) sagittal short tau inversion recovery
(STIR); (4) axial T2-weighted FRFSE; (5) axial T1-weight;
(6) axial T1-weighted fast spin echo (FSE); and (7) sagittal
T1-weighted FSE.

Patients with pyogenic infections involving multiple re-
gions of the spinal column (e.g. cervical, thoracic, lumbar)
were allocated to the “multifocal infection” group, including
infections that were contiguous across regions (e.g. an epidu-
ral abscess spanning across the thoracolumbar junction). Pa-
tients in the “unifocal infection” group had infections involv-
ing one spinal region only, although multiple anatomical ar-
eas may have been involved (e.g. noncontiguous L.2-3 epidu-
ral abscess plus L4-5 discitis).

Statistical analysis

Descriptive statistics, including the mean, variance, and stan-
dard deviation, were calculated for continuous variables. Cat-
egorical variables were summarised with frequencies and
proportions. Logistic regression and ¢-tests were performed
using JMP ver. 11.0.0 (SAS Institute Inc., Cary, NC, USA).
Regression coefficients were obtained for each independent
variable when all other variables were held constant. Chi-
square tests and ¢-tests with Tukey—Kramer correction were
used to identify statistically significant differences between
the multifocal and unifocal spinal infection groups. Variables
trending toward significance or that were significantly associ-
ated with multifocal infection were identified in a univariate
logistic regression analysis and alpha equal to 0.10. These
variables were then entered into a multivariate logistic model
to identify individual risk factors. An alpha equal to 0.05 was
used as the significance level when evaluating multivariate
significance tests.

3 Results

In total, 43 patients were identified and included in this study,
of which, 15 (34.9 %) were diagnosed with multifocal infec-
tion and 28 (65.1 %) were diagnosed with unifocal infection.
The average age of the total cohort was 62.1 £ 12.9 years
and was composed of 34 (79.0 %) male patients. There were
no statistically significant differences in mean age, weight,
height, body mass index, ESR, CRP, or lactate between the
unifocal and multifocal infection groups (p > 0.05 for all
comparisons), as displayed in Table 1. All 43 patients un-
derwent bacteriology studies consisting of blood culture or
tissue culture. In total, 35 (81.4 %) patients were positive for
bacterial growth on culture, with Staphylococcus aureus be-
ing the most commonly identified pathogen. A summary of
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all pathogens identified in the unifocal and multifocal cohorts
is depicted in Table 2.

3.1  Comorbidities

There were no statistically significant differences in im-
munocompromised state, antibiotic use, history of spine
surgery, smoking, intravenous drug use, malnourished state,
diabetes, alcohol use, hepatitis C infection, HIV, hyperc-
holesterolemia, or coronary artery disease between the uni-
focal and multifocal infection groups (p > 0.05 for all com-
parisons). Categorical variables are displayed in Table 3.

3.2 Imaging

Rates of abnormal epidural findings on MRI, abnormal pre-
vertebral findings, and abnormal T1 findings were also not
significantly different between the two groups (p > 0.05 for
all comparisons).

3.3 Univariate analysis

Several outcome measures were significantly associated with
multifocal infection on univariate analysis. There was an as-
sociation with gender (p = 0.011); unifocal infections were
recorded for all nine of our female patients. White blood
cell count was associated (p = 0.011) with multifocal in-
fections. Unifocal infection patients had an average leuko-
cyte count of 10.9 +4.2k uL~" compared to multifocal with
15.0+4.4kuL~!. Chronic kidney disease was associated
with multifocal infection (p =0.040). Two patients with
chronic kidney disease presented with a unifocal infection
and five patients presented with multifocal infection. The
presence of a multifocal infection was significantly associ-
ated with both cervical (p < 0.001) and thoracic (p < 0.001)
involvement. The presence of a lumbar infection was not sig-
nificantly associated (p = 0.903) with multifocal infection.
Among the patients in our study, 35 % had cervical infec-
tions, 30 % had thoracic infections, and 85 % had lumbar in-
fections, as displayed in Table 4.

3.4 Multivariate analysis

Cervical and thoracic involvement remained statistically sig-
nificant in a multivariate analysis (p = 0.001 and p < 0.001,
respectively). No statistically significant association was ob-
served with either gender or white blood cell count (p =
0.080 and p = 0.999, respectively) in our multivariate anal-
ysis.

3.5 lllustrative case

A 67-year-old Asian homeless woman with a history of delu-
sional psychosis was admitted to the hospital with urosepsis
secondary to E. coli urinary tract infection (UTI), bacteremia,
and sternoclavicular osteomyelitis. She underwent a 6-week
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Table 1. Summary data and comparisons of continuous variables collected during the study. Significance between unifocal and multifocal

infection subjects are indicated with an asterisk (*).

Multifocal ‘ Unifocal
Risk factor Mean SD ‘ Mean SD  p-value
Age (yr) 664 11.0 59.9 13.7 0.125
Weight (kg) 829 189 812 26.6 0.822
Height (cm) 176.8 56 | 1732 147 0.341
Body mass index (kg m~2) 26.5 6.0 26.9 7.9 0.838
White blood cell (kuL™1) 150 45 11.0 42 0011*
Erythrocyte sedimentation rate (mm h—1) 92,6 372 83.5 34.6 0.546
C-reactive protein (mg L1 6.6 7.0 8.6 9.8 0.589
Lactic acid (mMol L~1) 2.5 1.7 3.9 7.7 0.591

Table 2. Bacteriology results for the multifocal and unifocal infec-
tion groups are depicted.

Multifocal |  Unifocal
Pathogen n % | n %
Staphylococcus aureus 5 333% | 14 50.0%
Methicillin-resistant 2 133% 7 25.0%
Methicillin-sensitive 3 200% 7 250%
Enterococcus sp. 2 133% 0 0.0%
Streptococcus pyogenes 1 6.7 % 0 0.0 %
Escherichia coli 1 6.7 % 2 7.1%
Coagulase negative Staphylococci 2 133 % 0 0.0%
Propionibacterium acnes 1 6.7 % 0 00%
Streptococcus pneumoniae 0 0.0 % 1 3.6%
Streptococcus viridans 0 0.0% 2 7.1 %
Staphylococcus epidermidis 0 0.0 % 1 3.6 %
Polymicrobial 1 6.7 % 2 7.1%
No growth 2 133% 6 214%

course of intravenous antibiotics; however, her inflammatory
markers remained persistently elevated. She had developed
severe neck and lower back pain, which warranted a full
spine MRI. Although she had antigravity strength in all four
extremities, the degree of any neurologic deficits was diffi-
cult to assess due to her underlying psychiatric illness. Cer-
vical spine MRI demonstrated spondylodiscitis at C6—7 with
a prevertebral collection as well as a retrovertebral epidu-
ral abscess severely compressing the spinal cord (Fig. 1).
There was no evidence of myelomalacia. Bone edema in both
C6 and C7 vertebrae involved the entire motion segment.
The combination of spondylodiscitis and epidural abscess re-
sulted in a severe central canal stenosis and spinal cord com-
pression. The lumbar spine MRI demonstrated L2-3 spondy-
lodiscitis resulting in moderate-to-severe central canal steno-
sis with perivertebral extension. There also did appear to be
infectious myositis of both the erector spinae musculature as
well as bilateral iliopsoas. There was a right-sided iliopsoas
abscess at the level of the L2-3 disc. There was also a severe
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Figure 1. Sagittal T2-weighted MRI of the cervical spine spondy-
lodiscitis at C6—C7 with retrovertebral epidural abscess. Bone
edema at C6-7 is involving the entire motion segment.

bone destruction involving the inferior part of L2 vertebra
(Figs. 2, 3).

She underwent a staged debridement and spondylectomy
of the infected levels followed by reconstruction of the cor-
pectomy defects were reconstructed with expandable cages.
The stability was restored by a long fusion construct using
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Table 3. Summary data and comparisons of categorical variables collected during the study. Significance between unifocal and multifocal

infection subjects are indicated with an asterisk (*).

Multifocal ‘ Unifocal

Risk factor n % ‘ n %  p-value
Number of cases 15 349 | 28 65.1 -
Gender 0.003*
Male 15 1000% | 19 679%

Female 0 0.0 % 9 321%

Immune-compromised 7  467% | 14 50.0% 0.835
Recent Infection 10 66.7% | 16 57.1% 0.743
History of spine surgery 3 20.0 % 4 143% 0.706
Smoking 7 467% | 16 571% 0.513
Any drug use 7 46.7% | 12 429% 0.811
Intravenous drug use 5 333% | 11 393% 0.701
Malnourished 1 6.7 % 3 10.7% 0.354
Diabetes 1 6.7 % 1 3.6% 0.424
Alcohol use 6 40.0% 8 28.6% 0.448
Chronic kidney disease 5 333 % 2 71%  0.040*
Hepatitis C infection 3 20.0% 9 321% 0.364
Human immunodeficiency virus 3 20.0 % 2 7.1% 0.244
Hypercholesterolemia 5 333 % 6 214% 0.289
Coronary artery disease 0 0.0 % 1 3.6% 0.789
Abnormal epidural findings 12 80.0% | 24 85.7% 0.262
Abnormal prevertebral findings 8 533% | 19 679% 0.204
Abnormal T1 findings 11 733% | 23 82.1% 0.226

Table 4. Summary of unifocal and multifocal infections by region. Statistical significance of 486 differences between unifocal and multifocal

groups are shown and indicated with an asterisk (*).

Region Infections  Unifocal Infections ~ Multifocal Infections p value
Cervical 16 (43 %) 4 (25 %) 12(75%) <0.001*
Thoracic 15 (38 %) 3 (20 %) 12(80%) < 0.001*
Lumbar 33 (79 %) 18 (54 %) 15 (46 %) 0.903

pedicle screws and rods in the lumbar spine as well as lateral
mass screws and pedicle screws with rods across the cervi-
cothoracic junction (Figs. 4, 5).

She also underwent a second 6-week course of IV antibi-
otics. Following the surgery, the patient had a gradual res-
olution of her pain, regained the ability to walk, and had a
normalisation of the inflammatory markers. This was despite
of extensive use of hardware in the midst of spine infection.

4 Discussion

The current study has reconfirmed that patients presenting
with either the thoracic or cervical spinal infections are
highly likely to have a multifocal infection. There were no
statistically significant differences between the unifocal and
multifocal groups other than an increased risk of multifocal-
ity when the cervical and/or thoracic regions were involved.
The percentage of multifocal infections was consistent with
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our previous study (35 %) and was slightly higher than the
range reported in the literature.

While the diagnosis of spinal infections may be difficult,
the consequences of a delayed diagnosis and untreated infec-
tions are severe. Recent published studies have shown a diag-
nosis of a spinal epidural abscess to be associated with mor-
tality rates as high as 37.5 % following surgical treatment,
and permanent neurologic deficits as high as 30 %-50 % (Du
et al., 2019). The morbidity also differs depending on the
spinal region involved. Hadjipavlou et al. (2000) found that
epidural abscesses in the cervical and thoracic spine have a
significantly higher risk of a severe neurological deficit com-
pared to the lumbar spine (Hadjipavlou et al., 2000). This
phenomenon might be explained by the less tolerance of the
spinal cord to compression as opposed to the cauda equina.
Another possible explanation is the potential for a thrombosis
of the anterior spinal artery with the abscesses at the spinal
cord level (Richardson and Wattenbarger, 2021; van de War-
renburg et al., 2004).

J. Bone Joint Infect., 8, 1-9, 2023




6 C. Balcescu et al.: Pyogenic spinal infections warrant a total spine MRI

Figure 2. Sagittal T2-weighted MRI of the lumbar spine demon-
strating L2-3 spondylodiscitis with moderate to severe spinal canal
stenosis. Severe bone destruction was noted at L2.

Therefore, we believe that obtaining an MR imaging of
the entire spine as a screening tool in patients with a sus-
pected spinal infection increases the yield of discovery of
additional sites of infection. This may change the course of
management from a medical to a surgical treatment strategy
and result in the significantly decreased morbidity and mor-
tality. This change in the treatment strategy with multifocal
involvement is not dissimilar to polytrauma patients, when
an otherwise non-operative spine fracture may become op-
erative in the setting of accompanying extremity fractures
(McLain and Benson, 1999).

In a similar previous study, Cox et al. (2018) found that
upon a sagittal MR imaging of the entire spine in pa-
tients with a known unifocal non-tuberculous spondylodisci-
tis, 23 % of patients had additional sites of spinal infection
at distant sites and 58 % of these patients underwent sur-
gical management. Their protocol for patients with a clin-
ical single-level spondylodiscitis includes a multi-sequence
sagittal MRI of the entire spine (Cox et al., 2018). Our study
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Figure 3. Coronal T2-weighted MRI of the lumbar spine demon-
strating L2-3 spondylodiscitis 429 with infectious myositis of the
bilateral erector spinae musculature and iliopsoas musculature. A
right iliopsoas abscess was also noted.

adds additional data to support this intuitive recommenda-
tion.

While pan-spine sagittal images are a routine practice in
some countries, it is not uncommon for institutions in the
United States to limit the imaging to a single region of the
spine during the examination. This may partly be explained
by prior studies with conflicting results compared to ours. In
a retrospective study of 91 patients with tuberculous (TBS)
and pyogenic spondylodiscitis (PS), Abbara et al. (2016) re-
ported that 33 % of TBS cases were multifocal, whereas in
the PS group they were all unifocal. The study concluded that
the MR imaging of the entire spine is only necessary in TBS
cases and not recommended for PS cases. Limited imaging
practices may also be attributed to the drive to decrease insti-
tutional costs as well as the time in the scanner and trying to
prevent malpractice suits against radiologists who are liable
for a significant pathology that is missed in the incompletely
visualised regions of the spine.
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Figure 4. Postoperative lateral cervical spine X-ray depicting
staged reconstruction following debridement and spondylectomy.
Corpectomy defects were reconstructed with expandable cages. Sta-
bility was restored with lateral mass screws and pedicle screws
across the cervicothoracic junction.

Certain characteristics on MR imaging may also predict
the risk of multifocal spinal infections. The presence of
osteomyelitis and paravertebral abscesses on imaging have
been thought to be associated with both increased infection
severity and multifocality. However, our study found no sig-
nificant differences in the MRI characteristics between the
unifocal and multifocal cohorts. In our study, the MR imag-
ing suggested that the majority of multifocal spinal infection
had a thoracic or cervical component. This is similar to a pre-
vious study by Abdelrahman et al. (2013) looking at 1138
consecutive cases of spondylitis and spondylodiscitis over
16 years. They reported that 6.8 % of these cases showed ad-
ditional non-contiguous sites of spinal infection and that the

https://doi.org/10.5194/jbji-8-1-2023

Figure 5. Postoperative lateral lumbar spine X-ray depicting the
staged reconstruction following debridement and spondylectomy.
Corpectomy defects were reconstructed with a large expandable
cage. Stability was restored with pedicle screws and rods across the
lumbar spine.

most common patterns of involvement were thoracic to lum-
bar (43 %), lumbar to lumbar (16 %), and cervical to lumbar
(14 %).

This study adds valuable data to the existing spine infec-
tion literature as it demonstrates the highest incidence of

J. Bone Joint Infect., 8, 1-9, 2023
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multifocal spinal infections reported thus far. This may be
attributed to the challenging patient population that our ur-
ban tertiary referral center treats, which frequently includes
drug users and homeless patients. This may limit the gen-
eralisability of our results. Patients within our study were
also subjected to a relatively uniform evaluation, diagnosis,
and treatment, since this was a single-institution study. Addi-
tionally, this is the first study to evaluate several risk factors
unique to multifocal spinal infections when compared to uni-
focal spinal infections, including patient characteristics, type
of infection, levels of involvement, laboratory results, bacte-
rial cultures, and MRI features.

Limitations of this study include its retrospective nature
and a relatively small cohort size. The present study follows
our previous study which had a smaller cohort size of 20. We
hoped to address the concerns of a small power in our pre-
vious study by doubling the cohort size to detect the more
subtle differences. We also have excluded the patients with
a spinal infection who were treated nonoperatively. The in-
dications for conservative management included an absence
of a neurological deficit, an absence of spinal instability, and
an absence of intractable pain. Those patients were usually
treated with antibiotic therapy, immobilisation (bed rest or
bracing), and/or a CT-guided percutaneous drainage. Lastly,
we have excluded the patients with a granulomatous spinal
infection due to either Mycobacterium tuberculosis, Bru-
cella, or fungal species, as the multifocal presentation asso-
ciated with those organisms is well documented.

5 Conclusions

Our study reaffirms our previous conclusion that multifocal
spine infections are a common entity especially in patients
who present with cervical or thoracic spine involvement. For
patients that require operative intervention for a pyogenic
spinal infection, a pan-spine MRI is warranted to evaluate
for the presence of a multifocal infection.
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