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Objective: Pyogenic spinal infections account for 2%–4% of orthopaedic infections. They 
are often difficult to diagnose, resulting in a delay in diagnosis. Risk factors for orthopaedic 
and spinal infection are well-documented in the literature, yet there is a paucity of studies 
examining risk factors specifically for multifocal spinal infections. The objective of this 
study was to identify predictors of multifocal spinal infections in comparison to unifocal 
spinal infections.
Methods: The medical records, imaging studies, and bacteriology data of 20 patients treat-
ed surgically for pyogenic spinal infection over 6 years at a tertiary referral center were re-
viewed and analyzed after receiving Institutional Review Board approval. Univariate and 
multivariate analyses were performed to identify factors associated with a multifocal spinal 
infection.
Results: Seven patients (35%) had multifocal infections. Three were bifocal, and 4 were tri-
focal. Patients with surgically treated cervical or thoracic spinal infections had a high rate of 
concomitant multifocal spinal infections (71% and 83%, respectively). Other potential pre-
dictors (e.g. , patient age, body mass index, magnetic resonance image findings, etc.) did 
not reach statistical significance. Each of the multifocal infections involved the lumbar spine.
Conclusion: In this study, the spinal region was the only statistically significant risk factor 
for multifocal infection. Patients who are diagnosed with a spinal infection that requires 
operative treatment should have their entire spine evaluated with magnetic resonance imag-
ing to detect multifocal involvement promptly.
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INTRODUCTION

Pyogenic spinal infections account for 2%–4% of all bony in-
fections and are a significant cause of orthopaedic morbidity.1-3 
They can be difficult to diagnose and may mimic or be masked 
by other problems.4,5 Delay in treatment or untreated disease 
can lead to paraparesis or even death.4-7 The clinical picture can 
be further complicated by the presence of a multifocal infec-
tion, defined as an infection located in more than one region of 
the spine (i.e., cervical, thoracic, and lumbar).4,7-9 Patients with 

multifocal spinal infections are at an increased risk of morbidity 
and mortality compared to unifocal infections, due to the great-
er extent of tissue involved. Therefore, it is important to prompt-
ly diagnose all affected regions of the spine so that proper treat-
ment can be administered.

Pyogenic spinal infections may affect the disc, vertebra, facet 
joint, and dura.6 The most frequent location of spondylodiscitis 
is the lumbar spine, followed by the thoracic and cervical spine.7 
The most frequent location of the epidural abscess is the cervi-
cal spine, followed by the thoracic and lumbar spine.6 Numer-
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ous patient-related factors have been shown to increase the risk 
of spinal infection including an immunocompromised state, 
advanced age, chronic steroid usage, diabetes mellitus, human 
immunodeficiency virus (HIV), intravascular devices, intrave-
nous drug abuse, malignancy, malnutrition, recent spinal sur-
gery, renal failure, and septicemia.10-12 While conservative treat-
ment with parenteral antibiotics may be sufficient, surgical in-
tervention becomes necessary when the infection is complicat-
ed by abscess formation, neurologic impairment, segmental in-
stability, severe pain, and/or an absence of clinical response.7 
Magnetic resonance imaging (MRI) has the highest sensitivity 
and specificity for detecting spinal infections in comparison to 
plain radiographs, bone scans, and computed tomography (CT) 
imaging.4,13 MRI is often the most reliable method of assessing 
the presence or absence of a spinal infection.14 According to the 
American College of Radiology guidelines, emergent MRI of 
the spine is indicated in patients with new or worsening back 
pain, neurologic deficits, and signs or symptoms of spine infec-
tion.15 

To date, relatively few studies have investigated the predictors 
of multifocal spinal infection. Previous studies have cited risk 
factors for spinal infection4-7,16 and multifocal infections,17-19 but 
none have identified specific risk factors for multifocal versus 
unifocal infections. The purpose of this study is to describe sig-
nificant risk factors for multifocal spinal infection. Our results 
may promote timely recognition and diagnosis of multifocal 
involvement, which is correlated with improved patient out-
comes.20,21 A similar approach has been applied to noncontigu-
ous fractures in the setting of spine trauma.22 In the lumbar spine, 
the Batson’s paravertebral venous plexus may act as a potential 
route of infection, particularly in cases of sepsis originating from 
the pelvic organs.23 The prevertebral pharyngeal venous plexus 
may allow bacteria to spread from the head and neck region to 
the cervical spine.24 These differences in vascular anatomy led 
us to hypothesize that the initial level of involvement in the spine 
(either cervical, thoracic, or lumbar) is a significant predictor of 
multifocality.

MATERIALS AND METHODS

1. Study Population
We conducted a retrospective review of all pyogenic non-tu-

berculous spinal infections treated surgically by 1 of the 3 fel-
lowship-trained spine surgeons at St. Mary’s Medical Center 
from April 1, 2006 to March 31, 2012. Preliminary screening 
was performed using ICD-9 codes to search the electronic med-

ical record for all potential patients. Different types of pyogenic 
spinal infections were considered, such as vertebral osteomyeli-
tis, discitis, epidural abscess, and septic facet arthritis. The diag-
nostic criteria included characteristic MRI findings (e.g., hypo-
intense signal on T1-weighted images, hyper-intense signal on 
T2-weighted images) and suggestive laboratory results (e.g., el-
evated white blood cell count [WBC], erythrocyte sedimenta-
tion rate [ESR], C-reactive protein [CRP], and lactate). The fi-
nal diagnosis was based on clinical, radiological, and serologic 
evidence. Exclusion criteria were adolescents aged under 18 years 
and early postoperative infections (within 6 months of a previ-
ous spine operation). The human subjects review committee at 
St. Mary’s Medical Center provided approval for this study.

Data were collected regarding demographics (age, sex, race), 
patient characteristics (weight, height, body mass index), pre-
disposing factors (past medical history, social history), preop-
erative laboratory data (WBC, ESR, CRP, lactate), the indica-
tions for surgery, level of spinal involvement, bacteriology re-
sults (blood cultures, spinal tissue cultures), MRI/CT imaging, 
therapeutic management, and duration of hospitalization. Al-
bumin < 3.5 was used to define a state of malnutrition. A fel-
lowship-trained musculoskeletal or neuro-radiologist reviewed 
each of the imaging studies and determined the presence of 
prevertebral soft tissue component involvement, epidural soft 
tissue component involvement, and T1 abnormality.

Patients with pyogenic infections involving multiple regions 
of the spinal column (e.g., cervical, thoracic, lumbar) were allo-
cated to the “multifocal infection” group, including infections 
that were contiguous across regions (e.g., an epidural abscess 
spanning across the thoracolumbar junction). Patients in the 
“unifocal infection” group had infections involving one spinal 
region only, although multiple anatomical areas may have been 
involved (e.g., noncontiguous L2–3 epidural abscess plus L4–5 
discitis).

2. Statistical Analysis
Descriptive statistics, including the mean, variance, and stan-

dard deviation were calculated for continuous variables. Cate-
gorical variables were summarized with frequencies and pro-
portions. Logistical regression and t-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 t-
tests with Tukey-Kramer correction were used to identify sta-
tistically significant differences between the multifocal and uni-
focal spinal infection groups. First, variables trending toward 
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significance or that were significantly associated with multifocal 
infection were identified in a univariate logistical regression anal-
ysis (p< 0.10). These variables were then entered into a multi-
variate logistical model to identify individual risk factors. A p-
value of 0.05 was used as the significance level when evaluating 
multivariate significance tests.

RESULTS

Twenty subjects meeting the selection criteria were treated 
surgically for spinal infection by 1 of 3 fellowship-trained or-
thopaedic spine surgeons during the 6-year study period. The 
majority of patients were male (n= 18, 90%), and 35% of our 
population had multifocal infections. Of the 7 subjects with 
multifocal infections, 3 were bifocal, and 4 were trifocal. Sum-
mary data of categorical and continuous variables are displayed 
in Tables 1 and 2, respectively.

All patients were started on empiric parenteral antibiotic ther-

apy at the time of admission to the hospital, and therapy was 
modified according to culture results and sensitivities. Infec-
tious disease consultation was obtained for all patients. Length 
of hospitalization ranged from 8–92 days. The most common 
surgical procedures performed were incision & drainage of ab-
scess with decompression (n= 6), incision & drainage of abscess, 
decompression, interbody fusion with instrumentation (n= 3), 
incision & drainage of abscess, decompression, and fusion with 
bone graft and instrumentation (n= 3). The most common sur-
gical procedures used to treat multifocal infections were inci-
sion & drainage of abscess, decompression, interbody fusion 
with instrumentation (n = 3), and incision & drainage of ab-
scess with decompression (n= 2).

There were no statistically significant differences in mean age, 
weight, height, body mass index, WBC, ESR, CRP, or lactate 
between the unifocal and multifocal infection groups (p> 0.05 
for all comparisons). We also did not observe a statistically sig-
nificant association between any of these continuous variables 
and multifocal infection on univariate analysis (p> 0.05). Com-
parison of categorical data elements between unifocal and mul-
tifocal infection patients also revealed very few differences be-
tween the 2 populations. There were no statistically significant 
differences in sex, immunocompromised state, antibiotic use, 
history of spine surgery, smoking, intravenous drug use, mal-
nourished state, diabetes, alcohol use, hepatitis C infection, HIV, 
hypercholesterolemia, or coronary artery disease between the 
unifocal and multifocal infection groups (p> 0.05 for all com-
parisons). Rates of abnormal epidural findings on MRI, abnor-
mal prevertebral findings, and abnormal T1 findings were also 
not significantly different between the 2 groups (p> 0.05 for all 
comparisons). Among the 20 patients in our study, 35% had 
cervical infections, 30% had thoracic infections, and 85% had 

Table 1. Summary data of categorical variables collected dur-
ing the study

Variable No. (%)

Spinal infection

   Unifocal 13 (65)

   Multifocal 7 (35)

Sex

   Male 18 (90)

   Female 2 (10)

Immune-compromised 15 (75)

Antibiotics use 17 (85)

Recent infection 11 (55)

History of spine surgery 2 (10)

Smoking 12 (60)

Intravenous drug use 6 (30)

Malnourished 16 (80)

Diabetes 9 (45)

Alcohol use 9 (45)

Chronic kidney disease 4 (20)

Hepatitis C infection 7 (35)

Human immunodeficiency virus 3 (15)

Hypercholesterolemia 7 (35)

Coronary artery disease 7 (35)

Abnormal epidural findings 16 (80)

Abnormal prevertebral findings 10 (50)

Abnormal T1 findings 16 (80)

Table 2. Summary data of continuous variables collected dur-
ing the study

Variable Mean ± SD

Age (yr) 61.0 ± 11.2

Weight (kg) 85.7 ± 26.9

Height (cm) 177.6 ± 7.5

Body mass index (kg/m2) 27.1 ± 7.6

White blood cell (k/μL) 11.7 ± 4.3

Erythrocyte sedimentation rate (mm/hr) 85 ± 35.5

C-reactive protein (mg/L) 6.7 ± 9.6

Lactic acid (mMol/L) 1.6 ± 0.4

SD, standard deviation.
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lumbar infections (Table 3). The presence of cervical and tho-
racic infections was significantly associated with multifocal in-
fection on univariate analysis, as shown in Table 3 (p = 0.022 
and p= 0.007, respectively). Cervical and thoracic involvement 
remained statistically significant in multivariate analysis (p=0.006 
and p= 0.001, respectively). No statistically significant difference 
was observed with lumbar involvement (p= 0.52). Detailed clin-
ical characteristics of patients with multifocal spine infections 
are shown in Fig. 1.

Bacteriology results were determined from blood cultures (17 
of 20) and spinal tissue cultures (20 of 20). Bacteriological stud-
ies were positive for growth in 16 of 20 cases. Staphylococcus 
aureus was the most prevalent organism (9 isolates), of which 5 
were methicillin-resistant Staphylococcus aureus (MRSA) and 4 
were methicillin-sensitive Staphylococcus aureus (MSSA). The 
other organisms isolated were group A Streptococcus (n = 1), 
Streptococcus viridans (n= 1), Enterococcus (n= 1), Escherichia 
coli (n= 1), Streptococcus pneumoniae (n= 1), and polymicrobi-
al (n= 2). Of the 7 multifocal infections, culture results included 

MRSA (n= 1), MSSA (n= 1), group A Streptococcus (n= 1), En-
terococcus (n= 1), polymicrobial (n= 1), and 2 were negative for 
growth (Table 4). There were no statistically significant differ-
ences in bacteriology between patients with unifocal versus mul-
tifocal infection.

1. Illustrative Case
An 80-year-old male with a history of smoking and intrave-

Table 3. Summary of unifocal and multifocal infections by re-
gion

Region Infections Unifocal  
infections

Multifocal 
infections p-value

Cervical 7 (35) 2 (29) 5 (71) 0.022

Thoracic 6 (30) 1 (17) 5 (83) 0.007

Lumbar 17 (85) 10 (59) 7 (41) 0.521

Values are presented as number (%).
Fig. 2. T2-weighted sagittal magnetic resonance image show-
ing discontinuity of the thoracic and lumbar epidural abscesses.
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Fig. 4. T2-weighted sagittal magnetic resonance image of the 
thoracic spine in the same patient, demonstrating massive 
ventral and dorsal epidural abscesses as well as early spondyl-
odiscitis in the mid-to-lower thoracic spine. This results in 
severe canal stenosis and spinal cord compression.

Fig. 3. T2-weighted sagittal magnetic resonance image dem-
onstrating extensive ventral epidural collection from C2 to 
T5, resulting in severe canal stenosis and spinal cord com-
pression. Note the discontinuous dorsal epidural abscess in 
the upper thoracic spine as well.
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Fig. 1. T2-weighted sagittal magnetic resonance image showing discontinuity of the thoracic and 

lumbar epidural abscesses. 

 

 

Table 4. Detailed clinical characteristics of patients with pyogenic multifocal spine infections

Patient  
   No.

Age 
(yr) Sex History of recent 

infection Spinal infection details Notable risk factors Culture profile

1 55 M No C3–4 osteomyelitis, diskitis, epidural abscess; 
T6–8 osteomyelitis, epidural abscess; L2–S1  

osteomyelitis

Smoker, malnourished,  
immunocompromised

MRSA 

2 80 M MRSA bacteremia Pan-spinal epidural abscess; C6–7 diskitis;  
T8–9 diskitis; L1–4 osteomyelitis, diskitis

Smoker, malnourished,  
diabetes, immunocompro-

mised

MSSA 

3 53 M Right shoulder  
cellulitis and septic 

arthritis

C6-C7 epidural abscess; T3–T0 epidural  
abscess, T6–7 osteomyelitis; L3–5 epidural  

abscess, L2–5 osteomyelitis, diskitis

Smoker, drug use,  
malnourished

Group A Streptococ-
cus

4 60 M No Cervical epidural abscess; L3–4 paraspinal  
abscess, L2–3 diskitis, L4–5 septic facet joint

IV drug use, malnourished, 
immunocompromised

Polymicrobial;  
Morganella morganii, 
Enterococcus faecalis

5 79 M No T10–11 diskitis; L4–5 epidural abscess, L4–5 
osteomyelitis and diskitis; T4–5 osteomyelitis, 

diskitis

Smoker, malnourished,  
diabetes, immunocompro-

mised

Enterococcus faecalis

6 68 M No T11-L1 epidural abscess, osteomyelitis, diskitis Alcohol use Culture negative

7 60 M No C6–T1 osteomyelitis, diskitis; L2–3 epidural  
abscess, L4–5 osteomyelitis, diskitis

Immunocompromised Culture negative

MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus.

nous drug use presented to our Emergency Department (ED) 
with shoulder pain and weakness 10 days after a shoulder biop-
sy (patient #3 in Table 4). In the ED, the patient was tachycardic 

and afebrile. Laboratory testing revealed a WBC count of 17.8 
K/μL. The patient was admitted to our hospital, but failed to 
improve despite treatment for suspected septic shoulder arthri-
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tis. He developed urinary retention, which prompted an MRI 
of the spine on hospital day 4. Imaging revealed extensive ab-
scesses in the cervical, thoracic, and lumbar regions (Fig. 1-4, 
Table 4). He received urgent multistage surgical treatment. Af-
ter a prolonged hospitalization of 75 days, he was medically sta-
bilized for discharge to a skilled nursing facility, but remained 
quite disabled with significant weakness in all 4 extremities. This 
case demonstrates the difficulty in diagnosing and treating mul-
tifocal spinal infections, especially when the initial presentation 
is atypical.

DISCUSSION

In this study, patients with cervical or thoracic spinal infec-
tions were at a significantly increased risk of having a multifo-
cal spine infection (71% and 83%, respectively). While 100% of 
the patients with multifocal infections had lumbar involvement, 
59% of the lumbar spinal infections were unifocal. Although 
there are relatively few studies on multifocal spinal infection,17-19 
previous authors have suggested that multifocal spinal infections 
are likely underreported and increasing in frequency.12

In our study, the clinical characteristics of the multifocal and 
unifocal infection groups were not significantly different except 
for cervical and thoracic involvement (spinal region). Since the 
rate of multifocality is high in our study (35%), we recommend 
an MRI of the entire spine when surgical treatment of spinal 
infection is indicated. Complete spine imaging ensures that oth-
er sites of infection are not missed, especially since presenting 
signs and symptoms may not always lead to a clear diagnosis. 
Physical examination findings of multifocal spinal infection may 
primarily localize to the region where it is most severe. There-
fore, concomitant infections at other regions of the spine (e.g., 
cervical, thoracic, or lumbar) can be frequently missed. Signs 
and symptoms of spine infection can also be vague and non-
specific. Back or neck pain may be absent in up to 15% of spine 
infection cases.25 Delayed diagnosis of spinal infections can have 
devastating consequences.4,10 Previous studies suggest that pa-
tients with spondylodiscitis have substantially increased mor-
tality and high rates of concurrent meningitis, endocarditis, or 
sepsis.26 Reported rates of mortality in patients with epidural 
abscess ranges from 10% to 20%, and the incidence of perma-
nent neurologic deficit may be as high as 30%–50%.27 Accord-
ing to Hadjipavlou et al.28, the risk of severe neurological deficit 
(e.g., paraplegia) resulting from an epidural abscess is consider-
ably higher in the thoracic spine and cervical spine, compared 
to the lumbar spine.6 As a screening tool, we recommend ob-

taining sagittal T1- and T2-weighted sequences of the entire 
spine and axial images as needed. In some countries, it is rou-
tine practice to obtain pan-spine sagittal images (most often 
T2-weighted). In other countries with aggressive medico-legal 
systems (such as the United States), only a limited part of the 
spine is typically imaged during a given examination. Anecdot-
ally, this is felt to protect radiologists legally, in cases where sig-
nificant pathology is missed in incompletely visualized regions 
of the spine.

Imaging features suggestive of increased infection severity 
may also predict multifocality in spinal discitis/osteomyelitis. A 
decreased T1 signal intensity of the endplates strongly suggests 
the inoculation of the bone and is a more sensitive predictor of 
osteomyelitis than fluid-sensitive sequences alone.15 The pres-
ence of a paravertebral abscess has also been used as a predictor 
of infection severity and hematogenous spread to other regions 
of the spine. However, there were no statistically significant dif-
ferences between multifocal and unifocal spinal infections in 
terms of these MRI characteristics. A larger sample size may be 
sufficiently powered to detect differences in these imaging find-
ings between unifocal and multifocal infections.

A strength of this study is the relatively high percentage of 
multifocal spinal infections in our cohort (35%). Prior studies 
have reported much lower rates of noncontiguous spine infec-
tion.29 The cohort was derived from a single hospital and treat-
ed by providers within the same spine group; therefore, the eval-
uation, diagnosis, and treatment of these spinal infections were 
relatively uniform. Finally, our study investigated many differ-
ent variables—patient factors, spinal diagnoses, levels of involve-
ment, laboratory results, bacteriology, and MRI findings—any 
of which could potentially be associated with multifocal spinal 
infections.

There were limitations to the study. The overall cohort size 
was small (n= 20), and our study may have been underpowered 
to detect all possible predictors of multifocality versus unifocal-
ity. Increasing the cohort size would increase the power of the 
study and allow for more subtle differences to be found. In ad-
dition, our study was limited to patients with pyogenic spinal 
infections who required surgical treatment. Spine infection pa-
tients without neurological deficits, spinal instability, or intrac-
table pain may be treated conservatively with antibiotic therapy, 
immobilization, or CT-guided percutaneous drainage.30 Few 
studies have compared clinical outcomes of pyogenic spinal in-
fections treated with surgical intervention versus conservative 
management.31 However, 6 out of 7 patients with multifocal in-
fections in our study failed a trial of nonoperative treatment. 
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Since spine imaging is often unnecessary in patients who are 
undergoing conservative management, we limited our analysis 
to spine infection patients who required surgery.15 Further-
more, the large percentage of multifocal spine infections in our 
study may be attributable to the patient population who seeks 
care at our hospital, which is a tertiary referral center and also 
receives a substantial number of indigent patients and injection 
drug users. The patient population presenting to our institution 
may not be representative of the population at other medical 
centers, which may limit the generalizability of our results. An-
other limitation is that we excluded patients with Mycobacteri-
um tuberculosis, Brucella, and fungal species, as these granulo-
matous organisms can classically cause multilevel discitis.32 Mul-
tiple prior studies have recommended the use of the whole 
spine MRIs for the diagnosis and evaluation of suspected verte-
bral tuberculosis.33,34

Recent publications have reported contradictory recommen-
dations for spine imaging when the infection is suspected. In a 
retrospective study of 91 patients with tuberculous (TBS) and 
pyo genic spondylodiscitis (PS), Abbara et al.18 found that 33% 
of TBS cases had multiple region involvement, versus none in 
the PS group. The authors concluded that pan-spine imaging is 
necessary in cases of TBS, but not in cases of PS. However, it is 
unclear whether the subjects received pan-spinal scans or im-
aging of symptomatic regions only. Another study of 1,138 con-
secutive cases of spondylitis over 16 years reported that nearly 
7% of cases were noncontiguous multifocal infections in other-
wise clinically silent disease.17,19 The authors recommended 
pan-spine MRIs to detect multifocal infection regardless of pa-
tient symptomatology. This study demonstrated the importance 
of identifying clinically silent levels, especially before surgical 
intervention. The most common pattern of involvement was 
thoracic to lumbar seen in 43% of cases, followed by lumbar to 
lumbar in 16%, and cervical to lumbar in 14%. Our findings 
were similar in that the majority of multifocal infections started 
in the cervical or thoracic regions and spread to the lumbar 
spine. In contrast to our study, patient comorbidities and labo-
ratory results were not compared between unifocal and multi-
focal infection cases. Future studies with an increased sample 
size may identify other potential predictors of multifocal spine 
infection.

CONCLUSION

In our retrospective study of 20 patients requiring surgery for 
spinal infection, the rate of multifocality was 71% and 83% if 

the cervical and thoracic regions were involved. While the rate 
of multifocality was only 41% in the lumbar region, 100% of 
multifocal infections in this study involved the lumbar spine. 
Therefore, we recommend that the entire spine be evaluated 
with an MRI when a patient is diagnosed with any spinal infec-
tion that requires operative treatment. Pan-spine imaging may 
lead to earlier detection and treatment of multifocal infections.
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