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Study Design: Retrospective cohort study.
Purpose: To describe our experience in the management and outcomes of vertebral column osteomyelitis (VCO), particularly focusing 
on the risk factors of early and late mortality.
Overview of Literature: Previous reports suggest a global increase in spinal column infections highlighting significant morbidity and 
mortality. To date, there have been no reports from our local population, and no previous report has assessed the potential relation-
ship of frailty with mortality in a cohort of patients with VCO.
Methods: We reviewed 76 consecutive patients with VCO between 2009 and 2016 in Waikato Hospital, New Zealand. Demographic, 
clinical, microbiological, and treatment data were collected. Comorbidities were noted to calculate the modified Frailty Index (mFI). 
Mortality at 30 days and 1 year was recorded. Univariate and multivariate analyses were used to identify the predictors of mortality.
Results: The mean age of patients was 64.1 years, with 77.6% being male. Most patients presented with axial back pain (71.1%), 
with the lumbar spine most commonly affected (46%). A mean of 2.1 vertebral bodies was involved. Methicillin-sensitive Staphylo-
coccus aureus was the most common organism of infection (35.5%), and 15.8% of patients exhibited polymicrobial infection. Twenty 
patients (26.3%) underwent surgical intervention, which was more likely in patients with concomitant spinal epidural abscess (odds 
ratio [OR], 4.88) or spondylodiscitis (OR, 3.81). Mortality rate was 5.2% at 30 days and 22.3% at 1 year. The presence of frailty (OR, 
13.62) and chronic renal failure (OR, 13.40) elevated the 30-day mortality risk only in univariate analysis. An increase in age (OR, 1.07) 
and the number of vertebral levels (OR, 2.30) elevated the 1-year mortality risk in both univariate and multivariate analyses.
Conclusions: Although the mFI correlated with 30-day mortality in univariate analysis, it was not a significant predictor in multivari-
ate analysis. An increase in age and the number of levels involved elevated the 1-year mortality risk.
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Introduction

The incidence of vertebral column osteomyelitis (VCO) 
along with other spinal column infections, such as spinal 
epidural abscess (SEA) and spondylodiscitis, is on the rise 
globally [1]. Several reports have described this challenge 
and have well documented the associated morbidity [2]. 
The diagnosis of the disease is often delayed due to the 
variability of symptoms and signs and nonspecific com-
plaints on presentation [2,3]. Various factors are related to 
the increased incidence of the disease, including the use 
of immunosuppressive agents, increased incidence of dia-
betes mellitus, and an aging population [1,4,5].

VCO may present variably with axial back pain, sys-
temic upset, or neurologic symptoms, including radicu-
lopathy, myelopathy, and in rare cases, paralysis [2]. 
Destructive osseous disease may result in instability that 
causes delayed clinical problems and mandates surgical 
intervention. Many cases of VCO can be managed nonop-
eratively if detected early and if appropriate antimicrobial 
therapy is initiated; however, some studies (80%) report 
surgical intervention, clearly demonstrating the variability 
in the disease presentation [6,7]. In some cases, VCO may 
present subtly and a delay in diagnosis is not uncommon, 
often associated with the complication of broad spectrum 
antimicrobial treatment being commenced without iden-
tifying the spinal pathology [3].

Several variables have been associated with the in-
creased risk of mortality, including advanced age, elevated 
C-reactive protein (CRP) on admission, higher Charlson 
Comorbidity Index, and male gender [1,8]. The modified 
Frailty Index (mFI), as a tool to measure frailty, is used 
increasingly to aid patient selection as it has successfully 
been correlated with morbidity and mortality in other dis-
ease cohorts [9]. However, to our knowledge the mFI has 
not yet been applied to a cohort of patients with VCO.

Therefore, this study aimed to provide an initial de-
scription of VCO within our population, with special 
consideration given to mortality rate and examined fac-
tors associated with the increased risk of mortality with a 
particular focus on the mFI.

Materials and Methods

This study was approved by the Waikato Hospital Clini-
cal Audit Support Unit (3742). Patient consent was not 
required for this outcomes analysis. Patients, previously 

treated for VCO were identified using the hospital’s cod-
ing system. The search was restricted to the years where 
digital radiographic records were available to facilitate ac-
cess to radiologic reports and images to confirm the pres-
ence of osteomyelitis. Thus, we reviewed records between 
2009 and 2016 so as to allow for calculation of 1-year 
mortality at the time of the study. During this time period, 
patients with VCO were treated by four spinal surgeons 
with the support from the infectious disease service.

Patients were excluded if their age was <18 years, if the 
spinal column infection was a surgical site infection, if the 
infection complicated either epidural injection or nerve 
root block, or if the infection was associated with malig-
nancy. Osteomyelitis was confirmed by clinical, radiolog-
ic, and microbiologic analyses. For culture-negative cases, 
the diagnosis of VCO was made if there was no history 
of an inflammatory process that could mimic VCO and 
if there was a positive response to empiric antimicrobial 
therapy. Radiologic criteria included bony destruction of 
the affected vertebra(e) evident on computed tomography, 
plain radiograph, or a diffuse signal change within the 
vertebral body on both T1- and T2-weighted magnetic 
resonance imaging not adjacent to another infective focus 
(i.e., spondylodiscitis and epidural abscess).

Medical and radiographic records were reviewed for all 
patients for the following variables: age, sex, comorbidi-
ties, mFI, the presenting features of spinal disease, treat-
ment regimen, serologic results including serum albumin, 
hemoglobin, creatinine, CRP, microbiologic details, the 
length of stay, and mortality at both 30 days and 1 year. 
The local death registry was consulted for the 30-day and 
1-year mortality rates.

The details of the surgical intervention were recorded. 
For VCO, surgical intervention in our institution was 
indicated when the patient failed to respond to nonopera-
tive therapy with either uncontrolled sepsis or increasing 
pain, spinal instability as a result of osseous, and/or soft 
tissue destruction or neurological compromise. Decision 
making was supported by multidisciplinary input from 
the infectious disease service.

To assess frailty, the mFI was calculated for each patient, 
which is an 11-item index that divides the number of 
conditions or disease states present in an individual by the 
number considered relevant (in the case of the mFI used 
here, 11) (Table 1). This gives an index value between 0 
and 1, with 1 representing an extremely frail individual.

All data were stored in Microsoft Excel (Microsoft 
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Corp., Redmond, WA, USA) and statistical analyses were 
performed using XLSTAT (Addinsoft, New York, NY, 
USA). Simple results were reported as mean (and stan-
dard deviations) or whole number (and percentage). Pear-
son correlation matrices were used to identify significant 
associations. Univariate and multivariate logistic regres-
sion analyses were performed to determine significant as-
sociations with primary outcome measures of 30-day and 
1-year mortality. Subgroup analysis was performed using 
the Student t-test, when applicable.

Results

Seventy-six patients with VCO were identified for our 
analyses. The mean±standard deviation age of patients 
was 64.1±15.0 years (range, 38–91 years), and 59 patients 
(77.6%) were male. The mean documented clinical follow-
up from the time of diagnosis was 32 weeks.

Presenting features included axial pain in 54 patients 
(71.1%), radiculopathy in 12 (15.8%), myelopathy in nine 
(11.8%), and paraplegia or quadriplegia in three (3.9%). 
Concomitant SEA was observed in 21 patients (30%) and 
spondylodiscitis was observed in 55 (70%). The lumbar 
region was the most commonly affected region (46%), fol-
lowed by the thoracic (25%), cervical (18%), and junction-
al regions (11%). The mean number of involved vertebrae 
was 2.1 (0.9). In most patients (80%) multiple vertebrae 
were involved, including three patients with five vertebrae 
being involved. Noncontiguous vertebral involvement was 
much less common (7%). Comorbidities included neo-
plasia (13.2%), diabetes mellitus (18.4%), chronic renal 
impairment (9.2%), known intravenous drug use (3.9%), 
and hepatitis B/C (10.5%).

Blood culture results were positive in 37 patients 
(48.7%). Tissue specimens were obtained in 40 patients, 
either at the time of surgical intervention or by image 
guidance for patients managed nonoperatively, and were 
positive in 30 patients (75%) among these. Urine sample 
analysis results were obtained for 53 patients, and positive 
cultures were noted in 21% of the samples. Methicillin-
sensitive Staphylococcus aureus was the most common or-
ganism of infection. Details of the microbiological analy-
sis results are shown in Table 2. In total, 12 patients (15.8%) 
had polymicrobial infection, 38 had monomicrobial 
(50%), and in the remaining patients no specific organism 
was identified. Four patients (5.2%) were diagnosed with 
endocarditis.

Thirty patients (26.3%) underwent surgical interven-
tion. Anterior column reconstruction was performed in 
12 patients (15.7%), decompression and debridement with 
posterior stabilization in eight (10.5%), and decompres-
sion alone in 10 (13.2%). Anterior column reconstruction 

Table 1. 11 Components of the modified Frailty Index

No. Variables of the modified Frailty Index

1 Diabetes mellitus

2 Functional status 2 (not independent)

3 Chronic obstructive pulmonary disease or pneumonia

4 Congestive cardiac failure

5 Myocardial infarction

6 Previous percutaneous procedure or angina

7 Medically treated hypertension

8 Peripheral vascular disease

9 Impaired sensorium

10 Transient ischaemic attack or cerebrovascular accident

11 Neurologic deficit after previous cerebrovascular accident

Table 2. Results from microbiologic investigations

Organism No. of patients Blood Tissue Urine

Methicillin sensitive Staphylococcus aureus 27 15 17 1

Escherichia coli 7 3 1 5

Methicillin resistant Staphylococcus aureus 6 6 2 0

Coagulase negative staphylococcus 5 4 3 0

Enterococcus faecalis 4 0 1 4

Streptococcal species 4 3 1 0

Staphylococcus epidermidis 2 2 0 0

Klebsiella pneumoniae 2 2 0 0

Other 13 3 5 5
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using iliac crest autograft was performed in the subaxial 
cervical spine in four patients. The anterior column was 
either shortened (five patients) or reconstructed using an 
expandable cage (three patients) in the thoracic spine, all 
via posterolateral approach except for in one patient who 
underwent thoracotomy. Surgical intervention was more 
likely in patients with associated SEA (odds ratio [OR], 
4.88; 95% confidence interval [CI], 1.70–13.96) or spon-
dylodiscitis (OR, 3.81; 95% CI, 1.19–12.17).

We compared patients who underwent surgical inter-
vention with those who did not and observed that those 
who underwent surgery were younger (61.1±10.4 years 
versus 66.0±17.2 years, p=0.17) and less frail with mean 
mFI (0.09±0.08 versus 0.15±0.13, p=0.04) compared with 
those who did not undergo surgery. Those who under-
went surgery had a longer mean length of hospital stay 
(24.1±18.0 days versus 14.8±14.8 days, p=0.02). However, 

there was no difference in mortality rate at either 30 days 
(3% versus 7%, p=0.543) or 1 year (17% versus 26%, 
p=0.335).

The mean number of comorbidities as measured for the 
mFI was 1.4±1.3, and 24 patients had only one comorbid-
ity (31.6%), 21 had two (27.6%), 15 had three (19.7%), 
three had four (4.0%), and one had five comorbidities 
(1.3%).

Mortality rates were 5.2% at 30 days and 22.3% at 
1-year. The presence of chronic renal failure (CRF) 
(r=0.332) and mFI (r=0.400) correlated significantly with 
30-day mortality. While both CRF and the presence of 
frailty (>2 comorbidities present on the mFI) resulted in a 
significantly greater OR for 30-day mortality in univariate 
analysis (13.4 and 13.6, respectively); however, this was 
not the case in multivariate analysis. The number of ver-
tebral levels involved (r=0.334) and patient’s age (r=0.286) 

Table 3. Correlation matrices with 95% CIs in parentheses

Variable
30-Day 1-Year

r  (95% CI) p-value r  (95% CI) p-value

Epidural abscess -0.146 (-0.359 to 0.083) 0.209 0.092 (-0.136 to 0.311) 0.429

Spondylodiscitis -0.118 (-0.334 to 0.110) 0.310 -0.021 (-0.246 to 0.205) 0.855

No. of levels -0.085 (-0.304 to 0.143) 0.466 0.334 (0.117 to 0.520) 0.003

Surgical intervention -0.070 (-0.291 to 0.158) 0.549 -0.110 (-0.328 to 0.118) 0.342

Age 0.121 (-0.107 to 0.338) 0.296 0.286 (0.064 to 0.480) 0.012

Axial pain 0.021 (-0.206 to 0.245) 0.860 0.064 (-0.164 to 0.285) 0.582

Radiculopathy -0.102 (-0.320 to 0.126) 0.380 0.201 (-0.026 to 0.408) 0.082

Myelopathy 0.096 (-0.132 to 0.315) 0.409 -0.099 (-0.317 to 0.129) 0.395

Para/quadriplegia 0.216 (-0.270 to 0.180) 0.682 0.216 (-0.010 to 0.421) 0.062

Intravenous drug abuse -0.048 (-0.270 to 0.180) 0.682 0.216 (-0.010 to 0.421) 0.062

Diabetes mellitus 0.040 (-0.187 to 0.263) 0.732 -0.011 (-0.236 to 0.251) 0.475

Cancer -0.092 (-0.311 to 0.137) 0.431 0.165 (-0.063 to 0.376) 0.459

Chronic renal failure 0.332 (0.116 to 0.519) 0.003 0.047 (-0.180 to 0.270) 0.684

Hepatitis B/C -0.081 (-0.301 to 0.147) 0.488 0.022 (-0.205 to 0.246) 0.853

Methicillin resistant Staphylococcus aureus -0.069 (-0.290 to 0.159) 0.554 0.194 (-0.033 to 0.402) 0.093

Modified Frailty Index 0.400 (0.192 to 0.574) <0.001 0.144 (-0.084 to 0.358) 0.213

Hemoglobin 0.045 (-0.182 to 0.268) 0.698 -0.055 (-0.277 to 0.173) 0.639

White cell count -0.015 (-0.240 to 0.211) 0.896 -0.089 (-0.308 to 0.140) 0.446

Albumin -0.113 (-0.330 to 0.115) 0.330 -0.093 (-0.312 to 0.135) 0.423

C-reactive protein 0.031 (-0.196 to 0.255) 0.791 -0.082 (-0.302 to 0.146) 0.480

Blood culture -0.112 (-0.329 to 0.117) 0.337 0.109 (-0.119 to 0.326) 0.349

Statistically significant findings highlighted in bold.
CI, confidence interval.
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correlated significantly with 1-year mortality. Involvement 
of both increasing age (0.06 years) and increasing number 
of levels (0.83) resulted in greater OR for 1-year mortality 
in both univariate and multivariate analyses. Complete 
details of the Pearson correlation analysis are presented in 
Table 3, and results of logistic regression analysis are pre-
sented in Table 4.

The mean length of hospital stay was 18.5±16.7 days. 
Variables correlating with the length of stay were: pres-
ence of SEA (r=0.270), the number of levels involved 
(r=0.293), presenting with para- or quadriplegia (r=0.243), 
undergoing surgical intervention (r=0.274), IVDA status 
(r=0.255), and positive culture for methicillin resistant 
Staphylococcus aureus (r=0.433).

Discussion

We aimed to detail the characteristics of VCO within our 
population of 76 patients over a 7-year period. The study 
patients demonstrated a diverse range of presentations. 
A vast male predominance was noted and was consistent 
with previous reports [2,3,10].

The early (5.2%) and late (22.3%) mortality rates in 
patients with VCO were not dissimilar to those reported 
elsewhere, although we acknowledge the variability in the 
literature. A large cohort study by Issa et al. [1] reported 
an early (in-hospital) mortality rate of 1.7%–2.2%. Loibl 
et al. [8] found a slightly higher in-hospital mortality of 
12.4%, and Courjon et al. [11] reported 1-year mortality 
rates at 21% in patients aged >75 years and 3% in those 
aged <75 years; these data demonstrate the impact of 
increased age on mortality risk. Also, Courjon et al. [11] 
linked the increased mortality risk in the elderly with a 
greater prevalence of neoplasia in that specific cohort. We 
did not replicate this finding, but we did observe that CRF, 
frailty, and disease severity (indicated by number of in-

volved vertebral levels) were associated with an increased 
risk of mortality, consistent with previous reports [11,12].

We showed that increased frailty, as measured by the 
mFI, correlated positively with mortality at 30 days. More-
over, being classified as ‘frail’ resulted in an increased OR 
for 30-day mortality, although this was shown only in uni-
variate analysis. This is an expected finding and further 
highlights the usefulness of a measuring frailty in identi-
fying patients at risk with spinal pathology. Frailty is an 
easily measured index and may help clinicians in decision 
making and in better counseling patients and their fami-
lies. Presence of comorbidity has previously been linked 
with increased mortality risk in VCO, but to the best of 
our knowledge, the mFI in particular has not [1,8]. This 
represents a novel utility of the mFI, which is being in-
creasingly used in other areas of spinal surgery to predict 
complications [9]. In the current study, 1-year mortality, 
the number of involved levels, and age were correlated; 
age in particular has been previously linked with an in-
creased mortality risk [12].

Consistent with other reports and one large systematic 
review, Staphylococcus species were, by far, the most com-
monly identified organisms of infection [7,8,13]. In a 
number of patients the organism of infection could not be 
identified, and we considered this to be due to an earlier 
nonspecific antimicrobial treatment. This is a perpetual 
challenge in the field of spinal column infection for when 
clinical symptoms or signs are vague the diagnosis is de-
layed even when the patient is systemically unwell, and 
thus requires some treatment effort [3]. The incidence of 
bacterial endocarditis was only 5.2%, which was a propor-
tion too small to draw any definite conclusions regarding 
considering it as a predisposing factor within this cohort. 
This is a notably smaller proportion than the 14%–37% 
previously reported by Courjon et al. [11] who focused 
on comparing younger and older patients with VCO. This 

Table 4. Univariate and multivariate logistic regression analysis results for both 30-day and 1-year mortality

30-Day 1-Year

Univariate Multivariate Univariate Multivariate

Chronic renal failure 13.40 (1.55–116.23) 6.72 (0.64–70.26) - -

Frailty status 13.62 (1.31–141.56)   8.67 (0.74–102.32) - -

Age - - 1.06 (1.01–1.11) 1.07 (1.01–1.12)

No. of levels - - 2.21 (1.22–4.00) 2.30 (1.21–4.37)

Values are presented as odds ratio (95% confidence interval).
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suggests that transesophageal echocardiography should be 
utilized more to increase the sensitivity for diagnosis.

Our rate of surgical intervention was not dissimilar to 
that reported elsewhere with 26% undergoing surgical 
intervention for VCO. Decision making for VCO may 
vary according to clinician training, but intervention can 
often be prompted by progressive neurological deficits or 
spinal instability [14]. It is reassuring that surgical inter-
vention, when necessary, can result in significant clinical 
improvement despite the increase in associated surgical 
risk [14]. Spinal column infection is frequently a mixed 
phenomenon, with the infection variably involving the 
bone, disc, and/or the surrounding structures including 
the paravertebral musculature and epidural space, if the 
infection spreads. In our study, the presence of SEA or 
spondylodiscitis was much more common in the surgi-
cally treated subgroup. Therefore, we must emphasize that 
the presence of an associated epidural abscess mandates 
close clinical monitoring because it generally indicates a 
more aggressive spinal column infection, thereby increas-
ing the chances of required surgical intervention.

As with any retrospective study, we acknowledge that 
we are at the mercy of historic record keeping and avail-
ability of data. In light of this, we have attempted to mini-
mize the influence of such factors by restricting our search 
period to that during which digital radiology records were 
available for a proper and comprehensive review. In com-
parison to other reports, our cohort size is also somewhat 
smaller but it is the first report on spinal column infection 
from our geographic region and highlights the challenge 
faced by the modern first-world healthcare system.

Conclusions

VCO remains a disease with variable presentation that 
may be treated appropriately either operatively or nonop-
eratively. The presence of an epidural abscess or spondy-
lodiscitis is associated with a greater likelihood of surgical 
intervention. The mFI correlated with early mortality in 
this study and may help clinicians in decision making and 
in better counseling patients and their families.
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