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Objectives: Functional disabilitymay persist after completing treatment for hematogenous pyogenic vertebral os-
teomyelitis (HPVO). The objective of this study was to identify factors associated with residual sequelae after
treatment of HPVO.
Methods:We conducted a retrospective study of patients diagnosedwithHPVO at 5 tertiary-care hospitals between
January 2005 and December 2012. Sequelae were defined as an inability to walk without assistance, bladder/bowel
incontinence, and/or unresolved pain that required analgesic therapy at 12 months after completing the HPVO
treatment.
Results: Of the 279 patients with microbiologically proven HPVO, 79 (28.3%) had sequelae at 12 months
posttherapy. Independent risk factors for sequelae were neurologic deficit (adjusted odds ratio [aOR], 3.38),
recurrence within 12 months (aOR, 2.45), age ≥ 65 years (aOR, 2.05), C-reactive protein level ≥ 10 mg/dL
(aOR, 2.01), and epidural/paravertebral abscess (aOR, 2.00). Among 58 patients with neurologic deficit, sequelae

rates differed according to the surgical strategy, as follows: 28.6% (early surgery [b48 h]), 55.0% (delayed surgery
[≥48 h]), and 66.7% (no surgery) (P=0.03). Among the 170 patients with abscess, early drainage (b72 h)was an
independent protective factor for sequelae (aOR, 0.35). The 12-month recurrence rates differed according to the
total duration of antibiotic treatment, as follows: 20.5% (4–6 weeks), 18.4% (6–8 weeks), and 5.2% (≥8 weeks)
(P b 0.001).
Conclusions: A substantial proportion of patients with HPVO experienced sequelae after completing treatment.
Early surgery for neurologic deficit, early drainage of abscess, and antibiotic therapy of appropriate duration to
reduce recurrence may prevent development of sequelae in patients with HPVO.

© 2018 Elsevier Inc. All rights reserved.
1. Introduction

The prevalence of pyogenic vertebral osteomyelitis (VO) has in-
creased recently, perhaps because of longer life expectancy, availability
of improved diagnostic tools, and increased prevalence of chronic dis-
eases (Aagaard et al., 2016; Akiyama et al., 2013; Kehrer et al., 2014;
Murillo et al., 2014). Healthcare-associated infections, such as catheter-
related and procedure-related bloodstream infections, also increase the
risk of pyogenic VO (Pigrau et al., 2015). Pyogenic VO typically has an in-
dolent clinical course and a lowmortality rate but frequently also a poor
82-2-968-1848.
functional outcome (Mylona et al., 2009). Despite medical and surgical
treatment, some patients with pyogenic VO have residual disability,
such as motor weakness, bowel or bladder dysfunction, and persistent
pain (Mylona et al., 2009). Residual disability reportedly occurs in
31–52% of pyogenic VO patients and can seriously affect their quality of
life (McHenry et al., 2002; Priest and Peacock, 2005).

Limited data are available on the optimal management of patients
with pyogenic VO in terms of improving functional outcomes. Surgical
therapy may reduce the frequency of sequelae after treatment of pyo-
genic VO (Hadjipavlou et al., 2000; Lemaignen et al., 2017), but the pa-
tient populations who are at high risk of sequelae and who would
benefit from surgical intervention are unclear. We hypothesized that
early identification of at-risk patients will facilitate timely intervention
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and reduce the risk of sequelae. Thus, the aims of this study were to
identify i) risk factors for development of sequelae after completion of
treatment for hematogenous pyogenic VOand ii) the treatment strategy
that minimizes the risk of sequelae in high-risk patients.

2. Patients and methods

2.1. Study design and setting

All adult patients diagnosed with hematogenous pyogenic VO be-
tween January 2005 and December 2012 at 5 tertiary-care hospitals in
the Republic of Korea were enrolled in this observational cohort
study. We retrospectively identified all patients discharged with Inter-
national Classification of Diseases, 10th Revision, Clinical Modification
(ICD-10-CM) codes for osteomyelitis of the vertebra (M46.2), pyogenic
infection of intervertebral disc (M46.3), unspecified discitis (M46.4),
other infective spondylopathy (M46.5), other specified inflammatory
spondylopathy (M46.8), unspecified inflammatory spondylopathy
(M46.9), unspecified spondylopathy (M48.9), and epidural abscess
(G06.1 and G06.2). The patients with these ICD-10-CM codes and posi-
tive microbiological results were reviewed to determine whether they
met the study criteria defined below. The study was conducted using
the format recommended by the Strengthening the Reporting of Obser-
vational Studies in Epidemiology guidelines (von Elm et al., 2007).

2.2. Inclusion and exclusion criteria

Adult patients (≥16 years of age) who presented with microbiologi-
cally proven hematogenous pyogenic VOwere included. Hematogenous
pyogenic VO was defined using both radiographic evidence of VO and
microbiologic demonstration of bacterial pathogens, either from the
site of infection itself (e.g., abscess, intervertebral disc, or vertebral
bone) or in the blood. Cases with a nonhematogenous source of verte-
bral infection, which included i) penetrating trauma, ii) previously
placed hardware, iii) laminectomy within 1 year prior to diagnosis of
VO, or iv) the presence of a stage 3–4 decubitus ulcer at the time of di-
agnosis were excluded (Livorsi et al., 2008; Park et al., 2016). Cases
with culture-negative pyogenic VO or tuberculous, brucellar, and fungal
VO were excluded. Other reasons for exclusion were incomplete medi-
cal records, refusal of medical treatment, and transfer to another hospi-
tal before completing the antibiotic therapy.

2.3. Data collection

This work builds on a previous study of the optimal duration of anti-
biotic treatment for preventing recurrence of hematogenous pyogenic
VO (Park et al., 2016). Medical records were reviewed retrospectively
for demographic information, underlying illnesses/conditions, pre-
sumed source of infection, diagnostic workup, clinical presentation, lab-
oratory and radiological data, medical and surgical treatments, and
clinical outcomes. During the study period, the antibiotic regimen and
duration of therapy were usually determined by infectious disease spe-
cialists based on the culture results.

2.4. Definitions

Sequelae were defined as an inability to walk without assistance
(Modified McCormick Scale Grade III–V), bladder/bowel incontinence,
and/or unresolved pain that required analgesic therapy at 12 months
after completing the treatment. Recurrence was defined as patients
who had recurrent symptoms and signs (such as fever, back pain, and
high inflammatory markers in the absence of other causes) after com-
pleting antibiotic treatment andwho received a second course of paren-
teral antibiotics (Park et al., 2015). Patients who underwent surgery
within 48 h after documentation of neurologic deficit were defined as
early surgery cases.
2.5. Surgical and medical therapy

During the study period, surgical therapies were given at the discre-
tion of the treating physicians. The antibiotic regimen and duration of
therapy were usually determined by infectious disease specialists
based on culture results.

2.6. Statistical analyses

All statistical analyseswere performed using SPSS forWindows, ver-
sion 18.0 (IBM SPSS, Inc., Chicago, IL). Categorical variables were com-
pared using χ2 or Fisher's exact test, as appropriate. For ordinal data,
we used a linear-by-linear association test (Mantel–Haenszel χ2 test
for trend). Continuous variables were compared by Mann–Whitney U
test. To identify independent risk factors for sequelae, all variables
found to be significant in univariate analyses were included in a multi-
variate logistic regression model. All statistical tests were 2-tailed, and
P ≤ 0.05 was considered to indicate statistical significance.

3. Results

A total of 370 patients microbiologically diagnosed with hematoge-
nous pyogenic VO were identified during the study period. Of these
370 cases, 25 were excluded for the following reasons: transfer to an-
other hospital before completing antibiotic therapy (n = 15), refusal
of medical treatment (n = 6), or incomplete medical records (n = 4).
Finally, 345 patients met the inclusion criteria and were enrolled in
this study.

3.1. Patient characteristics

The demographic and baseline characteristics of the 345 patients
with hematogenous pyogenic VO are shown in Table 1. The median
age of the cohort was 65 years, and 181 (52.5%) of the patients were
males. The median time from onset of symptoms to diagnosis was
22 days (interquartile range [IQR], 8–40 days), and back pain was the
most common presenting symptom (88.7%). Fifty-eight (16.8%) pa-
tients presented with neurologic deficit, and 13 (3.8%) had new-onset
neurologic deficit during antibiotic treatment. Overall, 71 (20.6%) pa-
tients had neurologic deficit at diagnosis or during treatment.

3.2. Microbiological findings

Of the 345 cases with microbiologically diagnosed VO, 89 (25.8%)
were identified by diagnostic biopsy, 167 (48.4%) by blood cultures,
and 89 (25.8%) by both. The most frequently isolated organisms were
methicillin-susceptible Staphylococcus aureus (MSSA) (33.3%), follow
by methicillin-resistant S. aureus (MRSA) (25.5%), aerobic Gram-
negative bacteria (21.7%), and Streptococcus species (11.3%). Of 67 En-
terobacteriaceae isolates, 17 (25.4%) were resistant to ciprofloxacin,
and 6 (9.0%) were extended-spectrum β-lactamase (ESBL) producers.
Of 39 Streptococcus species, viridans group streptococci were the most
frequently isolated organisms (n = 20), followed by Streptococcus
agalactiae (n = 13), S. pneumoniae (n = 4), and other streptococci
(n=2). Coagulase-negative staphylococci, Enterococcus species, anaer-
obes, and polymicrobial organisms accounted for 2.9%, 2.9%, 1.5%, and
0.3%, respectively.

3.3. Management and outcomes

Surgical debridement and percutaneous aspiration drainage were
performed in 153 (44.3%) and 24 (7.0%) patients, respectively. Surgery
was performed more frequently in patients with neurological deficit
(40/71 [56.3%] vs. 113/274 [41.2%]; P=0.02) and in thosewith epidural
abscess (84/132 [63.6%] vs. 69/213 [32.4%]; P b 0.001). The median



Table 1
Baseline characteristics and outcomes of 345 patientswith hematogenous pyogenic verte-
bral osteomyelitis.

Variable All patients
(n = 345)

Age, years, median (IQR) 65 (58–72)
Male sex 181 (52.5)
Transfer from outside hospitals 78 (22.6)
Underlying illness/conditions
Diabetes mellitus 102 (29.6)
Liver cirrhosis 32 (9.3)
Malignancy 31 (9.0)
Immunosuppression 20 (5.8)
End-stage renal disease 15 (4.3)
Rheumatic disease 12 (3.5)

Presumed source of infection
Urinary tract 35 (10.1)
Skin and subcutaneous tissues 31 (9.0)
Intra-abdomen 26 (7.5)
Infected vascular access 25 (7.3)
Endocarditis 19 (5.5)
Unknown 209 (60.6)

Clinical data
Time to diagnosis, median days (IQR) 22 (8–40)
Back pain 306 (88.7)
Body temperature N 38 °C 183 (53.0)
Neurologic deficita 71 (20.6)
Concurrent metastatic infection 43 (12.5)

Laboratory data
WBC, ×109/L, median (IQR) 11.4 (7.9–16.4)
CRP, mg/dL, median (IQR) 13.1 (5.5–22.0)
ESR, mm/h, median (IQR)b 76 (55–100)
Positive blood cultures 256/327 (78.3)

Radiologic data
Involvement of N2 vertebral bodies 117 (33.9)
Involvement of cervical spine 28 (8.1)
Involvement of thoracic spine 82 (23.8)
Involvement of lumbosacral spine 272 (78.8)
Epidural abscess 132 (38.2)
Epidural phlegmon 52 (15.1)
Paravertebral abscessc 170 (49.3)
Paravertebral phlegmonc 64 (18.5)

Outcomes
In-hospital mortality 31/345 (9.0)
14-day mortality 4/345 (1.2)
30-day mortality 15/345 (4.3)
12-month mortality 49/345 (14.2)
Recurrence within 12 months 31/314 (9.9)
Sequelae at 12 months posttherapy 79/279 (28.3)

NOTE. Values are numbers (%) of patients, unless otherwise indicated. CRP = C-reactive
protein; ESR = erythrocyte sedimentation rate; IQR = interquartile range; WBC =
white blood cell.

a Neurologic deficit was documented at diagnosis (n = 58) or during treatment
(n = 13).

b Measured in 274 patients.
c Includes paravertebral and psoas soft-tissue lesions.
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duration of total antibiotic therapy (intravenous and oral) was 68 days
(IQR, 46–100 days). The details of the antibiotic treatments are summa-
rized in Supplementary Table 1.

The outcomes of the 345 patients with hematogenous pyogenic VO
are shown in Table 1. Thirty-one (9.0%) patients died before completing
the antimicrobial treatment. Univariate analysis indicated that liver cir-
rhosis (P = 0.001), end-stage renal disease (P = 0.04), high C-reactive
protein (CRP) values (P = 0.04), positive blood culture results (P =
0.03), involvement of multiple vertebra (P = 0.01), and epidural ab-
scess (P = 0.047) were associated with in-hospital mortality. There
was a trend towards higher rates of in-hospital mortality among pa-
tients with MRSA infection (13.6% vs.7.4%; P = 0.08) and concomitant
endocarditis (17.6% vs. 8.5%; P= 0.19), but this did not reach statistical
significance. Of the 314 patients who completed treatment, 18 died and
5were lost to follow-up during the 12months after completion of treat-
ment, and 12had incompletemedical records for sequelae at 12months
posttherapy. Finally, 279 patients were evaluable for sequelae at
12 months posttherapy.

3.4. Factors associated with sequelae

Of the 279 patients evaluable for sequelae, 79 (28.3%) had sequelae
at 12 months after completing the treatment. Sequelae included persis-
tent pain (n=52 [18.6%]), inability to walk without assistance (n=39
[14.0%]), and/or bowel/bladder dysfunction (n= 12 [4.3%]). Univariate
analyses indicated that age ≥ 65 years, neurologic deficit at diagnosis or
during treatment, CRP level ≥ 10mg/dL, S. aureus infection, involvement
of the cervicothoracic spine, epidural/paravertebral abscess, and
recurrence within 12 months after treatment completion were risk
factors for sequelae (Table 2). Multivariate analysis indicated that
neurologic deficit (adjusted odds ratio [aOR], 3.38; 95% confidence
interval [CI], 1.77–6.44; P b 0.001), recurrence within 12 months
(aOR, 2.45; 95% CI, 1.003–5.97; P = 0.049), age ≥ 65 years (aOR, 2.05;
95% CI, 1.13–3.70; P = 0.02), CRP level ≥ 10 mg/dL (aOR, 2.01; 95% CI,
1.09–3.71; P = 0.03), and epidural/paravertebral abscess (aOR, 2.00;
95% CI, 1.07–3.72; P=0.03) were independent risk factors for sequelae
(Table 2).

The results of univariate and multivariate analyses of factors associ-
ated with sequelae among selected subgroups of patients are shown in
Table 3. Among 58 patients with neurologic deficit, sequelae rates dif-
fered according to the surgical strategy as follows: 28.6% (early surgery
[b48 h]), 55.0% (delayed surgery), and 66.7% (no surgery) (P = 0.03;
Fig. 1). When only the 58 patients with neurologic deficit were included
in themultivariate analysis, early surgery was independently associated
with a lower rate of sequelae (aOR, 0.22; 95% CI, 0.06–0.84; P = 0.03;
Table 3). There was a trend towards a higher sequelae rate in patients
with neurologic deficit detected during the course of treatment com-
pared with thosewith neurologic deficit detected at the time of diagno-
sis of hematogenous pyogenic VO (71.4% [10/14] vs. 47.7% [21/44]; P=
0.12). Among 170 patients with epidural/paravertebral abscess, early
drainage (b72 h) was associated with a lower rate of sequelae than
was delayed or no drainage (20.5% vs. 38.9%; P=0.03; Fig. 2). The pro-
tective effect of early drainage on sequelaewas evident in caseswith ab-
scess and a CRP level ≥ 10 mg/dL (19.2% vs. 45.2%; P = 0.02) but not in
cases with abscess and a CRP level b 10 mg/dL (23.1% vs. 27.7%;
P N 0.99; Fig. 3A). This trendwas still present when the analysis was re-
stricted to 136 patients without neurologic deficit (Fig. 3B). When the
multivariate analysis was restricted to the 170 patients with abscess,
early drainage was an independent protective factor for sequelae (aOR
0.35; 95% CI, 0.14–0.88; P=0.03; Table 3). Among 160 patients infected
with S. aureus, there was no difference in sequelae rates according to
methicillin resistance, susceptibility to vancomycin, initial vancomycin
trough level, or receipt of rifampin and/or fluoroquinolone (Table 3).

Among the 279 patients evaluable for sequelae, 30 (9.6%) experi-
enced recurrencewithin 12months after completing antibiotic therapy.
Patients who experienced recurrence within 12 months were more
likely to have sequelae at 12 months posttherapy (51.9% [14/27] vs.
25.8% [65/252]; P = 0.004). At 12 months after recurrent infection,
patients with recurrence had a higher rate of sequelae than did those
who did not experience recurrence (44.4% [12/27] vs. 25.8% [65/252];
P = 0.04). A linear-by-linear association test revealed a significant de-
creasing trend in 12-month recurrence according to the total duration
of intravenous or oral antibiotic therapy: 20.5% (4–6 weeks), 18.4%
(6–8 weeks), and 5.2% (≥8 weeks) (P b 0.001).

4. Discussion

To our knowledge, this is one of the largest cohort studies of factors
associated with the functional outcomes of microbiologically diagnosed
pyogenic VO. We found that a substantial proportion of our patients
with hematogenous pyogenic VO had sequelae after treatment comple-
tion. Sequelae could be preventedby early surgery for neurologic deficit,



Table 2
Univariate and multivariate analyses of risk factors for sequelae among 279 patients with hematogenous pyogenic vertebral osteomyelitis.

Risk factor No sequelae
(n = 200)

Sequelae
(n = 79)

Univariate analysis Multivariate analysis

OR (95% CI) P value aOR (95% CI) P value

Age ≥ 65 years 102 (51.0) 54 (68.4) 2.08 (1.20–3.59) 0.009 2.05 (1.13–3.70) 0.02
Male sex 108 (54.0) 34 (43.0) 0.64 (0.38–1.09) 0.10
Underlying illness/conditions

Diabetes mellitus 57 (28.5) 25 (31.6) 1.16 (0.66–2.04) 0.60
Malignancy 16 (8.0) 3 (3.8) 0.45 (0.13–1.60) 0.21
Liver cirrhosis 13 (6.5) 2 (2.5) 0.37 (0.08–1.70) 0.25
Immunosuppression 12 (6.0) 3 (3.8) 0.62 (0.17–2.25) 0.57
End-stage renal disease 6 (3.0) 4 (5.1) 1.72 (0.47–6.28) 0.48
Rheumatic disease 8 (4.0) 2 (2.5) 0.62 (0.13–3.00) 0.73

Clinical data
Time to diagnosis, days, median 25 (10–50) 28 (7–41) 1.00 (0.99–1.01) 0.76
Back pain 180 (90.0) 72 (91.1) 1.14 (0.46–2.82) 0.77
Body temperature N 38 °C 102 (51.0) 44 (55.7) 1.21 (0.72–2.04) 0.48
Neurologic deficit 27 (13.5) 31 (39.2) 4.14 (2.26–7.59) b0.001 3.38 (1.77–6.44) b0.001
Neurologic deficit at diagnosis 23 (11.5) 21 (26.6) 2.79 (1.44–5.40) 0.002
New neurologic deficit during the treatment 4 (2.0) 10 (12.7) 7.10 (2.16–23.38) 0.001

Laboratory data
WBC, ×109/L, median (IQR) 11.3 (7.7–15.4) 11.9 (9.0–16.0) 1.00 (1.00–1.00) 0.07
CRP, mg/dL, median (IQR) 11.6 (5.5–19.1) 16.1 (6.8–25.4) 1.04 (1.01–1.07) 0.005
CRP ≥ 10 mg/dL 111 (55.5) 58 (73.4) 2.22 (1.25–3.92) 0.006 2.01 (1.09–3.71) 0.03
ESR, mm/h, median (IQR)a 77 (55–103) 78 (55–84) 1.00 (0.99–1.01) 0.41
Positive blood cultures 139/187 (74.3) 59/74 (79.7) 1.36 (0.71–2.62) 0.36
Staphylococcus aureus infection 106 (53.0) 54 (68.4) 1.92 (1.11–3.32) 0.02

Radiologic data
Involvement of N2 vertebral bodies 63 (31.5) 26 (32.9) 1.07 (0.61–1.86) 0.82
Involvement of cervicothoracic spine 54 (27.0) 31 (39.2) 1.75 (1.01–3.02) 0.045
Involvement of lumbosacral spine 162 (81.0) 57 (72.2) 0.61 (0.33–1.11) 0.11
Epidural/paravertebral abscess 111 (55.5) 59 (74.7) 2.37 (1.33–4.22) 0.003 2.00 (1.07–3.72) 0.03
Epidural abscess 64 (32.0) 36 (45.6) 1.78 (1.04–3.03) 0.03
Paravertebral abscess 85 (42.5) 46 (58.2) 1.89 (1.11–3.20) 0.02

Recurrence within 12 months 13 (6.5) 14 (17.7) 3.10 (1.38–6.94) 0.004 2.45 (1.003–5.97) 0.049
Microbiological recurrence 8 (4.0) 12 (15.2) 4.30 (1.68–10.97) 0.001
Clinical recurrence 5 (2.5) 2 (2.5) 1.01 (0.19–5.33) N0.99

NOTE. Data are numbers (%) of patients, unless otherwise indicated. aOR=adjusted odds ratio; CI= confidence interval; CRP=C-reactive protein; ESR=erythrocyte sedimentation rate;
IQR = interquartile range; OR = odds ratio; WBC = white blood cell.

a Measured in 227 patients (191 in the no-sequelae group and 36 in the sequelae group).
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early drainage of abscess, and antibiotic therapy of appropriate duration
to prevent recurrence.

We found that 28.3% of our patients with hematogenous pyogenic
VO had sequelae at 12 months after treatment completion. This rate is
Table 3
Univariate and multivariate analyses of factors associated with sequelae among selected subgr

Factor No sequelae Sequelae

Patients with neurologic deficit (n = 27) (n = 31)
CRP ≥ 10 mg/dL 14 (51.9) 25 (80.6)
Staphylococcus aureus infection 12 (44.4) 26 (83.9)
Early surgery (within b48 h) 12 (44.4) 5 (16.1)

Patients with epidural/paravertebral abscess (n = 111) (n = 59)
Age ≥ 65 years 53 (47.7) 39 (66.1)
Neurologic deficit 20 (18.0) 26 (44.1)
Recurrence within 12 months 4 (3.6) 10 (16.9)
Early drainage (within b72 h) 31 (27.9) 8 (13.6)

Patients with S. aureus infection (n = 106) (n = 54)
MRSA 41/106 (38.7) 22/54 (40.7)
Vancomycin MIC ≥1.5 mg/L by Etesta 14/16 (87.5) 10/12 (83.3)
hVISA phenotypea 6/16 (37.5) 1/12 (8.3)
Initial vancomycin trough b10 mg/L 12/26 (46.2) 3/12 (25.0)
Receipt of rifampin 17/106 (16.0) 6/54 (11.1)
Receipt of rifampin plus fluoroquinolone 14/106 (13.2) 5/54 (9.3)

Patients with Enterobacteriaceae infection (n = 43) (n = 17)
Ciprofloxacin-resistant strain 9 (20.9) 6 (35.3)
ESBL-producing Enterobacteriaceae 3 (7.0) 2 (11.8)
Receipt of fluoroquinolone 25 (58.1) 9 (52.9)

NOTE. Data are numbers (%) of patients, unless otherwise indicated. aOR = adjusted odds ra
lactamase; hVISA = heteroresistant vancomycin-intermediate S. aureus; MIC = minimum inh

a Of the 49 cases of bacteremic MRSA vertebral osteomyelitis, 28 blood isolates were availab
similar to that reported in a previous systematic review, in which
27.3% (103/377) of VO patients had residual sequelae after completing
treatment (Mylona et al., 2009). Despite the considerable rates of resid-
ual sequelae after treatment of VO, the patient populations at high risk
oups of patients.

Univariate analysis Multivariate analysis

OR (95% CI) P value aOR (95% CI) P value

3.87 (1.20–12.44) 0.02
6.50 (1.92–22.05) 0.002 6.93 (1.91–25.17) 0.003
0.24 (0.07–0.82) 0.02 0.22 (0.06–0.84) 0.03

2.13 (1.11–4.11) 0.02
3.58 (1.77–7.26) b0.001 3.99 (1.86–8.56) b0.001
5.46 (1.63–18.27) 0.006 3.27 (1.10–9.72) 0.03
0.41 (1.73–0.95) 0.03 0.35 (0.14–0.88) 0.03

1.09 (0.56–2.13) 0.80
0.71 (0.09–5.96) N0.99
0.15 (0.02–1.49) 0.18
0.39 (0.09–1.77) 0.29
0.65 (0.24–1.77) 0.40
0.67 (0.23–1.97) 0.47

2.06 (0.60–7.10) 0.32
1.78 (0.27–11.71) 0.62
0.81 (0.26–2.50) 0.71

tio; CI = confidence interval; CRP = C-reactive protein; ESBL = extended-spectrum β-
ibitory concentration; MRSA = methicillin-resistant S. aureus; OR = odds ratio.
le for molecular and microbiological testing.



Fig. 1. Sequelae rates of hematogenous pyogenic vertebral osteomyelitis according to
neurologic deficit and surgical management for neurologic deficit.
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of sequelae and the optimal management strategy are unclear. Many
previous studies included a small number of cases, a heterogeneous
population, and only vague information on the time points of sequelae
assessment. Assessment of sequelae at different time points can lead
to unrecognized bias because the functional status following treatment
of VO can change over time (Miller et al., 2016). Therefore, we included
a number of patients with microbiologically confirmed pyogenic VO
who were evaluable for sequelae at the same time point (12 months
posttherapy). In this study, we considered pyogenic VO patients with
persistent pain to have sequelae. Some may argue that persistent pain
should not be considered a sequela because of its subjective nature.
However, functional outcomes may be underrecorded if considering
neurologic deficit alone, and residual pain and associated disability are
common at long-term follow-up even in patients with full neurologic
recovery (Miller et al., 2016; O'Daly et al., 2008).

The presence of neurologic deficit and the timing of its surgical cor-
rection were independently associated with the functional outcome of
patients with pyogenic VO. Although early surgical correction for
Fig. 2. Sequelae rates of hematogenous pyogenic vertebral osteomyelitis according to
characteristics of soft tissue lesions and management for abscess.
neurologic compromise is logically plausible and generally recom-
mended (Berbari et al., 2015; Cottle and Riordan, 2008; Gasbarrini
et al., 2005; Gouliouris et al., 2010), supporting evidence is limited.
Many previous studies on this subject were observational in nature
and did not control for potential confounding factors. The recent study
by Lemaignen et al. showed that surgery in pyogenic VO patients with
severe neurologic deficit protected against a poor functional outcome,
but the associationwas not significant in amultivariate analysis (hazard
ratio, 0.43; P=0.06) (Lemaignen et al., 2017). In this study,multivariate
analysis confirmed the protective effect of early surgery on sequelae at
12months posttherapy.We also showed that, of all documented neuro-
logic deficits, 18.3% occurred during the course of treatment. This rate
ranges from 12.0% to 26.0% in previous studies.(Bart et al., 2016;
Lemaignen et al., 2017) Notably, the sequelae rate in patients with
new neurologic deficit during treatment was higher than that in pa-
tients with neurologic deficit at the time of diagnosis of pyogenic VO
(71.4% vs. 47.7%; P=0.12). We suggest that careful neurological exam-
ination be required for hospitalized patients with pyogenic VO, includ-
ing those with no neurological deficit at the time of diagnosis.

Another important consideration in selecting the optimal treatment
strategy for preventing sequelae is management of abscess. In this
study, both epidural and paravertebral abscesseswere associatedwith se-
quelae, and the rate of sequelae was reduced by early abscess drainage.
Another potential benefit of early drainage of abscesses is the ability to
culture the resulting fluid before exposure to antibiotics for microbiolog-
ical confirmation (Kim et al., 2012; Rankine et al., 2004). Therefore, early
drainage of abscesses may be beneficial in patients with suspected pyo-
genic VO unless their abscesses cannot or should not be drained (too
small or phlegmonous). Although it is widely accepted that patients
with clinically significant abscesses associated with spinal cord or nerve
root compression require surgical intervention (Berbari et al., 2015; Cottle
andRiordan, 2008;Gasbarrini et al., 2005;Gouliouris et al., 2010), little in-
formation is available to guide the management of patients with ab-
scesses but no neurologic deficit. Our findings showed that the baseline
CRP value was independently associated with the risk of sequelae after
completing treatment. Early drainage of abscesses was associated with a
lower rate of sequelae in cases with CRP levels ≥10 mg/dL but not in
cases with CRP levels b10 mg/dL. This trend was still evident when the
analysis was restricted to patients without neurologic deficit. These find-
ings may be explained by the high levels of inflammatory markers ob-
served in pyogenic VO patients with more extensive disease, S. aureus
infection, and real abscesses (rather than phlegmon) (Euba et al., 2008;
Park et al., 2014). Our data suggest that the CRP level may be useful for
identifying patients with abscesses at high risk of sequelae and in deci-
sions on early drainage of abscesses in such patients.

In this study, the recurrence of pyogenic VO after completing ther-
apy was significantly related to a higher rate of sequelae (51.9%) at
12 months after initial treatment. It is essential to provide adequate
drainage of abscess and duration of antibiotic therapy appropriate for
preventing recurrence (Livorsi et al., 2008; McHenry et al., 2002; Park
et al., 2016). The current study confirmed that antibiotic treatment of
inappropriate duration is associated with a higher risk of recurrence.
Most authors recommend minimum treatment duration of 6 weeks
for pyogenic VO (Berbari et al., 2015; Bernard et al., 2015; Société de
Pathologies Infectieuses de Langue Française (SPILF), 2007; Zimmerli,
2010). A recentmulticenter noninferiority trial by Bernard et al. demon-
strated that 6weeks of antibiotic treatment for pyogenic VOwas not in-
ferior to 12weeks of treatment (Bernard et al., 2015). Despite this, some
advocate the use of a longer duration of antibiotic therapy in high-risk
patients, such as those with MRSA infection and extensive disease
(Berbari et al., 2015; Lora-Tamayo and Murillo, 2015). In a previous
study of the same patient cohort, we found that an antibiotic therapy
of duration ≥8weeks prevented recurrence in patientswithMRSA infec-
tion and undrained paravertebral abscess, but antibiotic therapy of 6–
8 weeks was sufficient to prevent recurrence in those without these
risk factors (Park et al., 2016). Therefore, we suggest that pathogen-
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Fig. 3. Sequelae rates of hematogenous pyogenic vertebral osteomyelitis according to timing of abscess drainage and C-reactive protein value among all patients with abscesses (A) and
among the subgroup patients with abscesses and no neurologic deficit.
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directed antibiotic therapy of at least 6 weeks' duration should be pro-
vided to prevent recurrence and its associated sequelae, and longer
treatment duration (≥8 weeks) should be considered for patients at
high risk of recurrence.

A substantial proportion of our patients were infectedwith antibiotic-
resistant pathogens suchMRSA and fluoroquinolone-resistant Enterobac-
teriaceae.We found no correlation between such resistant pathogens and
sequelae. In a previous study of hematogenous S. aureus VO, MRSA was
responsible for as high as 57% of cases, but 17% of patients had residual
disability and MRSA was not predictive of residual disability (Livorsi
et al., 2008). Some authors suggest fluoroquinolone–rifampin as accept-
able alternatives for staphylococcal VO (Berbari et al., 2015; Bernard
et al., 2015) because glycopeptides are less active against staphylococci
than are antistaphylcoccal β-lactams (Tice et al., 2003). However, our
analysis showed no association between use of fluoroquinolone–
rifampin and sequelae. Among our patients with infectedwith Enterobac-
teriaceae, infections due to ciprofloxacin-resistant bacteria tend to higher
rate of sequelae, but this did not reach statistical significance. It should be
noted that 44.3% of our patients underwent surgery, and so our findings
may be due to a greater impact of surgical strategy on residual sequelae
than effective antibiotic treatment for antibiotic-resistant infections. Fur-
ther studies should be performed to clarify the impact of antibiotic resis-
tance and inadequate antibiotic treatment on patients' functional
outcome.

Our study had several limitations. First, as with all retrospective
studies, somepatientswere lost to follow-up, and exclusion of these pa-
tients may have introduced unrecognized bias. Second, the observa-
tional nature of our study and the heterogeneity in treatment
regimens preclude any conclusion regarding the association of treat-
ment regimens with patients' functional outcomes. It was unlikely
that all patients received adequate antibiotic treatment according to
the current guidelines (Berbari et al., 2015; Société de Pathologies
Infectieuses de Langue Française (SPILF), 2007). Third, in this study, a
large proportion of abscesses (86.4%) were drained surgically, and in
such cases, the effect of early percutaneous drainage on functional out-
come could not be confirmed. Finally, the proportions of patients with
abscesses (61%) and those infected with drug-resistant organisms
such as MRSA (22.6%) were high; therefore, caution should be used in
extrapolating our results to a different epidemiologic context.
In summary, a large proportion of patients with hematogenous pyo-
genic VO had risk factors for sequelae after completing treatment. Our
data suggest that early identification and close follow-up of patients at
risk of sequelae would facilitate provision of optimal care. The optimal
management for patients with hematogenous pyogenic VO in terms of
preventing sequelae includes early surgery for neurologic deficit, early
drainage of abscesses, and antibiotic therapy of appropriate duration.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.diagmicrobio.2018.11.024.
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