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Abstract BACKGROUND CONTEXT: In patients with pyogenic vertebral osteomyelitis (PVO) and previ-
ous instrumentation requiring surgical treatment, a decision must be made between a less-invasive
noninstrumented surgery, including retaining the previous instrumentation, or a more invasive
additional instrumented surgery involving the complete removal of the infected tissue and firm
restabilization.

PURPOSE: To evaluate the clinical outcomes of using additional instrumentation in patients with
PVO and previous instrumentation and determine the significant risk factors related to recurrent
infection.

STUDY DESIGN/SETTING: Retrospective cohort study (case control study).

PATIENT SAMPLE: PVO patients with previous instrumentation.

OUTCOME MEASURES: Recurrence of PVO and mortality.

METHODS: Patients were divided into two groups (instrumented or noninstrumented) according
to the presence or absence of additional instrumentation. The baseline characteristics, infection pro-
file, and treatment outcomes were compared between the two groups, and a multivariate logistic
regression analysis was performed to identify the risk factors for infection recurrence.

RESULTS: A total of 187 postoperative patients with PVO and previous spinal instrumentation
were included. There were no significant differences in the baseline characteristics except the pres-
ence of a titanium cage. Surgery for additional instrumentation in patients with PVO and previous
instrumentation showed similar rates of infection recurrence and mortality compared with nonin-
strumented surgery despite a larger number of involved vertebral levels and greater incidence of
epidural abscesses. However, instrumented patients with PVO and previous instrumentation who
experienced infection recurrence had worse clinical outcomes than those of the noninstrumented
patients with PVO. Severe medical comorbidities, the presence of a psoas abscess, and methicillin-
resistant Staphylococcus aureus infection were associated with a higher risk of infection
recurrence.

CONCLUSIONS: Surgery for additional instrumentation in patients with PVO and previous
instrumentation showed similar rates of infection recurrence and mortality to those who underwent
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noninstrumented surgery despite a larger number of involved vertebral levels and an increased fre-
quency of epidural abscesses. © 2019 Elsevier Inc. All rights reserved.
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Introduction

Pyogenic vertebral osteomyelitis (PVO) is a bacterial
infection of the vertebral body and surrounding tissues. Verte-
bral osteomyelitis is more common in older patients [1] with
medical comorbidities [2], and the incidence of this infection
has been increasing due to the aging population, the increased
availability of magnetic resonance imaging (MRI), and
increased spinal interventions or surgeries [3]. The economic
burden of this disease is rapidly increasing [4,5], and recently
published articles reported a mortality rate of 4% to 29% [6].

Despite new antibiotics and advances in surgical techni-
ques, the treatment of PVO remains challenging. Intravenous
antibiotic administration over a 6-week period is strictly
required [7], and patients are immobilized using a rigid brace
for 3 to 4 months [8,9]. Under such strict conservative treat-
ment, a significant number of patients with PVO exhibit neu-
rologic deficits, symptoms of spinal cord compression, and
progressive infection during treatment [10]. Accordingly,
approximately 40% of patients with PVO require surgical
intervention [11], a rate that is steadily increasing [12—14].

Significant bone loss during PVO treatment, caused directly
by the causative organisms and indirectly by immobilization
and limited sunlight exposure [8,9,15], complicates surgical
treatment for PVO. Permanent and extensive stabilization using
spinal instrumentation is often required to counteract the aggres-
sive bone loss, but the applied instrumentation paradoxically
disturbs infection control by encouraging biofilm formation
[16]. Fortunately, the outcomes of spinal instrumentation in
native or primary spine infection are encouraging [17—20], and
researchers consistently recommend that spinal instrumentation
be performed in native infections when it is indicated. However,
no comparative studies support the use of spinal instrumentation
in patients with PVO and previous instrumentation.

To evaluate aspects beyond the successful outcomes of
spinal instrumentation in native PVO [21], we focused on
the clinical outcomes of spinal instrumentation in patients
with PVO and previous instrumentation. A retrospective
cohort study evaluated the clinical outcomes of using addi-
tional instrumentation in patients with PVO and previous
instrumentation, and determined the significant risk factors
related to infection recurrence.

Materials and methods

Study design and ethical considerations

This retrospective cohort study included patients with
PVO and previous spinal instrumentation who visited our

institution from January 2000 to March 2017. This study
was designed and conducted according to Strengthening
the Reporting of Observational Studies in Epidemiology
guidelines [22]. The study protocol was approved by our
facility’s institutional review board of our institution.

Study patients

Our university medical center is one of the largest in our
nation and consists of six general hospitals. This study was
performed in the main institute of our medical center,
which serves as a tertiary referral center from the other five
general hospitals and numerous local hospitals.

Elderly patients aged >60 years who underwent surgery
for postoperative PVO at the site of their previous spinal
instrumentation were initially included (Fig. 1). The patients
who underwent only implant removal without additional
instrumentation during PVO treatment were excluded.
Patients who underwent previous spine surgery without
instrumentation and those who underwent previous spine
surgery caused by an infection or malignancy were excluded.
In addition, patients with an inadequate follow-up period (<6
months) were excluded. Other reasons for exclusion were
incomplete medical records or imaging data.

Postoperative PVO was defined using the following cri-
teria: (1) suggestive clinical symptoms including fever,
axial and radicular pain, and/or neurologic deficit; (2)
accompanying typical radiological features on MRI; and (3)
microbiological identification [23]. Typical MRI findings
included were as follows [24—26]: (1) alteration of the nor-
mal marrow signal intensity with ill-defined margins includ-
ing a decrease on T1-weighted sequences and an increase
on fat-suppressed T2-weighted sequences; (2) involvement
of the disc space and two adjacent vertebral bodies; (3) peri-
osteal reaction and adjacent soft-tissue edema; and (4) soft-
tissue abscess, especially in the epidural space from gado-
linium contrast imaging. Microbiological confirmation was
based upon isolation from blood culture, computed tomog-
raphy-guided needle biopsy, or surgical biopsy.

Data collection

The patients’ medical records were retrospectively
reviewed for baseline characteristics, infection profiles, and
treatment outcomes for PVO. The baseline characteristics
included demographic information, underlying illness,
smoking status, information about previous surgery, bone
mineral density, and initial laboratory data. The Charlson
Comorbidity Index (CCI), a validated instrument used to
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260 postoperative PVO patients

Previous spine surgery without instrumentation: 9 patients

> Previous spine surgery due to infection: 27 patients

Previous spine surgery due to malignancy: 18 patients
ETC: 7 patients

199 postoperative PVO patients

> Inadequate follow-up period(<6months): 4

Incomplete medical records or imaging data: 8

187 postoperative PVO patients

Noninstrumented Group
:Noninstrumented surgery for postoperative PVO

Instrumented Group
:Instrumented surgery for postoperative PVO

Fig. 1. Flowchart of patients included in the study. PVO, pyogenic vertebral osteomyelitis.

predict morbidity caused by comorbid conditions, was
derived from the medical records [27]. The infection pro-
files included the interval between the previous surgery and
the PVO surgery, presumed source of infection, neurologic
deficit by American Spinal Injury Association grade, ana-
tomical involvement of the infection, isolated microorgan-
isms, and laboratory data (white blood cell count, C-reactive
protein level, and erythrocyte sedimentation rate). From the
initial spine MRI at the time of PVO diagnosis, the number
of involved vertebral levels (counted as the number of
involved vertebral bodies) was identified. The infection
severity in patients with PVO was evaluated by the vali-
dated classification of Pola et al. [28], which divided pyo-
genic spondylodiscitis into three types: (1) type A, cases
without biomechanical instability, neither acute neurologic
impairment, or epidural abscesses; (2) type B, cases with
radiological evidence of significant bone destruction or bio-
mechanical instability without acute neurologic impairment
or epidural abscesses; and (3) type C, cases with epidural
abscesses or acute neurologic impairment. The treatment
outcomes included information about the PVO surgery, sur-
gical and medical complications, use of antibiotics includ-
ing combination therapy with rifampin [29,30], hospital
stay, infection recurrence, and mortality.

Grouping

Instrumentation was defined as a surgical treatment that
used external devices including titanium cages, plates,
screws, rods, and hooks [21]. Postoperative patients with

PVO and previous instrumentation were divided into two
groups based upon the placement of additional of additional
instrumentation (instrumented and noninstrumented groups).

Definitions

Infection recurrence was defined as recurrent symptoms
and signs after the completion of antibiotic treatment
requiring a second course of parenteral antibiotics [31].
Infection recurrence was divided into two categories:
microbiologically confirmed recurrence and clinical recur-
rence [31]. Microbiologically confirmed recurrence was
further divided into two categories depending on whether
cultures revealed the same organism of the initial infection
or a new organism. Clinical recurrence was diagnosed
when cultures did not reveal any causative organism but
both clinical and laboratory improvements were evident
after parenteral antibiotic therapy [31].

Statistical methods

Data are presented as mean=+tstandard deviation. Com-
parisons of the patients’ baseline characteristics, infection
profiles, and treatment outcomes between the two groups
were analyzed using the independent ¢ test or Mann-Whit-
ney U test for continuous variables and the Pearson chi-
square test, Fisher exact test, or linear-by-linear association
for categorical variables. The Kaplan-Meier survival curve
was used to display the cumulative probability of survival.
The log-rank test was used to compare the survival curves
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between the two groups. Logistic regression analysis was
performed to identify the risk factors for recurrence, and all
significant variables in the univariate analysis (p<.05) were
included in a multivariate logistic regression analysis. The
p values <.05 were considered statistically significant. All
analyses were performed using SPSS 24 (IBM Corp,
Armonk, NY, USA).

Results

Enrollment and grouping

A total of 187 postoperative patients with PVO and pre-
vious spinal instrumentation were identified who did not
meet the exclusion criteria (Fig. 1). Among them, 86
(46.0%) underwent noninstrumented surgery and 101
(54.0%) underwent instrumented surgery. The mean patient

Table 1
Intergroup comparison of baseline patient characteristics

age was 69.3 years. A total of 86 patients (46.0%) were
male, whereas the other 101 (54.0%) were female.

Intergroup comparison of baseline patient characteristics

The patients who underwent noninstrumented surgery
for PVO were older than those who underwent instru-
mented surgery (70.0£4.9 years vs. 68.6+9.9 years, respec-
tively), although the difference was not statistically
significant (p=.066; Table 1). The most common reason for
previous spine surgery was degenerative disease (Table 1).
The most common region for previous spine surgery was
the lumbar spine, and most patients underwent a one- or
two-level spinal instrumentation with pedicle screws
(Table 1). There were no differences in the patients’ base-
line characteristics except for the presence of a titanium
cage (Table 1). A titanium cage was more frequently used

Noninstrumented Instrumented
Baseline characteristics group group p value
Number of patients 86 101
Age 70.0+£4.9 68.6+£9.9 0.062
Gender ratio (F:M) 43:43 43:58 0.310
BMI (kg/m?) 25.1£3.9 25.1£4.0 0.645
<20 8(9.3) 8(7.9) 0.979
20 to <25 37 (43.0) 46 (45.5)
25 to <30 29 (33.7) 30 (29.7)
>30 12 (14.0) 17 (16.8)
Charlson Comorbidity Index score 1.6£1.1 1.5%1.1 0.513
Medical history Coronary artery disease 13 (15.1) 17 (16.8)
End-stage renal disease 5(5.8) 3(3.0)
Liver cirrhosis 44.7) 5(5.0)
Diabetes mellitus 31 (36.0) 3534.7)
Smoking Nonsmoker 62 (72.1) 71 (70.3) 0.815
Exit smoker 7(8.1) 11 (10.9)
Current smoker 17 (19.8) 19 (18.8)
Etiology of previous surgery Degenerative disease 61 (70.9) 79 (78.2) 0.404
Trauma 17 (19.8) 17 (16.8)
ETC 8(9.3) 5(5.0)
Previous surgical method Instrumentation with decompressive surgery 62 (72.1) 78 (77.2) 0.420
Instrumentation with bone graft 80 (93.0) 94 (93.1) 0.990
Previously instrumented region Cervical 10 (11.6) 8(7.9) 0.226
Thoracic 25(29.1) 21 (20.8)
Lumbar 51(59.3) 72 (71.3)
Number of previously instrumented level 1 or2level 61 (70.9) 69 (68.3) 0.699
Over 2 level 25(29.1) 32 (31.7)
Previous type of instrumentation Pedicle screw 78 (90.7) 96 (95.0) 0.244
Titanium cage 21 (24.4) 39 (38.6) 0.038
Polyetheretherketone (PEEK) cage 24 (27.9) 22 (21.8) 0.332
Hook 3(3.5) 0
Previous wound problem 5(5.8) 8(7.9) 0.572
Serum creatinine (mg/dL) 1.1£1.1 1.2£1.3 0.270
Serum calcium (mg/dL) 8.84+0.5 8.94+0.5 0.239
Serum phosphate (mg/dL) 3.4£0.7 3.4£0.7 0.579
Serum nonspecific alkaline phosphatase (U/L) 92.9+31.6 101.0£32.4 0.116
Baseline BMD (g/cm?) Spine (L1-L4) 0.991+£0.206 0.982+0.213 0.584
Femur neck 0.717£0.161 0.735+£0.173 0.555
Trochanter 0.6324+0.167 0.648+0.172 0.605
Total femur 0.772+0.169 0.788+0.178 0.642

Data were presented by number (%) of patients or meantstandard deviation.
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in the previous surgery in the instrumented group (59.3%)
than in the noninstrumented group (71.3%).

Intergroup comparison of infection profiles

Most patients underwent surgery for PVO within 12 months
after their previous surgery (93.0% in the instrumented
group vs. 92.1% in the noninstrumented group; Table 1).
The source of infection was identified in the majority of the
patients (87.2% in the instrumented group vs. 8§2.2% in the
noninstrumented group). The most common causative
organism was Staphylococcus aureus (50.0% in the instru-
mented group vs. 57.4% in the noninstrumented group),
which was methicillin resistant in 32.5% (14 of 43) of
patients in the noninstrumented group and 36.2% (21 of 58)
of patients in the instrumented group (Table 2). According
to the classification by Pola et al., type C infection was the
most common in our PVO cohort (70.9% in the instru-
mented group vs. 73.3% in the noninstrumented group).

In the instrumented group, PVO involved more vertebral
levels (p=.041) and more frequently involved epidural
abscesses (p=.047) compared with the noninstrumented group
(67.4% vs. 80.2%, respectively; Table 2). No statistically

significant differences were observed in the interval between
previous surgery and surgery for PVO (p=.633), presumed
source of infection (p=.340), neurologic deficit by American
Spinal Injury Association grade (p=.244), presence of a para-
vertebral (p=.538) or psoas abscess (p=.757), causative organ-
ism (p=.552), laboratory results, and severity of infection by
Pola et al. (p=.932; Table 2).

Intergroup comparison of treatment methods and outcomes

The most common surgical approach was a posterior-only
approach (90.7% in the instrumented group vs. 78.2% in the
noninstrumented group), and pedicle screw instrumentation
was used in 98% (99 of 101) of patients in the instrumented
group (Table 3). Additional instrumentation was predomi-
nantly performed at the upper adjacent vertebrae (49.5%; 50
of 101 patients; Table 3). Recently, combination therapy
with rifampin is proposed for the treatment of staphylococcal
biofilm infections [29,30]. However, rifampin was used in
only one patient (1.2%) in the noninstrumented group and
in three patients (3.0%) in the instrumented group, making
it impossible to evaluate the additive effect of riftampin. Non-
surgical drainage of abscesses was more frequently used in

Table 2
Intergroup comparison of infection profiles
Infection profiles Noninstrumented group  Instrumented group  p value
Number of patients 86 101
Interval between previous surgery and surgery for PVO ~ Mean interval (d) 2644304 247£176 0.369
Within 6 mo 41 (47.7) 38 (37.6) 0.381
Between 6 and 12 mo 39 (45.3) 55 (54.5)
Over 12 mo 6 (7.0) 8(7.9)
Presumed source of PVO Skin and subcutaneous infection 3 (3.5) 6(5.9) 0.340
Urinary tract infection 7(8.1) 10 (9.9)
Endocarditis 1(1.2) 2 (2.0)
Unknown 75 (87.2) 83 (82.2)
Neurologic deficit by ASIA grade A 0 0 0.244
B 0 0
C 4(4.7) 9(8.9)
D 19 (22.1) 29 (28.7)
E 63 (73.3) 63 (62.4)
Number of infected levels 1 or 2 level 70 (81.4) 69 (68.3) 0.041
Over 2 level 16 (18.6) 32 (31.7)
Anatomical involvement Epidural abscess 58 (67.4) 81 (80.2) 0.047
Paravertebral abscess 49 (57.0) 53 (52.5) 0.538
Psoas abscess 33 (38.4) 41 (40.6) 0.757
Causative organism of PVO Staphylococcus aureus 43 (50.0) 58 (57.4) 0.552
Methicillin resistant 14 (16.3) 21 (20.8)
Methicillin sensitive 29 (20.8) 37 (36.6)
Other gram-positive bacteria 26 (30.2) 22 (21.8)
Gram-negative bacteria 11(12.8) 10 (9.9)
Others 6 (7.0) 11 (10.9)
White blood cell (x 10%/L) 12107+£3759 12461+4202 0.638
C-reactive protein (CRP, mg/L) 102+21 105+£25 0.737
Erythrocyte sedimentation rate (ESR, mm/h) 6626 65+27 0.709
Severity of infection by Pola et al. Type A 5(5.8) 7(6.9) 0.932
Type B 20 (23.3) 20 (19.8)
Type C 61 (70.9) 74 (73.3)

ASIA, American Spinal Injury Association.

Data were presented by number (%) of patients or mean+tstandard deviation.
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Table 3
Intergroup comparison of treatment methods and outcomes
Treatment methods and outcomes Noninstrumented group Instrumented group p value
Number of patients 86 101
Follow-up period (mo) 49442 51+44 0.636
Combination with rifampin 1(1.2) 3(3.0) 0.373
Additional nonsurgical 12 (14.0) 2(2.0) 0.002
drainage of abscess
Surgical approach Anterior only 8(9.3) 1(1.0)
Posterior only 78 (90.7) 79 (78.2)
Combined 0 21 (20.8)
Type of instrumentation for PVO Pedicle screw - 99 (98.0)
Titanium cage - 13 (12.9)
Hook - 2(2.0)
Method of instrumentation for PVO Additional instrumentation - 5(5.0)
without extension
Extension at upper adjacent vertebrae - 50 (49.5)
Extension at lower adjacent vertebrae — 34 (33.7)
Extension at both upper and lower - 12 (11.9)
adjacent vertebrae
Surgery-related complication Reoperation 7(8.1) 11 (10.9) 0.525
Wound problem 3(3.5) 7(6.9) 0.297
Other postoperative complication At least one following complication 7(8.1) 9(8.9) 0.851
Cardiac event 2(2.3) 3(3.0)
Respiratory complication 5(5.8) 6(5.9)
Cerebrovascular complication 2(2.3) 3(3.0)
Pulmonary embolism 1(1.2) 0
Duration of antibiotics (d) 61+17 63120 0.662
Hospital stay (d) 67£17 69120 0.621
Change of antibiotic regimen Overall rate 30 (34.9) 25(24.8) 0.088
Additional culture identified resistance 3(10.0) 4(16.0)
to initial antibiotics
Newly identified organism in blood culture 3(10.0) 2 (8.0)
Pseudomembranous colitis 5(16.7) 6 (24.0)
Unidentified cause (without definite 19 (63.3) 13 (52.0)
evidence of culture study)
Recurrence Overall recurrence 13 (15.1) 18 (17.8) 0.620
Bacterial type 0.020
Same organism 9 (69.2) 4(22.2)
New organism 3(23.1) 10 (55.6)
Clinical recurrence 1(7.7) 4(22.2)
Methicillin-resistant Staphylococcus aureus 3(23.1) 11 (61.1) 0.040
Mortality In-hospital mortality 5(5.8) 6(5.9) 0.971
1-y mortality 9(10.5) 15 (14.9) 0.371

Data were presented by number (%) of patients or mean+standard deviation.

the noninstrumented group (12 of 86 patients vs. 2 of 101
patients in the instrumented group; Table 3). Although the
surgery-related complication rate, other postoperative com-
plication rate, antibiotic use duration, and hospital stay were
higher or longer in the instrumented group, the differences
were not statistically significant (Table 3).

Infection recurrence occurred in 15.1% (13 of 86) of
patients in the noninstrumented group and 17.8% (18 of 101)
of patients in the instrumented group. No intergroup differ-
ences were observed in the infection recurrence or mortality
rates, including in-hospital mortality and 1-year mortality
(Table 3). Although changes in the antibiotic regimen
occurred more frequently in the noninstrumented group, the
differences were not statistically significant (p=.088;
Table 3). The log-rank test analysis showed no statistically

significant intergroup differences in the survival curves of
infection recurrence (p=.691; Fig. 2) and mortality (p=.215;
Fig. 3). Although the infection recurrence rate or recurrence-
free survival rates did not differ significantly between the
two groups, the bacterial type involved in the recurrence was
significantly different (p=.020; Table 3). In the majority of
cases, the causative organism of infection recurrence was the
same organism responsible for the initial PVO in the nonin-
strumented group (69.2%, 9 of 13 patients), but the causative
organism was a new organism in the instrumented group
(55.6%, 10 of 18 patients). Clinical recurrence (with no iden-
tified organism) occurred more frequently in the instru-
mented group than in the noninstrumented group (Table 3).
Methicillin-resistant S. aureus was also more frequently
identified as the causative organism of recurrence in the
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Fig. 2. Cumulative probability of recurrence-free survival by group.

instrumented group than in the noninstrumented group
(p=.040; Table 3).

Comparison of treatment methods and outcomes for
patients with recurrent pyogenic vertebral osteomyelitis
and previous instrumentation

Although there were no statistically significant inter-
group differences in mortality rate (Table 4), the patients
with recurrent PVO in the instrumented group had signifi-
cantly worse outcomes in terms of subsequent surgery rate

(p=-033), duration of antibiotics (p=.031), and hospital stay
(p=-018) than those in the noninstrumented group (Table 4).
Furthermore, patients with recurrent PVO in the instru-
mented group underwent multiple subsequent surgeries
(mean 1.941.5; Table 5).

Logistic regression analysis of the risk of infection
recurrence

Advanced age, higher CCI score, the presence of a psoas
abscess, and methicillin-resistant S. aureus infection were
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Fig. 3. Cumulative probability of survival by group.

associated with an increased risk of infection recurrence on
univariate logistic regression analysis (Table 5). Even on
multivariate analysis, a higher CCI score (odds ratio=1.547;
p=-030), presence of psoas abscess (odds ratio=2.323;
p=.048), and methicillin-resistant S. aureus infection (odds
ratio=2.672; p=.012) showed statistically significant associ-
ations with infection recurrence (Table 6).

Discussion

Over the past few decades, the number of surgical treat-
ments for spinal degenerative disease has been rapidly

increasing [32,33], especially in complex fusion procedures
that use a variety of spinal instrumentation [33,34]. These
complex fusion procedures are associated with an increased
risk of major complications [34]. Among the major compli-
cations of spine surgery, postoperative infection accounts
for nearly half of the readmissions after spinal surgery [35]
that range from 1% to 25% depending on the procedure and
patient populations [36].

Early-onset postoperative wound infections can be suc-
cessfully treated by debridement and the use of proper
antibiotics with the retention of spinal instrumentation
[37]. On the other hand, three surgical treatment options
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Table 4

Comparison of treatment methods and outcomes for recurrent PVO patients with previous instrumentation

Recurrent cases in Recurrent cases in

Independent variable noninstrumented group instrumented group p value
Number of patients 13 18
Subsequent treatment Conservative treatment 9(69.2) 5(27.8)

Subsequent surgery 4 (30.8) 13 (72.2)

Number of subsequent surgeries 0.440.7 1.9£1.5 0.033
Duration of antibiotics (d) 79.8+11.9 95.9422.2 0.031
Hospital stay (d) 82.3+12.0 98.94+22.3 0.018
Mortality In-hospital mortality 0 1(5.6) 0.610
(From the day of recurrence) 1-y mortality 2(15.4) 4(22.2) 0.501

Data were presented by number (%) of patients or mean-+standard deviation.

are initially available for deep postoperative infection: (1)
removal of previous instrumentation; (2) noninstrumented
surgery including the retaining of previous instrumenta-
tion; and (3) instrumented surgery for the complete
removal of the infected tissue and firm restabilization.
Research and clinical guidelines have consistently recom-
mended that spinal instrumentation be removed in instan-
ces of deep postoperative infection including PVO [38].
Unfortunately, despite the definite theoretical advantage
of instrument removal for infection control, it is generally
not available in patients with PVO and previous instru-
mentation in clinical practice due to nonunion, extreme
structural instability, and resultant long-term bed rest. Of
our cohort, 93.6% (175 of 187 patients) had initial neuro-
logic or structural instability requiring instrumentation
(type B or C by Pola et al.; Table 2), and removal of previ-
ous instrumentation without the placement of additional
instrumentation was not attempted as an initial surgical
option. Therefore, a decision usually has to be made
between a less-invasive noninstrumented surgery, includ-
ing retaining the previous instrumentation, or a more inva-
sive additional instrumented surgery for the complete
removal of the infected tissue and firm restabilization.

The results of our study demonstrate that additional
instrumentation in patients with PVO and previous instru-
mentation showed comparable clinical outcomes in terms
of infection recurrence or mortality. No significant inter-
group difference was observed in the rate of infection recur-
rence or mortality (Table 3) despite the larger number of
involved vertebral levels and the increased rate of epidural
abscesses in the instrumented group (Table 2). We also
identified that an increased number of medical comorbid-
ities represented by the CCI score, presence of psoas
abscess, and methicillin-resistant S. aureus infection was
associated with a higher risk of infection recurrence in
patients with PVO and previous instrumentation (Table 6).
Medical comorbidities are considered a major determinant
of treatment outcomes in postoperative infection after spi-
nal instrumentation [37], and the results of such reports cor-
respond with our results (Table 2). According to the
guidelines of the Infectious Diseases Society of America,

methicillin-resistant S. aureus infection is reportedly asso-
ciated with worse clinical outcomes, although the removal
of spinal instrumentation was recommended, especially in
cases of later-onset infection [39]. The results of our study
may corroborate such guidelines.

We paid special attention to the association between the
presence of psoas abscess and worse clinical outcomes in
our PVO cohort. In our PVO cohort with previous instru-
mentation, most surgical treatments were performed using
a posterior-only approach (90.7% for the noninstrumented
group vs. 78.2% for the instrumented group). Anatomical
involvement in our PVO cohort mainly included the poste-
rior elements including the epidural and paravertebral
spaces (Table 2). However, psoas abscess, which can only
be removed using an anterior approach, was also present in
a significant number of patients (38.4% of the noninstru-
mented group vs. 40.6% of the instrumented group). Addi-
tional nonsurgical drainage of the abscess was performed
in only a small number of patients (12 of 86 in the nonin-
strumented group vs. 2 of 101 in the instrumented group;
Table 3); thus, the psoas abscess was not completely
removed in our PVO cohorts. Spine surgeons are generally
very cautious about spinal epidural abscesses, which are
directly associated with paralysis and mortality [40]. In
contrast, a psoas abscess, which requires an additional
anterior approach, is sometimes ignored and remains after
the operation. Unfortunately, an undrained psoas abscess
was associated with infection recurrence [12], and it was
also strongly associated with infection recurrence in our
PVO cohort with previous instrumentation (Figs. 4 and 5).
Therefore, we conclude that spine surgeons should be cau-
tious about the presence of a psoas abscess during surgery
and that an infectious disease specialist should choose
whether to perform nonsurgical drainage for patients with
PVO and previous instrumentation in whom anterior sur-
gery may not be easily performed.

Although inferring the cause of the similar infection
recurrence rate between the instrumented and noninstru-
mented groups is beyond the scope of this study, such simi-
lar recurrence may be accounted for by the bacterial type
(Table 3). In the noninstrumented group, the causative
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Table 5
Univariate logistic regression analysis for the risk of infection recurrence
No Odd 95% confidence
Independent variable Recurrence recurrence ratios interval p value
Number of patients 31 156
Group 0.620
Noninstrumented surgery 13 (41.9) 73 (46.8) — —
Instrumented surgery 18 (58.1) 83 (53.2) 1.218 (0.558, 2.656)
Age 71.01+6.8 68.91+4.6 1.084 (1.007, 1.167) 0.033
Gender ratio (F:M) 17:14 69:87 1.531 (0.706, 3.322) 0.281
BMI (kg/m?) 24.74+3.3 25.444.2 0.961 (0.870, 1.061) 0.433
<20 2(6.5) 14 (9.0) — - 0.374
20 to <25 18 (58.1) 65 (41.7) 2.178 (0.440, 10.769)
25 to <30 8(25.8) 51(32.7) 1.085 (0.216, 5.436)
>30 3(9.7) 26 (16.7) 1.077 (0.175, 6.630)
Charlson Comorbidity Index score 2.0+1.3 1.4+1.0 1.659 (1.151, 2.391) 0.007
Etiology of previous surgery Degenerative disease 24 (77.4) 116 (74.4) - - 0.895
Trauma 7 (22.6) 27 (17.3) 1.253 (0.489, 3.209)
ETC 0 13 (8.3) - -
Previous surgical method Instrumentation with 26 (83.9) 114 (73.1) 1.916 (0.691, 5.315) 0.212
decompressive surgery
Instrumentation with 27 (87.1) 147 (94.2) 0.413 (0.119, 1.438) 0.165
bone graft
Previously instrumented region Cervical 2(6.5) 16 (10.3) — — 0.743
Thoracic 7 (22.6) 39 (25.0) 1.436 (0.269, 7.672)
Lumbar 22 (71.0) 101 (64.7) 1.743 (0.373, 8.133)
Number of previously 1 or 2 level 18 (58.1) 112 (71.8) - - 0.133
instrumented level
Over 2 level 13 (41.9) 44 (28.2) 1.838 (0.831, 4.067)
Previous wound problem 309.7) 13 (8.3) 2.115 (0.695,6.437) 0.187
Interval between previous surgery Mean interval 2324212 260£249 0.999 (0.997, 1.001) 0.469
and surgery for infection
Within 6 mo 14 (45.2) 65 (41.7) - - 0.633
Between 6 and 12 mo 16 (51.6) 78 (50.0) 0.904 (0.433, 2.097)
Over 12 mo 1(3.2) 13 (8.3) 0.340 (0.043, 2.959)
Presumed source of infection Skin and subcutaneous 2(6.5) 7(4.5) — — 0.369
infection
Urinary tract infection 5(16.1) 12 (7.7) 1.458 (0.221,9.617)
Endocarditis 1(3.2) 2(1.3) 1.750 (0.099, 30.837)
Unknown 23 (74.2) 135 (86.5) 0.596 (0.117, 3.051)
Neurologic deficit by ASIA grade A,B,orC 4(12.9) 9(5.8) 3.056 (0.842,11.092) 0.107
D 11 (35.5) 37 (23.7) 2.044 (0.871, 4.798)
E 16 (51.6) 110 (70.5) - -
Number of infected levels 1 or2level 20 (64.5) 119 (76.3) — — 0.174
Over 2 level 11 (35.5) 37 (23.7) 1.769 (0.777, 4.029)
Anatomical involvement Epidural abscess 26 (83.9) 113 (72.4) 1.979 (0.714,5.485) 0.190
Paravertebral abscess 19 (61.3) 83(53.2) 1.393 (0.633, 3.063) 0.410
Psoas abscess 18 (58.1) 56 (35.9) 2473 (1.128, 5.420) 0.024
Causative organism of initial infection (1) 0.044
Staphylococcus aureus 24 (77.4) 77 (49.4)
methicillin resistant 11 (35.5) 24 (15.4) 2.750 (0.668, 11.324)
methicillin sensitive 13 (41.9) 53 (34.0) 1.472 (0.376, 5.760)
Other gram-positive bacteria 3 (9.7) 45 (28.8) — —
Gram-negative bacteria 309.7) 18 (11.5) 0.400 (0.074, 2.170)
Others 1(3.2) 16 (10.3) 0.375 (0.035, 3.977)
Causative organism of initial infection (2) Methicillin-resistant 11 (35.5) 24 (15.4) 3.025 (1.287,7.111) 0.011
Staphylococcus aureus
The other organisms 20 (64.5) 132 (84.6) - -
White blood cell (x 10°/L) 12886+£3663 12181+£4062 1.000 (1.000, 1.000) 0.370
C-reactive protein (CRP, mg/L) 10630 103+22 1.006 (0.990, 1.023) 0.453
Erythrocyte sedimentation rate (ESR, mm/h) 66+30 65126 1.001 (0.987, 1.016) 0.876
Severity of infection by Pola et al. Type A 0 12 (7.7) 0.621
Type B 5(16.1) 35(22.4)
Type C 26 (83.9) 109 (69.9)
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Table 5 (Continued)

No Odd 95% confidence
Independent variable Recurrence  recurrence ratios interval p value
Surgical approach for infection Anterior only 1(3.2) 8(5.1) - - 0.868
Posterior only 26 (83.9) 131 (84.0) 1.588 (0.190, 13.242)
Combined 4(12.9) 17 (10.9) 1.882 (0.180, 19.677)
Duration of antibiotics (d) 69422 63117 1.018 (0.995,1.042)  0.132
Hospital stay (d) 62+21 57£17 1.020 (0.997,1.043)  0.086

ASIA, American Spinal Injury Association.

Data were presented by number (%) of patients or mean-+standard deviation.

organisms of infection recurrence were primarily the same
organisms responsible for the initial PVO (69.2%; 9 of 13
cases; Table 3). In contrast, the majority of the causative
organisms of infection recurrence in the noninstrumented
group were new bacteria (55.6%; 10 of 18 cases) or uniden-
tified (22.2%; 4 of 18 cases; Table 3). During instrumented
surgery, a more aggressive removal of infected tissues,
including abscesses within the intraosseous and intradiscal
space, is possible because of the much wider surgical
approach. Such aggressive abscess removal during instru-
mented surgery markedly reduces the infection burden
from the original causative organisms and may also prevent
infection recurrence by the same bacteria. Although infec-
tion recurrence occurred in the instrumented group, it is dif-
ficult to determine the original causative organism caused
by a greatly reduced infection burden, which may lead to
an increased rate of clinical recurrence. However, wider
surgical dissection and further instrumentation during
instrumented surgery markedly increased the secondary
infection rate by another organism during the perioperative
period (a possibly increased rate of recurrence by new bac-
teria); this organism was identified as methicillin-resistant
S. aureus in 61.1% of patients with infection recurrence (11
of 18 cases; Table 3).

The similar infection recurrence rates noted between
the instrumented and noninstrumented group is notewor-
thy. However, if instrumented patients with PVO experi-
ence infection recurrence, their clinical outcomes could be
much worse than those of the noninstrumented patients
with PVO, including (1) an increased incidence of methi-
cillin-resistant S. aureus infection (Table 3); (2) an
increased rate of subsequent surgery (or multiple surger-
ies; Table 5); and (3) an increased duration of both

antibiotic use and hospital stay (Table 5). Severe medical
comorbidities, the presence of psoas abscess, and methicil-
lin-resistant S. aureus infection were associated with a
high risk of infection recurrence. Therefore, additional
instrumentation for patients with PVO and previous spinal
instrumentation should be carefully considered in patients
at such a high risk of infection recurrence. In addition, the
I-year mortality of the instrumented group (14.9%) was
higher than that of the noninstrumented group (10.5%),
even if statistically insignificant (Table 3). A large-scale
multicenter study is required to confirm the effect of addi-
tional instrumentation on the survival of PVO patients
with previous instrumentation.

The main limitation of our study is its retrospective
design. The instrumented group may represent healthier
patients with less medical comorbidities or less-severe
infection than those in the noninstrumented group. Actu-
ally, the noninstrumented group was older than the
instrumented group, even if statistically insignificant
(p=.062; Table 1). We paid great attention to such selec-
tion bias and thoroughly retrieved data on various covari-
ates that could influence the results as confounders,
including factors from the demographic data, a detailed
history of medical comorbidities, including the CCI
score, and detailed infection profiles, including the labo-
ratory and radiographic data of infection (Tables 1 and
2). Fortunately, there were no differences in the various
covariates. Next, over the 17-year data collection period,
there was considerable variation in the following treat-
ment methods of PVO: (1) indications for additional
instrumentation; (2) consensus or relative protocol for
medical treatment of postoperative PVO; and (3) surgical
technique. Therefore, our study results should be carefully

Table 6

Multivariate logistic regression analysis for the risk of infection recurrence
Independent variable Odd ratios 95% confidence interval p value
Age 1.039 (0.958, 1.126) 0.356
Charlson Comorbidity Index score 1.547 (1.043, 2.292) 0.030
Psoas abscess 2.323 (1.009, 5.347) 0.048
Methicillin-resistant Staphylococcus aureus 2.672 (1.071, 6.667) 0.012

Data were presented by number (%) of patients or mean-+standard deviation.
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Fig. 4. Recurrent postoperative pyogenic vertebral osteomyelitis (PVO) case with undrained psoas abscess (1). (a) An 83-year-old woman had postopera-
tive PVO 10 months after posterior interbody fusion at the L4—L5 level. (b) Postoperative PVO occurred at the L4—L5 level with a right-side dominant
psoas abscess (red arrow). (c) Additional instrumentation and posterolateral fusion were provided (L3—S1) without drainage of the psoas abscess. (d)
Five months after the additional instrumentation was placed, PVO recurred at the L2—L3 level with an epidural abscess. (e) Six months after conservative

treatment.

interpreted. However, we believe that firm stabilization
of neurologically and mechanically unstable spinal struc-
tures has a great theoretical advantage for the treatment
of PVO. In this respect, we aimed to gather evidence
that additional instrumentation can be applied in PVO
patients with previous instrumentation without a greatly

increased risk of infection recurrence and mortality.
Further large-scale prospective randomized studies are
required to validate our findings.

In conclusion, surgery for additional instrumentation in
patients with PVO and previous instrumentation showed
similar infection recurrence and mortality rates to those of

Fig. 5. Recurrent postoperative pyogenic vertebral osteomyelitis (PVO) case with an undrained psoas abscess (2). Anterior surgical approach or nonsurgical
drainage of the psoas abscess was not attempted due to her history of multiple abdominal surgeries. (a) A 56-year-old woman had postoperative PVO at the
L4—LS5 level 8 months after posterolateral fusion at the T12—L5 level. (b, c) Postoperative PVO occurred at the L4—L5 level with an epidural abscess and
bilateral psoas abscess (red arrows). (d) Additional instrumentation with posterolateral fusion was done at T12—S1 level. (e, f) After 8-week course of antibi-
otics, epidural abscess disappeared, but psoas abscess still remained. (g) Narrowing of L4—L5 space and loosening of S1 pedicle screw. (h, i) One month later,
epidural abscess reappeared and psoas abscess became more prominent. (j) Caused by uncontrolled infection, removal of the instrument was done.
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noninstrumented surgery despite the larger number of
involved vertebral levels and increased frequency of epidu-
ral abscesses. However, the 1-year mortality rate of the
instrumented group was higher than that of the noninstru-
mented group, although the difference was statistically
insignificant. Therefore, our study results should be inter-
preted with great caution.
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