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Background: Pyogenic vertebral osteomyelitis is a bacterial infection of the vertebral body that is often treatable
with antibiotics, but some cases require additional surgical debridement of the infected tissue. Instrumentation
is often utilized for stabilization of the spine as part of the surgical treatment, but controversy remains over the
relative risks and benefits of acute instrumentation performed simultaneously with debridement versus delayed
instrumentation performed days or weeks after debridement. The purpose of this review was to investigate the
relative effects of acute and delayed instrumentation in treatment for pyogenic vertebral osteomyelitis on patient
outcomes.

Methods: A PRISMA-compliant systematic literature review was conducted to identify studies published between
January 1, 1997 and July 23, 2021. Studies were screened for pre-defined inclusion and exclusion criteria. The
primary outcome of interest was reinfection. Other outcomes of interest included neurological status, pain, pro-
gression of kyphosis, fusion, hardware failure, length of hospitalization, and mortality at two years. Due to the
limited multi-armed studies available that distinguish between patients with acute and delayed instrumentation,
inferential statistics were not performed, and data are expressed as descriptive statistics.

Results: A total of 9 studies met our inclusion criteria, comprising 299 patients, including 113 (37.8%) with
surgical treatment without fixation, 138 (46.2%) with acute instrumentation, and 48 (16.1%) with delayed in-
strumentation. Reinfection rates were 60.0% (15/25) for surgical treatment without fixation, 28.6% (2/7) for the
acute instrumentation, and 14.3% (1/7) for the delayed instrumentation group. Pain was present after surgery in
52.0% (13/25) of the surgical treatment without fixation group, 14.3% (1/7) of the acute instrumentation group,
and 0% (0/7) of the delayed instrumentation group.

Conclusions: No major differences in patient outcomes were apparent between acute and delayed instrumentation
groups. Further research is needed to determine whether instrumentation staging has a significant impact on
patient outcomes.

Introduction netic resonance imaging (MRI), has also contributed to the increase in

incidence of PVO incidence [2,3].

Pyogenic vertebral osteomyelitis (PVO) is a bacterial infection of
the vertebral body in the spine that can lead to severe consequences,
including pain, long-standing neurological deficits, and even death if
not diagnosed and treated promptly [1]. PVO most commonly affects
the vertebral body in the lumbar spine followed by thoracic, cervical,
and sacral regions in decreasing order [4]. The incidence of PVO has
been increasing, in part due to increases in risk factors including longer
life expectancy and increases in incidence of diabetes mellitus, intra-
venous drug use, alcoholism, immunosuppression, and rheumatic dis-
ease [2,3]. Improved diagnostic ability, particularly advances in mag-

Up to 75% of PVO cases are treated successfully with medical ther-
apy and immobilization, but surgical treatment is often considered in
cases with concomitant spinal instability, spinal deformity, or decline
in neurological status [1,4]. Medical therapy alone usually involves in-
travenous antibiotics chosen after a sensitivity panel has been performed
on any relevant cultures. Antibiotic therapy may be limited to a short
course or may be lifelong for infection suppression [5]. Surgical treat-
ment for PVO is indicated for spinal cord compression, biomechanical
instability and deformity, abscess drainage, and to treat intractable pain.
Instrumentation may or may not be utilized. The use of instrumentation
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Fig. 1. PRISMA flowchart for study inclusion. (Adapted from Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for

reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.).

to stabilize the spine as part of surgical treatment for PVO has become
more common, in part due to the development of minimally invasive
techniques that reduce exposure risk, but controversy remains over the
relative risks and benefits of acute instrumentation performed simul-
taneously with debridement versus delayed instrumentation performed
days or weeks after debridement [6]. Overall, acute instrumentation is
used more frequently than delayed instrumentation, likely due to the
desire to limit the number of surgical procedures patients undergo and
achieve rapid stabilization of the spine. Potential benefits of acute in-
strumentation include early spine stabilization and minimizing length
of hospitalization and number of surgeries [4,7-9], while delayed in-
strumentation has been proposed to reduce the risk of the infectious
agent growing on the instrumentation by clearing the infection and al-
low for recovery time before instrumentation is applied [9-11]. Here,
we performed a systematic review of the literature to assess the impact
of acute versus delayed instrumentation versus surgery without fixation
on clinical outcomes of patients undergoing surgical treatment for PVO.

Methods

We performed a systematic review of PVO cases treated with surgi-
cal debridement and/or instrumentation within the PubMed/MEDLINE,
Cochrane, and Embase databases. The following search terms were used:
1) "vertebral pyogenic osteomyelitis' OR "pyogenic osteomyelitis"; 2)
"pyogenic osteomyelitis" AND (surgery OR surgical); 3) (vertebral pyo-
genic osteomyelitis OR “spinal infection”) AND instrumentation; 4) os-
teomyelitis AND (vertebral OR cervical OR lumbar) AND (titanium OR
fixation OR instrumentation); 5) spondylodiscitis AND (fixation OR fu-
sion OR instrumentation OR titanium) (PubMed and Cochrane); and 6)
intervertebral disk degeneration’ AND (’fixation’ OR ’devices’ OR ’tita-
nium’) (Embase). The review was not registered. This study was con-

ducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Fig. 1) [12].

Studies published between January 1, 1997 and July 23, 2021 were
considered. Articles without English translations available were ex-
cluded. We considered all cases of instrumented treatments of PVO in-
cluded in multi-armed studies. Studies were screened and data was ex-
tracted by one author (ES) using the Auto Lit software (Nested Knowl-
edge, nested-knowledge.com). Exclusion criteria consisted of: 1) patient
under 18 years old, 2) tuberculosis or fungal causative organism 3) his-
tory of cancer 4) unrelated studies, 5) meta-analyses or review articles,
6) pre-clinical studies, 7) case series or reports (relative to the inter-
ventions of interest), 8) data for the patient groups of interest were not
separated, and 9) studies whose definition of delayed instrumentation
included bone grafting or instrumentation during the first surgery.

The Newcastle-Ottawa Scale (NOS) was used to assess risk of bias
of the included studies [13]. Using this risk-of-bias tool, two indepen-
dent contributors assessed each study on the basis of eight criteria un-
der three main categories: selection of study groups, comparability of
study groups, and ascertainment of the outcome. One author (ES) ver-
ified their determinations and adjudicated disagreements between the
assessors. The risk of bias was classified as low, moderate, or high.

Due to the limited multi-armed studies available that distinguished
between patients with acute and delayed instrumentation, inferential
statistics were not performed, and data are expressed as descriptive
statistics only. In some studies, continuous data (e.g., age) were reported
as means and standard deviations (SDs); however, only medians and
quantiles were reported in some of the other studies considered for inclu-
sion. In order to compute pooled summary statistics from quantile data,
we used methods described by Luo et al. [14] and Wan et al. [15] to
estimate means and SDs, respectively. Subsequently, simple weighted
means and SDs were computed using a homogenous set of summary
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measures. Unless otherwise specified, continuous data are reported as
mean + SD.

Results

Of 2,388 total articles identified from the literature search, 9 stud-
ies with publications ranging from 1997 to 2020 met our inclusion cri-
teria [5,7,16-22]. A PRISMA diagram detailing our search strategy is
shown in Fig. 1. Six studies had low risk of bias [7,16,18,20-22] and
three studies had moderate risk of bias [5,17,19] (Supplemental Table
1). A total of 299 patients who had undergone surgical treatment for
PVO were identified. Of these, 37.8% (113/299) of patients had surgi-
cal treatment without fixation, 46.2% (138/299) had acute instrumen-
tation, and 16.1% (48/299) had delayed instrumentation. A full list of
studies from our literature review with the surgical treatments and pa-
tient background characteristics is provided in Table 1, with individual
patient data in Table 2 when available. Patient outcomes are provided
in Table 3, with individual patient outcomes in Table 4 when available.

Patient baseline characteristics

Demographics

The mean age of the patient population with available age data by
group (n=144) was 60.1+13.8 years. The surgical treatment without
fixation group (n=110) had a mean age of 63.2+11.9 years, the acute
instrumentation group (n=29) had a mean age of 50.1+14.7 years, and
the delayed instrumentation group (n=5) had a mean age of 50.8+19.5
years.

Causative organisms

Of the patients with causative organism(s) reported, Staphylococcus
aureus was identified as the causative organism in 36.8% (14/38) of pa-
tients overall, including 33.3% (3/9) of the surgical treatment without
fixation group, 39.1% (9/23) of the acute instrumentation group, and
33.3% (2/6) of the delayed instrumentation group. Gram-negative rod
bacteria were identified as the causative organisms in 42.1% (16/38) of
patients overall, including 55.6% (5/9) of the surgical treatment with-
out fixation group, 34.8% (8/23) of the acute instrumentation group,
and 50.0% (3/6) of the delayed instrumentation group. Coagulase-
negative staphylococci were identified as the causative organisms in
10.5% (4/38) of patients overall, including 0.0% (0/9) of the surgi-
cal treatment without fixation group, 17.4% (4/23) of the acute instru-
mentation group, and 0.0% (0/6) of the delayed instrumentation group.
Group B streptococci were identified as the causative organisms in 2.6%
(1/38) of patients overall, in a patient with delayed instrumentation.
The causative organism was not able to be identified in 10.5% (4/38)
of patients who were tested overall, including 11.1% (1/9) of the surgi-
cal treatment without fixation group, 13.0% (3/23) of the acute instru-
mentation group, and 0.0% (0/6) of the delayed instrumentation group.
Of the patients with previous spinal surgery status documented, 65.4%
(17/26) overall had previous spinal surgery, including 66.7% (6/9) of
the surgical treatment without fixation group, 64.3% (9/14) of the acute
instrumentation group, and 66.7% (2/3) of the delayed instrumentation
group.

Operative details

Operative spine region information was available for 142 patients.
The cervical spine was involved in 9.2% (13/142) of cases overall, in-
cluding 9.1% (10/110) of the surgical treatment without fixation group,
7.7% (2/26) of the acute instrumentation group, and 16.7% (1/6) of
the delayed instrumentation group. The thoracic spine was involved
in 23.2% (33/142) of cases overall, including 20.9% (23/110) of the
surgical treatment without fixation group, 34.6% (9/26) of the acute
instrumentation group, and 16.7% (1/6) of the delayed instrumenta-
tion group. The lumbosacral spine was involved in 76.1% (108/142) of
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cases overall, including 76.4% (84/110) of the surgical treatment with-
out fixation group, 73.1% (19/26) of the acute instrumentation group,
and 83.3% (5/6) of the delayed instrumentation group. The side of in-
strumentation was specified for 17.8 % of patients with instrumentation
(33/186).

Anterior only instrumentation was performed in 18.2% (6/33) pa-
tients overall, including 22.2% (6/27) of the acute instrumentation
group, and 0.0% (0/6) of the delayed instrumentation group. Posterior
only instrumentation was performed in 51.5% (17/33) patients over-
all, including 55.6% (15/27) of the acute instrumentation group, and
33.3% (2/6) of the delayed instrumentation group. Combined instru-
mentation was performed in 30.3% (10/33) patients overall, including
22.2% (6/27) of the acute instrumentation group, and 66.7% (4/6) of
the delayed instrumentation group.

Neurological status and pain

Baseline neurological status was available for 43.5% (130/299) of
patients overall. Of these patients, 33.1% (43/130) had neurological
deficits at diagnosis, including 32.7% (36/110) of the surgical treat-
ment without fixation group, 35.3% (6/17) of the acute instrumentation
group, and 33.3% (1/3) of the delayed instrumentation group. Base-
line pain status was available for 42.5% (127/299) of patients over-
all. Of these patients, 91.3% (116/127) had pain at diagnosis, includ-
ing 90.8% (99/109) of the surgical treatment without fixation group,
100.0% (15/15) of the acute instrumentation group, and 66.7% (2/3) of
the delayed instrumentation group. Baseline Visual Analog Scale (VAS)
scores were given by one study [16]. Two patients with surgical treat-
ment without fixation had VAS scores of 3 and 6, and six patients with
acute instrumentation had a mean VAS score of 4.8 (SD: +/- 1.8).

Patient outcomes

Follow-up ranged from four weeks [5] to 60 months [7]. One patient
had a recorded follow-up of two weeks due to death, but the other pa-
tients in the study had a minimum follow-up of 12 months [7]. Follow-
up information for each study is given in Tables 3 and 4. Patient out-
comes were gathered regardless of follow-up time, except mortality,
where only patients with at least two years of follow-up were consid-
ered as negative results.

Reinfection status was available for 85.3% (255/299) of patients,
with a follow-up range of four weeks to 60 months. Reinfection occurred
in 11.8% (30/255) of patients overall, including 4.4% (4/90) of the sur-
gical treatment without fixation group, 15.7% (19/121) of the acute in-
strumentation group, and 15.9% (7/44) of the delayed instrumentation
group.

Neurological status at follow-up was available for 6.7% (20/299) of
patients overall, which included no patients in the delayed instrumen-
tation group. Neurological status follow-up ranged from two weeks to
12 months. Neurological deficit was present in 30.0% (6/20) of patients
at follow-up, including 4.4% (4/11) of the surgical treatment without
fixation group and 15.7% (2/9) of the acute instrumentation group.

Pain status at follow-up was available for 30.4% (91/299) of pa-
tients, with a follow-up range of 4 months to 45 months. Pain was
present in 11.8% (27/91) of patients overall at follow-up, including
27.3% (21/77) of the surgical treatment without fixation group, 50.0%
(6/12) of the acute instrumentation group, and 0.0% (0/2) of the de-
layed instrumentation group. In the study that provided VAS scores [16],
the surgical treatment without fixation group had VAS scores of 1 and
3 (change from baseline -2 and -3, respectively) and the acute instru-
mentation group (six patients) had a mean VAS score of 3 (change from
baseline -1.8 +/- 1.0).

Mortality at two years was available for 36.5% (109/299) of pa-
tients. Mortality occurred in 12.8% (14/109) of patients overall, includ-
ing 13.1% (13/99) of the surgical treatment without fixation group,
0.0% (0/9) of the acute instrumentation group, and 100.0% (1/1) of
the delayed instrumentation group.



Table 1

Aggregate patient baseline characteristics from a literature review of acute and delayed instrumentation in vertebral osteomyelitis.

Study Intervention Sample Age (mean + SD, Causative organism: Side of Previous spinal Spine region Baseline neurological Baseline pain: %
size (N) years) % (n/N) instrumentation: % surgery: % (n/N) involved: % (n/N) deficit: % (n/N) (n/N)
(n/N)
Ahn 2012 [1] Surgical 2 50.0 + 21.2 Gram-negative rod: Not applicable 100.0% (2/2) Lumbosacral: 0.0% (0/2) 100.0% (2/2)
treatment-no 100.0% (2/2) 100.0% (2/2)
fixation
Acute 6 41.5 + 14.6 Gram-negative rod: Posterior: 100.0% 100.0% (6/6) Lumbosacral: 16.7% (1/6) 100.0% (6/6)
instrumentation 66.7% (4/6) (6/6) 100.0% (6/6)
Coagulase negative
staphylococci:
33.3% (2/6)
Arnold P. 1997 [2] Surgical 7 48.6 +17.2 - Not applicable - Thoracic: 42.9% 85.7% (6/7) 100.0% (7/7)
treatment-no 3/7)
fixation Lumbosacral: 71.4%
5/7)
Acute 3 45.0 + 10.4 - Posterior: 100.0% - Lumbosacral: 0.0% (0/3) 100.0% (3/3)
instrumentation (3/3) 100.0% (3/3)
Arnold R. 2014 [3] Acute 87 - - - - - - -
instrumentation
Delayed 7 - - - - - - -
instrumentation
Choi 2010 [4] Surgical 3 43.7 +13.3 Gram-negative rod: Not applicable 100.0% (3/3) Lumbosacral: 0.0% (0/3) 100.0% (3/3)
treatment-no 66.7% (2/3) 100.0% (3/3)
fixation Not able to identify:
33.3% (1/3)
Acute 2 36.0 +1.4 Gram-negative rod: Posterior: 100.0% 100.0% (2/2) Lumbosacral: 0.0% (0/2) 100.0% (2/2)
instrumentation 50.0% (1/2) 2/2) 100.0% (2/2)
Coagulase negative
staphylococci:
50.0% (1/2)
Delayed 2 47.0 +19.8 Gram-negative rod: Posterior: 100.0% 100.0% (2/2) Lumbosacral: 0.0% (0/2) 100.0% (2/2)
instrumentation 100.0% (2/2) (2/2) 100.0% (2/2)
Lee 2007 [5] Surgical 3 Range: 51-75 - Not applicable - - - -
treatment-no
fixation
Acute 6 60.3 +10.2 S. aureus: 20.0% Anterior: 66.7% - Thoracic: 40.0% - -
instrumentation (1/5) (4/6) (2/5)
Coagulase negative Posterior: 33.3% Lumbosacral: 80.0%
staphylococci: (2/6) (4/5)
20.0% (1/5)
Not able to identify:
60.0% (3/5)
Mavrogenis 2016 [6] Surgical 1 73 Gram-negative rod: Not applicable 100.0% (1/1) Lumbosacral: 100.0% (1/1) -
treatment-no 100.0% (1/1) 100.0% (1/1)
fixation
Acute 2 70.5 + 4.9 S. aureus: 100.0% Anterior: 50.0% 50.0% (1/2) Thoracic: 100.0% 100.0% (2/2) -
instrumentation 2/2) 1/2) (2/2)

Combined: 50.0%
(1/2)

Lumbosacral: 50.0%
(1/2)

(continued on next page)
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Table 1 (continued)

Study Intervention Sample Age (mean + SD, Causative organism: Side of Previous spinal Spine region Baseline neurological Baseline pain: %
size (N) years) % (n/N) instrumentation: % surgery: % (n/N) involved: % (n/N) deficit: % (n/N) (n/N)
(n/N)
Oktenoglu 2011 [7] Surgical 3 53.7 + 10.4 S. aureus: 100.0% Not applicable 0.0% (0/3) Thoracic: 33.3% 100.0% (3/3) 100.0% (3/3)
treatment-no 3/3) (1/3)
fixation Lumbosacral:
66.7%(2/3)
Acute 4 51.0 £ 6.7 S. aureus: 100.0% Anterior: 25.0% 0.0% (0/4) Cervical: 50.0% 75.0% (3/4) 100.0% (4/4)
instrumentation (4/4) (1/4) 2/4)
Posterior: 25.0% Thoracic: 50.0%
1/4) 2/4)
Combined: 50.0%
2/4)
Delayed 1 75 S. aureus: 100.0% Combined: 100.0% 0.0% (0/1) Cervical: 100.0% 100.0% (1/1) 0.0% (0/1)
instrumentation (1/1) (1/1) (1/1)
Park 2015 [8] Surgical 94 Median: 65 (Q1-Q3: - Not applicable - Cervical: 10.6% 27.7% (26/94) 89.4% (84/94)
treatment-no 59-72) (10/94)
fixation Thoracic: 20.2%
(19/94)
Lumbosacral: 75.5%
(71/94)
All instrumentation 59 Median: 67 (Q1-Q3: - - - Cervical: 10.2% 16.9% (10/59) 89.8% (53/59)
59-71) (6/59)
Thoracic: 35.6%
(21/59)
Lumbosacral: 71.2%
(42/59)
Acute 24 - - - - - - -
instrumentation
Delayed 35 - - - - - - -
instrumentation
Verla 2020 [9] Acute 4 51.3 + 22.0 S. aureus: 50.0% Posterior: 25.0% - Thoracic: 75.0% - -
instrumentation 2/749) 1/4) (3/4)
Gram-negative rod: Combined: 75.0% Lumbosacral: 75.0%
75.0% (3/4) 3/4) (3/4)
Delayed 3 45.3 + 20.0 S. aureus: 33.3% Combined: 100.0% - Thoracic: 33.3% - -
instrumentation 1/3) (3/3) 1/3)
Gram-negative rod: Lumbosacral:

33.3% (1/3)

Group B
streptococci: 33.3%
1/3)

100.0% (3/3)

S. aureus=Staphylococcus aureus, SD=standard deviation.
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Table 2

Individual patient baseline characteristics from a literature review of acute and delayed instrumentation in vertebral osteomyelitis.

Study

Intervention

Age (years)

Causative organism

Side of instrumentation

Previous spinal
surgery

Spine region involved

Baseline
neurological deficit

Baseline pain

Ahn 2012 [1]

Arnold P. 1997 [2]

Choi 2010 [3]

Lee 2007 [4]

Mavrogenis 2016 [5]

Oktenoglu 2011 [6]

Verla 2020 [7]

Surgical treatment-no fixation

Acute instrumentation

Surgical treatment-no fixation

Acute instrumentation

Surgical treatment-no fixation

Acute instrumentation
Delayed instrumentation

Surgical treatment-no fixation*
Acute instrumentation

Surgical treatment-no fixation
Acute instrumentation

Surgical treatment-no fixation

Acute instrumentation

Delayed instrumentation
Acute instrumentation

Delayed instrumentation

35
65
29
31
36
65
34
54
30
67
45
73
43
28
54
38
40
57
55
29
47
35
37
33
61
Range: 51-75
46
63
63
69
55
Range: 51-75*
73
74
67
57
42
62
60
51
49
44
75
20
71
60
54
66
26
44

Gram-negative rod
Gram-negative rod
Gram-negative rod
Gram-negative rod
Coagulase negative staphylococci
Gram-negative rod
Gram-negative rod
Coagulase negative staphylococci

Not able to identify
Gram-negative rod
Gram-negative rod
Gram-negative rod
Coagulase negative staphylococci
Gram-negative rod
Gram-negative rod
Coagulase negative staphylococci
Not able to identify

Not able to identify

Not able to identify

S. aureus

Gram-negative rod

aureus

aureus

aureus

aureus

aureus

aureus

aureus

aureus

aureus

aureus

aureus, Gram-negative rod
Gram-negative rod

Gram-negative rod
S. aureus

Group B streptococci
Gram-negative rod
S. aureus

Not applicable
Not applicable
Posterior
Posterior
Posterior
Posterior
Posterior
Posterior

Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
Posterior
Posterior
Posterior

Not applicable
Not applicable
Not applicable
Posterior
Posterior
Posterior
Posterior

Not applicable
Anterior
Anterior
Anterior
Anterior
Posterior
Posterior

Not applicable
Anterior
Combined

Not applicable
Not applicable
Not applicable
Combined
Combined
Anterior
Posterior
Combined
Posterior
Combined
Combined
Combined
Combined
Combined
Combined

Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral

Thoracic

Lumbosacral
Lumbosacral
Lumbosacral
Thoracic, Lumbosacral
Thoracic

Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Lumbosacral
Thoracic, Lumbosacral
Lumbosacral
Lumbosacral

Thoracic

Lumbosacral
Thoracic, Lumbosacral
Thoracic

Lumbosacral

Thoracic

Lumbosacral

Thoracic

Cervical

Thoracic

Cervical

Cervical

Lumbosacral
Thoracic, Lumbosacral
Thoracic, Lumbosacral
Thoracic

Lumbosacral
Thoracic, Lumbosacral
Lumbosacral

No
No
No
No
No
No
No
Yes
No

S. aureus=Staphylococcus aureus.
*Some baseline data did not distinguish between three surgical treatment with no fixation patients and one acute instrumentation patient.
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Table 3
Aggregate patient outcomes from a literature review of acute and delayed instrumentation in vertebral osteomyelitis.
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Study Intervention Sample size Follow-up (months)* Reinfection: % (n/N) Neurological deficit: Pain: % (n/N) Mortality at 2 years:
) % (n/N) % (n/N)
Ahn 2012 [1] Surgical treatment-no fixation 2 36.0 + 0.0 - - 50.0% (1/2) 0.0% (0/2)
Acute instrumentation 6 27.3 +5.9 - - 100.0% (6/6) 0.0% (0/5)
Arnold P. 1997 [2] Surgical treatment-no fixation 7 Minimum = 12 - 14.3% (1/7) 0.0% (0/1) -
Acute instrumentation 3 Minimum = 12 - 0.0% (0/3) 0.0% (0/3) -
Arnold R. 2014 [3] Acute instrumentation 87 Minimum = 1 20.7% (18/87) - - -
Delayed instrumentation 7 Minimum = 1 57.1% (4/7) - - -
Choi 2010 [4] Surgical treatment-no fixation 3 Minimum = 4 0.0% (0/3) - 0.0% (0/3) -
Acute instrumentation 2 Minimum = 4 0.0% (0/2) - 0.0% (0/2) -
Delayed instrumentation 2 Minimum = 4 0.0% (0/2) - 0.0% (0/2) -
Lee 2007 [5] Surgical treatment-no fixation 3 Minimum = 10 0.0% (0/3) - - -
Acute instrumentation 6 Minimum = 10 0.0% (0/6) - - -
Mavrogenis 2016 [6] Surgical treatment-no fixation 1 Exact = 0.5 - 0.0% (0/1) - 100.0% (1/1)
Acute instrumentation 2 Range = 12-60 0.0% (0/2) 0.0% (0/2) - 0.0% (0/1)
Oktenoglu 2011 [7] Surgical treatment-no fixation 3 28.0 + 8.0 - 100.0% (3/3) - 0.0% (0/2)
Acute instrumentation 4 30.5+7.0 - 50.0% (2/4) - 0.0% (0/3)
Delayed instrumentation 1 Exact =16 - - - 100.0% (1/1)
Park 2015 [8] Surgical treatment-no fixation 94 Mean = 39 4.8% (4/84) - 28.2% (20/71) 12.8% (12/94)
All instrumentation 59 Mean = 45 6.8% (4/59) - 34.5% (19/55) 0.0% (0/59)
Acute instrumentation 24 - 4.2% (1/24) - - -
Delayed instrumentation 35 - 8.6% (3/35) - - -
Verla 2020 [9] Acute instrumentation 4 Minimum = 6 - - - -
Delayed instrumentation 3 Minimum = 6 - - - -

Data are expressed as mean + standard deviation unless otherwise noted.
*To enable data analysis using a uniform metric, follow-up periods were converted to months when reported in alternative timescale metrics.
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Table 4
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Individual patient outcomes from a literature review of acute and delayed instrumentation in vertebral osteomyelitis.

Study Intervention Age (years) Follow-up (months)* Reinfection Neurological Pain Mortality at 2
deficit years
Ahn 2012 [1] Surgical treatment-no fixation 35 36 - - No No
65 36 - - Yes No
Acute instrumentation 29 36 - - Yes No
31 24 - - Yes No
36 32 - - Yes No
65 28 - - Yes No
34 24 - - Yes No
54 20 - - Yes -
Arnold P. 1997 [2] Surgical treatment-no fixation 30 Minimum = 12 - No No -
67 Minimum = 12 - No - -
45 Minimum = 12 - No - -
73 Minimum = 12 - No - -
43 Minimum = 12 - No - -
28 Minimum = 12 - No - -
54 Minimum = 12 - Yes - -
Acute instrumentation 38 Minimum = 12 - No No -
40 Minimum = 12 - No No -
57 Minimum = 12 - No No -
Choi 2010 [3] Surgical treatment-no fixation 55 Minimum = 4 No - No -
29 Minimum = 4 No - No -
47 Minimum = 4 No - No -
Acute instrumentation 35 Minimum = 4 No - No -
37 Minimum = 4 No - No -
Delayed instrumentation 33 Minimum = 4 No - No -
61 Minimum = 4 No - No -
Lee 2007 [4] Surgical treatment-no fixation Range: Minimum = 10 No - - -
51-75**
Acute instrumentation 46 Minimum = 10 No - - -
63 Minimum = 10 No - - -
63 Minimum = 10 No - - -
69 Minimum = 10 No - - -
55 Minimum = 10 No - - -
Range: Minimum = 10 No - - -
51-75**
Mavrogenis 2016 [5] Surgical treatment-no fixation 73 0.5 - No - Yes
Acute instrumentation 74 60 No No - No
67 12 No No - -
Oktenoglu 2011 [6] Surgical treatment-no fixation 57 36 - Yes - No
42 20 - Yes - -
62 28 - Yes - No
Acute instrumentation 60 34 - No - No
51 28 - No - No
49 38 - Yes - No
44 22 - Yes - -
Delayed instrumentation 75 16 - - - Yes
Verla 2020 [7] Acute instrumentation 20 Minimum = 6 - - - -
71 Minimum = 6 - - - -
60 Minimum = 6 - - - -
54 Minimum = 6 - - - -
Delayed instrumentation 66 Minimum = 6 - - - -
26 Minimum = 6 - - - -
44 Minimum = 6 - - - -

*To enable data analysis using a uniform metric, follow-up periods were converted to months when reported in alternative timescale metrics.
**Some baseline data did not distinguish between three surgical treatment with no fixation patients and one acute instrumentation patient in this study.

Other outcomes recorded include length of hospitalization, progres-
sion of kyphosis, fusion, and hardware failure. Length of hospitaliza-
tion was given by one study with a minimum follow-up of 6 months
[22] with four patients with acute instrumentation. The patients had a
mean length of hospitalization of 33.0 days (SD: +/- 19.8), and three
patients with delayed instrumentation, who had a mean length of hos-
pitalization of 24.0 days (SD: +/- 17.8).

Kyphosis status was given in one study with a minimum follow-up of
10 months [19] with one patient with surgical treatment without fixa-
tion and six patients with acute instrumentation. Progression of kyphosis
was not found in any patients and two patients with kyphosis diagnosed
at baseline had improvement in kyphosis (-3.6° and -9.4° from baselines
of 4.4° and 12.3°, respectively).

Fusion status was reported in one study with a minimum follow-up
of four months [18], where fusion was achieved in all patients, includ-
ing three patients with surgical treatment without fixation, two patients
with acute instrumentation, and two patients with delayed instrumen-
tation.. Hardware status was reported in two studies with a follow-up
range of 6 months to 60 months [7,22], with no cases of hardware fail-
ure, including six patients with acute instrumentation and three patients
with delayed instrumentation.

Discussion

We systematically reviewed studies that reported outcomes of pa-
tients with PVO treated with acute or delayed instrumentation com-
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pared to patients treated with surgery without fixation. We found that
among available patients with PVO treated with instrumentation, there
was no difference in reinfection rates between acute and delayed in-
strumentation, although the limited number of studies available makes
drawing definite conclusions impossible. Reinfection occurred less fre-
quently in the group treated surgically without fixation compared to
either group where instrumentation was used. The percentage of pa-
tients with pain decreased after surgery in all three groups. Studies with
a moderate risk of bias supported similar conclusions to studies with
low risk of bias. Overall, this study suggests that there are no major
differences in outcomes between acute and delayed instrumentation for
patients with PVO. Further cohort studies and controlled trials directly
comparing acute and delayed instrumentation are necessary to confirm
this conclusion.

While the use of instrumentation in surgical treatment for PVO is
commonly accepted, no consensus exists for the staging of debridement
relative to the application of instrumentation. However, our systematic
review indicates that acute and delayed instrumentation may not lead
to major differences in reinfection rates, in agreement with studies that
directly compared acute and delayed instrumentation [5,18,21]. These
results suggest that clearing infected tissue before instrumentation may
not reduce the risk of regrowth of the infectious agent, or that the in-
fection is not fully cleared between the first surgery and the second.
However, delayed instrumentation is sometimes chosen based on con-
cerns for the patient’s ability to undergo general anesthesia or recover
from the initial surgery due to comorbidities or severe disease [9-11],
which may affect comparisons between the groups in non-randomized
studies. Additionally, the studies did not report screening for patients
with refractory cases of PVO, which would indicate a predisposition to
reinfection. Acute and delayed approaches may have advantages in dif-
ferent patient populations and these factors should be considered when
choosing the most appropriate technique.

Our results suggest that both the acute and delayed instrumenta-
tion groups have higher rates of reinfection than the surgical treatment
without fixation group, indicating there may be an increased risk of re-
infection due to bacteria growing on the instrumentation. While some
studies have reported no increased risk of reinfection [4,23] and suggest
that instrumentation should be applied more frequently to prevent pro-
gression of kyphosis after treatment for PVO [7-9], our results indicate
that the potential increased risk of reinfection should still be considered.
Reinfection can lead to increased morbidity and mortality as well as in-
creased hospital costs and long-term complications [24]. Further studies
are needed to determine the increase in risk of reinfection from use of
instrumentation, including the influence of comorbidities and other pa-
tient characteristics on risk of reinfection.

All three surgical treatments reduced pain compared to the base-
line data in our review. The acute instrumentation group had higher
incidence of pain both before and after treatment than the delayed in-
strumentation group, but the low number of patients in the delayed
instrumentation group limits the validity of the comparison. The indi-
vidual studies included in the review draw a mix of conclusions about
the efficacy of the different treatments in resolving patient pain. Three
studies indicated that surgical treatment without fixation and acute or
delayed instrumentation are all effective at reducing the incidence of
pain compared to baseline [17,18,21]. One study indicated that surgical
treatment without fixation decreases the incidence of pain compared to
baseline, but that acute instrumentation leads to no change in pain [16].
No studies reported an increase in incidence of pain after surgery. These
results are in line with the current treatment guidelines for VO, which
include the usage of surgical treatment with or without instrumentation
in patients with neurological decline or spinal instability despite the lack
of controlled trials to indicate efficacy [4,6].

The limited data available for other outcomes made drawing con-
crete conclusions about the effect of staging difficult. Neurological sta-
tus at follow-up was only available for 6.7% of patients, while base-
line neurological status was available for 43.5% of patients. Likewise,
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mortality at two years was only available in one patient in the delayed
instrumentation group and nine in the acute instrumentation group. Pa-
tient characteristics that may affect outcomes, such as causative organ-
ism, spine region, and side of instrumentation, were also sporadically
reported. Further work is needed to follow patients with PVO treated
with instrumentation long-term and consistently capture relevant pa-
tient characteristics and outcomes.

Limitations

A major limitation of this study is the rarity of instrumentation in
treatment of PVO, especially delayed instrumentation, so the evidence
gathered here came from small, retrospective studies, thus precluding
inferential statistics. Our findings are also limited by the low number
of studies that distinguish between acute and delayed instrumentation
when reporting patient data and the lack of randomized control trials
available for instrumentation in the treatment of PVO. The majority
of the patients identified come from two of the nine included studies
[5,211, which did not provide patient-level data. Selection bias in de-
ciding whether to treat patients with acute or delayed instrumentation
due to disease characteristics or comorbidities introduces bias into our
results. Additionally, time between debridement and instrumentation
was not consistent across patients with delayed instrumentation. Fur-
ther studies will be needed to directly compare acute and delayed in-
strumentation across larger numbers of patients.

Conclusion

Currently, the available evidence does not reveal differences in the
relative effects of acute or delayed instrumentation on patient outcomes.
Use of instrumentation in surgery for PVO, either acute or delayed, may
lead to an increase in reinfection rates. Further research is needed to

understand the relative benefits and disadvantages of acute and delayed
instrumentation in the treatment of PVO.
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