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Abstract

Background Surgical site infection (SSI) is the most common complications in spinal surgery. In SSI, non-superficial
surgical site infections are more likely to result in poor clinical outcomes. It has been reported that there are multiple
factors contributing to postoperative non-superficial SSI, but still remains controversial. Therefore, the aim of this
meta-analysis is to investigate the potential risk factors for non-superficial SSI following spinal surgery.

Methods A systematic database search of PubMed, Embase, Web of Science, Cochrane Library and Clinical Trials was
performed for relevant articles published until September 2022. According to the inclusion and exclusion criteria,
two evaluators independently conducted literature screening, data extraction and quality evaluation of the obtained
literature. The Newcastle-Ottawa Scale (NOS) score was used for quality evaluation, and meta-analysis was performed
by STATA 14.0 software.

Results A total of 3660 relevant articles were initially identified and 11 articles were finally included in this study

for data extraction and meta-analysis. The results of meta-analysis showed that the diabetes mellitus, obesity, using
steroids, drainage time and operative time were related to the non-superficial SSI. The OR values (95%Cl) of these five
factors were 1.527 (1.196, 1.949); 1.314 (1.128,1.532); 1.687(1.317,2.162); 1.531(1.313, 1.786) and 4.255(2.612, 6.932)
respectively.

Conclusions Diabetes mellitus, obesity, using steroids, drainage time and operative time are the current risk factors
for non-superficial SSI following spinal surgery. In this study, operative time is the most important risk factor resulting
in postoperative SSI.

Keywords Spinal surgery, Risk factors, Deep surgical site infection, Organ/space surgical site infection, Non-superficial
surgical site infection

Introduction

SSIis a common complication after spinal surgery [1, 2].
In previous studies, postoperative SSI occurs in approxi-
mately 1-15% of patients who undergo spinal surgery [3,
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are few reports on the risk factors of postoperative deep
surgical site infections(d-SSI) and organ/space SSI. As the
type of SSI, d-SSI and organ/space SSI lead to more seri-
ous clinical outcomes, such as fever(>38°C), pneumonia,
localized pain, or tenderness, abscess and toxemia [8, 9].
To identify patient characteristics and perioperative risk
factors associated with postoperative non-superficial SSI,
we conduce this meta-analysis.

Materials and methods

Study selection

We conducted a systematic search of the scientific litera-
ture on non-superficial and performed a meta-analysis of
the pooled data from the eligible studies. Case—control
studies or cohort studies were searched from PUBMED,
EMBASE, Web of Science, Cochrane Library and Clinical
Trials independently by two authors. We adhered to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and Meta-Analysis of Obser-
vational Studies in Epidemiology (MOOSE) guidelines.
Taking PubMed as an example, the brief retrieval strat-
egy is shown as follows: ((spin*[Title/Abstract]) AND
(infections[Title/Abstract]) AND (risk factors[Title/
Abstract]). Two evaluators independently screened the
literature by adopting the unified inclusion criteria. In
case of any disagreement, it was resolved through discus-
sion or with the assistance of a third researcher.

Inclusion criteria and exclusion criteria

The eligibility criteria were specified using the Popula-
tion, Intervention, Criteria, Outcome and Study design
(PICOS) framework. The selected literatures must meet
the following conditions: 1) thoracolumbar or sacral
spinal surgery; 2) The literature should adopt the CDC,
ICD-9 or Horan et Al’s definition of SSI; 3) The original
data should provide OR value and 95% confidence inter-
val (95%CI) or the OR value and 95%CI can be calculated
from the data; 4) The summary results can be expressed
by corresponding statistical indicators.

Literatures meeting one of the following conditions
were excluded: (1) cervical spine surgery; (2) pediatric
spinal surgery; (3) superficial surgical site infections; (4)
The type of SSI is not clearly indicated; (5) animal stud-
ies; (6) meta-analysis and reviews; (7) duplicate studies;
(8) case reports; (9) articles without available data; (10)
unrelated studies.

Definition of SSI

SSIs were defined according to the Centre for Disease
Control and Prevention. The CDC definition categorizes
SSI based on the layer of tissue involved, timeframe and
the presence of implants [10].
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According to the definition of SSI in CDC, a deep
SSI occurs in the deep connective tissue (for exam-
ple, fascial and muscle layers), within 30 days if there is
no implant/instrumentation, or 1 year if an implant is
in situ. patient has at least one of the following: a. puru-
lent drainage from the deep incision. b. a deep incision
that spontaneously dehisces, or is deliberately opened or
aspirated by a surgeon, physician* or physician designee
and organism(s) identified from the deep soft tissues of
the incision by a culture or non-culture based microbio-
logic testing method which is performed for purposes of
clinical diagnosis or treatment (for example, not Active
Surveillance Culture/Testing (ASC/AST)) or culture or
non-culture based microbiologic testing method is not
performed. A culture or non-culture based test from the
deep soft tissues of the incision that has a negative find-
ing does not meet this criterion. and patient has at least
one of the following signs or symptoms: fever (>38 °C);
localized pain or tenderness. c. an abscess or other evi-
dence of infection involving the deep incision that is
detected on gross anatomical or histopathologic exam, or
imaging test [11-13].

An organ/space SSI involves any part of the body
deeper than the fascial/muscle layers that is opened or
manipulated during the operative procedure; patient has
at least one of the following: a. purulent drainage from
a drain that is placed into the organ/space (for example,
closed suction drainage system, open drain, T-tube drain,
CT-guided drainage). b. organism(s) identified from fluid
or tissue in the organ/space by a culture or non-culture
based microbiologic testing method which is performed
for purposes of clinical diagnosis or treatment (for exam-
ple, not Active Surveillance Culture/Testing (ASC/AST)).
c. an abscess or other evidence of infection involving the
organ/space that is detected on gross anatomical or his-
topathologic exam, or imaging test evidence suggestive of
infection [11-13].

In the current study, deep surgical site infection and
organ/space SSI are defined as the non-superficial SSI.

Methodological quality evaluation

The Newcastle-Ottawa Scale (NOS) scoring system
was used to evaluate the methodological quality of the
included studies. For case—control studies, the NOS uses
a "star” rating system to judge quality based on three fac-
tors: (a) selection; (b) comparability; (c) exposure. Among
these three categories, studies can receive a maximum of
4, 2, and 3, with 9 stars being the highest rating. In the
NOS, we assigned scores of 0-3, 4—6 and 7-9 to indi-
cate low, moderate and high quality studies, respectively.
Most included studies had moderate and high quality
score. In this article, there are one article with 5 stars, five
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articles with 6 stars, three articles with 7 stars, and two
articles with 8 stars, which is shown in the Table 1.

Statistical analysis

Stata version 14.0 (Stata Corp LP, College Station, Texas)
was used to synthesize, summarize, and evaluate the
data. The collected data were tested for heterogene-
ity and the combined OR value and 95%CI were calcu-
lated. To determine heterogeneity across the studies, the
I? Higgins (0-100%) was adopted. The fixed-effect model
was used for meta-analysis when the heterogeneity sta-
tistic I? is less than 50%. In the meanwhile, the random-
effect model was applied when the heterogeneity statistic
I? is greater than or equal to 50%. Funnel plot was used
to analyze potential publication bias when the number
of articles included was more than 5. Sensitivity analysis
was used to test the stability of meta-analysis results: (1)
comparison of results between random effect model and
fixed effect model; (2) When the number of included lit-
eratures is more than 5, the points with significant devia-
tion from 95%CI in the funnel chart are excluded for
meta-analysis, and the results are compared with those
when all the literatures are included. The p value for sta-
tistical significance was set at <0.05.

Results

Study selection

According to the search terms of the literature, a total of
3181 relevant articles were initially identified. Of those
articles, 249 were duplicated in databases. After screen-
ing the remaining 2932 articles using titles and abstracts,
most of the studies were excluded because they were
not relevant to the objectives of this study (2667), case
reports or meta-analysis and reviews (73). After reading

Page 3 of 11

the full text of the remaining 192 articles, a total of 181
were excluded due to the inability to obtain the full text
(3), the outcome variables did not match (75), research
content does not meet inclusion standards (103). Finally,
11 articles were included in this study for data extraction
and meta-analysis (Fig. 1).

Study characteristics

The eligible studies included 11 case—control study. The
highest NOS score was 8 and the lowest was 5. A total
of 1464 patients with non-superficial SSI after spinal
surgery were included in the study. Among them, 1043
patients had deep-SSI, 157 patients had organ/space SSI,
and 264 patients had deep-SSI or organ/space SSI. The
basic characteristics and NOS scores of the included
studies are shown in Table 2.

Meta-analysis

According to the research contents of the included lit-
erature and the number of references for each factor, five
risk factors including diabetes mellitus, obesity, using
steroids, drainage time and operative time were selected
for meta-analysis.

Operative time

Three literatures reported operative time as a risk fac-
tor of postoperative non-superficial surgical site infec-
tions. There was no heterogeneity among these studies
(I?=16.6%, P=0.301). Meta-analysis of the three included
studies using fixed effect model showed that operation
time had a significant effect on the d-SSI or organ/space
SSI[OR=4.255, 95%CI (2.612,6.932), P<0.05, Fig. 2] [2,
18,19].

Table 1 Newcastle-Ottawa quality assessment of the studies included in the systematic review

Study Quality Assessment of Case-control Studies with NOS
Selection Comparability Exposure NOS QS
1 2 3 4 5 6 7 8 9
L‘M, S * * * * * * 6
Rao’ S B * * * * * * * 7
Pennington, Z * * * * * 5
Sekl, T * * * * * * 6
Kim, B D * * * * * * 6
Miller, E M * * * * * * * 7
De la Garza-Ramos, R * * * * * * 6
White, SIW * * * * * * 6
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Fig. 1 Flow chart of the searched, identified and included studies for meta-analysis

Using steroids

Three studies reported the relationship between using
steroids and non-superficial SSI [17, 21, 23]. There
was no heterogeneity among these studies (I*>=10.4%,
P=0.328), therefore the fixed effect model was used to
statistically analyze the data. The results showed that
using steroids was a risk factor affecting non-superficial
SSI [OR=1.687, 95%CI (1.317,2.162), P<0.05, Fig. 3].

Drainage time

Meta-analysis of the three included studies using fixed
effect model showed that drainage time had a signifi-
cant effect on the d-SSI or organ/space SSI [OR=1.531,
95%CI (1.313,1.786), P<0.05, Fig. 4] and no heteroge-
neity was observed between the three studies (I*=7.1%,
P=0.341) [15, 16, 18].

Diabetes mellitus

Taking diabetes mellitus as an independent factor, the
results of meta-analysis using a random effect model
showed that there was correlation between the diabetes
mellitus and the non-superficial surgical site infections
[combined OR values=1.527, 95%CI (1.196, 1.949),
P=0.001, Fig. 5]. In addition, slight heterogeneity was

found among the studies (12=58.9%, P=0.063) [14, 17,
21, 22].

Obesity

Six studies reported that the OR value between obe-
sity and non-superficial surgical site infections was
1.314[95%CI (1.128, 1.532), P=0.000], and there was
great heterogeneity between studies (I°=77.0% %,
P=0.001) [14-16, 20—-22]. The forest plot of obesity and
the non-superficial SSI is also shown in Fig. 6A. Sensitiv-
ity analysis of literatures was conducted by adopting the
one-by-one elimination method, and no studies with a
large impact on heterogeneity were found (Fig. 6B).

Publication bias analysis

Taking diabetes mellitus, obesity, steroids, drainage time
and operative time as indicators to detect publication
bias, the Egger’s and Begg’s test results are as follows: 1)
diabetes mellitus (0.248, 0.308); 2) obesity (0.000, 0.009);
3) steroids (0.148, 0.296); 4) drainage time (0.638, 1.000);
5) operative time (0.210, 1.000). The above test results
are all P>0.05 except obesity, indicating that there is lit-
tle possibility of publication bias in diabetes mellitus,
steroids, drainage time, operative time. However, the
funnel plot of obesity is not symmetrical, indicating that
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Table 2 Characteristics and quality evaluation of the included studies
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Author, year

Study design

Date of data

collection

Samples
that meet
the inclusion
criteria (N)

Type of
operation

d-SSlor
organ/space
SSI

risk factors

Statistical NOS scores

method

LIM, S 2018 [2]

Zhang, Z 2015
(14]

Rao, SB 2011
[15]

Pennington, Z
2019[16]

Kim, J 2022
N7

Seki, T2013
8]

Kim, BD 2014
(19l

Miller, EM
2022 [20]

retrospective
study

retrospective
study

Prospective
study

retrospective
study

retrospective
study

retrospective
study

retrospective
study

retrospective
cohort study

2006-2011

2008-2013

2008.01-

2008.12

2012-2018

2012-2018

2007-2012

2006-2011

2009-2019

1M1

99

57

38

767

unknown

unknown

Single level
lumbar fusion
surgery

Posterior
thoracic and
lumbar surgery

Posterior spine
fusion surgery

Spinal surgery

Instrumented
spinal fusion
surgery

Spinal surgery

Single-level
lumbar fusion
surgery

Anterior lum-
bar interbody
fusion surgery

organ/space
Ssl

d-SSI

d-SSI

d-ssl

d-SSI

d-SSI

organ/space
SSl

organ/space
SSl

1.age (>70)
2.female
3.ASA>2
4. operative
time>6h

1. obesity

2. diabetes
mellitus

3. number
of surgical
levels >3

1.drainage
time(per/day)
2.BMI

3.male

1. drainage
time(per/day)
2BMI
3.hemoglobin

1.age>60
2.male

3.rural resi-
dence
4.multiple
approaches
5.cerebrovas-
cular disease
6.peripheral
vascular
disease
7.chronic
pulmonary
disease
8.rheumato-
logic disease
9liver disease
10.diabetes
mellitus
11.hemiplegia
or paraplegia
12.allogenous
transfusion
13.use of
systemic ster-
oids > 2 weeks

1. operative
time
2.drainage
time

1. operative
time>5h

1.BMI>35

Logistic regres- 6
sion analysis

Logistic regres- 7
sion analysis

Logistic regres- 7
sion analysis

Logistic regres- 5
sion analysis

Logistic regres- 8
sion analysis

Logistic regres- 6
sion analysis

Logistic regres- 6
sion analysis

Logistic regres- 7
sion analysis
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Author,year  Study design Dateofdata  Samples
collection that meet
the inclusion
criteria (N)

Type of
operation

d-SSl or

organ/space

SSI

risk factors Statistical NOS scores
method

De la Garza- retrospective 2006-2012 264
Ramos, R2016 study
[21]

Wang, $ 2022 retrospective 2013-2018 20
[22] study

White, SJW retrospective 2008-2015 52
2019 23] study

Surgery for
degenerative
spine disease

Posterior lum-
bar interbody
fusion surgery

Elective ante-
rior lumbar
fusion surgery

d-SSI or organ/

space SSI

d-SSI

d-SSI

1. renal mor- Logistic regres- 6
bidity sion analysis
2. hemato-

oncological

morbidity

3.chronic

steroid use

4. diabetes

mellitus

5.0besity

6.lengths of

stay

7.0perative

time

1.local use of  Logistic regres- 8
vancomycin sion analysis
powder

2.BMI

3.drinking

4. urinary tract

infections

5. diabetes

mellitus

6. blood trans-

fusions

7.number of

surgical levels

8. postopera-

tive drainage

volume

1. steroid use Logistic regres- 6
sion analysis

Study

LIM.S (2018)

Seki, T (2013)

Kim, B D (2014)

Overall (I-squared = 16.6%, p = 0.301)

%

ES (95% Cl) Weight

3.56 (2.08, 6.10) 82.53

9.89(2.43,40.19)  12.12

>9.72(1,18, 80.14) 535

4.25(2.61,6.93) 100.00

T
.0125

Fig. 2 Multivariate analysis of operative time in a forest map

T
80.1
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Study

Kim, J (2022)

De la Garza-Ramos, R (2016)

White, SIW (2019)

Overall (I-squared = 10.4%, p = 0.328)

ES (95% Cl)

1.50 (1.11, 2.02)

2.04 (1.23,3.38)

2.78 (1.09, 7.10)

<> 1.69 (1.32, 2.16)
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%

Weight

68.79
24.20
7.00

100.00

T
A41

Fig. 3 Subgroup analysis of using steroids in a forest map

Study

Rao, S B (2011)

Pennington, Z (2019)

Seki, T (2013)

Overall (I-squared =7.1%, p = 0.341)

71

%

ES (95% Cl) Weight
1.60 (1.32, 1.93) 65.84
1.36 (1.04, 1.78) 32.83
3.23 (0.85, 12.26) 1.33
1.53 (1.31,1.79) 100.00

T
.0815 1

Fig. 4 Multivariate analysis of drainage time in a forest map

operative time, as one of the risk factors, has publication
bias (Fig. 7).

Discussion

According to the definition of CDC, there are three types
of SSI. Superficial SSI may cause local symptoms such
as redness, swelling, heat and pain in the early stage of
infection, which is characterized by mild symptoms and
good prognosis. However, deep SSI and organ/space SSI
are not easily identified and result in severe symptoms
and poor clinical outcomes. Therefore, we explore the
risk factors that may lead to non-superficial SSI, in order
to guide clinicians to conduct more precise treatment.

12.3

This meta-analysis systematically collected relevant
studies on risk factors of deep surgical site infections and
organ/space surgical site infections after spine surgery.
Various literatures had reported the risk factors of post-
operative SSI [5, 24]. However, we were surprised to find
that there was no meta-analysis of postoperative d-SSI or
organ/space SSI, which could result in a worse prognosis
outcome in SSL.

As a risk factor of postoperative non-superficial SSI,
diabetes mellitus will lead to the decline of body immu-
nity, and then cause SSI [25-27]. Impairment of protein
metabolism in patients with poor long-term glycemic
control reduces the production of important substances
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Study

Zhang, Z (2015)

Kim, J (2022)

De la Garza-Ramos, R (2016)
Wang, S (2022)

Overall (I-squared = 58.9%, p = 0.063)
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%

ES (95% Cl) Weight
—— 1.93 (1.04,3.56) 12.18
-~ 1.50 (1.31,1.72) 46.25
- 1.31(1.07, 1.60) 39.38

9.65 (1.92, 48.49) 2.19

@ 1.53(1.20, 1.95) 100.00

T
.0206

Fig. 5 Multivariate analysis of diabetes mellitus in a forest map

such as immunoglobulin complement, antibodies, and
enzymes. Defects that tend to have multiple defense
functions simultaneously are susceptible to infection and
difficult to control. Secondly, it may results in increas-
ing the probability of microvascular disease and blocking
blood flow in wound area [28]. In addition, due to the fact
that high glucose blood is a good growth environment for
bacteria and fungji, it is easy to cause breeding and propa-
gation, leading to surgical site infection. To explore the
reason for slight heterogeneity of diabetes mellitus, we
found that the OR value obtained from Dr. Wang was rel-
atively high. It may be caused by small sample size from
Dr. Wang ’s article (N=20), which is less than the other
three articles (99; 767; 264 respectively).

Obesity is associated with alterations in periph-
eral blood lymphocyte cytokine expression, according
to O’'Rourke RW et al. The adipose tissue participates
actively in inflammation and immunity maybe the mech-
anisms that predispose obese patients to infection. When
obese, there will be an increase in local tissue trauma as
a result of retraction, longer operative times, and a dis-
turbance of the body’s homeostatic balance [29]. BMI,
BMI>35 and obesity were all included in this meta-
analysis study. Subcutaneous fat thickness has also been
considered as a risk factor for postoperative SSI, but it is
still controversial [30—32]. Due to the thicker subcutane-
ous fat in obese patients, local fat necrosis will occur after
surgical operation, resulting in increasing probability of
d-SSI or organ/space SSI [30]. Some authors suggested
that BMI>30 was the risk factor for postoperative non-
superficial SSI. Others thought BMI> 35 may lead to an
increased probability of non-superficial SSI [20]. Even
some authors did not propose specific definitions for

485

obesity in their article [14, 21]. Therefore, for the moder-
ate heterogeneity of obesity, we speculate that it may be
due to different definitions of obesity.

Steroids are effective in the treatment of autoimmune
diseases because they reduce the function of the immune
system. Patients taking steroids are not only more likely
to get infected, but also more likely to develop seri-
ous or unusual infections [33]. In this meta-analysis, we
observed that the incidence of non-superficial SSI was
1.687 times higher in patients who received steroids than
in those who did not.

Drainage tube may increase the risk of SSI by causing
local tissue inflammation or bacterial retrograde infec-
tion [15, 34]. The longer the drainage tube stays, the
higher the patient’s risk of postoperative wound infec-
tion. In addition, insufficient drainage may lead to hema-
toma and infection. However, prolonged drainage tube
indwelling time is also a risk factor for postoperative
non-superficial SSI. When the drainage tube should be
removed is still controversial [35, 36].

Due to long-term surgery, patients are often accom-
panied by large wound areas, bleeding, and local hema-
toma, which reduces systemic resistance, disruption of
the normal vasculature of the surrounding tissues and
increases the rate of incision infection. As the operation
time increases, the exposure time of the incision to the
air increases accordingly. The patient’s resistance to bac-
terial infection also decreases during anesthesia, which is
a prerequisite for surgery [19]. In addition, longer opera-
tive time predisposes incisions to tissue desiccation that
may also increase the probability of contamination [37,
38]. All above reasons make prolonging surgical time
a critical risk factor for non-superficial SSI. Compared
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A Study

Zhang, Z (2015)

Rao, S B (2011)

Pennington, Z (2019)

Miller, E M (2022)

De la Garza-Ramos, R (2016)
Wang, S (2022)

Overall (I-squared = 77.0%, p = 0.001)

NOTE: Weights are from random effects analysis
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%

ES(95% Cl)  Weight

2.10(1.26, 3.51) 6.87

1.10 (1.05, 1.15) 28.60

1.18 (1.05, 1.32) 25.33
————————380(1.77,8.17) 353

1.44 (1.10, 1.89) 15.35
1.28 (1.06, 1.55) 20.32

1.31(1.13, 1.53) 100.00

122

Meta-analysis random-effects estimates (linear form)

Study ommited
Zhang, Z |

Pennington, Z

Miller, EM ||

De la Garza-Ramos, R ||

0.080.12

Fig. 6 A Multivariate analysis of obesity in a forest map. B Sensitivity analysis of literatures was conducted by adopting the one-by-one elimination

method

with other risk factors, the operation time directly affects
the contact time between external bacteria and the surgi-
cal site incision. In this study, we draw a conclusion that
operation time is the most critical factor leading to post-
operative non-superficial SSI. Therefore, for surgeons,
improving surgical proficiency and shortening operation
time are effective measures to reduce postoperative SSI.
To our knowledge, this is the first meta-analysis of
risk factors for non-superficial surgical site infection
after spinal surgery. This study draws the conclusion

that diabetes mellitus, obesity, using steroids, drainage
time and operative time are risk factors for non-super-
ficial SSI following spinal surgery.

Limitations

Due to strict exclusion criteria, some potential risk fac-
tors (such as ASA>2, Allogeneic blood transfusion,
length of stay and so on) were not included, so more
original studies are needed.
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Conclusion Funding

At present, previous studies on the factors affecting
the postoperative non-superficial SSI are controver-
sial. Therefore, this meta-analysis was conducted. The
results showed that diabetes mellitus, obesity, using
steroids, drainage time and operative time are risk fac-
tors for non-superficial SSI following spinal surgery. In
this study, operative time is the most important risk
factor resulting in postoperative d-SSI and organ/space
SSI.

Abbreviations

SSl Surgical site infection

d-Ssl Deep surgical site infection

NOS The Newcastle-Ottawa Scale

CDC The Centers for Disease Control and Prevention
BMI Body Mass Index

ASA American Society of Anesthesiologists

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512893-023-02026-2.

[ Additional file 1. Exact retrieval strategy. }

Acknowledgements
Not applicable.

Authors’ contributions

X-W Liu and H-Y Shi contributed to study concept and design. Y Hou and H-Y
Shiidentified and acquired reports of trials. G-D Shi, T-Y Zhao, J-G Shi contrib-
uted to the interpretation of the data. X-W L drafted the manuscript. J-G Shi, Y
Hou and G-D Shi critically reviewed the manuscript. All authors approved the
final version of the manuscript.

There is no source of funding for publication.

Availability of data and materials
The datasets of the current study are available from the corresponding author
upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 5 December 2022 Accepted: 4 May 2023
Published online: 16 May 2023

References

1. Shoji H, Hirano T, Watanabe K, Ohashi M, Mizouchi T, Endo N. Risk factors
for surgical site infection following spinal instrumentation surgery. J
Orthop Sci. 2018;23(3):449-54. https://doi.org/10.1016/j.j0s.2018.02.008.

2. Lim S, Edelstein Al, Patel AA, Kim BD, Kim JYS. Risk factors for post-
operative infections after single-level lumbar fusion surgery. Spine.
2018;43(3):215-22. https://doi.org/10.1097/BRS.0000000000000608.

3. Meredith DS, Kepler CK, Huang RC, Brause BD, Boachie-Adjei O. Postop-
erative infections of the lumbar spine: presentation and management. Int
Orthop. 2012;36(2):439-44. https://doi.org/10.1007/500264-011-1427-z.

4. Bible JE, Biswas D, Devin CJ. Postoperative infections of the spine. Am J
Orthop (Belle Mead NJ). 2011;40(12):E264-271.

5. FeiQ LiJ, LinJ, etal. Risk factors for surgical site infection after spinal
surgery: a meta-analysis. World Neurosurg. 2016,95:507-15. https://doi.
org/10.1016/j.wneu.2015.05.059.

6. Sahtoe APH, Duraku LS, van der Oest MJW, et al. Warm weather and
surgical site infections: a meta-analysis. Plast Reconstr Surg Glob Open.
2021;9(7):e3705. https://doi.org/10.1097/GOX.0000000000003705.


https://doi.org/10.1186/s12893-023-02026-2
https://doi.org/10.1186/s12893-023-02026-2
https://doi.org/10.1016/j.jos.2018.02.008
https://doi.org/10.1097/BRS.0000000000000608
https://doi.org/10.1007/s00264-011-1427-z
https://doi.org/10.1016/j.wneu.2015.05.059
https://doi.org/10.1016/j.wneu.2015.05.059
https://doi.org/10.1097/GOX.0000000000003705

Liu et al. BMC Surgery

20.

21

22.

23.

24.

25.

26.

27.

(2023) 23:129

Edwards JR, Peterson KD, Andrus ML, et al. National Healthcare Safety
Network (NHSN) report, data summary for 2006 through 2007, issued
November 2008. Am J Infect Control. 2008;36(9):609-26. https://doi.org/
10.1016/}.3jic.2008.08.001.

Spatenkova V, Bradac O, Jindrisek Z, Hradil J, Fackova D, Halacova M. Risk
factors associated with surgical site infections after thoracic or lumbar
surgery: a 6-year single centre prospective cohort study. J Orthop Surg
Res. 2021;16(1):265. https://doi.org/10.1186/513018-021-02418-1.
Ushirozako H, Hasegawa T, Yamato Y, et al. Does preoperative prognostic
nutrition index predict surgical site infection after spine surgery? Eur
Spine J. 2021;30(6):1765-73. https://doi.org/10.1007/500586-020-06622-1.
Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC definitions
of nosocomial surgical site infections, 1992: a modification of CDC
definitions of surgical wound infections. Infect Control Hosp Epidemiol.
1992;13(10):606-8.

. SSITPSC | NHSN | CDC. Published June 27, 2022. https://www.cdc.gov/

nhsn/psc/ssi/index.html. Accessed 2 Oct 2022.

Chen H, Zhu C, Yi H, et al. Incidence and management of surgical site
infection in the cervical spine following a transoral approach. Int Orthop.
2022;46(10):2329-37. https://doi.org/10.1007/500264-022-05492-0.
Baroun-Agob L, Liew S, Gabbe B. Risk factors for surgical site infections
following spinal column trauma in an Australian trauma hospital. ANZ J
Surg. 2021;91(4):639-46. https://doi.org/10.1111/ans.16649.

Zhang Z, Guo Z, Qi Q, et al. Analysis of risk factors for deep surgical site
infection after posterior thoracic and lumbar surgery. Zhonghua Wai Ke
Za Zhi. 2015;53(5):345-8.

Rao SB, Vasquez G, Harrop J, et al. Risk factors for surgical site infections
following spinal fusion procedures: a case-control study. Clin Infect Dis.
2011;53(7):686-92. https://doi.org/10.1093/cid/cir506.

Pennington Z, Lubelski D, Molina C, Westbroek EM, Ahmed AK, Sciubba
DM. Prolonged post-surgical drain retention increases risk for deep
wound infection after spine surgery. World Neurosurg. 2019;130:e846-53.
https://doi.org/10.1016/j.wneu.2019.07.013.

Kim J, Kim TH. Risk factors for postoperative deep infection after
instrumented spinal fusion surgeries for degenerative spinal disease: a
nationwide cohort study of 194,036 patients. J Clin Med. 2022;11(3):778.
https://doi.org/10.3390/jcm11030778.

SekiT, Kimura T, Sugimura T, et al. Evaluation of deep infection of the
surgical site after spine surgery. No Shinkei Geka. 2013;41(7):593-9.

Kim BD, Hsu WK, De Oliveira GS, Saha S, Kim JYS. Operative duration as an
independent risk factor for postoperative complications in single-level
lumbar fusion: an analysis of 4588 surgical cases. Spine (Phila Pa 1976).
2014;39(6):510-20. https://doi.org/10.1097/BRS.0000000000000163.
Miller EM, McAllister BD. Increased risk of postoperative wound com-
plications among obesity classes Il & Il after ALIF in 10-year ACS-NSQIP
analysis of 10,934 cases. Spine J. 2022;22(4):587-94. https://doi.org/10.
1016/j.spinee.2021.11.010.

De la Garza-Ramos R, Abt NB, Kerezoudis P, et al. Deep-wound and organ-
space infection after surgery for degenerative spine disease: an analysis
from 2006 to 2012. Neurol Res. 2016;38(2):117-23. https://doi.org/10.
1080/01616412.2016.1138669.

Wang S, Yao R, Li Z, et al. Vancomycin use in posterior lumbar interbody
fusion of deep surgical site infection. Infect Drug Resist. 2022;15:3103-9.
https://doi.org/10.2147/IDR.S364432.

White SJW, Carrillo O, Cheung ZB, Ranson WA, Cho SKW. The effects of
preoperative steroid therapy on perioperative complications after elec-
tive anterior lumbar fusion. World Neurosurg. 2019;126:e314-22. https://
doi.org/10.1016/j.wneu.2019.02.048.

Zhang L, Li EN. Risk factors for surgical site infection following lumbar
spinal surgery: a meta-analysis. Ther Clin Risk Manag. 2018;14:2161-9.
https://doi.org/10.2147/TCRM.S181477.

Smit J, Segaard M, Schenheyder HC, Nielsen H, Fraslev T, Thomsen

RW. Diabetes and risk of community-acquired Staphylococcus aureus
bacteremia: a population-based case-control study. Eur J Endocrinol.
2016;174(5):631-9. https://doi.org/10.1530/EJE-16-0023.

Abiko Y, Selimovic D. The mechanism of protracted wound healing on
oral mucosa in diabetes Review. Bosn J Basic Med Sci. 2010;10(3):186-91.
https://doi.org/10.17305/bjbms.2010.2683.

Jafar N, Edriss H, Nugent K. The effect of short-term hyperglycemia on the
innate immune system. Am J Med Sci. 2016;351(2):201-11. https://doi.
org/10.1016/j.amjms.2015.11.011.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

Page 11 of 11

Mechanisms of diabetic complications - PubMed. https://pubmed.ncbi.
nlm.nih.gov/23303908/. Accessed 2 Oct 2022.

Yuan K, Chen HL. Obesity and surgical site infections risk in orthopedics: a
meta-analysis. Int J Surg. 2013;11(5):383-8. https://doi.org/10.1016/j.jsu.
2013.02.018.

Lee JJ, Odeh K, Holcombe SA, et al. Fat thickness as a risk factor for infec-
tion in lumbar spine surgery. Orthopedics. 2016;39(6):e1124-8. https://
doi.org/10.3928/01477447-20160819-05.

Mehta Al, Babu R, Sharma R, et al. Thickness of subcutaneous fat as a risk
factor for infection in cervical spine fusion surgery. J Bone Joint Surg Am.
2013;95(4):323-8. https://doi.org/10.2106/JBJS.L.00225.

Osterhoff G, Burla L, Werner CML, et al. Role of pre-operative blood
transfusion and subcutaneous fat thickness as risk factors for surgical site
infection after posterior thoracic spine stabilization. Surg Infect (Larchmt).
2015;16(3):333-7. https://doi.org/10.1089/5ur.2014.081.

Grennan D, Wang S. Steroid side effects. JAMA. 2019;322(3):282. https://
doi.org/10.1001/jama.2019.8506.

Minnema B, Vearncombe M, Augustin A, Gollish J, Simor AE. Risk factors
for surgical-site infection following primary total knee arthroplasty. Infect
Control Hosp Epidemiol. 2004;25(6):477-80. https://doi.org/10.1086/
502425.

Kanayama M, Oha F, Togawa D, Shigenobu K, Hashimoto T. Is closed-suc-
tion drainage necessary for single-level lumbar decompression? review
of 560 cases. Clin Orthop Relat Res. 2010;468(10):2690-4. https://doi.org/
10.1007/511999-010-1235-6.

Diab M, Smucny M, Dormans JP, et al. Use and outcomes of wound drain
in spinal fusion for adolescent idiopathic scoliosis. Spine (Phila Pa 1976).
2012;37(11):966-73. https://doi.org/10.1097/BRS.00013e31823bbf0b.
Cheng H, Chen BPH, Soleas IM, Ferko NC, Cameron CG, Hinoul P.
Prolonged operative duration increases risk of surgical site infections: a
systematic review. Surg Infect (Larchmt). 2017;18(6):722-35. https://doi.
0rg/10.1089/s5ur.2017.089.

Nguyen TJ, Costa MA, Vidar EN, et al. Effect of immediate reconstruction
on postmastectomy surgical site infection. Ann Surg. 2012;256(2):326-33.
https://doi.org/10.1097/SLA.0b013e3182602bb?7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.ajic.2008.08.001
https://doi.org/10.1016/j.ajic.2008.08.001
https://doi.org/10.1186/s13018-021-02418-1
https://doi.org/10.1007/s00586-020-06622-1
https://www.cdc.gov/nhsn/psc/ssi/index.html
https://www.cdc.gov/nhsn/psc/ssi/index.html
https://doi.org/10.1007/s00264-022-05492-0
https://doi.org/10.1111/ans.16649
https://doi.org/10.1093/cid/cir506
https://doi.org/10.1016/j.wneu.2019.07.013
https://doi.org/10.3390/jcm11030778
https://doi.org/10.1097/BRS.0000000000000163
https://doi.org/10.1016/j.spinee.2021.11.010
https://doi.org/10.1016/j.spinee.2021.11.010
https://doi.org/10.1080/01616412.2016.1138669
https://doi.org/10.1080/01616412.2016.1138669
https://doi.org/10.2147/IDR.S364432
https://doi.org/10.1016/j.wneu.2019.02.048
https://doi.org/10.1016/j.wneu.2019.02.048
https://doi.org/10.2147/TCRM.S181477
https://doi.org/10.1530/EJE-16-0023
https://doi.org/10.17305/bjbms.2010.2683
https://doi.org/10.1016/j.amjms.2015.11.011
https://doi.org/10.1016/j.amjms.2015.11.011
https://pubmed.ncbi.nlm.nih.gov/23303908/
https://pubmed.ncbi.nlm.nih.gov/23303908/
https://doi.org/10.1016/j.ijsu.2013.02.018
https://doi.org/10.1016/j.ijsu.2013.02.018
https://doi.org/10.3928/01477447-20160819-05
https://doi.org/10.3928/01477447-20160819-05
https://doi.org/10.2106/JBJS.L.00225
https://doi.org/10.1089/sur.2014.081
https://doi.org/10.1001/jama.2019.8506
https://doi.org/10.1001/jama.2019.8506
https://doi.org/10.1086/502425
https://doi.org/10.1086/502425
https://doi.org/10.1007/s11999-010-1235-6
https://doi.org/10.1007/s11999-010-1235-6
https://doi.org/10.1097/BRS.0b013e31823bbf0b
https://doi.org/10.1089/sur.2017.089
https://doi.org/10.1089/sur.2017.089
https://doi.org/10.1097/SLA.0b013e3182602bb7

	A meta-analysis of risk factors for non-superficial surgical site infection following spinal surgery
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study selection
	Inclusion criteria and exclusion criteria
	Definition of SSI
	Methodological quality evaluation
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Meta-analysis
	Operative time
	Using steroids
	Drainage time
	Diabetes mellitus
	Obesity
	Publication bias analysis

	Discussion
	Limitations
	Conclusion
	Anchor 27
	Acknowledgements
	References


