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ABSTRACT

Objective Surgical site infections (SSIs) are among the
most common healthcare-associated infections occurring
following 1%—3% of all surgical procedures. Their rates
are the highest following abdominal surgery. They are still
associated with increased morbidity and healthcare costs
despite the advancement in the medical field. Many risk
factors for SSls following abdominal surgery have been
identified. The aim of this study is to comprehensively
assess these risk factors as published in peer-reviewed
journals.

Design A systematic review was conducted with
accordance to Preferred Reporting ltems for Systematic
Reviews and Meta-Analysis guidelines.

Setting The databases for search were PubMed and
Cochrane Library, in addition to reference lists. Studies
were retrieved and assessed for their quality. Data were
extracted in a designed form, and a stratified synthesis of
data was conducted to report the significant risk factors.
Participants Patients undergoing general abdominal
surgery.

Intervention The intervention of general abdominal
surgery.

Main outcome measures To identify and assess the risk
factors for SSI following abdominal surgery.

Results Literature search yielded 813 articles, and the
final screening process identified 11 eligible studies. The
total number of patients is 11 996. The rates of SSI ranged
from 4.09% to 26.7%. Nine studies were assessed to be
of high quality, the remaining two studies have moderate
quality. Stratified synthesis of data was performed for risk
factors using summary measures (OR/risk ratio, 95% Cl,
and p value). Male sex and increased body mass index
(BMI) were identified as significant demographic risk
factors, and long operative time was among the major
significant procedure-related risk factors.

Conclusions Male sex, increased BMI, diabetes, smoking,
American Society of Anesthesiologists classification

of >2, low albumin level, low haemoglobin level,
preoperative hospital stay, long operative time, emergency
procedure, open surgical approach, increased wound
class, intraoperative blood loss, perioperative infection,
perioperative blood transfusion, and use of drains are
potential independent risk factors for SSI following
abdominal surgery.

INTRODUCTION
Surgical site infection (SSI) is defined by the
Centers for Disease Control and Prevention
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The risk factors associated with the development
of a surgical site infection (SSI) varies according to
specific patient factors and clinical characteristics,
in addition to the nature of the surgical procedure.
Despite the considerable number of the clinical
studies that have reported on these risk factors for
SSls following abdominal surgeries, it can be chal-
lenging to control the level of details available and
to comprehensively adjust for all the variables in the
estimation of particular risk factors. A comprehen-
sive and detailed assessment of the multifactorial
nature of these risk factors could help in improving
the quality of surgical care.

WHAT THIS STUDY ADDS

= To our knowledge, there are no previous systematic
reviews in the literature that comprehensively stud-
ied the risk factors of SSls following the different
types of general abdominal surgeries in particular.
Moreover, as a high level of evidence is greatly
needed in the surgical literature, this systematic
review comes to comprehensively identify and as-
sess the current evidence of these predictive factors
of postoperative wound infections after abdominal
surgery.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= We believe that the results of our study will add
recent evidence that will help in improving surgical
management by forming evidence-based strategies
to decrease the rates of preventable SSiIs by tar-
geting their potential risk factors; one can improve
patient safety.

(CDC) as the infection occurs within 30 days
of the surgical operation at the site of the
surgery, or within a year if an implant is left
in place, and the infection is thought to be
secondary to surgery.' SSIs are classified by
the CDC into three categories: superficial
incisional if limited to the skin and subcuta-
neous tissue at the site of the incision, deep
incisional when involving fascial and muscle
layers, and organ space when involving a
body cavity or visceral organs." *
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These SSIs are among the most common healthcare
associated infections, occurring following 1%-3% of all
surgical procedures,” and their rates are much higher
following abdominal surgeries than with other types
of surgeries, with many studies indicating wide varia-
tions in the reported incidences based on the operating
conditions.”™

Although regulations of antisepsis were described
very early by Joseph Lister in 1867, SSI is still a common
problem in surgical patients despite of the advance-
ments in the medical field.” It is associated with increased
morbidity, readmissions, length of hospital stay, mortality,
and healthcare costs.”"*

With the rising rates and morbidities associated with
these infections, various studies have made several efforts
to find better ways to optimize patients prior to surgery
or improve perioperative conditions and management of
patients during the recovery period in order to prevent
SSIs,"' ' including the recommendations published by
the WHO."

The risk factors associated with the development of an
SSI vary according to specific patient factors and clinical
characteristics, in addition to the nature of the surgical
procedure.'* Despite the considerable number of clin-
ical studies that have reported on these risk factors for
SSIs following abdominal surgeries, it can be challenging
to control the level of details available and to compre-
hensively adjust for all the variables in the estimation of
particular risk factors.'” A comprehensive and detailed
assessment of the multifactorial nature of these risk
factors could help in improving the quality of surgical
care.

To our knowledge, there are no previous systematic
reviews in the literature that studied the risk factors of
SSIs following the different types of general abdom-
inal surgeries in particular. Moreover, as a high level of
evidence is greatly needed in the surgical literature, this
systematic review comes to comprehensively identify and
assess the current evidence of these predictive factors of
postoperative wound infections after abdominal surgery
as they have been published in the medical peer-reviewed
literature, taking into consideration the potential
confounders. We believe that the results of our study will
add recent evidence that will help in improving surgical
management by forming evidence-based strategies to
decrease the rates of preventable SSIs by targeting their
potential risk factors; one can improve patient safety.'’

METHODS

Reporting

The reporting of this systematic review adheres to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis guidelines."®

Search strategy and study selection
A vigorous, maximum sensitive and online search of
the literature was performed. The search strategy was

Articles identified through

database searching (n=793):

PubMed (n=545)
Cochrane library (n=248)

Articles screened based on
titles and abstracts for
eligibility (n=813)

Articles identified by
checking the reference lists

(n=20)

Excluded articles (n=767):
Unrelated articles (n=438)

Randomized controlled
trials (n=172)

Systematic reviews + Meta-
analysis (n=91)

Review articles (n=66)

Excluded articles (n=37)

Overlapping and inadequate
data (n=10)

Full text articles screened Unable to access full text
(n=48) article (n=7)

Unanalyzed risk factors
(n=6)

Unknown type of surgeries
(n=4)

Focusing on specific type

Elgible articles that fulfilled of surgerics (n=4)
inclusion and exclusion . .
Child: lat =3

criteria (n=11) ildren population (n=3)

Not original data (n=3)

Figure 1 Flow diagram outlining the review process and
study selection.

limited to published articles in the last 20 years (January
2002-December 2021) to include the most recent, up-to-
date data that reflect the current clinical practice. The
databases searched were MEDLINE (via PubMed) and
Cochrane Library. The search terms used were “risk
factors”, “surgical site infection”, “surgical wound infec-
tion”, “abdominal surgical infection”, and “abdominal
surgery” combined with “AND” and “OR” operators as
appropriate. The reference lists of the included studies
were also searched manually to exhaustively retrieve addi-
tional relevant articles.

The review and selection of studies were performed
based on specific inclusion and exclusion criteria in
two screening stages. The first stage of screening was
performed based on the titles and abstracts. Eligible
studies were screened based on the full text in the second
stage. Figure 1 shows the flow of the selection process.
The search strategy and study selection were performed
by two independent reviewers; any discrepancies were
resolved by discussion and consensus.
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Inclusion and exclusion criteria

Included studies were observational, published in peer-
reviewed journal in the last 20 years that assessed risk
factors for SSI following abdominal surgery. They should
contain original data and adequate analytical summary
measures.

Articles were excluded if they were not observational,
did not analyze risk factors for SSIs following abdom-
inal surgery, without adequate data if the analysis was
general, and did not include the summary measures for
the targeted risk factors, making it difficult to interpret
the data and to match them with the records in the other
studies, or with overlapping data. Articles with patients
aged less than 18 years and unknown type of surgeries
were also excluded. Reasons for exclusion were docu-
mented in figure 1.

Data extraction

Two independent authors extracted the required data
in a designed form; the following informations were
collected from the included studies: authors, country of
the study, year of publication, study design, number of
patients, male/female percentage, mean/median age,
overall SSI rate, operative procedures, SSI definition, and
follow-up period.

Quality assessment

Included articles were scored for their quality by two
independent authors using parameters defined by the
Agency for Healthcare Research and Quality (AHRQ).
These parameters are based on nine criteria, and each
on of them is subdivided into further subgroups; these
nine major criteria include study population, study ques-
tion, intervention, comparability of subjects, outcome
measures, statistical analysis, conclusion, results, and
funding.”_% A weighted score was provided for each
one of the subgroups for a total of 100 points based on
AHRQ criteria and with a reference to two previously
published systematic reviews that used the same tool,' !
ascore greater than 67 was defined as high quality, a score
of 50-67 was considered to be moderate quality, and a
score of less than 50 was set to be low quality. Consensus
on the final assessment of studies quality was achieved by
discussion between the authors. Table 1 shows the quality
assessment tool of the included studies.

Outcome measures
The outcome measure in this study was to identify and
assess the risk factors for SSI following abdominal surgery.

Data synthesis and analysis

The risk factors identified in this study were variable. The
pooled quantitative analysis was precluded due to vari-
able definitions, study characteristics, quality, and types of
procedures included. We performed stratified synthesis
of data for each one of the included studies to compre-
hensively assess the risk factors.

RESULTS

Study selection

The online literature search retrieved a total of 793 arti-
cles, 545 using PubMed and 248 using Cochrane Library.
The reference list checking of the included studies added
additional 20 articles. The first stage of screening was
performed for 813 articles; 767 articles were excluded in
this stage. Forty-eight eligible articles were screened in the
second stage based on the full text. A total of 11 articles
which fulfilled the inclusion and exclusion criteria were
included in this study.**** The full screening process is
presented in figure 1.

Characteristics of the included studies

All included 11 studies were observationalﬂ_‘w; 7 of them
were prospective cohort studies® 2> 27293032 and 4 were
retrospective cohort studies.** ** ***! The studies repre-
sent 10 countries; they were published between 2005 and
2020. A total of 11996 patients were included in these
studies, and the rates of SSI in the cohorts ranged from
4.09% to 26.7%. Most of the studies used the CDC defini-
tion to identify SSIs. Various general abdominal surgery
procedures were identified in the studies. Table 2 summa-
rizes the characteristics of the included studies.

Quality assessment
AHRQ quality grading tool was used to assess the included
studies. Nine of the 11 included studies were found to
have high quality (score >67),22 2 25293152 and 2 arti-
cles showed moderate quality in the assessment (score
50-67).243

Study question (weighted score of two) was appropriate
and focused in all studies. Study population (weighted
score of eight) was clearly described in all studies, but
only two of them fully justified the sample size.” **
Comparability of subjects (weighted score of 22) was fully
scored for four studies.** 27 %' * Exposure for interven-
tion (weighted score of 11) was scored fully for seven
studies.”” * * Outcome assessment (weighted score of
20) was fully scored for five studies.?? ** *" * * Statistical
analysis (weighted score of 19) was not scored fully for
any of the included studies due to various characteristics
and criteria in subgroup scoring. Results (weighted score
of eight) were scored fully in eight studies.”** 283132 A[]
studies’ conclusions (weighted score of 5) were valid, but
five of them scored a full mark.”*"*** %2 Only one study®
was funded (weighted score of 5).

Risk factors

Various risk factors were analyzed by two or more of the
included studies; these factors included age, gender, body
mass index (BMI), smoking, diabetes, antibiotics prophy-
laxis, use of drainage, perioperative blood transfusion,
intraoperative blood loss, perioperative infection, intra-
operative temperature, preoperative chemotherapy, use
of immunosuppressive drugs, haemoglobin level, ASA
classification, albumin level, malignancy, preoperative
hospital stay, type of admission, operative time, surgical
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approach, procedure type, wound class, and number
of people in the theater. The rates of SSIs ranged from
4.09% to 26.7% with a mean incidence rate of 13.02%.
The summary measures used to determine the statistical
significance of the included risk factors were p value, OR,
and 95% CI; only two studies used risk ratio (RR) instead
of OR.#?" A multivariable analysis model was used in 8
out of 11 studies to obtain the significant independent
risk factors. Stratified synthesis of the results of the indi-
vidual studies is summarized in table 3.

Demographic risk factors

Age greater than 65 years was a significant risk factor in
the univariate model of one study (p<0.001).* Two studies
identified male sex as an independent risk factor for
development of SSI in the multivariate model of two high-
quality studies,” *® with summary measures as follows: OR
2.6,95% CI 1.02 to 6.6, p<0.001, and OR 2.65, 95% CI 1.70
to 4.14, respectively. Overweight is additionally identified
as a risk factor in the univariate model of one study (RR
2.1,95%CI 1.11 to 3.98)* and in the multivariate model
of other two studies that defined BMI of >25 as an inde-
pendent risk factor,” ** with summary measures of OR
7.6, 95% CI 2.1 to 27, p=0.002 and p=0.007, respectively.

Preoperative risk factors

Diabetes was identified as a risk factor in two studies, the
first study through a univariate model (RR 1.68, 95% CI
0.76 to 3.71)* and the other one through a multivariate
model (p=0.04).*° Two studies identified ASA classifica-
tions (3 and 4) as an independent risk factors,”® %® with
measures of p<0.0001 and OR 2.58, 95% CI 1.79 to 3.70,
p<0.0001, respectively, and another one study defined
ASA classification (>2) as a risk factor in the univariate
model (OR 6.37, p<0.001).* Only one study identified
previous chemotherapy as a risk factor using univariate
model.”> Hemoglobin level of <12g/dL was identified as
an independent risk factor in one study (OR 2.5, 95% CI
1.1 to 6.1, p=0.03).”” Similarly, low albumin level was an
independent risk factor in only one study (p<0.001).%
Preoperative hospital stay of >8days was an indepen-
dent risk factor in one multivariate model (OR 2.76,
95% CI 1.46 to 5.28, p<0.001)*; additionally, two other
studies” * defined preoperative hospital stay of >7and
>15days as a risk factor in their univariate models (OR
6.62, p<0.001 and p<0.018), respectively. Smoking was
an identified independent risk factor in one high quality
study (p<0.0001).*°

Procedure-related risk factors

Eight studies identified long operative time as a risk factor
using various definitions.”” * **" Emergency admission
was a significant risk factor in five studies.”” ****%° % Only
one study reported open surgical approach as an indepen-
dent risk factor (OR 6.5, 95% CI 2.15 to 19.6, p<0.001).*
Dirty-infected wound class was reported as a significant

risk factor in eight studies compared with other wound
classes, 23 24 26-30 82

Intraoperative and postoperative risk factors

Two studies identified intraoperative blood loss as an
independent risk factor; the first study defined it as an
estimated blood loss of >600mL (OR 2.04, 95%CI 1.16
to 3.57, p=0.01),* and the other study didn't give an esti-
mation (p:0.0007).32 High intraoperative temperature
nadir was an independent risk factor in only one study
(OR 1.33,95% CI 1.002 to 1.76); the same study reported
the presence of perioperative infection as an indepen-
dent risk factor (OR 2.46, 95% CI 1.00 to 6.04)."' Only
one study reported the number of people in the opera-
tive theater as a significant risk factor in the univariate
model, the study demonstrated that people of >10 in the
operative theater increase the risk of wound infection
(OR 3.12, 95%CI 0.71 to 13.66).2 Perioperative blood
transfusion was found to be an independent risk factor in
three studies.** ***! Use of drains was identified as a risk
factor in three studies.””’ The summary of reported risk
factors is presented in table 3.

DISCUSSION

Despite the widespread adoption of advanced preventive
strategies, surgical wound infections continue to occur.
Recent evidence in the surgical literature is a base for
recommendations and additional options to further
reduce the incidence of wound infection. This compre-
hensive systematic review identified 11 eligible articles that
studied risk factors for SSI following abdominal surgery.
Nine studies were assessed to be of high quality, and
the remaining two studies were of moderate quality.”*
No restrictions were placed on the geographical region
where the study was conducted, but all included studies
were conducted with regard to the regular perioperative
care. All the included studies were observational cohort
studies. This allowed us to report a comprehensive review
because observational studies allow a wider breadth of
reporting of risk factors for SSI in abdominal surgery;
this can be achieved in the routine clinical practice for
a larger range of patients, unlike the narrow focus on
specific risk factors.

The rates of SSI ranged from 4.09% to 26.7%. These
rates in abdominal surgery are higher than other types
of surgeries, as compared with similar systematic reviews
in spinal surgery,” dermatological surgery,”* and ortho-
paedic surgery.”

A number of significant risk factors were identified in
the included studies; these include demographic, periop-
erative, and procedure-related factors. Age was assessed
by all studies; only one moderate-quality study identified
advanced age as a risk factor for SSI in the univariate
model. This is consistent with other reports that associate
SSI with people older than 60 years®’; however, this result
should be interpreted with caution as it is unlikely that
older age has a direct and independent relationship due
to the number of confounding factors associated with the
ageing process that might lead to poorer wound healing.
Two studies identified male gender as an independent
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Table 3 Summary of the significant risk factors identified in the review

Model of Study

Authors Risk factors OR (95% CI)* P value analysis quality
Alkaaki et al?? Male sex 2.6 (1.02 to 6.6) <0.001
Operative time >3 hours 2.1 (1.23 t0 3.6) <0.001 Multivariate High
Emergency procedure 4.7 (1.58 to 14.4) <0.001
Open approach 6.5 (2.16 to 19.6) <0.001
Bediako-Bowan et a/®®  Overweight RR2.1(1.11t03.96) NR
Diabetes RR 1.68 (0.76 t0 3.71) NR
Chemotherapy in previous 12 weeks RR 1.57 (0.49 t0 5.02) NR Univariate High
Wound class (infected) RR 3.15 (0.94 to 10.62) 0.04
Operative time >120min RR 2.57 (1.19t0 5.52) 0.015
People >10 in the theater OR 3.12 (0.71 to 13.66) NR
Ejaz et ai** Wound class (dirty-infected) 2.10 (1.30 to 3.41) 0.003
Perioperative blood transfusion 3.10 (1.90 to 5.05) <0.001 Multivariate Moderate
EBL >600 mL 2.04 (1.16 to 3.57) 0.01
Giri et a/® BMI >25 7.6 (2.1 to 27) 0.002
Hemoglobin level <120g\L 2.5(1.1t06.1) 0.03 Multivariate High
Operative time >3 hours 3.6 (1.5 10 8.6) 0.004
Guzman-Garciaetal®®  Male sex 2.65 (1.70 to 4.14) <0.0001
BMI >25 NR 0.007
Diabetes NR 0.04
Smoking NR <0.0001
ASA classification (3 and 4) NR <0.0001 Multivariate High
Low albumin level NR <0.001
Operative time >1 hour NR <0.0001
Wound class (dirty-infected) NR <0.0001
Emergency procedure 2.94 (1.70 to 5.09) <0.0001
Hernandez et al*’ Wound class (dirty-infected) RR 3.8 (1.7 to 8.4) <0.001
Operative time >3 hours RR 2.1 (1.0 to 4.4) <0.001 Multivariate High
Use of drains RR 6.0 (2.5 to 12.5) <0.001
Isik et al?® Preoperative hospital stay >8days  2.76 (1.46 to 5.28) <0.001
ASA classification (3 and 4) 2.58 (1.79 to 3.70) <0.0001
Operative time >4 hours 3.48 (1.54 to 8.21) 0.0026
Emergency procedure 2.41 (1.57 10 3.67) <0.0001  Multivariate High
Wound class (dirty-infected) 3.16 (1.47 to 7.19) 0.003
Perioperative blood transfusion 2.45 (1.52 to 3.90) 0.0003
Use of drains 1.78 (1.22 t0 2.62) 0.003
Raka et af*® Preoperative hospital stay >7days  OR 6.62 <0.001 Univariate High
ASA classification >2 OR 6.37 <0.001
Operative time >1hour OR 8.0 <0.001
Wound class (dirty infected) OR 5.4 <0.001
Use of drains OR 6.5 <0.001

Continued
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Table 3 Continued

Model of Study
Authors Risk factors OR (95% CI)* P value analysis quality
Razavi et al*° Age >65 years NR <0.001  Univariate Moderate
Preoperative hospital stay >15 days NR <0.018
Operative time >4 hours NR <0.001
Emergency procedure NR <0.001
Wound class (dirty-infected) NR <0.001
Walz et ai*' Perioperative blood transfusion 1.64 (1.03 to 2.63) 0.04 Multivariate High
High intraoperative temperature 1.33 (1.002 to 1.76) NR
Presence of current infection 2.46 (1.00 to 6.04) NR
Watanabe et al* Wound class (dirty) 3.3 (1.63 to 6.67) 0.0021  Multivariate ~ High
Intraoperative blood loss 1(1.0to0 1.0) 0.0007
Emergency procedure 3.38 (1.39 t0 8.18) 0.0122

*Data shown represent OR (95% ClI) until otherwise indicated.

ASA, American Society of Anesthesiologists; BMI, body mass index; EBL, estimated blood loss; NR, not reported; RR, risk ratio.

risk factor® *°; this relationship has been identified in

many specific studies,” and can be supported by the fact
that in men, androgens have a proinflammatory effect
on wounds, which impairs re-epithelialization process,
whereas in women, estrogens have been shown to have
an anti-inflammatory effect, which could account for the
difference.®® Moreover, the health behaviours and prac-
tices of men regarding wound care might contribute to
the difference. As expected, well known and reported
comorbidities that affect the development of SSI such
as increased BMI and diabetes were identified as signif-
icant risk factors in our review.” One study® defined
overweight as a risk factor in the univariate model, and
another two studies” ** defined BMI of >25 as an inde-
pendent risk factor. This is consistent with the fact that
adipose tissue has poor vascularization; as a result, it
creates a suitable environment for proliferation of micro-
organisms. However, BMI does not accurately reflect
the body’s fat composition; we suggest using of parame-
ters such as visceral fat area, subcutaneous fat thickness,
and abdomen depth for more reliable SSI prediction in
abdominal surgery.” *' Diabetes was demonstrated as a
significant risk factor in two studies® *; the immunolog-
ical and vascular complications of diabetes might be asso-
ciated with wound infection.*

Smoking is generally believed to contribute to infec-
tions due to various effects on capillary oxygen transfer,
tissue perfusion, and coagulation.* It is identified as an
independent risk factor in one high quality study.*

ASA classification system is a known indicator that
reflects combined co-morbidities and physical condi-
tions, the scoring system ranges from (I) for an otherwise
healthy patient to (V) for those patients not expected to
survive the next 24 hours.** Three studies in this review
found that ASA classification 3 and 4 is a significant risk
factor for development of SSI,** *** possibly the higher
the classification, the higher risk.

Low albumin level was identified as an independent risk
factor in one high quality study.*® In hypoalbuminemia
there is no adequate preoperative nutritional support
which is essential to optimize surgical outcomes, this result
in wound infection.* Similarly, low hemoglobin concen-
tration associated with an increased risk of wound infec-
tion due to tissue hypoxia as reported in past studies,'”
this was confirmed in our review as one high quality study
defined hemoglobin level <12g/dL as an independent
risk factor.” One high quality study demonstrated that
patients undergoing chemotherapy are at risk of devel-
oping SSI in the univariate model®; however, we suggest
that further specific studies will help in describing these
risks for developing an SSI. Two high quality studies® *
and one moderate quality study™ identified the length of
pre-operative hospital stay as a risk factor using various
definitions; colonization of infectious micro-organisms
during the prolonged preoperative hospital stay may be
the responsible cause for the increased infection risk.

Two studies assessed the significance of the number of
people in the operative theater as risk factors™ **; one of
them reported a statistical significance of more than 10
people in the univariate model®*; however, it is difficult
to comprehensively conclude, and these results should
be interpreted with caution, so we recommend further
specific studies for conclusive outcomes. Not surpris-
ingly, eight studies identified operative time as a signifi-
cant risk factor using various definitions.?? 2 %0 fact,
this relationship is complex and can be explained by the
prolonged exposure to environmental factors, complexity
of the case, and occurrence of intraoperative complica-
tions, which have been reported in other specific studies.*°
Emergency abdominal surgery was reported to have a
significant greater risk of postoperative wound infection
than elective surgery in five studies®* ********; it is regarded
as one of the non-modifiable risk factors that could result
from lack of readiness for operative procedures. One
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high-quality study determined open surgical approach
as an independent risk factor®; this is consistent with
specific reports in abdominal surgery, which conclude
that open surgical approach results in larger incision
which act as a breeding place for infectious agents.*”*
Dirty-infected wound class was reported as a significant
risk factor in eight studies® ** *** * a5 compared with
other wound classes; this relationship is significantly
direct, the wound class; the higher risk of infection (dirty,
contaminated, clean-contaminated, or clean), this is not
surprising, as the probability of developing SSI is greater
due to increased bacterial load. Intraoperative blood
loss is another significant independent risk factor which
was identified in two studies®* 32; as a consequence, it will
increase the need for blood transfusion, which is also a risk
for SSI. Perioperative infection and high intraoperative
temperature nadir were demonstrated as independent
risk factors in one study.”’ Presence of current infection
could complicate surgical outcomes; we suggest that the
enhanced perioperative care in patients with concomi-
tant infections would highly decrease the burden of SSIs.
To further evaluate intraoperative temperature as a risk
factor, we considered a number of specific trials; it was
surprising that some reports demonstrated that avoidance
of intraoperative hypothermia reduces the incidence of
postoperative wound infection®’; moreover; our included
study reported that despite the statistical significance,
difference in temperatures between the both groups is
so narrow and clinically negligible, so we recommend
further specific assessments regarding this risk factor for
SSI. Various reports demonstrated the use of allogeneic
blood as a strong factor that increases the risk of infec-
tion in patients following surgery.”’ Similarly, periopera-
tive blood transfusion is reported as an independent risk
factor in three studies® ***' due to the known immuno-
suppressive impact of intraoperative blood transfusion
that might give rise to the risk of wound infection. The
use of drains postoperatively was identified as a significant
risk factor in three studies using various definitions®’’;
this is due to colonization and micro-organisms.

It is important to mention that many modifiable risk
factors in abdominal surgery such as wound care, oper-
ating room environment, preoperative hair removal, and
bowel preparation are common risk factors for SSI; we
believe that the preoperative prevention interventions
for these factors are carried out routinely in the surgical
institutions.

Limitations and strengths

As we noted previously, generating pooled estimates
across studies is challenging due to many variations in the
included studies, we assessed the risk factors focusing on
the achievement of statistical significance.

The strengths of this systematic review include the
comprehensive nature of risk factor considerations and
study eligibilities. However; the lack of sufficient data on
some risk factors and the various definitions used were
some limitations to this review. We recommend that

future studies should aim to specifically and clearly define
risk factors; this would improve the impact of the clinical
research.

CONCLUSIONS

This comprehensive systematic review indicated that male
sex, increased BMI, diabetes, smoking, ASA classification
of >2, low albumin level, low hemoglobin level, preoper-
ative hospital stay, long operative time, emergency proce-
dure, open surgical approach, increased wound class,
intraoperative blood loss, perioperative infection, periop-
erative blood transfusion, and use of drains are potential
independent risk factors for SSI following abdominal
surgery. The study also concluded that there is a need for
an institutional definition when reporting SSIs; it can be
used during prospective, comparative, or even random-
ized studies targeting the risk factors they have identified.
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