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Abstract

Background: Post-operative infections are a substantial cause of morbidity and mortality worldwide. Poly-
hexamethylene biguanide (PHMB) is an antimicrobial agent that has been used in various surgical settings to
prevent infections. However, the literature on its efficacy in reducing post-operative infections remains unclear.
Materials and Methods: We conducted a systematic review and meta-analysis of randomized controlled trials
(RCTs) to evaluate the efficacy of PHMB in reducing post-operative infections. The risk of bias and metho-
dologic quality of the included studies were also assessed.
Results: The systematic review included nine RCTs, and eight were included in the meta-analysis that showed
that the use of PHMB was associated with a reduction in the rate of post-operative infections. The overall effect
size was statistically significant, with moderate heterogeneity across the included studies (log Peto’s odds ratio
[OR], -0.890; 95% confidence interval [CI], -1.411 to -0.369; I2 = 41.89%). However, the diversity in the
application of PHMB and the potential influence of other factors, such as adherence to infection prevention
protocols and organizational-level variables, underscore the need for further primary studies.
Conclusions: Polyhexamethylene biguanide appears to be a promising intervention for reducing post-operative
infections. However, more high-quality, well-designed RCTs are needed to confirm these findings and to
explore the most effective ways to use PHMB within specific infection prevention bundles. Future research
should also aim to control for potential confounding factors to provide a more comprehensive understanding of
the efficacy of PHMB in reducing post-operative infections.

Keywords: antimicrobial agent; infection prevention; meta-analysis; polyhexamethylene; post-operative
infections; systematic review

Preventing post-operative infections is of critical
importance, given that an estimated 0.5% to 3% of pa-

tients undergoing surgical procedures experience such
infections.1 These infections, which form a subset of health-
care–associated infections, can precipitate severe complica-

tions, extend hospital stays, escalate healthcare costs, and
prove fatal in extreme cases.2 In this context, antimicrobial
agents serve as an essential first line of defense against po-
tential pathogensogens.3 Among the array of available anti-
microbials, polyhexamethylene biguanide (PHMB) has
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gained attention because of its broad-spectrum activity
and its non-allergenic and non-toxic properties.4 Poly-
hexamethylene biguanide-based products have a concentra-
tion between 0.1% and 0.2% and find utility in a variety of
applications, including inter-operative irrigation, pre- and
post-surgery skin and mucous membrane disinfection, wound
dressings, and routine antisepsis during minor incisions.5

Despite the potential benefits of PHMB, its use in certain
applications, such as reducing post-operative infections, is
not widespread, and the specific impact of PHMB on infec-
tion rates after surgical procedures warrants further
exploration.

The existing literature on the use of PHMB in preventing
post-operative infections presents a mixed picture. Several
studies have demonstrated the efficacy of PHMB in reducing
bacterial load and preventing infections in various surgical
settings.6–9 However, these studies often focus on specific
surgical procedures or specific types of infections, limiting
the generalizability of their findings. Furthermore, some
studies have reported conflicting results,10 with a few sug-
gesting that PHMB may not be more effective than other
commonly used antiseptics.11–13

Despite the abundance of individual studies, there is a
noticeable lack of comprehensive reviews that synthesize
these findings to provide a clear understanding of the overall
efficacy of PHMB in preventing post-operative infections
because the current literature reviews had a broader topic or
were focused on in vitro studies.14 In this regard, a systematic
review might help clinicians and researchers to have a solid
basis for choosing an antimicrobial agent or designing new
studies. Therefore, the primary purpose of this systematic
review and meta-analysis is to provide a comprehensive and
critical summary of the existing literature on the efficacy of
PHMB in preventing infections in patients who have under-
gone surgical procedures. This study aims to estimate the
effect size of the association between the use of PHMB and
post-surgery infection rates.

Materials and Methods

Design

This study is a systematic review and meta-analysis con-
ducted in accordance with the guidelines provided in the
Cochrane Handbook for Systematic Reviews of Interven-
tions.15 Adherence to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment and flow chart was maintained throughout the process.
The protocol for this review has been registered on PROS-
PERO with the identifier CRD42023387910.

Search methods and eligibility criteria

A systematic literature search was conducted to identify all
scientific articles that focused on evaluating the efficacy of
PHMB in preventing infections in patients who have under-
gone surgical procedures. Multiple relevant databases were
searched up to June 2023, including PubMed, Embase, CI-
NAHL, Web of Science (WoS), Ovid Medline, and Scopus.
ClinicalTrials.gov was also searched. Structured, database-
specific search strategies were developed using the Popula-
tion, Intervention, Comparison, Outcome, Study (PICOS)
framework.16 Search terms were carefully selected to

encompass concepts related to the post-operative period,
polyhexanide, and infections. Wherever possible, we utilized
the Medical Subject Heading (MeSH) terms, supplemented
with synonyms, to ensure a comprehensive search. The
complete search strategy is detailed in Supplementary
Table S1.

To further enrich our search, we scrutinized the reference
lists of previously published systematic reviews.17 Our
search was focused exclusively on studies involving human
participants. No language restrictions were applied to ensure
a comprehensive search. Additionally, the reference lists of
identified articles were manually searched to locate any ad-
ditional relevant publications. Websites of institutions spe-
cializing in infection control, such as the World Health
Organization (WHO) and U.S. Centers for Disease Control
and Prevention (CDC), were also examined. The search was
re-run just before the final analysis in June 2023 to capture
any recent publications.

Eligibility criteria

The search was limited to randomized clinical trials
(RCTs) because this study design is most suitable for asses-
sing the efficacy of an intervention. In contrast, cohort studies
and other observational designs are more suited to identifying
the effects of an intervention rather than its efficacy. There-
fore, the inclusion criteria were as follows: studies with an
experimental design; studies that used randomization; studies
that tested the efficacy of PHMB; studies that tested the ef-
ficacy of PHMB in reducing or preventing post-operative
infections (of any type) compared with any active or inactive
control; and studies in adults (‡18 years of age). The exclu-
sion criteria were as follows: studies that focused on non-
surgical procedures or interventions; studies that evaluated
antiseptic agents other than PHMB; studies in which the
primary outcome was not related to infection rates; and
studies that did not provide sufficient data for effect size
estimation. Non-original research articles such as editorials,
commentaries, and review articles were also excluded.

Selection process

Using Rayyan, two authors (R.C., G.G.) independently
screened the titles and abstracts to identify relevant RCTs for
full-text assessment in the eligibility phase.18 They inde-
pendently selected full texts based on the established inclu-
sion criteria for final inclusion. To ensure the reliability and
consistency of the screening process, the authors discussed
their reasons for including or excluding each study. Any
disagreements regarding the inclusion of abstracts and full-
text articles were resolved through consensus discussions.

Outcomes

In the context of this systematic review, a broad range of
potential infections that patients who underwent surgical
procedures may experience represents the outcome (any in-
fection type). These infections can be a direct or indirect
consequence of the surgery, such as surgical site infections
(SSIs), blood stream infections (BSIs), urinary tract infec-
tions (UTIs), pneumonia, methicillin-resistant Staphylo-
coccus aureus (MRSA), and other types of infections.19

Surgical site infections occur at the site of surgery, within the
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skin, muscles, or organs that were operated upon. Surgical
site infections can be further classified into superficial inci-
sional, deep incisional, and organ/space SSIs, depending on
the depth and area of the infection. Blood stream infections,
also known as bacteremia or septicemia, occur when bacteria
enter the blood stream. This can occur through a variety of
routes, including through surgical wounds, intravenous lines,
or catheters. Methicillin-resistant Staphylococcus aureus in-
fections are caused by a type of bacteria that is resistant to
certain antibiotic agents and can cause a variety of infections,
including skin infections, pneumonia, and bloodstream
infections.

Each of these infections has specific diagnostic criteria,
typically based on a combination of clinical signs and
symptoms, laboratory results, and, in some cases, imaging
findings. Infections can be present in the primary studies as
counts, proportions, or in some cases, can be estimated from
the reported described effect size in the primary studies. More
precisely, in the context of RCTs, the effect size for a di-
chotomous outcome (yes vs. no infection) is often expressed
as a risk ratio, odds ratio, or hazard ratio, depending on the
nature of the outcome and the design of the study.

Data extractions

Study characteristics and outcomes were extracted from
the included studies by two reviewers (R.C. and G.G.) using a
pre-tested data extraction form that included study identifi-
cation code, year, country, sample size, intervention details,
control details, outcome measure, timepoint, and results. All
data were subsequently checked by a third reviewer (A.M.) to
ensure accuracy. If necessary data were not available in the
articles, the authors of the included studies were contacted.
When data were presented in graphical form, an online ap-
plication (Web Plot Digitizer, Austin, TX) was used for ex-
traction. In cases in which descriptive counts were not
available for the end point, baseline data and the total number
of participants in each group were used to estimate a count for
a dichotomous outcome, such as ‘‘infection vs. no infection,’’
from the effect size.

Methodologic quality and risk of bias assessments

Methodologic quality assessment was performed by the
Jadad Scale,20 a widely used tool for assessing the quality of
RCTs. The Jadad Scale evaluates studies based on the de-
scription of randomization, blinding, and the account of all
patients, including withdrawals and dropouts. The maximum
score is five, with higher scores indicating better reporting.
After the Jadad assessment, the Cochrane Risk of Bias tool
2.0 (RoB2) was used to evaluate the risk of bias for each
outcome in each included study. This tool assesses bias
arising from the randomization process (D1), deviations from
intended interventions (D2), missing outcome data (D3),
measurement of the outcome (D4), selection of the reported
results (D5), and overall risk of bias. Each domain was rated as
low, uncertain, or high risk of bias.21 Data visualization of the
methodologic quality and risk of bias assessments was per-
formed using the R statistical software (Boston, MA, USA) (R
Core Team, 2021). Specifically, a heatmap of the Jadad Scale
scores and a graph for the Cochrane Risk of Bias tool 2.0
assessments were created. The ‘‘ggplot2,’’ ‘‘tidyr,’’ and
‘‘dplyr’’ packages in R were utilized for these visualizations.

Data analysis

The statistical analyses were performed using STATA,
version 18 (StataCorp LLC, College Station, TX). The pri-
mary analysis approach used a random-effects model, pool-
ing the intervention effects of PHMB across included RCTs
on any infection outcomes, with a focus on intention-to-treat
analysis. Given the likely differences in populations, inter-
vention details, and the nature of outcomes across studies, a
true variability between studies was considered plausible,
necessitating the use of a random-effects model. This model
assumes that between-study variability is not zero.

The models aimed to estimate the log Peto’s odds ratios
and their 95% confidence intervals using the restricted
maximum likelihood (REML) method. The log Peto’s odds
ratio is a measure of effect size used to assess the association
between a binary outcome variable and a treatment or inter-
vention, particularly in cases with rare events or small event
rates, such as infections. The log transformation of the odds
ratio is used to improve the symmetry of the effect size dis-
tribution and stabilize the variance. The effect direction was
set such that log Peto’s odds ratio lower than zero favored
PHMB (indicating lower infection rates). A 95% confidence
interval of log Peto’s odds ratios that includes the no effect
threshold of one implies no statistically significant difference
in effect between the intervention and control groups.

Two subgroup analyses were prespecified, contingent on
the availability of analyzable data: the RoB2 scores (low,
some concerns, high) and the types of control (inactive vs.
active controls). Statistical heterogeneity was assessed em-
ploying Cochran’s Q test, and analyzing the estimated
between-study variance (t2), the percentage of total variation
across studies due to heterogeneity rather than chance (I2),
and the ratio of total variation with heterogeneity to total
variation without heterogeneity (H2).

A predefined sensitivity analysis was planned to evaluate
the influence of a single study on the meta-analysis estima-
tion. A trim-and-fill analysis and funnel plot analysis were
used to identify potential missing studies that may have been
unpublished or missing due to publication bias. The trim-and-
fill analysis provides a quantitative estimation of publication
bias by imputing studies potentially missing, whereas a
funnel plot offers a graphical representation of the distribu-
tion of effect sizes against their standard errors. The latter
approach is generally more reliable when more than 10
studies are included because, with fewer than 10 studies, the
graphical representation might be misleading.

Results

Search results

As depicted in Figure 1, a total of 136 records were iden-
tified from the six databases and the Web-based register
(clinicaltrials.gov) that were investigated. After removing 50
duplicates, the titles and abstracts of 86 records were
screened. Of these, 66 records were excluded for the fol-
lowing reasons: 40 were not RCTs, 10 did not focus on testing
PHMB, and 16 did not consider infections as primary or
secondary outcomes. Consequently, 20 records were re-
trieved for a detailed full-text assessment. On careful review,
11 studies were further excluded because four RCTs did not
provide data on infections, four were focused on pressure
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ulcers (which was outside the scope of this review), two were
centered on chronic ulcers, and one study was not an RCT.
An additional two RCTs were identified from the reference
lists of the eligible studies, and three RCTs were cited on the
searched websites. However, all of these articles were du-
plicates and had already been identified in the initial search.
Ultimately, nine studies met all the criteria and were included
in this systematic review.

Study characteristics

Table 1 presents the study characteristics of the nine in-
cluded two-arm RCTs.22–30 The studies were conducted in
various countries, including Spain, Turkey, Italy, Malaysia,
Denmark, Australia, and Germany, and were published be-
tween 2011 and 2022. The sample sizes ranged from 38 to
456 participants.

The interventions varied across studies, but all involved the
use of PHMB in different forms, such as local application,29,30

dressing with PHMB-impregnated gauze,22,24–27 antiseptic
treatment with PHMB vaginal suppositories,28 and subcuta-
neous wound irrigation with PHMB.23 The control groups
received different treatments, including saline solution (in-
active control),23,30 povidone-iodine application (active con-
trol),29 chlorhexidine digluconate and other antimicrobial
agents (active control),22,26 dressing with plain gauze (inac-
tive control),25,27 and sterile water (inactive control).24

The outcome measures across studies included reduction
of bacterial load, rates of exit-site infection (ESI), peritonitis,
catheter removal, healing process, prevention of bacterial

infections, pain levels, dressing adherence/integrity, re-
quirement of general anesthesia, SSIs, and central line-
associated blood stream infection (CLABSI) incidence. The
timepoints for these outcome measures varied, ranging from
during the surgical procedure to 30 days post-operatively.

The results of these studies showed mixed outcomes, with
four studies reporting lower infection rates or improved ef-
ficacy with the use of PHMB,23,26–28 whereas five found no
difference or higher infection rates compared with the control
groups.22,24,25,29,30

Methodologic quality and risk of bias

Supplementary Figure S1 presents the Jadad Scale as-
sessment and the score heatmap for the evaluation of the
methodologic quality of the included studies. Two studies
achieved the highest score of five.24,28 One study scored four,
meeting all criteria except for the description of double-
blinding.27 The remaining six studies each scored
three.22,23,25,26,29,30

In the risk of bias assessment, as shown by Figure 2, three
studies were assessed as having a ‘‘low’’ risk of bias in all
domains, indicating that these studies are likely to be reli-
able.23–25 Four studies were assessed as having ‘‘some con-
cerns’’ overall.22,26–28 This suggests that although these
studies are generally well-conducted, there are some aspects
that may affect the reliability of their results. Two studies
were assessed as having a ‘‘high’’’ overall risk of bias.29,30

This indicates that there are issues in these studies that may
affect the reliability of their results.

FIG. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow diagram.
RCTs = randomized controlled trials.
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Efficacy of the PHMB in reducing infections (any type)

Eight RCTs22–24,26–30 of nine were used to perform the
meta-analysis because it was not possible to extract the
counts of infections in only one study.25

As depicted in Figure 3, the overall effect size (y) was log
Peto’s odds ratio of -0.890 (95% confidence interval [CI],

-1.411 to -0.369). This suggests that the use of PHMB was
associated with a reduction in the rate of infections in patients
who underwent surgical procedures. The statistical hetero-
geneity of the model was moderate (t2 = 0.1854; I2 = 41.89%;
H2 = 1.72). The subgroup analysis considering the different
risk of bias scores and active vs. inactive controls showed no
substantial group differences, as shown in Figure 4. The

FIG. 2. Cochrane Risk of Bias tool 2.0 (RoB2) graph.

FIG. 3. Forest plot of the association between PHMB and infections (any type). PHMB = polyhexamethylene biguanide;
OR = odds ratio; CI = confidence interval; REML = restricted maximum likelihood.
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sensitivity analysis did not show substantial differences when
a single study was removed from the model.

A linear estimation was used to impute potential missing
studies on the left side of the funnel plot shown in Figure 5,
which represents studies with negative effect sizes. The it-
eration process did not identify any missing studies, indi-
cating that there is no evidence of publication bias. Because
no missing studies were imputed, the observed effect size and
its confidence interval remained unchanged after the trim-
and-fill procedure.

Discussion

This systematic review and meta-analysis aimed to eval-
uate the efficacy of PHMB in reducing the rate of infections
in patients who underwent surgical procedures. Nine RCTs
were included in the review and eight in the meta-analysis,

providing a diverse range of interventions, control treat-
ments, and outcome measures. The meta-analysis of eight
RCTs showed that the use of PHMB was associated with a
reduction in the rate of infections in patients who underwent
surgical procedures. The overall effect size was statistically
significant, and the statistical heterogeneity of the model was
moderate, suggesting a reasonable level of consistency across
the included studies. The subgroup analysis considering the
different risk of bias scores and active versus inactive con-
trols showed no substantial group differences, indicating that
these factors did not influence the overall effect size. The
sensitivity analysis confirmed the robustness of the meta-
analysis results.

From a clinical perspective, the results suggest that the use
of PHMB could be a promising strategy to reduce the rate of
infections in patients who undergo surgical procedures. In
this regard, it is important to note that the efficacy of PHMB

FIG. 4. Subgroup analysis by the risk of bias and type of control. OR = odds ratio; CI = confidence interval;
REML = restricted maximum likelihood.

FIG. 5. Countour-enhanced funnel plot. OR = odds ratio.
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may depend on various factors, such as the type of sur-
gery,31,32 the patient’s overall health status,33 and the specific
protocols for using PHMB. Interestingly, it is possible that
the positive effects observed in the experimental intervention
(i.e., PHMB) might not only be attributable to the antimi-
crobial properties of PHMB itself but also to the higher ad-
herence to infection prevention protocols among better
educated and more aware healthcare staff. In other words, the
use of PHMB could be indicative of a broader, more com-
prehensive approach to infection prevention. This approach
would include other key elements of infection prevention
bundles, such as hand hygiene, aseptic techniques, and timely
removal of invasive devices.34 These factors were not con-
trolled for in this meta-analysis or in the primary studies,
highlighting a potential area for further research. Therefore,
although the results of this meta-analysis are promising, it is
crucial to consider these potential confounding factors when
interpreting the efficacy of PHMB in reducing post-operative
infections.

In the included studies, the application of PHMB across
diverse post-surgical fields and utilizing different approaches
makes it challenging to apply the Grading of Recommenda-
tions, Assessment, Development and Evaluations (GRADE)
approach to the evidence at this stage.35 The GRADE system
requires a certain level of homogeneity in the interventions,
patient populations, and outcomes measured across studies to
accurately assess the quality of evidence. For this reason,
although PHMB seems to be effective in reducing infections
in the surgical fields, further research is highly needed to
produce well-structured clinical recommendations.

The findings showing substantially lower SSIs when sub-
cutaneous wound irrigation with 0.04% PHMB was used
compared with saline are particularly noteworthy.23 This
result suggests that PHMB could be especially effective when
used for subcutaneous wound irrigation, a technique often
used in various surgical procedures. Subcutaneous wound
irrigation is common in surgical procedures to cleanse the
wound area, remove debris, and reduce the bacterial load.36

This procedure is especially crucial in surgeries in which the
risk of infection is high, such as in orthopedic, abdominal,
and cardiothoracic surgeries. Using an antimicrobial agent
such as PHMB in the irrigation solution could provide an
additional layer of protection against infection by directly
targeting and reducing the bacterial population in the wound
area. Therefore, future research could focus on optimizing
the concentration and application methods of PHMB for this
specific use, potentially leading to more effective infection
prevention strategies in surgical settings.

Moreover, this systematic review has also highlighted the
potential of PHMB when used for local application and
dressing. Two studies showed improved efficacy of PHMB in
these applications, suggesting that PHMB could be particu-
larly effective in these contexts.26,28 Local application of
antimicrobial agents is a common practice in wound care, and
it allows for the direct application of the antimicrobial agent
to the wound site, which can help healthcare providers reduce
the bacterial load and prevent infection.37 Similarly, anti-
microbial dressings, such as those impregnated with PHMB,
could sustain the release of the antimicrobial agent to the
wound site. This approach could help to maintain a sterile
environment and prevent the colonization of the wound by
pathogenic bacteria, thereby reducing the risk of infection.

However, although the included studies suggest promising
results, the optimal protocols for using PHMB in local ap-
plications and dressings are not yet fully established. There-
fore, further research is needed to establish these protocols
and confirm the efficacy of PHMB in these applications.

From a broader research perspective, the emerging results
highlight the need for further high-quality RCTs to confirm
the efficacy of PHMB in reducing post-operative infections.
Although the overall effect size was statistically significant,
the moderate heterogeneity and the risk of bias in some of the
included studies suggest that the evidence is not entirely
conclusive. Future research should aim to address these
limitations and provide more definitive evidence on the ef-
ficacy of PHMB. In addition, future studies could also iden-
tify the most effective ways to use PHMB in surgical settings
within specific bundles and control organizational-level
confounders in the analytics, such as variables related to
staffing or educational-related levels.37,38

Although this systematic review and meta-analysis pro-
vide valuable insights into the efficacy of PHMB in reducing
post-operative infections, it is important to acknowledge its
limitations. First, the included studies varied substantially in
terms of the type of surgery, patient populations, and the
specific protocols for using PHMB, which may have intro-
duced heterogeneity in the results. This diversity also made it
challenging to apply the GRADE approach to assess the
quality of evidence. Second, the review was limited to pub-
lished studies related to adults, and therefore, publication bias
cannot be entirely ruled out, and the evidence on the pediatric
settings remains not synthesized yet. Although the trim-and-
fill analysis did not identify any missing studies, it is possible
that negative or inconclusive results may not have been
published, potentially overestimating the efficacy of PHMB.
Third, the review did not control for other key elements of
infection prevention bundles, such as hand hygiene, aseptic
techniques, and timely removal of invasive devices.

These factors could have influenced the observed effect
size, and their absence from the analysis is a limitation.
Fourth, the review did not account for potential
organizational-level confounders, such as staffing levels and
the level of education and awareness of healthcare staff.
These factors could have influenced the adherence to infec-
tion prevention protocols and, thus, the observed efficacy of
PHMB. Finally, the review was limited to RCTs, which, al-
though providing high-quality evidence, may not fully reflect
the complexity and variability of real-world clinical practice.
Therefore, the generalizability of the results to different
clinical settings may be limited. Future research should aim
to address these limitations to provide more definitive evi-
dence on the efficacy of PHMB in reducing post-operative
infections.

Conclusions

This systematic review and meta-analysis provide pre-
liminary evidence supporting the efficacy of PHMB in re-
ducing post-operative infections across a variety of surgical
settings. The results suggest that PHMB, which should be
part of a comprehensive infection prevention protocol, could
be a valuable tool in the ongoing effort to reduce post-
operative infections, which are a significant cause of mor-
bidity and mortality worldwide. However, the diversity in the
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application of PHMB across different surgical fields and the
potential influence of other factors, such as adherence to in-
fection prevention protocols and organizational-level vari-
ables, highlight the complexity of this issue. Therefore, while
the results are promising, they should be interpreted with
caution. Further high-quality, well-designed RCTs are nee-
ded to confirm these findings and to explore the most effec-
tive ways to use PHMB within specific infection prevention
bundles. Future research should also aim to control for po-
tential confounding factors, such as staffing levels and the
level of education and awareness of healthcare staff, to pro-
vide a more comprehensive understanding of the efficacy of
PHMB in reducing post-operative infections.
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