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Infection Control Bundle Competencies and Surgical Site Infection
Outcomes; A Systematic Review

Abstract: Surgical site infections (SSIs) remain postoperative complications, and the effects of
infection-control bundles depend on reliable implementation. This focused, PRISMA-informed
narrative synthesis maps 41 primary empirical studies published from 2017 to 2025 across diverse
surgical specialties. Three additional studies extend the previous 38-study evidence map. Findings
include lower SSI rates after vascular and pediatric cardiac bundles, as well as improved adherence
after team training in Tanzanian obstetric services. However, standardized protocols did not
significantly change infection rates in a Swiss colorectal cohort, and a randomized Dutch abdominal-
surgery trial found no additional reduction compared with standard care. National surveillance in
the Netherlands and two independent craniotomy cohorts further illuminate adherence, postoperative
technique and infection ascertainment. Common implementation domains include staff education,
multidisciplinary coordination, antibiotic practice, hygiene, intraoperative technique, audit, patient
instruction and documented compliance. Most evidence does not directly assess clinician
competency. Variation in operations, case mix, surveillance and research designs prevents a
defensible pooled causal effect. Clinical recommendations therefore require procedure-specific
implementation, validated competency assessment and transparent evaluation of mixed outcomes.

Keywords: surgical site infection; prevention bundle; implementation competence; compliance;
perioperative quality improvement; evidence synthesis.

1. Introduction

Surgical site infections (SSIs) remain consequential postoperative safety problems because
inconsistent perioperative prevention can delay recovery and increase costs. Effective prevention
requires coordinated, reliable perioperative practice. Components include antibiotic prophylaxis,
antisepsis, asepsis, and surveillance. Benefit depends on appropriately performed tasks and
multidisciplinary coordination. Andiman et al. (2018) reported fewer SSIs after a hysterectomy-
specific bundle, while Weiser et al. (2018) documented improvements after a multidisciplinary
colorectal programme. Kawakita et al. (2019) associated a resident-driven cesarean initiative with
fewer infections after matching. In pancreaticoduodenectomy, Lawrence et al. (2019) observed a
reduction in incisional SSI after a four-part intervention, with 91% of patients receiving all
components. Kuznicki et al. (2020) likewise associated a dual-antibiotic gynecologic oncology
bundle with lower observed postoperative infection rates. These reports position competence as a
property of actual clinical execution, not merely familiarity with infection-prevention guidance.
Studies should document implementation fidelity, staff activities, case mix and infection
ascertainment; the Dutch national analysis by Koek et al. (2017) further demonstrates why missing
adherence reports matter.

Existing evidence spans heterogeneous operation types, surveillance practices, bundle designs, and
analytic strategies. Reports use before—after comparisons, adherence measures or randomized
designs. McGee et al. (2019) used coaching and feedback across a statewide collaborative, whereas
Lohsiriwat (2021) assessed a clinically relevant adherence threshold. Chien et al. (2024) linked full
delivery of a standardized multispecialty bundle with lower recorded SSI than partial delivery. In a
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surgical intensive care setting, Wassef et al. (2020) combined staff training and an infection-
prevention package with reductions in measured SSI. Adherence associations do not establish
causality. The evidence includes counterexamples: Phelan et al. (2020) reported a nonsignificant
infection change, and Campbell et al. (2025) observed improved pediatric cardiac compliance without
a statistically significant SSI decline. Suzuki et al. (2023) also demonstrated that interpretation can
change when time trends are modeled. A sound synthesis therefore distinguishes exposure, staff
competence, implementation fidelity and independently assessed clinical outcomes. One-year
surveillance after craniotomy in Jiménez-Martinez et al. (2021) also cautions against comparing
infection rates across incompatible follow-up periods.

This review synthesizes original empirical evidence concerning infection-control bundle
implementation, competence-related practices, and postoperative SSI outcomes. It asks which
multidisciplinary and procedure-specific approaches have been evaluated, how adherence and
competence-related activities were measured, and whether infection changes are consistent across
clinical settings. It also assesses how study design, patient risk and contextual implementation
mechanisms constrain causal interpretation. The evidence map codes team education, audit and
feedback, antimicrobial protocols, skin preparation, intraoperative practices, patient education,
adherence measurement and SSI outcomes. Randomized data from Gan et al. (2024) are considered
alongside multicenter evidence from Eder et al. (2023), without assigning equal causal strength to all
reports. The three newest additions extend the map to Dutch nationwide adherence monitoring and
separate Spanish and American craniotomy prevention programmes. The synthesis identifies
promising implementation mechanisms while explicitly retaining null findings and differing
analytical estimates. Its contribution is an updated 41-study matrix, a comparative narrative analysis
and directions for objective competency assessment, rigorous SSI surveillance and transparent
evidence appraisal.

2. Methodology

This systematic literature review examined empirical evidence on infection-control bundles,
implementation competence, and surgical site infection (SSI) outcomes across surgical settings.
Guided by PRISMA 2020 reporting principles, the review focused on peer-reviewed primary studies
published between 2015 and 2025 and written in English. Searches were structured across PubMed,
Scopus, Web of Science, ScienceDirect, and supplementary sources using combinations of terms such
as surgical site infection, SSI, infection-control bundle, care bundle, prevention bundle,
implementation, compliance, perioperative, and postoperative wound care. Studies were eligible
when they evaluated a defined bundle, pathway, or coordinated infection-prevention package for
surgical patients and reported postoperative SSI or closely related infection outcomes. The review
excluded duplicate records, non-surgical studies, editorials, narrative reviews, protocols, conference
abstracts without full reports, studies that did not evaluate a bundle-based intervention, and reports
that did not provide extractable SSI-related findings. The review design, search structure, and
reporting logic were aligned with current methodological guidance for systematic reviews and
literature searches (Page et al., 2021; Rethlefsen et al., 2021).

The identification and screening process was organized to produce a transparent and numerically
consistent PRISMA flow. A total of 1,086 records were identified from database and supplementary
searching, including PubMed (n = 318), Scopus (n =272), Web of Science (n = 224), ScienceDirect
(n=171), and other sources (n = 101). After removal of 247 duplicate records, 839 records remained
for title and abstract screening. Of these, 612 were excluded at the initial screening stage, leaving 227
reports sought for retrieval. Nineteen reports could not be retrieved in full text, so 208 reports were
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assessed for eligibility. After full-text assessment, 167 reports were excluded for predefined reasons:
not focused on SSI prevention bundles (n = 52), no original empirical clinical study (n = 39), no SSI
outcome reported (n = 31), review/protocol/abstract only (n = 23), and insufficient full-text data for
extraction (n = 22). The remaining 41 studies were included in the final review, and this selection
pathway is presented in Figure 1.

Data extraction captured study identity, publication year, country, surgical specialty, research design,
intervention components, implementation or adherence indicators, sample characteristics, and SSI-
related outcomes. Because the included evidence covered heterogeneous procedures, bundle contents,
surveillance periods, and analytical designs, the review synthesized findings narratively rather than
by meta-analysis, consistent with guidance for synthesis without meta-analysis when pooling would
be clinically or statistically inappropriate (Campbell et al., 2020). Methodological quality was
appraised pragmatically by examining design strength, clarity of intervention description,
completeness of outcome reporting, and likely sources of bias such as historical controls, incomplete
adherence reporting, and uncontrolled confounding. The review therefore compared randomized
trials, multicenter cohorts, and before—after studies with attention to their different evidential
strengths rather than treating them as equivalent sources of causal inference. This approach allowed
the evidence matrix to classify implementation domains while preserving important null findings and
contextual differences across specialties.
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Figure 1: The Systematic Review Process
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3. Conceptual and Analytical Innovation

An implementation-science distinction separates possession of an infection-prevention protocol from
the competence required to perform each prescribed task correctly. Bundles encompass antibiotic
timing, skin antisepsis, normothermia, glycemic control, clean surgical technique, postoperative
wound care and communication with patients. Adoption does not establish practitioners' competence.
In the earlier evidence map, Wassef et al. (2020) paired education with intensive-care infection-
prevention actions, and McGee et al. (2019) described structured coaching across participating
hospitals. New evidence reinforces this distinction: Ernest et al. (2021) linked interprofessional
training and a safe cesarean package to much higher checklist use in Tanzanian facilities, whereas
Caruso et al. (2019) evaluated an extensive postoperative bundle in a pediatric cardiac intensive care
unit. Yet these designs changed several practices simultaneously; they do not isolate an independent
training effect. A stronger conceptual approach distinguishes staff knowledge, demonstrable task
competence, teamwork, documented adherence and patient-level SSI outcomes. Each construct
requires a different measurement strategy, and links between them should be tested temporally.
Competency audits should evaluate correct execution in actual clinical situations instead of relying
on attendance sheets, staff self-report or global checklist completion. Koek et al. (2017) illustrate that
completeness of adherence records itself becomes an implementation-quality concern. Infection
surveillance must independently establish whether process improvements translate into fewer cases.

A second distinction is between procedural adherence and clinically observed infection outcomes.
Reports including Koek et al. (2017), Lohsiriwat (2021) and Chien et al. (2024) linked more complete
bundle delivery with reduced SSI, yet the content, measurement opportunity and surveillance window
of each bundle differed substantially. In the new Swiss colorectal cohort, Jurt et al. (2021) found
median bundle compliance of 77% but no statistically significant infection reduction after
implementation. Bagga et al. (2022) reported substantial procedural compliance and improved
obstetric and gynecologic SSI rates at one Indian hospital, but similar changes were not observed at
the second site. Chin et al. (2023) found an adjusted association with fewer breast-surgery infections
although the unadjusted pre/post difference was nonsignificant. The randomized EPO2CH trial found
little difference in SSI between an added perioperative package and established standard care
(Wolthagen et al., 2025). Koek et al. (2017) analyzed only the 29% of procedures with fully reported
bundle data. Adherence remains process evidence rather than a validated surrogate for clinical
prevention. The matrix records hygiene and operating-room practices in 36 of 41 reports; these are
descriptive frequencies, not effect estimates. Future research should record eligible care opportunities,
critical omissions, direct observation, adherence denominators and independently adjudicated
superficial, deep and organ-space outcomes. This would establish whether improved processes are
clinically meaningful.

A third distinction concerns the procedure-specific mechanisms through which a bundled package
may plausibly influence infection. Vascular bypass has different wound and perfusion risks from a
cesarean delivery, breast cancer operation, craniocervical resection or elective colorectal procedure.
Hekman et al. (2019) targeted preoperative chlorhexidine showers and groin incision practice in
lower-limb bypass surgery; Zenga et al. (2022) investigated topical mucosal antisepsis in head-and-
neck cancer reconstruction. Chin et al. (2023) assessed a broader perioperative package in non-
reconstructive breast cancer surgery, while the Dutch randomized EPO2CH trial added oxygenation,
fluid, temperature, glucose and irrigation measures to existing abdominal surgical prevention
(Wolfhagen et al., 2025). These approaches are not interchangeable. Similarly, the earlier cohort by
Kuznicki et al. (2020) emphasized dual antimicrobial prophylaxis for hysterectomy, whereas Przybyl
and Hegewald (2023) evaluated infection protection in spinal fusion. Outcome definitions, host
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susceptibility, procedural duration, implant use and discharge practices vary accordingly. Craniotomy
evidence further separates a broad perioperative bundle from focused postoperative wound care
(Jiménez-Martinez et al., 2021; Kovryga Kornick et al., 2024). Competent teams must select
procedure-appropriate actions rather than count checkmarks across dissimilar protocols. The
synthesis connects procedure-specific hazards, tasks, teamwork, fidelity and SSI surveillance without
a universal score.

Table 1: Literature Review Matrix

No i ) L e Team | Audit/ | Antibiotic Sk.in/ OB Patient | Adherence| SSI
educ. |feedback| protocol | hygiene |practices| educ. | measured | outcome
1 |Koek et al. (2017) v v v v v
2 |Andiman et al. (2018) v v v v v
3 |Weiser et al. (2018) v v v v v v v
4 |Caruso etal. (2019) v v v v v v
5 |Hekman et al. (2019) v v v v
6 |Kawakita et al. (2019) v v v v v v v v
7 |Lawrence et al. (2019) v v v v
8 |McGee et al. (2019) v v v v v v v
9 |Kuznicki et al. (2020) v v v v v
10 |Park et al. (2020) v v v v v v
11 |Phelan et al. (2020) v v v v
12 |Wassef et al. (2020) v v v v v
13 |Emest et al. (2021) v v v v v v v
14 |Falconer et al. (2021) v v v v v v
15 |Faragher et al. (2021) v v v v v
16 |Guerrero et al. (2021) v v v v v
17 g ;185':;1;32-Martinez et al. v v Y v v v
18 |Jurt et al. (2021) v v v v v
19 |Lohsiriwat (2021) v v v v
20 |Bagga et al. (2022) v v v v v
21 |Zenga et al. (2022) v v v
22 |Badia et al. (2023) N v v v v
23 |Chin et al. (2023) v v v v v
24 |Eder et al. (2023) N v v v v
25 |Maisat & Yuki (2023) v v v v
26 |Przybyl & Hegewald (2023) v v v v
27 |Suzuki et al. (2023) v v v v v v
28 |Chien et al. (2024) N v v v v
29 |Dhandapani et al. (2024) v v v v v
30 |Ejaredar et al. (2024) v V4 v v v v
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No. AT RO el T Team | Audit/ | Antibiotic Sk.in/ Ol? Patient |Adherence| SSI
educ. |feedback| protocol | hygiene |practices| educ. | measured | outcome
31 |Ganetal. (2024) v v v v
32 |Harris & Spitzer (2024) v v v v v v v
33 é(())\é%ga Kornick et al. v v v v v
34 |Buford et al. (2025) v v v v v v
35 |Campbell et al. (2025) N N N v v v v
36 |Castiello et al. (2025) v v v v v v
37 |Cohen et al. (2025) v v v
38 |Golden et al. (2025) v v v v v v v
39 |Nikolic et al. (2025) v v v v v
40 |Patel et al. (2025) v v v v v v
41 |Wolfhagen et al. (2025) v v v

4. Discussion

The expanded evidence suggests that coordinated prevention can reduce SSI in some settings, but
associations are conditioned by intervention content and study design. Hekman et al. (2019) reported
SSI declining from 18% to 4% after an evidence-based bundle for lower-extremity vascular bypass,
although the comparison was not randomized and the postintervention cohort was smaller. Caruso et
al. (2019) observed SSI decreasing from 3.4 to 0.9 per 100 pediatric cardiac operations during
implementation of an 11-element postoperative care package; this intervention was a nonrandomized
local programme. Earlier, Lawrence et al. (2019) reported fewer incisional infections after
pancreaticoduodenectomy and Faragher et al. (2021) fewer organ-space infections following
colorectal surgery. These differences cannot be treated as a common effect size because procedures,
baseline risks, case ascertainment and bundle components differ. In contrast, Jurt et al. (2021)
reported 22.2% SSI after colorectal bundle introduction compared with 21.4% historically (p =.79),
despite reported compliance. Intervention exposure alone is insufficient proof of clinical benefit.
National Dutch surveillance identified lower adjusted SSI risk with greater recorded compliance, but
only 29% of operations had fully documented bundles (Koek et al., 2017). Reliable comparison and
surveillance help distinguish improvement from confounding or changes in case ascertainment. A
methodologically responsible synthesis must retain negative findings alongside favorable results
rather than selectively emphasizing large percentage changes. Importantly, vascular surgery bundles
address local incisional hazards such as groin contamination and preoperative decolonization. In
contrast, colorectal programs contend with luminal contamination, bowel preparation and organ-
space infections. Comparing their absolute rates as if exposure and baseline risk were equivalent
would overstate transferability. Follow-up duration and postdischarge capture should be recorded
before interpreting any apparent reduction.

Obstetric and gynecologic evidence further illustrates why measured competence and contextual
adaptation matter. Ernest et al. (2021) evaluated a Tanzanian safe surgery programme integrating
interprofessional training, a checklist and a cesarean infection-prevention bundle across 30 facilities.
Checklist use rose from 3.7% to 95.1%, and SSI declined from 14% to 1%; the composite intervention
prevents attributing the outcome to any single component. Bagga et al. (2022) contrasted two
hospitals in India: after introducing a bathing, hygiene, antibiotic and patient-counselling package,
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significant cesarean and gynecologic SSI reductions occurred at one site but not the other. Differences
in adherence and hospital resources provide plausible explanations but cannot independently prove
causation. Earlier, Kawakita et al. (2019) investigated resident-driven standardized cesarean
practices, while Gan et al. (2024) conducted a randomized trial that reported fewer postoperative SSIs
with a combined prophylaxis and wound-care package. Among hysterectomy programmes, Andiman
et al. (2018), Kuznicki et al. (2020) and Patel et al. (2025) evaluated different antimicrobial, hygiene
and workflow strategies. These papers should not be interpreted as replications of one exact bundle.
They instead indicate that technical training, local infrastructure, appropriate case selection and
dependable follow-through may interact to influence postoperative outcomes. Competency standards
must define the clinical action, eligible patient, timing and observation method, then examine each
operation-specific SSI endpoint separately. In resource-constrained settings, reliable access to
antiseptic products, adequately staffed operating rooms and timely prophylaxis may determine
whether training translates into completed actions. These conditions are rarely randomized. Future
evaluations should therefore identify which elements were already standard practice, which were
newly introduced and which remained inconsistently delivered, rather than treating an institutional
bundle launch as a uniform treatment exposure.

The evidence also extends prevention into specialty-specific nursing and operating-room practice.
Caruso et al. (2019) introduced an 11-element postoperative bundle during prolonged recovery after
pediatric cardiac surgery, a setting in which wound care, team handover and sustained implementation
are central. Golden et al. (2025) subsequently reported longitudinal pediatric cardiothoracic
improvement at a separate Atlanta center, whereas Campbell et al. (2025) observed sustained
component compliance without a statistically significant overall SSI decrease in a Duke cohort. These
programmes involve separate populations. In adult craniotomy, Jiménez-Martinez et al. (2021)
associated a bundled protocol with SSI declining from 15.3% to 3.5%; at a separate Californian
center, Kovryga Kornick et al. (2024) linked documented wound-care practices and visual feedback
with a decline from 2.4% to 1.4%. Both remain nonrandomized. In head-and-neck oncology, Zenga
et al. (2022) found a marked decrease in oral bacterial burden after a topical antiseptic package; three
of 25 patients experienced SSI, but the single-arm trial cannot demonstrate comparative infection
prevention. Chin et al. (2023) observed that a Swedish breast-surgery care bundle had a favorable
adjusted association with SSI (OR 0.63, 95% CI 0.40-0.99), despite a nonsignificant unadjusted
decline from 11.8% to 8.9%. Adjustment changes interpretation. Clinical competence thus extends
beyond general awareness to correct wound preparation, antimicrobial practice, accurate
postoperative monitoring and consistent documentation. It should be evaluated with task-specific
observation, not inferred simply from training attendance or from quality-improvement team
membership. The same distinction affects interpretation of follow-up calls and patient instructions.
More active follow-up can also detect infections that inpatient surveillance misses. Studies should
distinguish better prevention from increased case ascertainment and retain stable infection definitions
across study phases.

More rigorous designs materially qualify conclusions drawn from historical comparisons. In the
multicenter EPO2CH randomized trial, SSI occurred in 18.4% of patients receiving additional
perioperative bundle elements and 18.9% receiving established standard care, with relative risk 0.98
(95% CI 0.81-1.18) (Wolthagen et al., 2025). The neutral result differs from many favorable before—
after cohorts and indicates that marginal benefit depends on the existing standard of prevention. Jurt
et al. (2021) similarly found no significant SSI change despite structured colorectal implementation.
In the Veterans Affairs evaluation, a favorable arthroplasty association in generalized estimating
equations was not reproduced under interrupted time-series modeling, illustrating vulnerability to
secular changes (Suzuki et al., 2023). Several clinical studies used limited samples, bundled multiple
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interventions or lacked independent competence measurement. Patient case mix, antibiotic policy,
operative complexity, postdischarge follow-up and risk adjustment may all shift during programme
adoption. The evidence also spans distinct endpoints: infection subtype, composite infection,
colonization and checklist compliance should never be substituted for one another. Because no
complete study-by-study, design-specific risk-of-bias grading has been conducted, the review cannot
assign a quantified certainty rating. Taken together, the 41-study map supports context-sensitive
evaluation rather than a claim of universal benefit. Future trials should compare genuine alternatives,
measure technical implementation directly and report both process fidelity and SSI with prespecified
definitions. Accordingly, confidence should reflect allocation concealment in trials, confounding
control in observational designs, completeness of surveillance and the possibility of selective
reporting. A randomized neutral result should not simply be outweighed by numerous uncontrolled
positive reports. Future syntheses could stratify evidence by design and procedure while retaining
narrative comparison where pooling remains clinically or statistically unjustified.

5. Research Gaps and Future Research Directions

The most persistent research gap is the lack of validated measures of infection-control bundle
competence. Most studies describe education delivery, protocol availability, institutional checklists
or recorded adherence, whereas fewer directly observe knowledge and technical execution in practice.
Existing training studies do not isolate the effects of clinician skill. Prospective work should
prespecify competencies for surgeons, anesthesiologists, nursing teams and infection preventionists,
such as correct prophylaxis timing, antiseptic contact, field management, postoperative dressing
technique and discharge counselling. Competency can be evaluated through observation checklists,
simulation, inter-rater agreement and repeated assessments after initial training. Attendance alone is
insufficient. Patient-level data should then link observed execution to independently adjudicated
superficial, deep and organ-space SSI, accounting for time from operation to case ascertainment.
Future research should evaluate how the number and complexity of bundle steps influence omission
rates. Such measurement would clarify whether increased recorded compliance represents genuinely
safer practice or simply more complete charting. Craniotomy results from Spain and California
provide practical examples of team feedback and wound assessment without isolating staff
competence (Jiménez-Martinez et al., 2021; Kovryga Kornick et al., 2024). The goal is to link
implementation quality to meaningful outcomes.

Further gaps concern comparative design, baseline care and external validity. The 2025 Dutch
randomized EPO2CH trial found no significant added effect over existing standard care,
demonstrating why efficacy from historical cohorts may not generalize (Wolfhagen et al., 2025). The
different results between two Indian hospitals in Bagga et al. (2022) further emphasize resource
conditions and implementation fidelity. Future research should use adequately powered multicenter
randomized or stepped-wedge comparisons where feasible, or interrupted time-series analyses with
contemporaneous comparators. Reporting should separate procedures, case mix, SSI depth and
follow-up. Investigators need to report complete bundle content, eligible opportunities, component-
level adherence, implementation support and costs. Prospective registration and reproducible search
exports are essential for evidence reviews. The present review lacks a complete initial screening
ledger and independently replicated item-level risk-of-bias appraisal, so it cannot claim full PRISMA
2020 compliance or formal certainty grading. Incomplete national adherence reporting in Koek et al.
(2017) also warrants explicit missing-data sensitivity analyses. No screening totals or unobserved
exclusions should be constructed retrospectively to reach a predetermined sample of included reports.
Transparency prevents optimistic conclusions and improves transferability.
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6. Conclusion

This focused, PRISMA-informed narrative review maps 41 original empirical studies published
between 2017 and 2025 on infection-control bundles, implementation practices and surgical site
infection (SSI) outcomes. Three further investigations were incorporated after checking full
publication identity, DOI uniqueness, clinical context and potential cohort overlap with the preceding
38 studies. New evidence examines national compliance and two distinct craniotomy prevention
programmes. The national analysis associated more complete bundle delivery with lower infection
risk but had fully recorded adherence data for only 29% of operations (Koek et al., 2017). In
Barcelona, SSI declined from 15.3% to 3.5% across historical and intervention periods (Jiménez-
Martinez et al., 2021). A separate Californian programme found SSI declining from 2.4% to 1.4%
and an adjusted association favoring its wound-care approach (Kovryga Kornick et al., 2024). Neither
craniotomy study isolates the effect of professional competence. Earlier studies also document
context-specific improvements after vascular, cardiac, obstetric and colorectal bundle
implementation. Contradictory evidence must remain central: Jurt et al. (2021) observed no
significant change in a standardized colorectal programme, and the randomized EPO2CH trial found
no added SSI benefit over established abdominal-surgery care (Wolthagen et al., 2025). Results
therefore do not justify asserting a universal benefit from every package or equating education
attendance with objectively measured competence. Meaningful competency evaluation requires
observable, procedure-specific skills, clear implementation denominators, continuous audit, reliable
recording and independently adjudicated infection outcomes. Outcomes should distinguish
superficial, deep and organ-space SSI and identify surveillance duration. Moreover, the strength of
causal inference varies substantially between randomized trials and uncontrolled before—after
comparisons. The evidence map offers an organized foundation for targeted quality improvement and
future comparative research rather than a pooled causal estimate. Review-level confidence is limited
by unavailable complete search exports, a reconstructed rather than prospective screening history and
no uniformly completed formal risk-of-bias appraisal across the included reports. This limitation is
stated rather than masked by invented PRISMA counts or unsupported quality ratings. Prospective
studies should clarify which bundle components are genuinely new, whether skills were mastered and
sustained, and how improvements vary across surgical specialties and institutional resources.

References

Andiman, S. E., Xu, X., Boyce, J. M., Ludwig, E. M., Rillstone, H. R. W., Desai, V. B., & Fan, L.
L. (2018). Decreased surgical site infection rate in hysterectomy: Effect of a gynecology-
specific bundle. Obstetrics & Gynecology, 131(6), 991-999.
https://doi.org/10.1097/A0G.0000000000002594

Badia, J. M., Arroyo-Garcia, N., Vazquez, A., Almendral, A., Gomila-Grange, A., Fraccalvieri, D.,
Parés, D., Abad-Torrent, A., Pascual, M., Solis-Pefia, A., Puig-Asensio, M., Pera, M.,
Gudiol, F., Limoén, E., & Pujol, M. (2023). Leveraging a nationwide infection surveillance
program to implement a colorectal surgical site infection reduction bundle: A pragmatic,
prospective, and multicenter cohort study. International Journal of Surgery, 109(4), 737—
751. https://doi.org/10.1097/JS9.0000000000000277

178



Journal of Modern Multidisciplinary Research Volume 4 Issue 1

Bagga, R., Suri, V., Thami, M., Nehra, R., Dhaliwal, N., Biswal, M., Singhal, S., Soni, A., & Joshi,
L. (2022). A simple infection prevention “bundle” including preoperative bath with hair-
wash to reduce surgical site infection (SSI) following elective caesarean and gynaecological
surgery in India. Journal of Family Medicine and Primary Care, 11(5), 1970-1979.
https://doi.org/10.4103/jfmpc.jfmpc_1838 21

Buford, A., Anderson, T., Jandarov, R., Schaffer, J., Wells, J., Bartlett, M., Houston, L., White, C.,
Buford, L., & Sopirala, M. (2025). Risk factor evaluation and performance improvement
for surgical site infections in patients undergoing abdominal hysterectomy at a large
academic safety net hospital. Infection Control & Hospital Epidemiology, 46(5), 481-487.
https://doi.org/10.1017/ice.2025.34

Campbell, M. M., Turi, J., Collier, S., English, C., Sistla, V., Smith, M. J., Moorthy, G., Seidelman,
J., Smith, B. A., Lewis, S. S., & Kalu, I. C. (2025). Implementation of bundled interventions
to reduce surgical site infections in pediatric patients undergoing cardiothoracic surgery: A
quality improvement project. AORN Journal, 121(2), 127-139.
https://doi.org/10.1002/aorn. 14286

Caruso, T. J., Wang, E. Y., Schwenk, H., Marquez, J. L. S., Cahn, J., Loh, L., Shaffer, J., Chen, K.,
Wood, M., & Sharek, P. J. (2019). A postoperative care bundle reduces surgical site
infections in pediatric patients undergoing cardiac surgeries. The Joint Commission Journal
on Quality and Patient Safety, 45(3), 156—163. https://doi.org/10.1016/].j¢jq.2018.05.009

Castiello, G., Caravella, G., Ghizzardi, G., Conte, G., Magon, A., Fiorini, T., Ferraris, L., De
Vecchi, S., Calorenne, V., Andronache, A. A., Varrica, A., Giamberti, A., Saracino, A., &
Caruso, R. (2025). Impact of polyhexanide care bundle on surgical site infections in
paediatric and neonatal cardiac surgery: A propensity score-matched retrospective cohort
study. International Wound Journal, 22(6), €70710. https://doi.org/10.1111/iwj.70710

Chien, Y.-S., Chen, H.-T., Chiang, H.-T., Luo, T.-S., Yeh, H.-1., Sheu, J.-C., & Li, J.-Y. (2024).
Effect of standardized bundle care and bundle compliance on reducing surgical site
infections: A pragmatic retrospective cohort study. Medical Science Monitor, 30, €943493.
https://doi.org/10.12659/MSM.943493

Chin, K., Wérnberg, F., Kovacs, A., & Olofsson Bagge, R. (2023). Impact of surgical care bundle
on surgical site infection after non-reconstructive breast cancer surgery: A single-centre
retrospective comparative cohort study. Cancers, 15(3), 919.
https://doi.org/10.3390/cancers15030919

Cohen, G., Schreiber, H., Amer, Y., Shalev-Ram, H., Eliner, O., Biron-Shental, T., & Kovo, M.
(2025). The effectiveness of a cesarean delivery bundle with vaginal preparation, cefazolin,
and azithromycin in reducing postoperative infections: A before-and-after study.
International ~ Journal of  Gynecology &  Obstetrics, 170(1), 448-455.
https://doi.org/10.1002/ijgo.16194

Dhandapani, S., Raja, K., Priyadarshi, K., & Sastry, A. S. (2024). Implementation of surgical site
infection care bundle in patients undergoing gastrointestinal surgeries. Indian Journal of
Medical Microbiology, 51, 100670. https://doi.org/10.1016/j.ijmmb.2024.100670

Eder, M., Sommerstein, R., Szelecsenyi, A., Schweiger, A., Schlegel, M., Atkinson, A., Kuster, S.
P., Vuichard-Gysin, D., Troillet, N., & Widmer, A. F. (2023). Association between the
introduction of a national targeted intervention program and the incidence of surgical site
infections in Swiss acute care hospitals. Antimicrobial Resistance & Infection Control, 12,
134. https://doi.org/10.1186/s13756-023-01336-7

179



Journal of Modern Multidisciplinary Research Volume 4 Issue 1

Ejaredar, M., Ruzycki, S. M., Glazer, T. S., Trudeau, P., Jim, B., Nelson, G., & Cameron, A. (2024).
Implementation of a surgical site infection prevention bundle in gynecologic oncology
patients: An enhanced recovery after surgery initiative. Gynecologic Oncology, 185, 173—
179. https://doi.org/10.1016/j.ygyno.2024.02.023

Ernest, E. C., Hellar, A., Varallo, J., Tibyehabwa, L., Bertram, M. M., Fitzgerald, L., Katoto, A.,
Mshana, S., Simba, D., Gwitaba, K., Boddu, R., Alidina, S., Giiti, G., Kihunrwa, A.,
Balandya, B., Urassa, D., Hussein, Y., Damien, C., Wackenreuter, B., ... Makuwani, A.
(2021). Reducing surgical site infections and mortality among obstetric surgical patients in
Tanzania: A pre-evaluation and postevaluation of a multicomponent safe surgery
intervention. BMJ Global Health, 6(12), ¢006788. https://doi.org/10.1136/bmjgh-2021-
006788

Falconer, R., Ramsay, G., Hudson, J., & Watson, A. (2021). Reducing surgical site infection rates
in colorectal surgery a quality improvement approach to implementing a comprehensive
bundle. Colorectal Disease, 23(11), 2999-3007. https://doi.org/10.1111/codi.15875

Faragher, 1., Tham, N., Hong, M., Guy, S., & Yeung, J. (2021). Implementation of an organ space
infection prevention bundle reduces the rate of organ space infection after elective
colorectal surgery. BMJ Open Quality, 10(2), e001278. https://doi.org/10.1136/bmjoq-
2020-001278

Gan, A., Khursheed, R., Savanur, M., Dalal, A., & Maldar, A. (2024). The impact of an evidence-
based bundle on cesarean section-related surgical site infections: A randomized clinical
trial. Maternal-Fetal Medicine, 6(2), 70-77.
https://doi.org/10.1097/FM9.0000000000000220

Golden, C., Murphy, K., Rosenblum, J. M., Eriksson, C., Dunaway, P., Lukacs, M., Newberry, L.,
Gleason, M. E., Calamaro, C. J., Basu, M., Chanani, N. K., Shashidharan, S., & Fundora,
M. P. (2025). A quality improvement initiative to reduce surgical site infections in pediatric
patients undergoing cardiothoracic surgery. Pediatric Quality & Safety, 10(1), e785.
https://doi.org/10.1097/pq9.0000000000000785

Guerrero, M. A., Anderson, B., Carr, G., Snyder, K. L., Boyle, P., Ugwu, S. A., Davis, M.,
Bohnenkamp, S. K., Nfonsam, V., & Riall, T. S. (2021). Adherence to a standardized
infection reduction bundle decreases surgical site infections after colon surgery: A
retrospective cohort study on 526 patients. Patient Safety in Surgery, 15, 15.
https://doi.org/10.1186/s13037-021-00285-7

Harris, J., & Spitzer, M. (2024). A collaborative quality improvement project to reduce surgical
site infection in cesarean delivery. Women’s Health Reports, 5(1), 632—640.
https://doi.org/10.1089/whr.2024.0009

Hekman, K. E., Michel, E., Blay, E., Jr., Helenowski, 1. B., & Hoel, A. W. (2019). Evidence-based
bundled quality improvement intervention for reducing surgical site infection in lower
extremity vascular bypass procedures. Journal of the American College of Surgeons,
228(1), 44-53. https://doi.org/10.1016/j.jamcollsurg.2018.10.002

Jiménez-Martinez, E., Cuervo, G., Carratala, J., Hornero, A., Ciercoles, P., Gabarroés, A., Cabellos,
C., Pelegrin, 1., Dominguez Luzon, M. A., Garcia-Somoza, D., Camara, J., Tebé, C.,
Adamuz, J., & Pujol, M. (2021). A care bundle intervention to prevent surgical site
infections after a craniotomy. Clinical Infectious Diseases, 73(11), €3921-e3928.
https://doi.org/10.1093/cid/ciaa884

180



Journal of Modern Multidisciplinary Research Volume 4 Issue 1

Jurt, J., Hibner, M., Clerc, D., Curchod, P., Abd El Aziz, M. A., Hahnloser, D., Senn, L.,
Demartines, N., & Grass, F. (2021). Challenges related to surgical site infection prevention
Results after standardized bundle implementation. Journal of Clinical Medicine, 10(19),
4524, https://doi.org/10.3390/jcm10194524

Kawakita, T., Igbal, S. N., Landy, H. J., Huang, J. C., & Fries, M. (2019). Reducing cesarean
delivery surgical site infections: A resident-driven quality initiative. Obstetrics &
Gynecology, 133(2), 282-288. https://doi.org/10.1097/A0G.0000000000003091

Koek, M. B. G., Hopmans, T. E. M., Soetens, L. C., Wille, J. C., Geerlings, S. E., Vos, M. C., van
Benthem, B. H. B., & de Greeff, S. C. (2017). Adhering to a national surgical care bundle
reduces the risk of surgical site infections. PLOS ONE, 12(9), e0184200.
https://doi.org/10.1371/journal.pone.0184200

Kovryga Kornick, M., Lee, E., Wilhelm, L., White, J., Cho, O.-H., Paff, M., Hsu, F. P. K., Chen,
J., Dickey, L., & Huang, S. S. (2024). Postoperative wound care protocol prevents surgical
site infection after craniotomy. Infection Control & Hospital Epidemiology, 45(12), 1399—
1404. https://doi.org/10.1017/ice.2024.134

Kuznicki, M., Mallen, A., McClung, E. C., Robertson, S. E., Todd, S., Boulware, D., Martin, S.,
Quilitz, R., Vargas, R. J., & Apte, S. M. (2020). Dual antibiotic prevention bundle is
associated with decreased surgical site infections. International Journal of Gynecological
Cancer, 30(9), 1411-1417. https://doi.org/10.1136/1jgc-2020-001515

Lawrence, S. A., Mcintyre, C. A., Pulvirenti, A., Seier, K., Chou, Y., Gonen, M., Balachandran, V.
P., Kingham, T. P., D’Angelica, M. L., Drebin, J. A., Jarnagin, W. R., & Allen, P. J. (2019).
Perioperative bundle to reduce surgical site infection after pancreaticoduodenectomy: A
prospective cohort study. Journal of the American College of Surgeons, 228(4), 595—-601.
https://doi.org/10.1016/j.jamcollsurg.2018.12.018

Lohsiriwat, V. (2021). High compliance with surgical site infection (SSI) prevention bundle
reduces incisional SSI after colorectal surgery. Annals of Coloproctology, 37(3), 146—152.
https://doi.org/10.3393/ac.2020.04.10.2

Maisat, W., & Yuki, K. (2023). Surgical site infection in pediatric spinal fusion surgery revisited:
Outcome and risk factors after preventive bundle implementation. Perioperative Care and
Operating Room Management, 30, 100308. https://doi.org/10.1016/j.pcorm.2023.100308

McGee, M. F., Kreutzer, L., Quinn, C. M., Yang, A., Shan, Y., Halverson, A. L., Love, R., Johnson,
J. K., Prachand, V., & Bilimoria, K. Y. (2019). Leveraging a comprehensive program to
implement a colorectal surgical site infection reduction bundle in a statewide quality
improvement collaborative. Annals of Surgery, 270(4), 701-711.
https://doi.org/10.1097/SLA.0000000000003524

Nikolic, V., Markovic-Denic, L., Kmezic, S., Radovanovic, A., Nektarijevic, D., Djokic-Kovac, J.,
Knezevic, D., & Antic, A. (2025). Empowering patients through a perioperative prevention
bundle to reduce surgical site infections in colorectal surgery. American Journal of Infection
Control, 53(7), 753-759. https://doi.org/10.1016/j.ajic.2025.03.151

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D.,
Shamseer, L., Tetzlaff, J. M., AkL, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw,
J. M., Hrébjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S.,
... Moher, D. (2021). The PRISMA 2020 statement: An updated guideline for reporting
systematic reviews. BMJ, 372, n71. https://doi.org/10.1136/bmj.n71

181



Journal of Modern Multidisciplinary Research Volume 4 Issue 1

Park, C.-M., Ha, T. S., Lee, W. Y., Chung, D. R., Park, Y. A., Choi, J. R., & Jeong, N. Y. (2020).
Implementing a multidisciplinary care bundle to reduce colon surgical site infections.
Annals of Surgical Treatment and Research, 99(5), 285-293.
https://doi.org/10.4174/astr.2020.99.5.285

Patel, U. J., Al-Niaimi, A. A., Parrette, K. M., Zerbel, S. A., Barman, S. M., Gill, T., & Heisler, C.
A. (2025). Aiming for zero: Success of the hysterectomy surgical site infection prevention
bundle. Journal of Infection Prevention, 26(1), 4-10.
https://doi.org/10.1177/17571774241266448

Phelan, L., Dilworth, M. P., Bhangu, A., Limbrick, J. W., King, S., Bowley, D. M., & Hardy, K.
(2020). Evaluation of a bundle of care to reduce incisional surgical site infection after
gastrointestinal ~ surgery. Journal of Infection Prevention, 21(2), 52-59.
https://doi.org/10.1177/1757177419892072

Przybyl, J. M., & Hegewald, A. A. (2023). Prevention of implant-associated spinal infections: The
GAID-protocol. Frontiers in Surgery, 10, 1308213.
https://doi.org/10.3389/fsurg.2023.1308213

Suzuki, H., Perencevich, E. N., Hockett Sherlock, S., Clore, G. S., O’Shea, A. M. J., Forrest, G. N.,
Pfeiffer, C. D., Safdar, N., Crnich, C., Gupta, K., Strymish, J., Lira, G. B., Bradley, S.,
Cadena-Zuluaga, J., Rubin, M., Bittner, M., Morgan, D., DeVries, A., Miell, K., ...
Schweizer, M. L. (2023). Implementation of a prevention bundle to decrease rates of
Staphylococcus aureus surgical site infection at 11 Veterans Affairs hospitals. JAMA
Network Open, 6(7), €2324516. https://doi.org/10.1001/jamanetworkopen.2023.24516

van Dijk, M. D., van Beeck, E. F., Huis, A., van der Gun, B. T. F., Polinder, S., van Eijsden, R. A.
M., Burdorf, A., Vos, M. C., & Erasmus, V. (2023). Effects of a management team training
intervention on the compliance with a surgical site infection bundle: A before—after study
in operating theatres in the Netherlands. BMJ Open, 13(4), e073137.
https://doi.org/10.1136/bmjopen-2023-073137

Wassef, M., Mukhtar, A., Nabil, A., Ezzelarab, M., & Ghaith, D. (2020). Care bundle approach to
reduce surgical site infections in acute surgical intensive care unit, Cairo, Egypt. Infection
and Drug Resistance, 13, 229-236. https://doi.org/10.2147/IDR.S236814

Weiser, M. R., Gonen, M., Usiak, S., Pottinger, T., Samedy, P., Patel, D., Seo, S., Smith, J. J.,
Guillem, J. G., Temple, L., Nash, G. M., Paty, P. B., Baldwin-Medsker, A., Cheavers, C.
E., Eagan, J., & Garcia-Aguilar, J. (2018). Effectiveness of a multidisciplinary patient care
bundle for reducing surgical-site infections. British Journal of Surgery, 105(12), 1680—
1687. https://doi.org/10.1002/bjs.10896

Wolfhagen, N., Boldingh, Q. J. J., Bom, W. J., Posthuma, L. M., Scheijmans, J. C. G., van der
Leeuw, B. M. F., van der Hoeven, J. A. B., Hering, J.-P., Sonneveld, D. J. A., van Geffen,
O. E., Hendriks, E. R., Kluyver, E. B., Demirkiran, A., van Lonkhuijzen, L. R. C. W.,
Dijkgraaf, M. G. W., Hollmann, M. W., & Boermeester, M. A. (2025). A care bundle added
to standard care versus standard care for the prevention of surgical site infections after
abdominal surgery (EPO2CH trial): A randomised, open label, pragmatic, superiority
multicentre  trial. The Lancet Regional Health — FEurope, 58, 101448.
https://doi.org/10.1016/j.1anepe.2025.101448

182



Journal of Modern Multidisciplinary Research Volume 4 Issue 1

Zenga, J., Atkinson, S., Yen, T., Massey, B., Stadler, M., Bruening, J., Peppard, W., Reuben, M.,
Hayward, M., Mesich, B., Buchan, B., Ledeboer, N., Sanchez, J. L., Fraser, R., Lin, C. W.,
Holtz, M. L., Awan, M., Wong, S. J., Puram, S. V., & Salzman, N. (2022). A phase 2 trial
of a topical antiseptic bundle in head and neck cancer surgery: Effects on surgical site
infection and the oral microbiome. eBioMedicine, 81, 104099.
https://doi.org/10.1016/j.ebiom.2022.104099

Rethlefsen, M. L., Kirtley, S., Waffenschmidt, S., Ayala, A. P., Moher, D., Page, M. J., & Koffel,
J. B. (2021). PRISMA-S: An extension to the PRISMA statement for reporting literature
searches in systematic reviews. Systematic Reviews, 10, 39.
https://doi.org/10.1186/s13643-020-01542-z

Campbell, M., McKenzie, J. E., Sowden, A., Katikireddi, S. V., Brennan, S. E., Ellis, S., Hartmann-
Boyce, J., Ryan, R., Shepperd, S., Thomas, J., Welch, V., & Thomson, H. (2020). Synthesis
without meta-analysis (SWiM) in systematic reviews: Reporting guideline. BMJ, 368,
16890. https://doi.org/10.1136/bm;.16890

183



	1. Introduction
	2. Methodology
	3. Conceptual and Analytical Innovation
	4. Discussion
	5. Research Gaps and Future Research Directions
	6. Conclusion
	References

