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Abstract

IMPORTANCE Infections and complications following cesarean delivery are a significant source of
maternal mortality in Ethiopia.

OBJECTIVE To study the effectiveness of a program to strengthen compliance with perioperative
standards and reduce postoperative complications following cesarean delivery.

DESIGN, SETTING, AND PARTICIPANTS This stepped-wedge cluster randomized clinical trial
included patients undergoing cesarean delivery from August 24, 2021, to January 31, 2023, at 9
hospitals organized into 5 clusters in Ethiopia.

INTERVENTION Clean Cut, a multimodal surgical quality improvement program that includes
process-mapping 6 perioperative standards and creating site-specific, systems-level improvements.
The control period was the period before implementation of the intervention.

MAIN OUTCOMES AND MEASURES The primary end point was surgical site infection rate, and
secondary end points were maternal mortality and perinatal mortality and a composite outcome of
infections and both mortality outcomes. All were assessed at 30 days postoperatively in the
intervention and control groups, adjusting for clustering and demographics. Compliance with
standards and the relationship between compliance and outcomes were also compared between the
2 arms.

RESULTS Among 9755 women undergoing cesarean delivery, 5099 deliveries (52.3%) occurred
during the control period (2722 emergency cases [53.4%]) and 4656 (47.7%) during the intervention
period (2346 emergency cases [50.4%]). Mean (SD) patient age was 27.04 (0.05) years. Thirty-day
follow-up was completed for 5153 patients (52.8%). No significant reduction in infection rates was
detected after the intervention (OR, 0.84; 95% CI, 0.55-1.27; P = .40). Intraoperative infection
prevention standards improved significantly in the intervention arm vs control arm for compliance
with at least 5 of the 6 standards (odds ratio [OR], 2.95; 95% CI, 2.40-3.62; P < .001). Regardless of
trial arm, high compliance was associated with reduced odds of maternal (OR, 0.32; 95% CI,
0.11-0.93; P = .04) and perinatal (OR, 0.64; 95% CI, 0.47-0.89; P = .008) mortality.

CONCLUSIONS AND RELEVANCE In this stepped-wedge cluster randomized clinical trial of patients
undergoing cesarean delivery, no significant reductions in surgical site infections were observed.
However, compliance with perioperative standards improved following the intervention.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04812522; Pan-African Clinical Trials
Registry Identifier: PACTR202108717887402

JAMA Network Open. 2024;7(8):e2428910. doi:10.1001/jamanetworkopen.2024.28910

Key Points
Question Can a multimodal surgical

quality improvement intervention

reduce the rate of surgical site infections

following cesarean delivery in Ethiopia?

Findings In this stepped-wedge cluster

randomized clinical trial including 9755

patients, the multimodal intervention

did not result in a statistically significant

reduction in risk of surgical site

infections within 30 days after cesarean

delivery.

Meaning Implementation of the

multimodal intervention did not reduce

surgical site infection rates.
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Introduction

Each year, 313 million operations are undertaken globally, of which 7% are cesarean deliveries (CDs),
making this the most common major operation.1-3 While CD comprises 1% or less of operations in
high-income countries, it can account for a large proportion of operations in low-income countries.4-9

Furthermore, complications are frequent, with infection rates of 5% or more in highly resourced
settings10,11; in Ethiopia, as in many similar settings, infection rates complicate 11% to 14% or more of
cases of CD.12-19

Surgical site infection (SSI) is one of the most common health care–associated infections.20

Surgical infection prevention and control programs represent a high-value target for improving
surgical quality and have been promoted by numerous agencies and professional societies.21-25

However, implementation of best practices is frequently difficult to achieve, and even when
compliance is improved, outcome improvements do not always follow.26,27 We developed Clean Cut,
an adaptive, multimodal surgical quality improvement program to reduce SSI and other
complications through improved compliance with 6 critical perioperative standards: skin antisepsis,
maintenance of field sterility, instrument decontamination and sterilization, appropriate antibiotic
prophylaxis, routine gauze counting, and use of the World Health Organization (WHO) Surgical Safety
Checklist (SSC) to facilitate interdisciplinary communication.28-30 The program was established by
Lifebox, a nonprofit organization that focuses on improving the safety of surgery and anesthesia.
Initial testing was associated with improved compliance with perioperative standards and with
reduced relative risk of SSI of 35%.28 Because the approach involves initiating a novel surveillance
program, it is unclear whether the main activities that we developed to improve compliance—
process-mapping, matching process and compliance gaps, and subsequently identifying targets for
improvement—were of additional value over simply creating the surveillance program.31,32

Surveillance alone may have contributed to improvements due to the Hawthorne effect, as study
teams were aware that they were being observed. Additionally, implementation of a novel
surveillance system may have drawn attention to gaps in perioperative processes and high SSI rates
that resulted in interventions outside our main activities.

The Checklist Expansion for Antisepsis and Infection Control in Cesarean Section (CLEAN-CS)
was a multicenter, stepped-wedge, cluster randomized clinical trial evaluating the effects of the Clean
Cut program on outcomes following CD. The primary end point was change in SSI rates following CD,
with secondary end points of compliance with perioperative standards, maternal mortality, perinatal
mortality, a composite end point pooling SSI and mortality outcomes, and the association of high
compliance with clinical outcomes.

Methods

Study Design
We chose a stepped-wedge, cluster randomized design to enable assessment of the interventional
component of Clean Cut (as opposed to the effect of data collection alone) to facilitate within-cluster
comparisons and because the Clean Cut intervention was demonstrably effective and all sites were
interested in its implementation.33 This trial design was recommended by the WHO following an
analogous intervention aimed at reducing surgical infections.34 The approach involved grouping
participating hospitals into separate clusters; all hospitals collected data for the length of the trial
while each cluster received the intervention in a random order such that the length of time each
cluster spent in the control and intervention arms was variable. The randomly assigned timing of the
intervention by cluster allowed temporal separation of the intervention from surveillance. The first
cluster intervention was planned for the fifth month, with the intervention occurring at 2-month
intervals in each successive cluster; total patient enrollment was planned for 18 months. This study
was reported in accordance with the Consolidated Standards of Reporting Trials (CONSORT) 2010
extension reporting guideline for stepped-wedge cluster randomized clinical trials.35 The trial was
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preregistered with ClinicalTrials.gov (NCT04812522) and the Pan-African Clinical Trials Registry
(PACTR202108717887402); the trial protocol is included in Supplement 1.36 The trial protocol was
reviewed and approved by the Armauer Hansen Research Institute Ethics Review Committee, a
nationally accredited ethics board in Ethiopia, and by the National Research Ethics Review
Committee, which oversees national trials. As the standards being implemented were not in dispute,
both agencies approved a waiver of informed consent. Ethical approval was maintained for the
duration of enrollment.

Hospitals and Enrollment
In partnership with the Ethiopian Society of Obstetricians & Gynecologists, we identified 10 hospitals
to implement Clean Cut in obstetric and gynecologic operating theaters across the central, eastern,
southern, and western regions of Ethiopia. The sites included teaching and referral hospitals as well
as regional, district, or smaller community hospitals. To be included, hospitals had to perform more
than 30 CDs per month, have the capacity to follow up patients in the wards and contact patients by
telephone 30 days postoperatively, be accessible by the study team, and accept the national
institutional review board (IRB) approval without the need for additional local IRB review. To avoid
simultaneous quality improvement interventions in a single center, sites could not have recently
received or been contemporaneously targeted to receive quality improvement training by the
Ministry of Health or other agencies working in Ethiopia.

As obstetric and gynecologic operations are typically performed in dedicated operating
theaters, patients were enrolled when admitted to one of these targeted theaters. Because Clean Cut
processes are generalizable to all surgery, any patient of any age undergoing surgery was eligible for
observation, but we included only CD operations in our analysis (eAppendix 3 in Supplement 2).
Enrollment occurred at the time of observation and included days, nights, and weekends. Hospitals
were directed to enroll at least 50 patients per month if able and to cap enrollment at 92 patients
per month.

Enrollment commenced August 24, 2021, and concluded January 31, 2023, with follow-up
completed on March 10, 2023. Data collection stopped for a period of 4 to 6 weeks while clusters
received the intervention, reflecting practical considerations, as the data collection team was
involved in training and implementation activities. This also allowed a data-blind run-in period for the
intervention to be adopted.

During the first 4 months of the intervention, 1 hospital underrecruited patients; after
randomization but prior to being notified of their cluster order, the data collectors attempted to
renegotiate the terms of their agreement. This site was dropped from the study, leaving 9 hospitals
across 5 clusters: 4 clusters with 2 hospitals each and 1 cluster with a single hospital. The cluster with 1
hospital was encouraged to maximize recruitment of patients up to 150 per month in accordance
with our previously published protocol (Supplement 1).36

Randomization
The 10 selected hospitals were allocated into 5 clusters, with teaching and referral hospitals paired
with a regional, district, or community hospital. These pairings were purposive, as district and referral
hospitals in Ethiopia typically have long-standing relationships that could facilitate implementation
at the cluster level and prevent inadvertent crossover of the intervention prior to randomization.37-39

The sequence of implementation was generated by the Lifebox team using computer-based
randomization on November 17, 2021; hospitals were blinded to the order and were informed of the
timing of their intervention 1 month prior to implementation training. It was not possible to blind local
hospital staff to the intervention given their engagement in delivering the intervention. Enrolled
patients were not aware of their group allocation.
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Intervention
Clean Cut was developed to improve compliance with 6 critical perioperative infection prevention
standards: (1) appropriate skin preparation of the surgeon’s hands and the surgical site; (2)
maintenance of the sterile field by ensuring the integrity and sterility of surgical gowns, drapes, and
gloves; (3) confirmation of instrument sterility; (4) appropriate antibiotic administration; (5)
complete swab counts; and (6) routine use of the SSC. It is introduced in 5 phases: creation of a
multidisciplinary team; establishment of a data collection system to track compliance with
perioperative standards and surgical outcomes; modification and implementation of the SSC to fit
local practices coupled with a process-mapping exercise to evaluate process gaps in the targeted
standards; data feedback and process map review coupled with site-specific action plans for
improvement; and targeted training, educational workshops, and refresher courses delivered by
local health care professionals based on facility needs and priorities. While team creation and the
surveillance system are part of Clean Cut, the intervention itself consists of the process-mapping and
SSC modification activities coupled with facility feedback, action planning, and educational
workshops that support behavior change and process improvement.40

Clean Cut is typically implemented over a 6-month period starting with a 1-month team building
and baseline data collection period to measure compliance with standards and postoperative
outcomes. For this trial, Clean Cut was implemented in all clusters in 2-month increments, with the
first intervention initiated on December 28, 2021, and the last on September 13, 2022; each
implementation period lasted 3 to 6 weeks (eAppendix 1 and eFigures 1 and 2 in Supplement 2). The
baseline data collection period varied, and the timing of the intervention to improve compliance was
randomized by cluster.

End Points
The primary end point of the trial was SSI within 30 days of CD. Secondary end points included
maternal mortality and perinatal mortality within 30 postoperative days, a composite of SSI and both
mortality outcomes, compliance with the 6 surgical standards targeted for improvement, and the
association between compliance and SSI (eAppendices 2 and 4 and eTables 1-4 in Supplement 2). As
the denominator was the total observed number of patients undergoing CD, patients were
considered to be positive for the composite outcome if they experienced an SSI or died or if there was
perinatal mortality; patients were not counted twice if they experienced more than 1 outcome.

Patient outcomes were assessed by trained data collectors in the wards before discharge. We
assessed 30-day SSI, perinatal mortality, and maternal mortality by follow-up telephone calls with
targeted questions posed to the patients based on objective findings that the patient could easily
report during the call.41 Markers of infection included wound dehiscence, evisceration, purulent
discharge, foul smell, or purposeful opening of the wound; neither erythema nor the use of
antibiotics was sufficient for a diagnosis of infection.42 Compliance with standards was measured by
direct observation in the operating theaters (eTable 4 in Supplement 2).

In addition, we assessed the relationship between compliance and 30-day SSI and other
secondary outcomes in a post hoc analysis. High compliance with standards was expected to reduce
postoperative complications and was defined as observed compliance with at least 5 of the 6
standards, while low compliance was defined as compliance with 4 or fewer standards.

Sample Size
We anticipated recruiting 80 to 90 patients per cluster per month; over 18 months, we expected the
final sample to include between 7200 and 8100 patients. Using an assumed postoperative infection
rate of 12% (based on prior experience and published national estimates14-19) and anticipating a 25%
reduction in infections (from a rate of 12% to 9%, based on our pilot work28), this sample size would
be sufficient to show an effect with a 5% significance level and a power of 80% using the clustered
stepped-wedge design effect following the method of Hemming and Taljaard.43 Details of our sample
size calculation and rationale have been previously published.36
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Changes to Study Protocol
In May 2022, we noted that recorded 30-day rates of infection were lower than expected and
matched neither reported national rates18 nor our own experience during prior Clean Cut
implementation; they were also well below that of most high-income countries (statistical analysis
plan in Supplement 1 and eFigure 3 in Supplement 2). We thus undertook an audit of 30-day
follow-up telephone calls in the entire cohort: in August 2022, we recruited and trained general
practitioners to use the 30-day follow-up data collection tool and methods, and between September
2022 and March 2023, these auditors called all patients and re-collected 30-day follow-up data
retrospectively. The affected end points included SSI, perinatal mortality, and maternal mortality
events following discharge up to 30 days. Directly observed intraoperative infection prevention
processes and inpatient SSI, perinatal mortality, and maternal mortality were consistent with our
prior experiences with Clean Cut implementation and were not audited. The original data collectors
also continued to collect follow-up data. Following 5 sensitivity analyses comparing details of the 2
data collection groups as described in our preregistered statistical analysis plan (Supplement 1), we
substituted audit data in place of those collected by data collectors for the 30-day follow up
outcomes (eAppendix 5, eTables 5 and 6, and eFigures 3 and 4 in Supplement 2).

Statistical Analysis
The compliance end point included all patients undergoing CD; clinical outcomes included patients
undergoing CD with 30-day data for SSI, maternal mortality, and perinatal mortality. We constructed
mixed-effects logistic regression models estimating each of the outcomes. The variable of interest
was whether the operation took place before (control) or after (intervention) implementation of
Clean Cut. Models also included a random effect for the hospital cluster and fixed effects for time
(calendar month). Clinical outcomes included additional fixed effects for patient characteristics (age,
hypertension, gestational diabetes, rupture of membranes, emergency vs elective CD, wound
classification, American Society of Anesthesiologists classification, and CD indication). We present
2-sided P values for the intervention ORs, evaluating each against α = .05, without adjustment for
multiple testing. Due to loss to follow-up, we used an imputation strategy for outcomes to help
recapture statistical power as a sensitivity analysis (eAppendix 8 and eTables 18-21 in Supplement 2).
To assess the relationship between high compliance, defined as compliance with 5 or more
standards, and clinical outcomes, we used the same mixed-effects logistic regression model with
high or low compliance as the variable of interest. Analyses were conducted with Stata/SE, version
16.1 (StataCorp LLC). The statistical analysis plan was preregistered on Open Science Framework prior
to our final analyses (Supplement 1 and eAppendices 6-8, eTables 7-25, and eFigures 5-9 in
Supplement 2).

Results

We enrolled 9755 women undergoing CD, of whom 5099 (52.3%) were enrolled during the control
period (2722 [53.4%] were emergency cases) and 4656 (47.7%) following intervention (2346
[50.4%] were emergency cases) (Figure 1). Mean (SD) patient age was 27.04 (0.05) years.
Demographic characteristics were similar between the 2 groups (Table 1).

Clean Cut was implemented according to schedule in all clusters in 2-month increments
(eAppendix 1 and eFigures 1 and 2 in Supplement 2). We completed audited follow-up of 5153
patients undergoing CD (52.8%), including 2483 (48.2%) in the control period and 2670 (51.8%) in
the intervention period (eFigure 4 in Supplement 2). The infection rate was 10.67% in the control arm
and 9.85% following intervention (absolute difference, 0.82; 95% CI, −0.84 to 2.48). The maternal
mortality rate was 0.65% in the control group and 0.27% following the intervention (absolute
difference, 0.39; 95% CI, 0.02-0.75). The perinatal mortality rate was 5.68% in the control group and
3.03% following intervention (absolute difference, 2.65; 95% CI, 1.58-3.71). The rate of the
composite outcome of SSI, maternal mortality, or perinatal mortality was 16.19% in the control group
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and 12.74% following intervention (absolute difference, 3.45; 95% CI, 1.55-5.36) (Table 2 and
Figure 2).

After adjusting for patient and procedural factors and for clustering, we did not observe a
significant reduction in SSI following intervention (odds ratio [OR], 0.84; 95% CI, 0.55-1.27; P = .40)
(Table 2). Maternal mortality was likewise unchanged (OR, 0.96; 95% CI, 0.20-4.70; P = .96). Both
perinatal mortality (OR, 0.44; 95% CI, 0.23-0.82; P = .01) and the composite outcome (OR, 0.67;
95% CI, 0.45-1.00; P = .049) improved after implementation of Clean Cut.

Compliance with the 6 perioperative standards improved following the intervention, from a
mean (SD) of 4.21 (0.02) to 5.24 (0.01) out of 6 (P < .001) (Table 2 and eTable 8 and eFigures 5 and 6
in Supplement 2). After accounting for clustering as a random effect and calendar month of the study
as a fixed effect, compliance with the SSC, preoperative antibiotic administration, maintenance of
surgical field sterility, and confirmed instrument sterility improved significantly; gauze counting was
nearly universally completed in both arms, while there was no significant change in hand and skin
antisepsis (Table 2). The percentage of operations with high compliance improved from 51.13% (95%
CI, 49.70%-52.44%) to 87.13% (95% CI, 86.19%-88.11%), and the odds of high compliance increased
significantly (OR, 2.95; 95% CI, 2.40-3.62; P < .001) following the intervention.

Regardless of trial arm, high compliance with the Clean Cut standards was not associated with a
reduction in SSI (OR, 0.94; 95% CI, 0.75-1.17; P = .57) (Table 3). However, maternal and perinatal

Figure 1. Cluster and Patient Enrollment Flow Diagram

10 666 Patients enrolled across 5 clusters
1002 In cluster 1
2652 In cluster 2
1934 In cluster 3
3089 In cluster 4
1989 In cluster 5

5721 Patients allocated to control
236 From cluster 1
948 From cluster 2
959 From cluster 3

2002 From cluster 4
1576 From cluster 5

5099 Patients underwent cesarean delivery

2483 Patients included in primary analysis

2616 Patients lost to follow-up
of primary outcome

4656 Patients underwent cesarean delivery

2670 Patients included in primary analysis

4945 Patients allocated to intervention
766 From cluster 1

1704 From cluster 2
975 From cluster 3

1087 From cluster 4
413 From cluster 5

289 Patients excluded
(did not undergo cesarean
delivery)

622 Patients excluded
(did not undergo cesarean
delivery)

1986 Patients lost to follow-up
of primary outcome

10 Hospitals identified for eligibility

1 Hospital excluded due to underrecruitment

1 Hospital allocated
to cluster 1

2 Hospitals allocated
to cluster 2

2 Hospitals allocated
to cluster 3

2 Hospitals allocated
to cluster 4

2 Hospitals allocated
to cluster 5

9 Hospitals assigned to 5 clusters based on geographic
location, randomized to order of intervention
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mortality were significantly lower when high compliance was achieved (maternal: OR, 0.32; 95% CI,
0.11-0.93; P = .04; perinatal: OR, 0.64; 95% CI, 0.47-0.89; P = .008), as was the composite outcome
(OR, 0.81; 95% CI, 0.66-0.98; P = .03).

Discussion

Using a cluster-randomized, stepped-wedge approach, the CLEAN-CS trial demonstrated significant
improvements in compliance with 6 perioperative infection prevention standards following Clean
Cut implementation but did not result in a statistically significant reduction in SSI rates. Maternal
mortality did not improve following the intervention, but perinatal mortality declined. High
compliance with the targeted perioperative standards was associated with reductions in
complication rates regardless of trial arm, indicating that aggregated compliance with care standards
may provide a potential marker of quality.44,45

Our group has continued to evaluate this adaptive, multimodal intervention to improve
outcomes following surgery.28,46-48 A particular strength of this trial was the clinical implementation
approach with solutions developed at the local level. We included hospitals across a diverse
geographic area and representing varying degrees of organizational strength and administrative
leadership. Decision-making was data driven and empowered local teams to identify opportunities
for improvement. The teams at each site had almost never worked collectively to solve process
problems within their hospitals.

Many causes could explain the failure to reduce SSI rates despite improvements in compliance.
Single violations of asepsis, antisepsis, and sterile technique can compromise the entire effort. We
noted particularly low compliance with hand and skin antisepsis measures. Hand and skin antisepsis
compliance included both appropriate handwashing and preparation of the patients’ skin and

Table 1. Patient Demographics and Procedural Characteristics

Characteristic

Total population, No. (%) Population with follow-up, No. (%)
Control
(n = 5099)

Intervention
(n = 4656)

Control
(n = 2483)

Intervention
(n = 2670)

Maternal age >35 y 494 (9.7) 457 (9.8) 224 (9.0) 265 (9.9)

Hypertension 293 (5.7) 215 (4.6) 162 (6.5) 132 (4.9)

Diabetes 40 (0.8) 21 (0.5) 23 (0.9) 15 (0.6)

Emergency case 2722 (53.4) 2346 (50.4) 1204 (48.5) 1244 (46.6)

PROM 1970 (38.6) 1254 (26.9) 880 (35.4) 694 (26.0)

CD indications

Prior CD 1159 (22.7) 1208 (25.9) 614 (24.7) 747 (28.0)

Hemorrhage 584 (11.5) 311 (6.7) 174 (7.0) 166 (6.2)

Obstructed or prolonged labor 435 (8.5) 445 (9.6) 176 (7.1) 254 (9.5)

NRFHR 734 (14.4) 804 (17.3) 374 (15.1) 425 (15.9)

PROM 98 (1.9) 96 (2.1) 42 (1.7) 55 (2.1)

Malpresentation 561 (11.0) 477 (10.2) 269 (10.8) 242 (9.1)

Failed induction 150 (2.9) 142 (3.0) 78 (3.1) 68 (2.5)

Multiple indications or unknown 1074 (21.1) 907 (19.5) 610 (24.6) 566 (21.2)

Labor abnormality 148 (2.9) 98 (2.1) 75 (3.0) 47 (1.8)

Uterine rupture 29 (0.6) 27 (0.6) 8 (0.3) 18 (0.7)

Preeclampsia 127 (2.5) 141 (3.0) 63 (2.5) 82 (3.1)

ASA classification for analysis

I or II 4974 (97.5) 4598 (98.8) 2400 (96.7) 2638 (98.8)

III or IV 125 (2.5) 58 (1.2) 83 (3.3) 32 (1.2)

Wound class group

I and II 4933 (96.7) 4624 (99.3) 2385 (96.1) 2648 (99.2)

III and IV 166 (3.3) 32 (0.7) 98 (3.9) 22 (0.8)

Abbreviations: ASA, American Society of
Anesthesiologists; CD, cesarean delivery; NRFHR,
nonreassuring fetal heart rate; PROM, premature
rupture of membrane.
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surgical site, including the vagina. Low compliance with this measure was due primarily to the failure
of implementing vaginal preparation prior to surgery, although a few centers periodically lacked
medicated hand scrub as well. We noted that compliance with standards was higher for CD than we
have seen in earlier work by our group in which patients frequently experienced compliance rates of
2 or 3 of 6 standards.28,46-48 We also assumed an infection rate of approximately 12% but observed
a rate of 10.67% in the control arm and 9.85% following intervention, compromising our statistical
power. We assumed a 25% absolute decrease in infections but observed an absolute decrease of
18%; after adjusting for demographic variables, we observed a 16% relative risk reduction and only
achieved the 25% threshold using an imputation strategy for missing outcomes (eTable 18 in
Supplement 2).

Table 2. SSI, Mortality, Composite Outcomes, and Compliance With Standards by Trial Arm

Clinical outcome Events, No./total No. (%)
Absolute difference, percentage points
(95% CI) OR (95% CI) P value

SSI

Control 265/2483 (10.67)
0.82 (−0.84 to 2.48)

1 [Reference]
.40

Intervention 263/2670 (9.85) 0.84 (0.55-1.27)

Maternal mortality

Control 16/2458 (0.65)
0.39 (0.02 to 0.75)

1 [Reference]
.96

Intervention 7/2633 (0.27) 0.96 (0.20-4.70)

Perinatal mortality

Control 149/2623 (5.68)
2.65 (1.58 to 3.71)

1 [Reference]
.01

Intervention 89/2935 (3.03) 0.44 (0.23-0.82)

Composite of SSI, perinatal mortality,
and maternal mortality

Control 436/2543 (16.19)
3.45 (1.55 to 5.36)

1 [Reference]
.049

Intervention 356/2706 (12.74) 0.67 (0.45-1.00)

Infection prevention standarda Proportion in compliance,
No./total No.

Compliance rate, % (95% CI) OR (95% CI) P value

Checklist compliance

Control 3346/4636 72.17 (70.85 to 73.43) 1 [Reference]
.009

Intervention 3521/4404 79.95 (78.80 to 81.16) 1.41 (1.09-1.83)

Hand and skin antisepsis

Control 1298/5044 25.73 (24.44 to 26.85) 1 [Reference]
.11

Intervention 1515/4641 32.64 (31.38 to 34.08) 1.19 (0.96-1.50)

Appropriate antibiotic administration

Control 3667/5093 72.00 (70.75 to 73.22) 1 [Reference]
<.001

Intervention 4056/4656 87.11 (86.15 to 88.07) 1.64 (1.29-2.10)

Sterile field preparation

Control 3318/5051 65.69 (64.35 to 66.98) 1 [Reference]
<.001

Intervention 4158/4518 92.03 (92.23 to 92.81) 6.67 (5.05-8.81)

Instrument sterility

Control 3400/5074 67.01 (65.67 to 68.26) 1 [Reference]
<.001

Intervention 4268/4634 92.10 (91.34 to 92.89) 5.33 (4.06-7.01)

Gauze counting

Control 5072/5080 99.84 (99.73 to 99.95) 1 [Reference]
NA

Intervention 4634/4649 99.68 (99.51 to 99.84) NA (collinear)

High complianceb

Control 2607/5099 51.13 (49.70 to 52.44) 1 [Reference]
<.001

Intervention 4057/4656 87.13 (86.19 to 88.11) 2.95 (2.40-3.62)

Abbreviations: NA, not applicable; OR, odds ratio; SSI, surgical site infection.
a The mean (SD) compliance score in the control group was 4.21 (0.02) and in the

intervention group was 5.24 (0.01) (P < .001) using a t test.

b Defined as adherence to at least 5 of the 6 perioperative standards targeted by
Clean Cut.
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Limitations
This study has limitations. Ethiopia has experienced civil strife, and we chose our sites with safety in
mind; regardless, safe travel was a challenge. We also initiated planning prior to the COVID-19
pandemic, but pandemic restrictions limited in-person site visits. Both circumstances required us to

Figure 2. Unadjusted Event Rates of Surgical Site Infection (SSI), Maternal Mortality, Perinatal Mortality, and the Composite Outcome Over Time
in the Intervention Group
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Table 3. Adjusted Outcomes by Low vs High Compliance With Perioperative Standards Regardless of Trial Arma

Clinical outcome OR (95% CI) P value
SSI

Low compliance 1 [Reference]
.57

High compliance 0.94 (0.75-1.17)

Maternal mortality

Low compliance 1 [Reference]
.04

High compliance 0.32 (0.11-0.93)

Perinatal mortality

Low compliance 1 [Reference]
.008

High compliance 0.64 (0.47-0.89)

Composite of SSI, perinatal mortality,
and maternal mortality

Low compliance 1 [Reference]
.03

High compliance 0.81 (0.66-0.98)

Abbreviations: OR, odds ratio; SSI, surgical site
infection.
a Low compliance was defined as adherence to 4 or

fewer of the 6 perioperative standards targeted by
Clean Cut and high compliance as adherence to at
least 5 standards.
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modify our approach from in-person to remote implementation training and education. Our
intervention was not universally successful in addressing process gaps, as the degree of
improvement varied across centers.. Furthermore, 1 center underrecruited patients and was
removed from the study. These implementation challenges likely resulted from differences in
organizational structure, ability of teams to impact processes within hospitals, and differing levels of
engagement; however, they represent daily challenges of such work.49-51

We did not distinguish between stillbirths and neonatal deaths, and any intraoperative death
was classified as perinatal mortality. We also did not collect information on multiple pregnancies;
each mother was the unit of enrollment, and if any newborn died, this was entered as a perinatal
death. However, since data collection techniques remained consistent throughout the study,
misclassification appears to have been unlikely.

Our biggest challenge was 30-day follow-up. Other work has demonstrated the feasibility of
telephone call follow-up in low-resource settings, albeit with a slightly lower rate of SSI
detection.42,52 As data collectors were paid for data entry, there was an incentive to complete data
forms regardless of whether follow-up had occurred. We noted unrealistically low SSI rates in 8 of 9
hospitals, which reflects the clinical challenges of 30-day follow-up in Ethiopia. While we
continuously monitored data for completeness, the temporal challenges of follow-up data collection
delayed identification of inaccurate capture and reporting; in the future, we would plan for an early
interim analysis. Data collected by auditors are subject to recall bias; a study in Ethiopian women
undergoing CD showed that women were less likely to report complications the longer they receded
in time.53 This appeared to be true in our study: SSI rates were higher among patients who had
follow-up closer to the time of their CD (eTable 23 and eFigure 8 in Supplement 2), biasing the data
against rejecting the null hypothesis. Conversely, recall bias for perinatal mortality could bias the
results in favor of the intervention if patients who enrolled earlier in the study reported infant (ie,
death before first birthday) rather than perinatal (ie, within 28 days of birth) deaths. Our assessment
of perinatal mortality rates based on elapsed follow-up time did not demonstrate higher reported
rates at time points more remote from surgery (eTable 24 and eFigure 9 in Supplement 2). In
addition, nearly half of the patients could not be reached for their 30-day follow-up telephone call by
the auditors.54 However, demographic and clinical characteristics did not demonstrate substantive
differences between patients with and without follow-up (eTables 16 and 17 and eFigure 8 in
Supplement 2), and our sensitivity analyses were robust to a number of different assumptions
(eAppendix 8, eTables 10-25, and eFigures 7-9 in Supplement 2).

Complex relationships underlie this intervention, and while mortality improvements were
expected, the targeted perioperative standards were most closely related biologically to
postoperative infections. While perinatal sepsis is a major cause of death and might have improved
with improved compliance with perioperative infection prevention and control standards, we did not
collect data on the cause of perinatal death and were unable to indicate the mechanism by which
perinatal mortality declined. After nearly 2 decades of experience with checklist implementation, we
have found that the effects of improved teamwork and communication, the attributes most closely
linked to checklist use itself, can result in beneficial effects beyond biologic mechanisms initially
considered.

Conclusions

In this stepped-wedge, cluster randomized clinical trial, no reduction in SSI rates following Clean Cut
implementation was detected. However, there were significant improvements in compliance with
6 perioperative infection prevention standards and a decline in perinatal mortality. These findings
support the implementation of Clean Cut to improve compliance with perioperative infection
prevention standards; its effect on postoperative complications in this study was indeterminate. The
findings suggest that improving perioperative processes could benefit many settings faced with
process gaps and organizational challenges and improve the safety of surgical care beyond CD.
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