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STUDY PROTOCOL 
 

1. GENERAL INFORMATION 

Full Title: 

Single-Layer Versus Double-Layer Uterine Closure (Hysterorrhaphy) After 

Primary Cesarean Section: Impact on Residual Myometrial Thickness and 

Cesarean Scar Defect Formation — A Prospective Randomized Controlled Trial 

 

Protocol Date: January 2025 

ClinicalTrials.gov Identifier: [To be assigned upon registration] 

Principal Investigator: [Larbi Nizar. MD] 

Institution: Department of Obstetrics and Gynecology, Hedi Chaker University 

Hospital (CHU Hédi Chaker), Sfax, Tunisia 

Contact: [+21693726918] | [dr.larbinizar.obgyn@gmIL.COM] 

 

2. BACKGROUND AND RATIONALE 

Cesarean section (CS) is one of the most frequently performed surgical 

procedures worldwide, with global rates steadily rising over the past three 

decades. While CS is a lifesaving intervention when appropriately indicated, it is 

associated with both short- and long-term complications, particularly those 

related to uterine scar integrity. Among these, the cesarean scar defect 

(CSD) — also referred to as uterine niche, isthmocele, or uterine dehiscence — 

has emerged as a clinically significant sequela that may compromise subsequent 

reproductive outcomes and maternal health. 

A CSD is defined, in accordance with the European Niche Task Force criteria 

(Jordan et al., 2019), as a triangular anechoic indentation ≥ 2 mm of the anterior 

uterine wall at the site of the cesarean scar, detected by transvaginal 

ultrasonography (TVUS). The residual myometrial thickness (RMT), measured 



as the minimum thickness of myometrial tissue persisting at the scar site — 

defined as the distance between the base of the niche (or the scar line when no 

niche is present) and the outer edge of the uterine serosa, measured at the 

thinnest point — is considered a reliable surrogate marker for scar healing 

quality. An RMT of less than 2.5 mm is widely accepted as the threshold below 

which the risk of uterine rupture in subsequent pregnancies is substantially 

increased. 

The technique of uterine closure at the time of cesarean section has long been 

debated as a modifiable surgical factor influencing scar quality. Two principal 

closure techniques are currently practiced: 

 Single-layer closure (SLC): The uterine incision is closed with a single 

non-locking continuous suture incorporating the full thickness of the 

myometrium in one pass, including the decidua. 

 Double-layer closure (DLC): The uterine incision is closed using two 

successive non-locking continuous extra-mucosal sutures, excluding the 

decidua: a first layer approximating the inner half of the myometrium, and 

a second layer burying the first, incorporating the outer half of the 

myometrium and the uterine serosa. 

Despite extensive debate, the literature remains conflicting and 

methodologically heterogeneous. Several randomized controlled trials and 

meta-analyses have examined these two techniques, yet no definitive consensus 

has been reached regarding their comparative impact on RMT and CSD 

formation. Some studies suggest that DLC results in superior RMT and lower 

CSD rates, while others demonstrate no statistically significant difference, or 

even suggest potential disadvantages of DLC due to tissue ischemia from 

excessive suture tension. 

Furthermore, the majority of existing studies suffer from significant 

methodological limitations, including heterogeneous patient populations with prior 

uterine surgeries, variable follow-up durations, inconsistent ultrasonographic 

measurement protocols, lack of standardized surgical technique within trial arms, 

and insufficient sample sizes to detect clinically meaningful differences. 

Given the primary cesarean section context — where the uterine tissue is 

native and unaltered by previous scarring — this population provides the ideal 

setting in which to evaluate the de novo impact of closure technique on scar 

formation, free from the confounding influence of pre-existing scar pathology. 

The present trial is therefore designed to address this evidence gap by 

conducting a well-powered, prospective, randomized, controlled trial in women 



undergoing primary cesarean section at CHU Hédi Chaker, Sfax, Tunisia, with 

standardized surgical technique, blinded ultrasonographic assessment, and 

rigorous follow-up at 6 weeks and 6 months postoperatively. 

 

3. OBJECTIVES 

3.1 Primary Objective 

To compare the residual myometrial thickness (RMT) at the uterine scar site 

between single-layer and double-layer hysterorrhaphy techniques, and to 

compare the prevalence of cesarean scar defect (CSD), at 6 weeks and 6 

months following primary cesarean section, as measured by transvaginal 

ultrasonography, in order to assess both early scar formation and the stability of 

the effect over time. 

3.2 Secondary Objectives 

1. To compare intraoperative parameters between groups, including 

hysterorrhaphy duration, total operative time, visually estimated blood loss 

(PSTEV), calculated total blood loss (PSTC), number of additional 

hemostatic sutures, and intraoperative complications. 

2. To assess immediate postoperative outcomes, including hemoglobin 

variation (ΔHb), transfusion requirement, early postoperative 

complications (endometritis, wound infection, parietal hematoma, 

thromboembolic events, surgical revision), and hospital length of stay. 

3. To evaluate medium-term gynecological symptoms potentially 

attributable to CSD at 6 weeks and 6 months, including postmenstrual 

spotting, prolonged menstruation (> 7 days), dysmenorrhea, chronic pelvic 

pain, menometrorrhagia, and dyspareunia. 

4. To compare CSD morphological characteristics between groups, 

including defect depth, length, width, and estimated volume using the 

ellipsoid formula. 

5. To assess the adjacent myometrial thickness (AMT) and 

the myometrial ratio (RM = RMT/AMT × 100) at both evaluation time 

points. 

6. To identify clinical and surgical predictors of CSD formation and 

reduced RMT. 

7. To evaluate the mediating role of CSD at 6 weeks on RMT at 6 months. 



 

4. STUDY DESIGN 

4.1 Design Overview 

This is a prospective, randomized, controlled, parallel-group, single-

blind trial comparing single-layer versus double-layer uterine closure following 

primary cesarean section. Blinding applies to participants and ultrasonographers 

performing outcome assessments. The operating surgeon and principal 

investigator are not blinded due to the nature of the surgical intervention and the 

necessity of data centralization, respectively. 

4.2 Setting 

The trial is conducted exclusively at the Department of Obstetrics and 

Gynecology, CHU Hédi Chaker, Sfax, Tunisia — a monocentric study at a 

tertiary-level university hospital with an established cesarean section program 

and a dedicated ultrasonography unit. 

4.3 Study Timeline 

 Recruitment period: 01 January 2025 to 31 December 2025 (12 months) 

 Follow-up period per participant: 6 months (last follow-up visit: 6–7 

months after delivery) 

 Primary completion date: 01 January 2026 

 Study completion date: 30 April 2026 

 

5. ELIGIBILITY CRITERIA 

5.1 Inclusion Criteria 

Participants are eligible for enrollment if ALL of the following criteria are met: 

Demographic criteria: 

1. Female patients aged 18 to 45 years 

Obstetric criteria: 

2. Singleton ongoing pregnancy 

3. Gestational age > 37 weeks of amenorrhea, confirmed by first-trimester 

ultrasonography 

4. Non-scarred uterus (no prior uterine surgery of any kind) 



Administrative criteria: 

5. Written informed consent obtained 

6. Patient affiliated with a social security scheme 

7. Willingness and ability to comply with scheduled follow-up visits at 6–8 

weeks and 6–7 months postoperatively 

5.2 Non-Inclusion Criteria 

Participants are not included if ANY of the following criteria are present: 

General maternal criteria: 

1. BMI ≥ 35 kg/m² (morbid obesity) 

2. Pre-gestational diabetes mellitus (type 1 or type 2) 

3. Autoimmune or chronic systemic diseases 

4. Hereditary connective tissue disorders 

5. Constitutional or acquired hemostasis disorders, or ongoing curative 

anticoagulation therapy 

Obstetric criteria: 

6. Suspected or documented intrauterine infection (chorioamnionitis) 

7. Abnormal placental insertion (placenta previa or accreta spectrum) 

8. Retroplacental hematoma 

9. Multiple gestation 

Uterine criteria: 

10. Prior uterine surgery or known uterine malformation 

11. Documented adenomyosis 

Fetal criteria: 

12. Severe intrauterine growth restriction 

13. Major known fetal malformation 

14. Intrauterine fetal death 

5.3 Secondary Exclusion Criteria (Post-Randomization) 

Participants are secondarily excluded if the following events occur: 

During the intervention: 

1. Intraoperative discovery of an undiagnosed uterine anomaly 

2. Necessity of a corporeal (vertical) hysterotomy 



3. Major intraoperative hemorrhage requiring non-standardized hemostatic 

procedures 

During follow-up: 

4. Loss to follow-up 

5. Withdrawal of consent 

6. Occurrence of a new pregnancy before the 6-month evaluation 

 

6. RECRUITMENT MODALITIES 

6.1 Scheduled (Elective) Cesarean Sections 

Patients are identified at the preoperative consultation, generally conducted 48 to 

72 hours before the planned intervention. The investigator or a trained team 

member presents the study, answers questions, and provides the participant 

information document. Informed consent is obtained on the morning of the 

intervention, after verification of full understanding of the study modalities. 

6.2 Cesarean Sections During Labor 

Recruitment in the intrapartum context requires particular care. Only patients 

whose clinical and emotional condition permits serene and informed 

communication are approached. Patients in active distress, pain, or 

hemodynamically compromised are not solicited for enrollment. 

7. RANDOMIZATION AND BLINDING 

7.1 Randomization 

Eligible participants are randomized in a 1:1 ratio to receive either: 

 Group A: Single-Layer Uterine Closure (SLC) 

 Group B: Double-Layer Uterine Closure (DLC) 

Randomization is performed using the Clinical Trial Randomization Tool 

application, generating a computer-based allocation sequence using permuted 

blocks of variable sizes (4, 6, and 8), ensuring an unpredictable sequence and 

minimizing selection bias. 

7.2 Allocation Timing and Procedure 

The group allocation is revealed to the operating surgeon on the day of the 

intervention only, under the following sequential conditions: 

1. Verification of all eligibility criteria 



2. Signed informed consent obtained 

3. Fetal delivery and placental delivery completed 

4. Immediately before performance of hysterorrhaphy 

This sequential allocation procedure ensures that randomization occurs as late 

as operationally feasible, maximizing allocation concealment and minimizing 

contamination. 

7.3 Blinding 

Actor Blinding 

Status 

Justification 

Operating surgeon Non-blinded Must know the technique to be performed 

Participants Blinded Not informed of the technique used 

Ultrasonographers 

(evaluators) 

Blinded No access to allocation data 

Principal Investigator Non-blinded Responsible for data centralization; holds 

both clinical and allocation data 

 

8. INTERVENTIONS 

8.1 Common Standardized Surgical Elements (Both Groups) 

All cesarean sections are performed by senior gynecologist-obstetricians or 

fourth- and fifth-year obstetric residents, all experienced in both 

hysterorrhaphy techniques, according to a strictly standardized operative 

protocol from anesthesia to parietal closure. The only variable between groups 

is the hysterorrhaphy technique; all other operative steps are conducted 

uniformly. 

Standard protocol elements include: 

 Anesthesia: Spinal or general (recorded) 

 Skin incision: Pfannenstiel or Joel-Cohen technique (recorded) 

 Fascial incision: Transverse 

 Peritoneal entry: Sharp or blunt (recorded) 

 Uterotomy: Low transverse hysterotomy 



 Uterine exteriorization: At surgeon's discretion (recorded) 

 Placental delivery: Standardized technique 

 Peritoneal closure: Not performed in either group 

 Fascial closure: Continuous absorbable suture 

 Skin closure: Subcuticular absorbable suture 

 Prophylactic antibiotics: Standard institutional protocol 

8.2 Group A — Single-Layer Closure (SLC) 

The uterine incision is closed with a single non-locking continuous suture 

(surjet continu non verrouillé), incorporating the full thickness of the 

myometrium in one pass, with inclusion of the decidua. Suture bites are of 

approximately 8–10 mm in depth and spacing, applied with appropriate tension to 

ensure hemostasis without tissue strangulation. 

8.3 Group B — Double-Layer Closure (DLC) 

The uterine incision is closed using two successive non-locking continuous 

extra-mucosal sutures (surjets continus non verrouillés extra-

muqueux), excluding the decidua in both layers: 

 First layer (deep): Continuous non-locking suture incorporating the inner 

half of the myometrium, ensuring primary hemostasis and deep wall 

apposition 

 Second layer (superficial): Continuous non-locking suture burying the 

first layer, incorporating the outer half of the myometrium and the 

uterine serosa 

 

9. OUTCOME MEASURES 

9.1 Primary Outcomes 

1. Residual Myometrial Thickness (RMT) at the uterine scar site, 

measured by transvaginal ultrasonography (TVUS) at 6–8 

weeks and 6–7 months postoperatively (millimeters) 

2. Prevalence of Cesarean Scar Defect (CSD) at 6–8 weeks and 6–7 

months postoperatively, defined per European Niche Task Force 

criteria (Jordan et al., 2019) as a triangular anechoic indentation ≥ 2 

mm of the anterior uterine wall at the scar site 



9.2 Secondary Outcomes 

Ultrasonographic outcomes: 

 CSD morphological dimensions: depth, length, width (mm) 

 CSD volume: estimated by ellipsoid formula — V (mm³) = (π/6) × Length 

× Width × Depth 

 Adjacent Myometrial Thickness (AMT): measured 5–10 mm from the 

scar on both sides (mm) 

 Myometrial Ratio (RM): calculated as RM (%) = RMT / AMT × 100 

 Uterine position (anteverted / retroverted) 

Intraoperative outcomes: 

 Hysterorrhaphy duration (minutes and seconds) 

 Total operative time (minutes and seconds) 

 Visually Estimated Blood Loss (PSTEV): volume of bloody fluid in 

suction canister at end of surgery, minus estimated amniotic fluid volume 

(mL) 

 Calculated Total Blood Loss (PSTC): 

𝑃𝑆𝑇𝐶(𝑚𝐿) =
𝑉𝑆𝑇 × (𝐻𝑐𝑡𝑝𝑟𝑒𝑜𝑝 − 𝐻𝑐𝑡𝑝𝑜𝑠𝑡𝑜𝑝)

35
× 100 + 𝐶𝑜𝑚𝑝𝑒𝑛𝑠𝑎𝑡𝑒𝑑 𝑙𝑜𝑠𝑠𝑒𝑠 

Where: VST (Total Blood Volume) = Pre-pregnancy weight (kg) × 65 × 1.4; 

Compensated losses = Number of packed red blood cell units transfused × 500 

mL; 35 = reference hematocrit of one packed RBC unit 

 Number of additional hemostatic sutures 

 Intraoperative complications: hysterotomy extension, ureteral injury, 

bladder injury, intestinal injury, hemorrhage requiring transfusion 

Immediate postoperative outcomes: 

 Hemoglobin variation: ΔHb (g/dL) = Hb preoperative − Hb at Day 1 

postpartum 

 Transfusion requirement (packed RBC units) 

 Early postoperative complications: postpartum endometritis, surgical 

site infection, parietal hematoma, surgical revision, thromboembolic 

events 



 Hospital length of stay (days) 

Medium-term symptom outcomes (at 6–8 weeks and 6–7 months): 

 Postmenstrual spotting (characteristic of CSD) 

 Prolonged menstruation (> 7 days) 

 Dysmenorrhea requiring medication 

 Chronic pelvic pain (outside menstruation) 

 Menometrorrhagia 

 Dyspareunia 

10. DATA COLLECTION AND FOLLOW-UP SCHEDULE 

Time Point Assessment 

Preoperative Eligibility verification, informed consent, baseline NFS 

(CBC), demographics 

Intraoperative Randomization, surgical parameters, hysterorrhaphy 

duration, operative time, blood loss, complications 

Postoperative 

Day 1 

NFS (hemoglobin), vital signs, wound assessment 

Discharge Wound assessment, clinical evaluation, length of stay 

6–8 Weeks 

postpartum 

TVUS (RMT, CSD assessment), AMT, RM, clinical 

examination, standardized symptom questionnaire 

6–7 Months 

postpartum 

TVUS (RMT, CSD — PRIMARY ENDPOINT), AMT, RM, 

CSD dimensions, volume, standardized symptom 

questionnaire 

Ultrasonographic Examination Protocol 

All TVUS examinations are performed: 

 By a dedicated, trained ultrasonographer per center, blinded to group 

allocation 

 Using Samsung HS40 ultrasound system with EVN4-9 endovaginal 

probe (4–9 MHz) 

 With standardized imaging parameters 



 With the bladder empty 

 Preferably in the follicular phase (Day 7–14 of the menstrual cycle) to 

optimize defect visualization 

 In the mid-sagittal plane: depth, length, and RMT measured; width 

measured in transverse plane 

 RMT measured perpendicular to the serosa at the thinnest point of 

the scar 

 

11. SAMPLE SIZE CALCULATION 

The sample size was determined based on the primary outcome — RMT at 6 

months — using the standard formula for comparison of two independent 

means: 

𝑛 =
2 × (𝑍𝛼/2 + 𝑍𝛽)

2 × 𝜎2

Δ2
 

Parameters: 

 Two-sided significance level: α = 0.05 (Z α/2 = 1.96) 

 Statistical power: 80% (Z β = 0.842) 

 Conservative standard deviation: σ = 3.5 mm 

 Minimum clinically meaningful difference: Δ = 1.3 mm 

Base sample size: 114 participants per group 

Adjustment for loss to follow-up: 

Based on local postpartum follow-up data and published literature, a 30% loss to 

follow-up rate was anticipated: 

𝑛𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 =
114

1 − 0.30
≈ 163 per group 

Total enrolled: 384 participants (192 per group) 

 

12. ETHICAL CONSIDERATIONS 

The trial is conducted in accordance with: 

 The Declaration of Helsinki (2013 revision) 



 ICH Good Clinical Practice (GCP) Guidelines E6(R2) 

 Applicable Tunisian national regulatory requirements 

Ethical approval was obtained from the Institutional Review Board (IRB) / 

Ethics Committee of CHU Hédi Chaker, Sfax prior to enrollment of the first 

participant. All protocol amendments are submitted for ethics review before 

implementation. 

 

13. DATA MANAGEMENT AND CONFIDENTIALITY 

 All data are recorded in a standardized data collection form at each 

stage: inclusion, intervention, hospital follow-up, and outpatient 

consultations 

 Each participant is assigned a unique identification number; no 

identifying information appears in the analysis database 

 The principal investigator is the sole person with simultaneous access to 

both participant clinical/epidemiological data and group allocation 

 Ultrasonographers and data analysts have access only to anonymized 

data 

 Source documents are retained for a minimum of 15 years following study 

completion 

 Data access is restricted to authorized study personnel only 

 

14. DISSEMINATION POLICY 

Results will be disseminated regardless of direction of findings through: 

 Peer-reviewed scientific publications 

 International obstetric and gynecological conferences 

 ClinicalTrials.gov results posting within 12 months of study completion 

 

 

STATISTICAL ANALYSIS PLAN 



 

Document Title: Statistical Analysis Plan — SLdl-HYS Trial (Standalone 

Version) 

Full Study Title: Single-Layer Versus Double-Layer Uterine Closure 

(Hysterorrhaphy) After Primary Cesarean Section: Impact on Residual 

Myometrial Thickness and Cesarean Scar Defect Formation 

Date of Finalization: January 2025 (finalized prior to database lock and 

unblinding) 

Responsible Statistician: [Ben Dhaw fedi, PhD/MSc Biostatistics, Affiliation] 

Principal Investigator: [Larbi Nizar, MD, CHU Hédi Chaker, Sfax, Tunisia] 

 

1. INTRODUCTION AND PURPOSE 

This Statistical Analysis Plan (SAP) provides a comprehensive, prospectively 

defined description of all planned statistical analyses for the SLdl-HYS Trial. It 

was written and finalized before database lock and unblinding to prevent 

outcome reporting bias and data-driven analytical decisions. 

This SAP should be read in conjunction with the Study Protocol (Version 2.0, 

January 2025). In the event of any discrepancy between this document and the 

protocol, this SAP takes precedence for all analytical decisions. All deviations 

from this plan will be documented with explicit justification in the final statistical 

report. 

 

2. STUDY OVERVIEW 

Design: Prospective, randomized, controlled, parallel-group, single-blind trial 

Setting: Department of Obstetrics and Gynecology, CHU Hédi Chaker, Sfax, 

Tunisia (monocentric) 

Intervention: Single-layer (SLC) vs. double-layer (DLC) uterine closure after 

primary cesarean section 

Total enrolled: 384 participants (192 per group) 

Follow-up: 6–8 weeks and 6–7 months postpartum 

Study end date: 30 April 2026 

 

3. PRIMARY AND CO-PRIMARY ENDPOINTS 

Endpoint Time Points Variable Type 



Residual Myometrial Thickness 

(RMT) 

6–8 weeks AND 6–7 

months 

Continuous 

(mm) 

CSD Prevalence (indentation ≥ 2 

mm, Jordan 2019) 

6–8 weeks AND 6–7 

months 

Binary 

 

4. ANALYSIS POPULATIONS 

4.1 Intent-to-Treat (ITT) — PRIMARY 

All 384 randomized participants, analyzed as allocated regardless of protocol 

adherence. 

4.2 Per-Protocol (PP) — SENSITIVITY 

Participants who: 

 Received allocated technique 

 Completed 6-month follow-up with valid TVUS 

 Had no major protocol deviations 

4.3 Safety Population 

All participants who underwent the surgical intervention. 

 

5. DESCRIPTIVE STATISTICS 

Variable Type Statistic 

Continuous, normal Mean ± SD 

Continuous, skewed Median (IQR) 

Categorical n (%) 

Normality assessment: Kolmogorov-Smirnov test + Shapiro-Wilk test + Q-Q 

plots + histograms 

No p-values for baseline comparisons (CONSORT 2010 recommendation) 

 

6. PRIMARY OUTCOME STATISTICAL ANALYSIS 

6.1 RMT Analysis 



Step 1 — Unadjusted: 

If normally distributed Independent t-test (or Welch's t-test) 

If non-normal Mann-Whitney U test 

Step 2 — Adjusted (primary analytical approach): 

Multiple linear regression with RMT as dependent variable 

Covariates: Treatment group, age, BMI, gestational age, uterine exteriorization, 

surgeon category, labor duration, CS indication 

Reported: Adjusted MD, 95% CI, R², adjusted R², F-statistic, model p-value 

Assumption verification: Linearity, homoscedasticity (Breusch-Pagan), 

independence (Durbin-Watson), multicollinearity (VIF < 5), normality of residuals 

(Shapiro-Wilk) 

6.2 CSD Prevalence Analysis 

Unadjusted: Chi-square or Fisher's exact test → RR, ARR, NNT/NNH with 95% 

CI 

Adjusted: Binary logistic regression at 6–8 weeks and 6–7 months 

 Variables: p < 0.20 in univariate + a priori confounders 

 Fit: Hosmer-Lemeshow test 

 Multicollinearity: VIF 

 Discrimination: AUC (ROC curve) 

 Results: Adjusted OR with 95% CI 

 

7. SECONDARY OUTCOME ANALYSES 

7.1 Repeated Measures — Linear Mixed-Effects Model (LME) 

Fixed effects: Treatment, time (6w vs. 6m), treatment × time interaction 

Random effect: Participant intercept 

Covariance: Unstructured (preferred); compound symmetry if needed 

7.2 Intraoperative Continuous Outcomes 

PSTC formula: 

𝑃𝑆𝑇𝐶 =
𝑉𝑆𝑇 × (𝐻𝑐𝑡𝑝𝑟𝑒𝑜𝑝 −𝐻𝑐𝑡𝐷1)

35
× 100 + (𝑛𝑅𝐵𝐶 × 500) 



VST = Pre-pregnancy weight × 65 × 1.4 

Analysis: Mann-Whitney U; median difference with 95% CI 

7.3 Binary Outcomes 

Chi-square / Fisher's exact; RR, ARR, NNT with 95% CI 

7.4 Paired Temporal Symptom Evolution 

McNemar's test (within-group: 6 weeks → 6 months) 

7.5 CSD Volume 

Formula: V (mm³) = (π/6) × Length × Width × Depth 

Analysis: Mann-Whitney U (in CSD-positive subgroup only) 

 

8. ADVANCED ANALYSES 

8.1 Clinical Predictive Model 

Method: Firth penalized logistic regression (justified by Peduzzi events/variable 

threshold) 

Validation: Bootstrap (10,000 replications) + 10-fold cross-validation + 70/30 

split 

Threshold: Youden Index 

Performance: AUC, sensitivity, specificity, PPV, NPV 

8.2 Mediation Analysis 

Framework: Imai et al. counterfactual approach 

Mediator: CSD at 6–8 weeks 

Outcome: RMT at 6–7 months 

Estimated quantities: ACME, ADE, total effect, proportion mediated 

Inference: Bootstrap (10,000 replications) 

Sensitivity: Critical ρ analysis 

8.3 Inter-Operator Homogeneity 

Breslow-Day test for consistency of treatment effects across surgeons 

8.4 Measurement Reproducibility (n = 30 double-blind readings) 

Variable Method 

RMT, AMT (continuous) Intraclass Correlation Coefficient (ICC) 



Variable Method 

CSD presence (categorical) Cohen's Kappa 

Temporal concordance (6w vs. 

6m) 

Lin's Concordance Correlation + Bland-Altman 

analysis 

 

9. SUBGROUP ANALYSES (EXPLORATORY) 

Factor Categories Test 

BMI < 30 vs. 30–34.9 kg/m² Interaction term (LRT) 

Gestational age 37–38+6 vs. ≥ 39 weeks Interaction term (LRT) 

CS type Scheduled vs. Intrapartum Interaction term (LRT) 

CS indication Dystocia / Fetal / Maternal Interaction term (LRT) 

Uterine exteriorization Yes vs. No Interaction term (LRT) 

Surgeon category Senior vs. Resident Interaction term (LRT) 

Results presented in forest plots. Exploratory only — no conclusions drawn 

from subgroup results alone. 

 

10. SENSITIVITY ANALYSES 

SA Method 

SA-1 Per-Protocol population — repeat primary analysis 

SA-2 Exclude major intraoperative complications (corporeal hysterotomy, 

extension > 2 cm) 

SA-3 Five-scenario multiple imputation (MICE): observed data, LOCF, best 

case, worst case, 6-week status carry-forward 

SA-4 Inverse Probability Weighting (IPW) for loss to follow-up 

SA-5 RMT threshold analysis: proportion < 2.5 mm and < 3.0 mm (Chi-square) 

SA-6 Complete case analysis (for comparison with SA-3) 

 



11. MULTIPLICITY CONTROL 

 Primary outcomes: α = 0.05, two-sided 

 Secondary outcomes: Holm-Bonferroni correction 

 Unmeasured confounders: E-value reported for primary associations 

 

12. MISSING DATA 

Little's MCAR test to assess missing data mechanism. 

Outcome Strategy 

RMT at 6 months Five-scenario MICE (SA-3) 

Secondary continuous Complete case + MICE if > 10% missing 

Binary outcomes Complete case 

Symptom 

questionnaires 

Full information maximum likelihood (FIML) via mixed 

models 

 

13. SOFTWARE 

Software Use 

SPSS v26.0 

(IBM) 

Primary analyses 

R v4.3 (R 

Foundation) 

LME, mediation, bootstrap, reproducibility, imputation 

R packages lme4, mice, mediation, ggplot2, tableone, pROC, irr, MKmisc 

Reproducibility: All R scripts version-controlled and archived. Random seed: 

set.seed(2025). 

 

14. REPORTING 

Results reported per CONSORT 2010. Key outputs: 

 CONSORT flow diagram 

 Table 1: Baseline characteristics (no p-values) 



 Table 2: Primary and secondary outcomes 

 Table 3: Multivariate analysis (regression models) 

 Table 4: Subgroup analysis (forest plots) 

 Table 5: Safety summary 

 Figure: Bland-Altman plot, ROC curves, forest plots, individual RMT 

trajectories (6w → 6m) 

 


