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Abstract

Background—A number of evidence-based interventions have been proposed to reduce post 

cesarean wound complications. Examples of such interventions include appropriate timing of 

preoperative antibiotics, appropriate choice of skin antisepsis, closure of the subcutaneous layer if 

subcutaneous depth is ≥ 2 cm, and subcuticular skin closure with suture rather than staples. 

However, the collective impact of these measures is unclear.

Objective—We sought to estimate the impact of a group of evidence-based surgical measures 

(prophylactic antibiotics administered prior to skin incision, chlorhexidine-alcohol for skin 

antisepsis, closure of subcutaneous layer, and subcuticular skin closure with suture) on wound 

complications after cesarean, and to estimate residual risk factors for wound complications.

Study Design—We conducted a secondary analysis of data from a randomized controlled trial 

of chlorhexidine-alcohol versus iodine-alcohol for skin antisepsis at cesarean from 2011–2015. 

The primary outcome for this analysis was a composite of wound complications, including 

surgical site infection (SSI), cellulitis, seroma, hematoma, and separation within 30 days. Risk of 

wound complications in women who received all four evidence-based measures (prophylactic 

antibiotics within 60 minutes of cesarean and prior to skin incision, chlorhexidine-alcohol for skin 

antisepsis with three minutes of drying time prior to incision, closure of subcutaneous layer if ≥ 2 

cm of depth and subcuticular skin closure with suture) were compared to those who did not. We 

performed logistic regression analysis limited to patients who received all the evidence-based 

measures to estimate residual risk factors for wound complications and SSI.

Results—Of 1082 patients with follow-up, 349 (32.3%) received all the evidence-based 

measures and 733 (67.7%) did not. The risk of wound complications was significantly lower in 

patients who received all the evidence-based measures compared to those who did not (20.3% vs 
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28.1%; aRR 0.75, 95% CI 0.58, 0.95). The impact appeared to be largely driven by a reduction in 

surgical site infections. Among patients who received all the evidence-based measures, 

unscheduled cesarean was the only significant risk factor for wound complications (27.5% vs. 

16.1%, aRR 1.71, 95% CI 1.12, 2.47) and SSI (6.9% vs. 1.6%, RR 3.74, 95% CI 1.18, 11.92). 

Other risk factors, including obesity, smoking, diabetes, chorioamnionitis, surgical experience, and 

skin incision type were not significant among patients who received all of the four evidence-based 

measures.

Conclusion—Implementation of evidence-based measures significantly reduces wound 

complications, but the residual risk remains high. This suggests the need for additional 

interventions, especially in patients undergoing unscheduled cesareans, who are at risk for wound 

complications even after receiving current evidence-based measures.
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Introduction

Cesarean delivery is the most common major surgical procedure performed in the United 

States, with over 1.2 million performed per year1. Postoperative surgical site infections and 

wound complications are the most common and costly complications following cesarean 

delivery and affect approximately 10% of these deliveries.2 These complications represent a 

significant burden to the patient and contribute to rising healthcare costs.3 Thus, there is an 

urgent need to identify ways to reduce wound complications.

Multiple risk factors for post cesarean infectious complications have been identified, some 

of which are modifiable and others that are not. Patient level risk factors which may be 

modifiable include obesity, previous cesarean delivery, hypertensive disorders of pregnancy, 

and tobacco use.4, 5 Pregnancy-related risk factors which are generally not modifiable 

include emergency or unscheduled cesarean delivery, presence of labor or rupture of 

membranes, and chorioamnionitis.5 Finally, surgical risk factors which are modifiable 

include operating time, surgeon experience, inappropriate timing or choice of antibiotic 

therapy, and operating room temperature.6–8

Several evidence-based measures have been shown to reduce the risk of post-cesarean 

wound infections.9 The administration of antibiotics within 60 minutes prior to skin incision 

decreased endometritis and post-cesarean infectious morbidities with no evidence of 

increase in neonatal sepsis work up in several studies and subsequent meta-analyses.10–13 

Additionally, studies in both general surgery and obstetric patients have demonstrated that 

chlorhexidine-alcohol is superior to povidone-iodine based solutions for skin antisepsis and 

that the use of chlorhexidine-alcohol decreases the rate of surgical site infections and office 

visits for wound complications.14, 15 Suture closure of the subcutaneous layer at the time of 

cesarean delivery has been shown to reduce wound disruption in women with greater than 

two centimeters of subcutaneous tissue.16 Finally, several studies have examined the role of 
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skin closure with suture compared with staples, with the most recent meta-analyses 

concluding that skin closure with suture decreases wound morbidity following 

cesarean. 17, 18

A limited number of studies have examined the impact of a combination of evidence-based 

measures to reduce post cesarean infectious complications. These studies have generally 

evaluated the implementation of a group of evidence-based bundles, and have shown that 

bundles may decrease surgical site infections and wound complications. 19–21 However, 

these studies are conducted in various size hospital settings with varying infection control 

policies prior to the studies. The heterogeneity in types of hospitals and types of preexisting 

infection control policies reduce the generalizability of the results. Further, these studies 

used bundles of surgical and educational interventions and measured improvement by 

comparing hospital rates of post cesarean complications before and after the implementation 

of the bundles. This makes it difficult to know the impact of the surgical steps used in these 

bundles. Additionally, no studies have evaluated residual risk factors for post cesarean 

infectious complications after evidence-based bundles have been implemented. These 

residual risk factors are important for targeting future interventions to reduce post cesarean 

complications.

We sought to estimate the impact of a group of evidence-based surgical measures on wound 

complications after cesarean delivery. We chose four evidence-based measures to evaluate as 

a bundle: appropriate antibiotic timing, chlorhexidine skin antisepsis, closure of the 

subcutaneous tissue if subcutaneous depth ≥ 2 cm, and subcuticular closure with suture. We 

also aimed to estimate residual risk factors for wound complications among women who 

received all of the evidence-based measures.

Materials and Methods

We conducted a secondary analysis of data from a randomized controlled trial in which 

women undergoing cesareans were randomly assigned to preoperative skin antisepsis with 

either chlorhexidine alcohol or iodine alcohol prior to cesarean. (Clinicaltrials.gov 

NCT01472549).15 The study was conducted with approval from the Washington University 

School of Medicine Human Research Protection Office. Pregnant women undergoing 

scheduled and nonscheduled cesarean delivery from September 2011 through June 2015 

were eligible. Women with known allergy to chlorhexidine, alcohol, iodine, or shellfish or 

who had a skin infection near the operative site were excluded. Patients without follow-up 

after discharge were excluded from this analysis.

Institutional protocol recommends standard infection prevention measures including 

preoperative antibiotics, perioperative normothermia, clipping rather than shaving hair for 

removal, as well as appropriate aseptic technique. Additionally, our protocol recommends 

women receive 2 grams of cefazolin preoperatively for maternal weight < 120 kg and 3 

grams for maternal weight > or = 120 kg. Patients with penicillin or cephalosporin allergy 

received 2 mg/kg gentamicin and 900 mg clindamycin. Choice of skin antisepsis was based 

on randomization. Subcutaneous tissue closure and subcuticular skin closure was at the 

discretion of the surgeon.
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Patients were followed daily during their initial hospitalization and generally had a two week 

postoperative visit as well as a 4–6 week routine postpartum visit. They were contacted 30 

days after delivery to assess symptoms of surgical site infection and wound complication 

and to ask about use of medical services for wound complications. Additionally, medical 

records were obtained from physician offices, emergency room visits, and hospital 

admissions. Medical records were reviewed by the principal investigator, who was blinded to 

the study arm, to assess for any diagnosis of surgical site infection or other wound 

complications. Demographic information, obstetric and medical history, and detailed 

description of the surgical procedure was collected by patient interview and supplemented 

with abstraction from patient charts. 15

The primary outcome for this analysis was a composite of wound complications that 

included surgical site infection, cellulitis, seroma, hematoma, and separation occurring 

within 30 days of cesarean. Surgical site infection included superficial, deep and organ-

space surgical site infection based on the Centers for Disease Control and Prevention 

National Healthcare Safety Network definitions.22 Endometritis was considered the organ-

space infection after cesarean. The diagnosis of the components of the composite were made 

by the treating physician and verified by chart review by the principal investigator of the 

original trial. Secondary outcomes for this analysis included individual components of the 

composite. Please see Appendix 1 for further definitions of study outcomes.

We compared women who received all four evidence-based measures (prophylactic 

antibiotics within 60 minutes of cesarean and prior to skin incision, chlorhexidine-alcohol 

for skin antisepsis with three minutes of drying time prior to incision, closure of 

subcutaneous layer if ≥ 2cm of depth and subcuticular skin closure with suture) to those who 

did not. Baseline characteristics were compared between the two groups using the unpaired 

Student t test or Wilcoxon rank-sum test as appropriate for continuous variables, and the χ2 

test or Fisher’s exact test as appropriate for categorical variables. We then calculated rates 

and unadjusted relative risk (RR) and 95% confidence intervals (CI) for the primary and 

secondary outcomes. Multivariable logistic regression was used to estimate the impact of 

evidence-based measures on outcomes. The final models adjusted for tobacco use, 

chorioamnionitis, and unscheduled cesarean delivery. Goodness-of-fit of the final models 

was tested using the Hosmer-Lemeshow test. The method proposed by Zhang et al was then 

used to estimate adjusted relative risks.23 We included all patients from the primary study in 

this analysis, and no a priori sample size estimation was performed.

We then conducted further analysis limited to women who received all four components of 

the evidence-based measures. Among these women, we performed multivariable logistic 

regression to estimate residual risk factors for the primary outcome composite outcome. The 

final model included unscheduled cesarean, obesity (BMI ≥30 kg/m2), tobacco use, diabetes 

(pregestational and gestational), chorioamnionitis, inexperienced surgeon (less than post 

graduate year 3), and vertical skin incision. The analysis was then repeated to estimate 

residual risk factors for the secondary outcome of surgical site infection.
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All tests were two-tailed with a p<0.05 considered significant. Analyses were conducted 

using a software package (STATA, Version 12, Special Edition; Stata Corp, College Station, 

TX).

Results

There were 1147 patients randomized in the primary trial, and 1082 (94.3%) had follow-up 

after discharge. Of the 1082 patients with follow-up, 349 (32.2%) had all four evidence-

based measures and 733 (67.7%) did not (Figure 1). Of the four evidence based steps 

evaluated, 1076 (99.5%) had antibiotics given appropriately prior to skin incision, 538 

(49.7%) received chlorhexidine alcohol skin antisepsis, 854 (78.9%) had appropriate 

subcutaneous closure with suture closure if subcutaneous depth was ≥2 cm, and 879 (81.2%) 

had skin closed with suture (Table 1).

Baseline demographic and pregnancy characteristics were similar between women who did 

and did not have all four evidence-based measures performed, except that women who did 

not have all four measures applied were more likely to smoke and more likely to have 

chorioamnionitis (Table 2). They also had slightly higher blood loss, with no difference in 

postoperative transfusion rates between groups. Other surgical characteristics, including 

duration of surgery, depth of subcutaneous tissue, and unscheduled cesarean rates were 

similar between groups.

Women who received all four evidence-based steps were less likely to have the primary 

composite outcome of wound complications after cesarean (20.3% vs 28.1%; aRR 0.75, 

95% CI 0.58, 0.95) after controlling for chorioamnionitis, smoking, and unscheduled 

cesarean delivery (Table 3). This was largely driven by a reduction in surgical site infection, 

which was significantly less common in those receiving all evidence-based measures (3.7% 

vs 9.3%, aRR 0.43, 95% CI 0.24, 0.76). Rates of wound cellulitis, hematoma, seroma, or 

wound separation were not different between groups. Wound separation was the most 

common wound complication encountered in both groups.

When analysis was limited to the 349 women who received all the evidence-based measures, 

unscheduled cesarean delivery was the only significant residual risk factor for wound 

complications (27.5% vs. 16.1%, aRR 1.71, 95% CI 1.12, 2.47) (Table 4). Other traditional 

risk factors for wound complications, including obesity, smoking, diabetes, 

chorioamnionitis, surgical experience, and skin incision type were not significantly 

associated with wound complications in women who had received all evidence-based 

measures. Unscheduled cesarean delivery was also the only significant residual risk factor 

for surgical site infection (6.9% vs. 1.6%, RR 3.74, 95% CI 1.18, 11.92).

Comment

The use of a combination of four evidence-based surgical measures resulted in a 25% 

reduction in the risk of wound complications and a 57% reduction in the risk of surgical site 

infections in women undergoing cesarean delivery. The baseline rate of wound 

complications was high and the residual risk among women who received all evidence-based 
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measures remained high. Unscheduled cesarean delivery was the only significant residual 

risk factor for both wound complications and surgical site infection.

Several previous studies have shown institutional improvement in post cesarean infectious 

outcomes when a bundle of evidence-based surgical and educational measures were 

implemented. A study by Rauk conducted at an academic medical center with 400 deliveries 

a year implemented a bundle that included preoperative preparation using chlorhexidine 

gluconate no-rinse cloths, added chlorhexidine alcohol for skin antisepsis, a comprehensive 

staff training and education program, and modified instrument sterilization techniques over 6 

months. They found a decrease in the rate of surgical site infection by 85%, with sustained 

improvement for 6 months.21 A similar study conducted by Ng et al at an academic hospital 

performing 2500 deliveries a year used five years of phased implementation of education to 

optimize timing of antibiotics prophylaxis, decrease pre-hospital hair shaving, and 

implement hair clipping rather than shaving in the hospital. Additionally, the institution 

started using chlorhexidine alcohol for skin antisepsis. These changes reduced the rate of 

surgical site infection by 50%, with sustained improvement over the last two years of the 

study.19

Hsu and colleagues used phased implementation of a bundle of hospital infection control 

policies applied to employees and staff as well as surgical interventions. The surgical 

interventions included chlorhexidine for skin antisepsis, antibiotics administered before 

incision with increased dosages of antibiotics for obese patients as well as the addition of 

azithromycin to standard cephalosporin antibiotics, cord traction for removal of placenta, 

and closure of deep subcutaneous layer > 2 cm. The phased implementation of these 

interventions resulted in a 98% reduction in surgical site infections with a rate of 0.1% in the 

year following implementation of all phases.20

Our study built on these previous studies in important ways. It was conducted at an 

institution where standard infection-control policies are already in place, with steps such as 

hair clipping rather than shaving and perioperative normothermia already being performed. 

Our analysis focused on evidence-based surgical measures only, in order to target the 

question of whether a group of surgical measures improved outcomes. By using details 

about surgical steps collected in the original trial, we were able to evaluate the impact of 

evidence-based measures on women who received them, rather than using an observational 

design comparing rates before and after implementation of a bundle as had been done in 

previous studies. This allowed us to control for patient specific confounders in analysis. 

Unlike previous studies, we evaluated residual risk factors for post cesarean wound 

complications when women received all evidence-based measures.

This study is a secondary analysis of a randomized trial conducted at an academic institution 

with high surgical volume. Data regarding surgical steps and outcomes were collected 

prospectively. The use of active surveillance for postoperative complications through the 

medical record and with telephone calls insured a low rate of patients lost to followup. The 

original study had broad inclusion criteria, and the inclusion of both scheduled and 

unscheduled cesareans in the analysis makes the results generalizable.
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There are potential limitations to the study that should be considered. Because this is a 

secondary analysis of a randomized trial, it is essentially a cohort study and subject to 

selection bias and unmeasured confounders. While it is reassuring that nearly all patient and 

pregnancy characteristics were similar between groups, women who did not receive all 

evidence-based measures were more likely to smoke and to have chorioamnionitis, which 

are known risk factors for our primary outcome. We adjusted for these confounders in our 

analysis. Additionally, while the use of chlorhexidine-alcohol was prescribed by the 

randomization in the original trial and the use of antibiotics is standard and occurred in 

99.5% of patients, the remaining two measures, subcutaneous and subcuticular closure with 

suture, were based on the surgeon’s choice at the time of cesarean. We cannot control for the 

confounding by indication that may be associated with surgical choices and an increase in 

wound complications. In addition, the sample size for this analysis was fixed and may have 

been underpowered to evaluate each evidence-based measure alone, individual components 

of the composite outcome, and the residual risk factors. Finally, the high baseline rate of 

wound complications in this high-risk cohort means our findings may not be applicable to 

clinical settings with lower risk patients.

In conclusion, the use of a combination of evidence-based surgical measures significantly 

reduced post-cesarean wound complications and surgical site infections. However, even 

when women received all-evidence based surgical steps, the risk of complications remained 

high and was unexplained by most traditional risk factors. These findings highlight the need 

for additional innovative interventions to reduce post cesarean infectious morbidity, 

especially in patients undergoing unscheduled cesareans, who remain at risk for wound 

complications even after receiving current evidence-based measures.
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Appendix 1: Outcome Definition

Outcome1 Definition

Surgical Site Infection 
(SSI:)

Centers for Disease Control and Prevention National Healthcare Safety Network 
Definition: 22 Infection occurs within 30 days after operative procedure AND

 Superficial SSI Involves only skin and subcutaneous tissue of the incision; AND patient has at least one of 
the following:

a. Purulent drainage from the superficial incision,

b. Organisms isolated from an aseptically-obtained culture from the superficial 
incision or subcutaneous tissue,

c. Superficial incision that is deliberately opened by a surgeon, attending 
physician, or other designee and is culture-positive or not cultured; and 
patient has at least one of the following signs or symptoms: pain or 
tenderness; localized swelling; erythema; or heat. A culture- negative finding 
does not meet this criterion,

d. Diagnosis of a superficial incisional SSI by the surgeon or attending 
physician or other designee

 Deep Incisional SSI Involves deep soft tissues of the incision (eg, fascial and muscle layers; AND patient has at 
least one of the following:

a. Purulent drainage from the deep incision,

b. A deep incision that spontaneously dehisces, or is deliberately opened or 
aspirated by a surgeon, attending physician, or other designee and is culture-
positive or not cultured; and patient has at least one of the following signs or 
symptoms: fever (>38 degrees C), localized pain, or tenderness. A culture 
negative finding does not meet this criterion,

c. An abscess or other evidence of infection that is detected on gross anatomical 
or histopathologic exam, or imaging test

 Organ/Space SSI The infection appears to be related to the operation and the infection involves any part of the 
anatomy (organs or spaces), other than the incision, which was opened or manipulated 
during an operation and at least one of the following :

a. Purulent drainage from a drain placed in the organ/space

b. Organisms isolated from an aseptically obtained culture of the organ/space

c. An abscess or any other evidence of infection involving the organ/space that 
is found on direct examination, during reoperation, or by histopathologic or 
radiologic examination

d. Diagnosis of an organ/space SSI by a surgeon or attending physician

e. Endometritis, defined as maternal temperature >38.0 ° C on two occasions 
over a four hour period, or any temperature > 39.0° C over a period of >12 
hours after delivery with associated uterine tenderness, was considered organ/
space SSI

Cellulitis Redness or induration around the cesarean incision, diagnosed and treated as cellulitis by 
the surgeon, attending physician, or outpatient physician

Seroma Collection of serous fluid at the cesarean incision, diagnosed and treated by the surgeon, 
attending physician, or outpatient physician

Hematoma Collection of bloody fluid at the cesarean incision, diagnosed and treated by the surgeon, 
attending physician, or outpatient physician

Wound Separation Any separation of the wound necessitating intervention, diagnosed by the surgeon, attending 
physician, or outpatient physician

1
All outcomes were validated by the principal investigator in the original trial who was blinded to study arm of 

participants.
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Figure 1. 
Flow Diagram of Study Participants
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Table 1

Evidence Based Measures Evaluated

Evidence Based Measure (N=1082) Patients Receiving Evidence Based Measure

All evidence based steps performed 349 (32.3%)

Antibiotics given within 60 minutes and prior to skin incision 1076 (99.5%)

Chlorhexidine alcohol skin antisepsis applied and allowed to dry appropriately 521 (48.2%)

Appropriate subcutaneous closure if depth ≥ 2 cm 854 (78.9%)

Subcuticular skin closure with Suture 879 (81.2%)
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Table 2

Baseline Characteristics of Study Participants

Type of Complication
N=1082

All evidence-based measures1 applied n=349 
(32.3%)

Not all evidence-based measures applied 
n=733 (67.7%)

p

Maternal age, y 28.0 ± 5.7 28.6 ± 5.8 0.16

Gestational age at delivery, wk 37.4 ± 2.8 37.3 ± 3.1 0.63

Race

 African American 192 (55.0%) 400 (54.6%) 0.57

 Caucasian 139 (39.8%) 302 (41.2%)

 Other 18 (5.2%) 31 (4.2%)

BMI kg/m2 34.1 ± 8.3 34.7 ± 9.9 0.28

Obese (BMI>30 kg/m2) 234 (67.0%) 511 (69.7%) 0.38

Public Insurance 218 (62.5%) 451 (61.5%) 0.77

Current tobacco use 44 (12.6%) 132 (18.0%) 0.02

Diabetes mellitus 39 (11.2%) 78 (10.6%) 0.79

Chronic hypertension 36 (10.3%) 75 (10.2%) 0.97

Pregnancy induced hypertension 40 (11.5%) 102 (13.9%) 0.26

Primiparous 90 (25.8%) 185 (25.2%) 0.85

Chorioamnionitis 6 (1.7%) 34 (4.6%) 0.02

Unscheduled Cesarean 131 (37.5%) 311 (42.4%) 0.13

Primary Cesarean 206 (59.0%) 434 (59.2%) 0.95

Duration of surgery, min 56 (44, 69.5) 55 (42,70) 0.91

Depth of subcutaneous layer, cm 2.11 ± 1.32 2.20 ± 1.15 0.21

Estimated blood loss, mL 821.8 ± 237.3 868.9 ± 266.6 0.01

Postoperative blood transfusion 5 (1.4%) 18 (2.3%) 0.33
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Table 3

Impact of evidence-based interventions on wound complications after cesarean

Type of Complication
N=1082

All evidence-based measures1 
applied n=349 (32.3%)

Not all evidence-based measures 
applied n=733 (67.7%)

aRR (95% CI)2

Any Wound Complication n=277 (25.6%) 71 (20.3%) 206 (28.1%) 0.75 (0.58, 0.95)

Surgical Site Infection n=81 (7.5 %) 13 (3.7%) 68 (9.3%) 0.43 (0.24, 0.76)

Cellulitis n=15 (1.4%) 2 (0.5%) 13 (1.8%) 0.34 (0.08, 1.51)3

Hematoma n=12 (1.1%) 6 (1.6%) 6 (0.8%) 2.33 (0.74, 7.01)3

Seroma n=52 (4.8%) 14 (4.0%) 38 (5.2%) 0.79 (0.43, 1.43)

Wound Separation n=131 (12.1%) 37 (10.6%) 94 (12.8%) 0.85 (0.58, 1.20)

1
Evidence-base measures: chlorhexidine-alcohol for skin antisepsis, prophylactic antibiotics within 60 minutes of cesarean given at skin incision, 

closure of subcutaneous layer if ≥ 2cm of depth and subcuticular skin closure with suture

2
Adjusted for tobacco use, chorioamnionitis, and unscheduled cesarean

3
Unadjusted given small number of outcomes
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Table 4

Residual risk factors for wound complications among those with all evidence based steps performed

Residual Risk Factor
N=349

Wound Complication n=71 (20.3%) aRR1 (95% CI)

Unscheduled Cesarean n=131 36 (27.5%)
1.71 (1.12, 2.47)

Scheduled Cesarean n=218 35 (16.1%)

Obese2 n=233 48 (20.5%)
1.03 (0.63, 1.63)

Non-obese n=116 23 (20.0%)

Tobacco use n=44 13 (29.6%)
1.46 (0.80, 2.42)

No Tobacco use n=305 58 (19.0%)

Diabetes n=39 7 (18.0%)
0.83 (0.37, 1.69)

No Diabetes n=310 64 (20.7%)

Chorioamnionitis n=6 2 (33.3%)
1.13 (0.23, 3.52)

No Chorioamnionitis n=343 69 (20.1%)

Inexperienced Surgeon (<PGY 3)3 n=271 57 (21.0%)
0.80 (0.43, 1.39)

Experienced Surgeon n=78 14 (18.0%)

Vertical Skin Incision n=3 1 (33.3%)
2.20 (0.28, 5.36)

Pfannenstiel Incision n=346 70 (20.2%)

1
Adjusted for all other risk factors in this column.

2
Obese defined as BMI ≥30 kg/m2

3
PGY 3 =postgraduate year 3.
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