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Abstract 

Background: Surgical site infection (SSI) after a caesarean section (CS) is of concern to both 

clinicians and the women themselves. 

Aims: To identify the cumulative incidence and predictors of SSI in women who are obese 

and give birth by elective CS. 

Materials and Methods: Planned secondary analysis of data from women with a pre-

pregnancy Body Mass Index [BMI] ≥30 kg/m2 giving birth by elective CS in a multicentre 

randomised controlled trial of a prophylactic closed incision negative pressure wound therapy 

dressing. Data were collected from medical records, direct observation of the surgical site as 

well as self-reported signs and symptoms and occurred October 2015 to December 2019. The 

Centers for Disease Control and Prevention definition was used to identify SSI. Women were 

followed up once in hospital just prior to discharge and then weekly for 4 weeks after 

discharge. Blinded outcome assessors determined SSI. After calculating the cumulative 

incidence of SSI, multiple variable logistic regression models were used to identify 

independent risk factors for SSI.   

Results: SSI incidence in 1,459 women was 8.4% (122/1,459). Multiple variable adjusted 

odds ratios (OR) for SSI were BMI ≥40 kg/m2 (OR 1.55, 95% Confidence Intervals [CI] 

1.30-1.86) as compared to BMI 30-34.9 0 kg/m2, ≥2 previous pregnancies (OR 1.38, 95% CI 

1.00-1.80) as compared to no previous pregnancies and pre-CS vaginal cleansing (OR 0.55, 

95% CI 0.33-0.99). 

Conclusions: Our findings may inform pre-operative counselling and shared decision making 

regarding planned elective caesarean section for women with pre-pregnancy BMI ≥30kg/m2.  
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Incidence and Predictors of Surgical Site Infection in Women who are Obese and Give 
Birth by Elective Caesarean Section: A Secondary Analysis 

Introduction 

Approximately 1 in 3 women in many developed countries gives birth by caesarean 

section (CS)1. CS is associated with several potential complications, one of which is surgical 

site infection (SSI). Infectious morbidity following CS varies according to country, 

population, and diagnostic criteria. Studies that do not rely on routinely collected data tend to 

have smaller samples and report higher rates of SSI. For example, a recent US study that used 

the Centres for Disease Control and Prevention (CDC) definition of SSI2 infection up to 30 

days post-operatively report rates of 5.5%3. In Australia, rates of SSI following CS are 

reported to be as low as 0.5%4, although this low rate may be inaccurate5-7. An Australian 

study using the CDC criteria reported a SSI rate of 9.6% in women in labour who had 

elective or emergency CS8.  

Risk factors for SSI following CS include advanced maternal age9, 10, diabetes3, 9, 

smoking3, 10, previous CS11, and premature rupture of membranes9. Other factors include 

emergency procedures10, non-transverse incision3, 10 and length of surgery10. Maternal obesity 

(Body Mass Index (BMI) of  ≥30 kg/m2)12 is also an independent risk factor for SSI3, 13. 

However, the interaction between other risk factors and maternal obesity on SSI is not well 

understood and may vary depending on the individual woman14, making it difficult to 

accurately determine how these factors influence susceptibility to SSI in these women. The 

aim of this secondary analysis was therefore to ascertain the cumulative incidence of SSI in 

women with pre-pregnancy BMI ≥30kg/m2 having an elective caesarean section and to 

identify specific predictors of this complication. 

Materials and Methods 
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This planned secondary analysis of data is from the subgroup of women who had an 

elective CS in our recently published large multi-site RCT15. The RCT was conducted 

between October 2015 to December 2019 at four hospitals in South-East Queensland, 

Australia. The parent RCT evaluated the efficacy of a closed incision negative pressure 

wound therapy dressing compared to hydrocolloid or transparent dressing (standard 

dressing). The CDC definition2 was used to ascertain SSI. In the intention-to-treat analysis of 

the parent trial, SSI occurred in 7.4% of women allocated to the negative pressure wound 

therapy dressing and 9.7% allocated to standard dressing, a non-significant difference15. But 

this difference was statistically significant in the sensitivity analysis that excluded missing 

data15. Ethics approvals were obtained from the Royal Brisbane and Women’s Hospital 

(Reference No: HREC/15/QRBWH; approved 21 June 2015).   

Sample 

Women who had a pre-pregnancy BMI of ≥ 30kg/m2 and gave birth by elective CS 

were included in the analysis. Those with evidence of pre-operative infection, or had 

previously participated in the trial, or had semi-urgent/emergency CS or were unable to speak 

or understand English were excluded. Written informed consent was obtained from all 

participants.  

Procedures 

All women received standard peri- and post-operative care, following Australian 

clinical practice guidelines16, 17. All CS were performed by two obstetricians or obstetric 

trainees. Prior to the skin incision, the abdomen was cleaned with alcoholic or aqueous 

chlorhexidine or povidone iodine. All skin incisions were transverse suprapubic incisions 

whilst birth of the infant was achieved through a transverse lower-segment incision. The 

technique of skin closure (either suture or staples) was at the discretion of the obstetrician. 
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Surgical dressings were applied according to the manufacturers’ recommendations after skin 

closure in the operating room. The dressings were changed if clinically indicated but 

otherwise were left intact for 5-7 days. 

Data Collection 

Data were collated from the medical records, direct observation of the surgical site as 

well as self-reported signs and symptoms. Demographic and clinical information (age, pre-

pregnancy BMI, smoking history, hypertension, diabetes, parity, previous CS, gestational 

diabetes, duration of rupture of membranes, American Society of Anaesthesiologists (ASA) 

score, pre-CS vaginal cleansing, type of anaesthetic, type of skin and uterine incision, 

duration of surgery and preoperative antibiotic use) were collected. All data were entered 

directly into a research data capture (REDCap) database, which was regularly audited for data 

quality by a separate trial coordinator. 

Assessment of Surgical Site Infection 

A Research Assistant (RA) reviewed women on post-operative day 2 in hospital and 

examined the surgical site for evidence of SSI if the dressing required changing. If direct 

assessment of the wound was not possible then information was obtained from the clinical 

notes or the nurse who had changed the dressing. When dressings were not removed, the 

medical records were reviewed for evidence of SSI. After discharge, the same RAs phoned 

the women weekly for four weeks and asked them a series of targeted questions focused on 

signs and symptoms relevant to SSI. Two experienced Registered Nurses blinded to group 

allocation, independently determined the likelihood of SSI based on the recorded data. Where 

there were discrepancies, a third blinded assessor (Nurse Practitioner in wound care) 

arbitrated and made the final decision.  

Data Analysis 
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Statistical analyses were performed using Stata v.16 (StataCorp. 2019. Stata 

Statistical Software: Release 16. College Station, TX: StataCorp LLC). Descriptive statistics 

were computed for the sample characteristics and each of the predictors. Potential predictors 

were informed by previous research and included: age, BMI, hypertension, smoking, parity, 

gestational diabetes, number of previous CS, anaemia in the third trimester, ASA status, pre-

CS vaginal cleansing, method of delivery of the placenta, exteriorisation of the uterus, length 

of surgery and group allocation in the parent trial (intervention or control). BMI was recoded 

into Obesity Class 1 (BMI 30.0 - 34.9), Class II (BMI 35.0 - 39.9), and Class III (BMI ≥40)12. 

Other variables such as ruptured membranes, antibiotic use and type of incisional closure, 

were not used in the analysis because the data on these variables was the same for over 97% 

of women. Categorical variables were presented as frequencies and percentages. Depending 

on the distribution of the data, means and standard deviations (SD) or medians and 

interquartile ranges (IQRs) were used to describe the continuous variables.  

The association between predictors and cumulative incidence of SSI was evaluated 

using logistic regression models. The modelling was undertaken in four phases. First, 

univariate logistic regressions were performed to explore the crude association of each of the 

predictors and SSI. Second, models were built in recognition that these data were part of a 

larger randomised trial; a dummy variable for women who received NPWT vs normal 

dressing was used to obtain additional treatment adjusted estimates. Third, given the original 

trial was multi-site, additional adjusted models, controlling for site were built using a robust 

variance estimate that adjusts for within-cluster correlation18. Finally, multivariate logistic 

regression models were used to assess the independent role of each predictor after adjusting 

for other predictors in the model. Predictors that were found to have statistical significance 

with a p <0.20 at the crude (univariate) level were entered into this final multivariate model. 

Crude and adjusted odds ratios and 95% Confidence Intervals (CI) and p-values are reported.  
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Results 

Of the 1,472 women who met the inclusion criteria, 5 (0.3%) withdrew and 8 (0.5%) 

were lost to follow-up, leaving a final study cohort of 1,459 women with complete data for 

analysis. Demographic and clinical data of women with and without SSI are displayed in 

Table 1. Overall, the majority of women were in their early thirties, about half had Class I 

obesity and almost three quarters had a previous CS. Over 90% of women had intact 

membranes and received pre-incision prophylactic antibiotics. Surgically, over 90% of 

women had a low transverse skin incision with subcutaneous (fat) closure and subcuticular 

skin sutures. A total of 122 (8.4%) women were diagnosed with SSI; 113 (92.6%) had 

superficial infections, 8 (6.6%) had deep infections and 1 (0.8%) had organ/space infections. 

The kappa reliability between outcome assessors for SSI was 0.76 (95% CI 0.72-0.81, p< 

0.0005). 

Table 2 displays the multiple logistic regression results, adjusted for treatment and 

possible site (hospital) effect. In the univariate analysis five variables (age, BMI class, length 

of surgery, parity, previous CS and pre-CS vaginal cleansing) met the cut-off of p < 0.2 and 

were entered into the multivariate analysis. In the final adjusted model Class III BMI (> 40.0 

kg/m2), parity of ≥2 and pre-CS vaginal cleansing were independently associated with SSI. In 

the adjusted multiple variable model the odds of a SSI occurring were increased by 49% for 

BMI > 40.0 kg/m2compared to BMI 30-34.9 0 kg/m2, by 48% for ≥2 previous pregnancies 

compared to nulliparity, and were decreased by 45% for pre-CS vaginal cleansing compared 

to no cleansing. 

Discussion 

In this study the incidence of SSI in women with BMI >30kg/m2 following elective 

CS was 8.4%. Our incidence is higher than the 5.9% incidence reported in a recent single site 
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Canadian study19 relied on follow-up of women at 6 weeks by their specialists irrespective of 

their BMI or urgency of CS. Our SSI rate is slightly lower than another Australian study of 

women with raised BMI that used a similar SSI definition but included emergency and 

elective procedures8.  It is also lower than the 9.6% reported in a multi-centre UK study with 

varying levels of CS urgency13 using the CDC definition and similar ascertainment processes. 

However, only 36% of participants in this UK study were followed up for 30 days13, thus 

potentially underestimating the true incidence of SSI in their population. Comparing our 

incidence rate more broadly was challenging because of the limitations imposed by varied 

definitions for SSI and ascertainment methods. Given that a systematic review of 55 studies 

including 5 from Australia showed that 79% of SSI occur after hospital discharge20, it is clear 

that simply using hospital records to identify SSI will underestimate its incidence. Our use of 

a robust and widely accepted definition of SSI combined with our blinded ascertainment 

processes and purposeful 30-day follow-up for infection is a clear strength of our study and is 

thus probably more reflective of the true burden of this complication in an Australian 

population.  

We found that BMI >40kg/m2 significantly increased the risk of SSI by 49%. 

Maternal BMI may be amenable to interventions aimed at limiting weight gain in 

pregnancy21, 22. Counselling childbearing women who are obese in the importance of even 

modest weight loss may improve their outcomes post CS23. This, alongside careful 

monitoring of gestational weight gain24 are two strategies that have beneficial effects. It is 

encouraging to note a recent Australian study showed women felt informed about the risks 

and benefits of CS and were satisfied with the decision-making process25. This is important 

given that the majority of women with Class III obesity in a recent study regarded the risk of 

infection as an important consideration26.  
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Our findings of increasing obesity being a significant risk factor for SSI is consistent 

with research demonstrating that adipose tissue has poorer vasculature and blood flow thus 

increasing the risk of infection27, 28. The odds of SSI in women with BMI ≥40 kg/m2 in our 

study was 1.55 (1.30-1.86), lower than the 3.7 (95% CI 2.6 – 5.2) reported for women with 

BMI ≥35 kg/m2 in Wlock et al’s13 UK study that included women with varying levels of CS 

urgency. Relatively lower risk associated with increasing BMI in our study may be partially 

explained by the use of best practices such as the use of antibiotics pre-incision, 

chlorhexidine skin preparation and use of sutures for skin closure29-31. 

Our results show parity ≥2 was associated with a 48% increased likelihood of SSI 

compared to those who were primiparous. This finding may be linked to the physiological 

changes in connective tissue that occur during and after each pregnancy. Yet the relationship 

between parity and maternal complications may not be straightforward. For example, in their 

retrospective analysis of a surveillance dataset of over 500,000 women with singleton births 

from 1992 - 1997, Bai et al. identified that women with parity 2 and 3 had similar risk for 

maternal complications to those with one, although even higher parities increased risk32. 

However, the complications they examined did not include SSI. 

Our results also show that pre-CS vaginal cleansing was associated with a 45% 

reduction in SSI. A 2020 Cochrane Review33 of 18 trials showed a risk ratio of 0.62 (95% CI 

0.50-0.77) associated with pre-CS antiseptic cleansing although in the sub-group analysis this 

benefit was only in women who were in labour prior to the CS. Given no studies from 

Australia were included in the review, our study adds high-quality Australian evidence to 

support this practice.  

Our study has several strengths. The data were obtained from a large, prospective 

multisite study with few exclusion criteria, outcome assessment using the CDC definition of 

SSI was blinded, and there was limited loss to follow-up. Importantly, active weekly follow-
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up to detect SSI was undertaken. Nonetheless, there are some limitations. First, given that the 

data are from an RCT, SSI rates may actually be higher in routine practice. Second, as our 

analysis only included women who had an elective CS, the findings cannot be generalised to 

those undergoing semi-urgent or emergency CS. Third, we did not adjust for potential 

confounders such as prophylactic antibiotic use and skin closure technique in the regression 

analysis because of their high routine use and limited variation in perioperative practice. 

Finally, we did not collect data on the solution used for vaginal preparation nor if the women 

were in labour prior to vaginal cleansing. 

In summary, we found a 8.4% cumulative incidence of SSI in women who were obese 

and gave birth by elective CS. Given a recent systematic review of healthcare acquired 

infections in Australia did not identify any studies following CS6, our study contributes to the 

evidence-based in this area. Further, BMI >40kg/m2, parity ≥2 and significantly increased the 

risk of SSI. Monitoring gestational weight gain, enacting strategies to promote healthy weight 

gain and vaginal cleansing can be incorporated into routine practice. Our findings may inform 

pre-operative counselling and shared decision making regarding planned elective caesarean 

section for women with pre-pregnancy BMI >30kg/m2. 
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Table 1: Characteristics of the Sample (n =1,459) 

Characteristic No SSI  
n = 1337; 91.6% 

SSI  
n = 122; 8.4% 

aAge (years) Mean (SD)  31.4 (5.3) 30.6 (5.4) 
aDuration of surgery (minutes) Median (IQR) 61 (50, 75) 65 (53, 75) 
aDuration of surgery (minutes) Mean (SD) 65.6 (24.1) 68.6 (30.5) 
 Frequency (%) Frequency (%) 
BMI kg/m2   

Class I 30.0-34.9  698 (52.2) 58 (47.5) 
Class II 35.0-39.9  333 (24.9) 25 (20.5) 
Class III ≥40.0 306 (22.9) 39 (32.0) 

Smoker 136 (10.2) 14 (11.5) 
Comorbidities 

Diabetes mellitus 41 (3.1) 6 (4.9) 
Gestational diabetes 377 (28.2) 42 (34.4) 
Hypertension 144 (10.8) 16 (13.1) 
Anaemia (Hb < 110g/L) in third trimester 124 (9.3) 9 (7.4) 

Parity 
0 189 (14.1) 13 (10.7) 
1 544 (40.7) 47 (38.5) 
≥2 604 (45.1) 62 (50.8) 

Previous CS 
0 373 (27.9) 30 (24.6) 
1 590 (44.1) 50 (41.0) 
≥2 374 (28.0) 42 (34.4) 

bIntact membranes 1317 (98.6) 121 (99.2) 
ASA status 

ASA 1 105 (7.9) 11 (9.0) 
ASA 2 901 (67.4) 82 (67.2) 
ASA 3 324 (24.2) 29 (23.8) 
ASA ≥4 7 (0.5) 0 (0) 

Pre-CS vaginal cleansing 540 (40.3) 33 (27.0) 
Prophylactic antibiotics 

Not given 4 (0.3) 1(0.8) 
Pre-incision 1302 (97.7) 118 (97.5) 
Post-incision 31 (2.3) 3 (2.5) 

Low transverse incision 1317 (98.5) 120 (98.4) 
bCord traction used for placental removal 1179 (88.2) 101 (83.5) 
Manual removal of placenta 167 (12.5) 20 (16.4) 
Exteriorisation of uterus 156 (11.7) 12 (9.8) 
Subcutaneous (fat) closure 1272 (95.1) 113 (92.6) 
Type of skin closure 

Subcuticular (skin) suture 1305 (97.6) 119 (97.5) 
Interrupted suture 8 (0.6) 1 (0.8) 
Staples (skin) 23 (1.7) 2 (1.6) 
Wound glue 1 (0.1) 0 (0) 

aMissing data n ≤ 5 
bMissing data n ≤ 22 



Table 2:  Independent predictors of SSI obtained using multiple logistic regression after adjusting for 
treatment and accounting for site effect. 

Factor SSI n/N (%) Crude Odds 
Ratio 

(95% CI) 

Cluster and 
Intervention 

Adjusted Odds 
Ratio 

(95% CI) 

Multivariable 
Adjusted Odds 

Ratio 
(95% CI) 

P value 

Age   121/1455 0.97 (0.94-1.01) 0.97 (0.94-1.01) 0.96 (0.93-1.01) 0.127 
BMI kg/m2      

30.0-34.9  58/756 (7.7%) Ref Ref Ref  
35.0-39.9 25/358 (7.0%) 0.90 (0.56-1.47) 0.92 (0.75-1.12) 0.97 (0.80-1.17) 0.733 
≥40.0 39/345 (11.3%) 1.53 (1.00-2.35) 1.55 (1.38-1.73) 1.49 (1.29-1.72) <0.001 

Length of 
surgery 

121/1454 1.00 (1.00-1.01) 1.00 (1.00-1.01) 1.00 (1.00-1.00) 0.136 

Parity       
0 13/202 (6.4%) Ref Ref Ref  
1 47/591 (7.9%) 1.26 (0.66-2.37) 1.24 (0.60-2.54) 1.37 (0.59-3.20) 0.468 
≥2 62/666 (9.3%) 1.49 (0.80-2.77) 1.49 (0.84-2.65) 1.48 (1.12-1.95) 0.006 

Previous CS      
0 30/403 (7.4%) Ref Ref Ref  
1 50/640 (7.8%) 1.05 (0.66-1.69) 1.06 (0.67-1.67) 0.88 (0.51-1.50) 0.630 
≥2 42/416 (10.1%) 1.39 (0.86-2.28) 1.43 (0.85-2.39) 1.18 (0.71-1.95) 0.523 

Pre-CS vaginal 
cleansing 

33/573 (5.8%) 0.55 (0.36-0.83) 0.55 (0.30-1.01) 0.55 (0.30-0.99) 0.046 

ASA      
1 11/116 (9.5%) Ref Ref N/A N/A 
2 82/983 (8.3%) 0.87 (0.45-1.68) 0.88 (0.37-2.14)   
≥3 29/360 (8.1%) 0.84 (0.40-1.73) 0.85 (0.48-1.48)   

Smoker 14/150 (9.3%) 1.14 (0.64-2.05) 1.12 (0.79-1.59) N/A N/A 
Gestational 
Diabetes 

42/419 (10.0%) 1.63 (0.68-3.93) 
 

1.61 (0.72-3.59) N/A N/A 

Anaemia third 
trimester 

9/133 (6.8%) 0.78 (0.39-1.57) 0.79 (0.39 -1.59) N/A N/A 

Hypertension 16/160 (10.0%) 1.25 (0.72-2.17) 1.28 (0.79-2.08) N/A N/A 
Manual removal 
of placenta 

20/187 (10.7%) 1.37 (0.83-2.28) 1.37 (0.62-3.05) N/A N/A 

Exteriorisation 
of uterus 

12/168 (7.1%) 0.83 (0.44-1.53) 0.83 (0.42-1.61) N/A N/A 

N/A Not applicable because they did not enter the final model because p>0.20 
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