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Abstract
OBJECTIVE—To estimate the effect of increasing severity of obesity on post-cesarean wound
complications and surgical characteristics.

STUDY DESIGN—We performed a retrospective cohort study of consecutive cesarean deliveries
at a tertiary care facility from 2004-2008. Four comparison groups were defined by body mass
index (BMI kg/cm2) <30 (n=728), 30-39.9 (n=1087), 40-49.9 (n=428), or ≥50 (n=201). The
primary outcome was wound complication, defined as wound disruption or infection within 6
weeks post-operative. Surgical characteristics were compared between groups including:
administration of pre-operative antibiotics, type of skin incision, estimated blood loss (EBL),
operative time, and type of skin closure.

RESULTS—Of the 2444 women with complete follow up data, 266 (10.9%) developed a wound
complication. Compared to non-obese women (6.6%), increasing BMI was associated with an
increased risk of wound complications: BMI 30.0-39.9, 9.2%, aOR 1.4 [95% CI 0.99-2.0]; BMI
40.0-49.9, 16.8%, aOR 2.6 [95% CI 1.7-3.8]; BMI ≥50, 22.9%, aOR 3.0 [95% CI 1.9-4.9].
Increasing BMI was also associated with increased rates of midline vertical incision, longer
operative time, higher EBL, and lower rates of subcuticular skin closure.

CONCLUSION—A dose response relationship exists between increasing BMI and risk of
postcesarean wound complications. Increasing obesity also significantly influences operative
outcomes.
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Introduction
There are over 1.4 million cesarean deliveries performed each year in the United States, and
the number is expected to increase.1 Simultaneously, the prevalence of obesity has increased
markedly over the past two decades, with over one-third of reproductive age women being
classified as obese.2 Obese women are more likely to be delivered by cesarean than women
of normal weight, and are at increased risk for operative morbidity including wound
complications.3-5 Given the paralleled increasing rates of obesity and cesarean deliveries, it
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is prudent to consider the societal cost of treating these complications and to determine ways
in which the wound complication risk can be decreased.

Previous studies have identified obesity as a risk factor for wound complications, with rates
ranging from 3.5% to 30%.6-10 These studies used varied definitions of wound
complications, small sample sizes, and were conducted in populations in which obese
patients were the minority. Thus far, the relationship between increasing wound
complications with degree of obesity has not been established, despite the fact that the obese
population represents the greatest burden of cesarean-related morbidity and health care
costs.

The primary aim of our study was to evaluate the risk of wound complication after cesarean
delivery in non-obese women with BMI <30 compared to obese women, stratified by BMI
category. We hypothesized that there will be a dose-response relationship between
increasing BMI and risk of wound complications. Secondarily, we aimed to characterize
differences in surgical characteristics which may contribute to the increased postcesarean
morbidity in obese women.

Materials and Methods
We conducted a retrospective cohort study of all consecutive cesarean deliveries occurring
over a 4 year study period from 2004-2008 at Washington University in St. Louis Medical
Center. Before initiation of the study, approval was obtained from the Washington
University human research protection board. Inclusion criteria consisted of all women who
underwent cesarean delivery at this tertiary care facility during the study period regardless of
gestational age, indication for delivery, type of skin or uterine incision, and number of
gestations. There were no cesarean deliveries that were excluded in this cohort. However
analysis was limited to those who had complete follow up data, women with no record of
follow-up in our hospital system within 6 weeks post-partum were excluded.

For all women in the cohort, detailed demographic information was extracted from the
medical record including medical and surgical history, obstetrics and gynecology history,
prenatal history, antepartum records, delivery records, and post-partum records by trained
obstetric research nurses. Body Mass Index (BMI) was calculated from height and weight in
the medical record from their Labor and Delivery admission. Obesity was defined as BMI ≥
30 according to the WHO criteria.11 Four comparison groups were defined by BMI <30
(reference group), 30-39.9, 40-49.9, or ≥50.

The primary outcome was a wound complication, defined as the occurrence of a wound
seroma, hematoma, separation, dehiscence or infection from time of delivery to 6 weeks
post-operative. Women with wound cellulitis were included in those with a wound infection,
and women with superficial wound separation not requiring intervention were not included
as having a wound complication. Wound complication diagnoses were made in the inpatient
setting prior to hospital discharge, in the emergency room, or in the outpatient clinic in
follow up. The diagnosis of a wound complication was determined by the treating physician
in the various hospital settings, including emergency physicians, obstetricians and
gynecologists, and maternal fetal medicine specialists. Finally, women with more than one
wound complication, for example, wound hematoma and resultant separation, were only
counted once in the composite for wound complication.

Baseline characteristics were compared between each of the study groups and the reference
group (BMI < 30). Categorical variables were compared using the Chi-square test. Incidence
and 95% confidence intervals were calculated for wound complication by degree of obesity.
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Bivariate analyses were used to identify potentially confounding factors. Adjusted odds
ratios were calculated using logistic regression. Backward step-wise selection was used to
reduce the number of variables in the logistic regression model by assessing the magnitude
of change in the effect size of wound complication and other risk covariates. Only variables
that were statistically significant were included in the final models.

The following surgical characteristics were also compared between groups of increasing
BMI: administration of pre-operative antibiotics, type of skin incision, estimated blood loss
(EBL), total operative time, and type of skin closure. Women who received pre-operative
antibiotics were given medications and dosages according to the American College of
Obstetricians and Gynecologists (ACOG) guidelines, and were administered prior to skin
incision.12 Estimated blood loss for cesarean delivery was determined by both the
anesthesiologist and obstetrician in partnership at completion of the case. Total operative
time was defined as time from skin incision to completion of skin closure. Skin closure
method was determined by the operating physician, and sutures used for subcuticular closure
were size 3-0 to 4-0 of either monocryl or vicryl. Statistical analysis for the secondary
outcomes was performed using one-way ANOVA test for continuous variables and Chi-
square test for categorical variables. All statistical analyses were completed using STATA
software package, version 10, Special Edition (College Station, TX). Bar graphs were
created using SPSS software package, version 20.

Results
There were 2543 women who underwent a cesarean during the study period and 2444
women who had complete follow up data and thus were included in the analysis. In the
cohort, 728 (30%) women were non-obese, and 1716 (70%) women were obese (BMI ≥ 30).
Among obese women, 1087 (44.5%) women had a BMI 30-39.9, 428 (17.5%) women had a
BMI 40-49.9, and 201 (8.2%) women had a BMI ≥50. At baseline, increasing BMI was
associated with African American race and multiparity. Obese women also had a higher rate
of medical comorbidities, specifically gestational diabetes, pre-gestational diabetes, and
chronic hypertension. Women with increasing BMI were found to have higher rates of
previous cesarean deliveries. The groups were similar in rates of tobacco and drug use, and
incidence of advanced maternal age. (Table 1)

Of the 2444 women who underwent a cesarean, 266 (10.9%) developed a wound
complication. When stratified by BMI, increasing BMI was associated with an increased
incidence of wound complication. Non-obese women had a wound complication rate of
6.6%. There was a statistically significant relationship between rate of wound complication
and increasing BMI: 9.2% in women with BMI 30-39.9 (aOR 1.4, 95% CI 0.99-2.0, p=
0.06), 16.8% in women with BMI 40-49.9 (aOR 2.6, 95% CI 1.7-3.8, p<0.01), and 22.9% in
women with BMI ≥50 (aOR 3.0, 95% CI 1.9-4.9, p<0.01), with a p value for test of trend
<0.01. Importantly, in stratified analyses, skin incision type and skin closure type were
found to have an association with wound complication, and were therefore considered in the
adjusted analysis. In the adjusted analysis, only pre-gestational diabetes, midline vertical
skin incision, and prior cesarean delivery were found to be significant confounders in the
final model; labor prior to cesarean, skin closure method, and gestational diabetes were not
significant and thus did not remain in the final model. (Table 2 and Figure 1)

Operative characteristics of each group were compared in Table 3. Increasing BMI was
associated with increased rates of midline vertical incision vs. Pfannensteil incision, longer
operative time, and higher blood loss. As BMI increased, lower rates of subcuticular skin
closure were observed. No difference was seen in administration of preoperative antibiotics.
(Table 3 and Figure 2)
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Discussion
We found that wound complications increase as severity of obesity increases. The most
marked difference in wound complications was found in women with BMI ≥ 50 compared
to non-obese women (22.9% vs. 6.6%, aOR 3.0). Women with BMI 40-49.9 were also at
significantly increased risk for wound complications compared to their non-obese
counterparts (16.8% vs 6.6%, aOR 2.6). There was also a higher risk of wound
complications in obese women with BMI 30-39.9 compared to non-obese women, although
the difference was not a statistically significant. These findings demonstrate a dose response
relationship in a predominantly obese population with respect to increasing BMI and wound
complications. In addition, we found significant differences is surgical characteristics related
to increasing degree of obesity, specifically, higher EBL and operative time, more vertical
skin incisions, and less subcuticular suture skin closure. This delineates an at risk population
with some potentially modifiable factors to decrease postoperative morbidity.

Previous investigations have shown consistently that obese women are at increased risk for
wound complications after cesarean, however, the risk based on degree of obesity was not
quantified. 5-8 Myles et al demonstrated that obesity is an independent risk factor for
infectious morbidity.6 The Myles study was a retrospective cohort study of 574 women who
underwent cesarean. The primary outcome investigated was infectious morbidity, defined as
endometritis, wound infection, or urinary tract infection. They found a 3.5% rate of wound
infection overall. In addition to the small sample size, they did not compare obese to non-
obese women at baseline, and therefore did not adequately adjust for confounding factors.

In 2010, Alanis et al focused on the massively obese patient with BMI ≥ 50, investigating
risks for wound complications after cesarean.7 The cohort consisted of 195 women and
demonstrated a 30% rate of wound complication. While this study was novel and included a
large population of women with BMI ≥ 50, there was no control group for comparison.

Our study offers several strengths over previous studies on this subject. The cohort consisted
of a predominantly obese, high risk, population with a large proportion of patients with BMI
> 40 and BMI >50. Another strength of our study is the 96% follow up rate. Only 99 (4%)
out of 2543 patients did not have any follow up data regarding wound complications. This is
important because the majority of wound complications occur after patients have been
discharged from the hospital. The detailed information available on patients in our cohort,
including demographics, history, and pregnancy outcomes allowed us to adjust for potential
confounders. For example, we were able to adjust for known risk factors for wound
complications such as vertical incision, diabetes, and prior cesarean.9,10,13 We were also
able to explore variation in surgical characteristics across BMI, which might serve as
potential targets for intervention or explanation for our findings.

Despite the strengths of our study, the potential limitations must be considered as well. In
our cohort, the retrospective nature did not always allow us to extract information on the
type of wound complication, but rather that a wound complication occurred. Also, due to the
retrospective design, information was not available on subcutaneous tissue closure in our
cohort. However, the cohort consisted of patients in a single tertiary care center where the
general practice is to close the subcutaneous layer with 3-0 chromic catgut if it measured
2cm or greater.14 In addition, because patients were seen in multiple different settings for
follow up, standardization of the diagnostic criteria for wound complications was not
performed. However, variation among diagnostic criteria between practitioners more
accurately reflects daily practice, further improving our generalizability. In follow up, we
were only able to obtain records for women treated in our hospital system. Therefore,
women who may have been treated at other institutions for a wound complication were
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excluded and assumed not to have experienced a wound complication and may have been
misclassified. This assumption was made in order assure this potential source of bias to be
toward the null. Another consideration is that the number of women treated with pre-
operative antibiotics was lower than would be anticipated in current practice, ranging from
76.6% to 80.9%. The remainder of the women in the cohort received antibiotics after cord
clamp. However, administration of pre-operative antibiotics did not differ between BMI
strata and therefore does not act as a confounder in our dataset. Lastly, maternal BMI at
delivery was used rather than pre-pregnancy BMI, because maternal BMI at the time of
delivery is most relevant to patient counseling and decision-making regarding delivery.

We found that there is a dose response with respect to increasing BMI and risk for wound
complications, with the most severely obese women at greatest risk. We also found that as
degree of obesity increases, differences in operative characteristics change as well. Our
findings are important given the increasing rate of obesity and extreme obesity in obstetrics.
Additionally, wound complications cause significant emotional and financial stress on
patients and on the healthcare system as a whole. These complications can lead to increased
recovery time and even re-hospitalization. Given the higher wound complications with
increasing BMI, it is imperative that patients are counseled appropriately. Importantly,
studies are urgently needed to identify interventions and modifications in surgical techniques
to decrease the overall cesarean morbidity in this prevalent demographic in the United
States.
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Figure 1.
Incidence of wound complication related to increasing BMI
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Figure 2.
Operative characteristics relating to increasing BMI
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