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ORIGINAL ARTICLE

The association of skin incision placement during cesarean delivery with
wound complications in obese women: a systematic review and
meta-analysis

Rebekah J. Mccurdya,b, Laura A. Felderb, Gabriele Sacconec, Rodney K. Edwardsd, Loralei L. Thornburge ,
Caroline Marrsf, Shayna N. Connerg, Robert Straussh and Vincenzo Berghellaa,b

aDepartment of Obstetrics and Gynecology, Division of Maternal Fetal Medicine, Thomas Jefferson University Hospital, Philadelphia,
PA, USA; bDepartment of Obstetrics and Gynecology, Thomas Jefferson University Hospital, Philadelphia, PA, USA; cDepartment of
Neuroscience, Reproductive Science and Dentistry, School of Medicine, University of Naples Federico II, Naples, Italy; dDepartment of
Obstetrics and Gynecology, University of Oklahoma College of Medicine, Oklahoma City, OK, USA; eDepartment of Obstetrics and
Gynecology, Division of Maternal Fetal Medicine, University of Rochester Medical Center, Rochester, NY, USA; fDepartment of
Obstetrics and Gynecology, Division of Maternal Fetal Medicine, The University of Texas Medical Branch, Galveston, TX, USA;
gDivision of Maternal Fetal Medicine, Washington University School of Medicine, Saint Louis, MO, USA; hDepartment of Obstetrics
and Gynecology, Division of Maternal Fetal Medicine, University of North Carolina, Chapel Hill, NC, USA

ABSTRACT
Objective: To determine the risk of wound complications by skin incision type in obese women
undergoing cesarean delivery.
Data sources: Electronic databases (MEDLINE, Scopus, and Ovid) were searched from their
inception through August 2018.
Methods of study selection: We included all randomized controlled trials and cohort studies
reporting the placement of skin incision during cesarean section in obese women, defined as
those with BMI �30 kg/m2. Studies were included if they compared one placement of skin inci-
sion with a different one as comparison group. The primary outcome was incidence of wound
complications, while secondary outcomes included wound infection, hematoma, seroma, post-
partum hemorrhage, and endometritis. Demographics and outcomes for each individual study
identified were reported as part of the review. Meta-analysis was performed using the random
effects model of DerSimonian and Laird, to produce summary treatment effects in terms of
mean difference (MD) or relative risk (RR) with 95% confidence interval (CI). Sub-group analyses
(vertical versus Pfannenstiel) were also reported.
Tabulation, integration and results: Seventeen studies (including 3 RCTs; 8960 participants
among the 15 non-overlapping studies) were included in the systematic review. Vertical inci-
sions were associated with a relative risk of 2.07 (95% CI1.61–2.67) for wound complications
compared to transverse incisions, however significant possible confounders were present.
Studies were mildly-moderately heterogeneous (I2 44.81%, 95% CI 0.00–71.85%) with varying
definitions of obesity and wound complications. High transverse incisions (3 studies, 218 partici-
pants) trend toward a lower risk of wound complications compared to low transverse incisions
(RR 0.338, 95% CI 0.114–1.004).
Conclusions: Vertical incisions may be associated with an increased risk for wound complica-
tions compared to transverse incisions for cesarean delivery in obese women. Randomized con-
trolled trials are needed to evaluate optimal cesarean skin incisions for these women.
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Introduction

More than one-third of US reproductive-aged women

are obese, defined by the World Health Organization

(WHO) and the National Academy of Medicine as

a body mass index (BMI) greater than or equal to

30 kg/m2 [1,2]. Obesity is a known risk factor for

multiple adverse pregnancy outcomes affecting both
mother and fetus [3–6].

Surgery in obese gravidas may be challenging as
visibility is limited and retraction of subcutaneous tis-
sues may be difficult. Obese patients experience
increased intraoperative complications, such as
increased operating time, increased blood loss,
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difficulty obtaining adequate neuraxial anesthesia, and
increased conversion to general anesthesia [7]. Obese
women also experience more postoperative complica-
tions including fascial dehiscence, seromas, hemato-
mas, wound infections including cellulitis and abscess,
endometritis, and deep vein thrombosis [3,8–17].
Obese patients have an increased need for cesarean
delivery (OR 2.05, 95% CI 1.86–2.27) compared to nor-
mal weight women [6,18]. The need to limit complica-
tions in this patient population is therefore an
increasingly important aspect of prenatal and intrapar-
tum care.

The risk for wound complications increases propor-
tional to BMI and is independently associated even
when accounting for gestational and pregestational
diabetes [8,9]. Vermillion et al. found that it was sub-
cutaneous tissue thickness rather than BMI that was
associated with wound complication in obese women
undergoing cesarean delivery [10]. This suggests that
incision placement may play an important role in
determining postoperative outcomes. Presumably the
subcutaneous tissue depth is limited by making an
incision beneath the pannus. However, this leaves the
incision in a skin fold that may be difficult to keep
clean and dry, which could ultimately increase the risk
of wound infection. Incisions going through extensive
subcutaneous layers may experience increased operat-
ing times and potentially increased blood loss from
more extensive dissection. Further, vertical incisions
are associated with increased risk for non-lower seg-
ment surgery, including increased use of classical uter-
ine incisions, which increases operative risk and has
implications for future pregnancy [11]. Objective evi-
dence upon which to guide incision placement during
cesarean delivery in obese patients is limited. This
study aims to evaluate the relationship between cesar-
ean delivery skin incision placement in obese patients
and postoperative wound complications.

Sources and study selection

Search strategy

This was a systematic review and meta-analysis.
Electronic databases (MEDLINE, Scopus, and Ovid as
well as ClinicalTrials.gov) were searched from their
inception through August 2018. Search terms included
“incision”, “cesarean”, “caesarean”, “pregnancy”,
“obesity”, “overweight”, “infection”, and “wound
complication”. No restrictions for language or geo-
graphic location were applied. In addition, the refer-
ence lists of all identified articles were examined to
identify studies not captured by electronic searches.

The electronic search and the eligibility of the studies
were independently assessed by two authors (RM, LF).
Differences were resolved via discussion with a third
reviewer (VB).

Study selection

We included all randomized controlled trials and
cohort studies reporting the placement of skin incision
during cesarean delivery in obese women, defined as
those with BMI �30 kg/m2. Studies were included if
they compared one placement of skin incision with a
different one as the comparison group.

Case series, studies without a comparison group, as
well as studies not reporting the placement of skin
incision, BMI, or the primary outcome (wound compli-
cations) were also excluded. Only manuscripts with at
least ten cases were included in order to minimize
publication bias.

Data extraction

The primary outcome was incidence of wound compli-
cations as defined by the individual study authors.
Secondary outcomes were wound infection, hema-
toma, seroma, incisional separation, and readmission
to the hospital for wound concern. Other secondary
outcomes were endometritis, operative time, and
blood loss greater than 1000ml or requiring a blood
transfusion. Wound infection was defined as wound
cellulitis or abscess requiring antibiotic therapy.
Patient satisfaction and perceived cosmesis were add-
itional planned secondary outcomes. We defined
placement of skin incisions, according to direction
(vertical vs transverse), above or below the umbilicus,
and above versus below the pannus. We identified
eight different potential placements of skin incision:

� Vertical supra-umbilical supra-pannus
� Vertical infra-umbilical supra-pannus
� Vertical infra-umbilical infra-pannus (in crease)
� Transverse supra-umbilical supra-pannus
� Transverse infra-umbilical supra-pannus
� Transverse infra-umbilical infra-pannus (in crease)
� Vertical otherwise undefined
� Horizontal otherwise undefined

Therefore we had the potential for several analyses
according to placement of skin incision (Supplemental
Table 1). Where the term Pfannenstiel is used, this
refers to a transverse infra-umbilical infra-pannus inci-
sion. All authors were contacted to confirm that use of
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the term “Pfannenstiel” accurately depicted this place-
ment. Additional data not initially supplied in the pub-
lished manuscript was obtained from the authors
whenever possible. Data coding was completed by
two reviewers (LF and RM) with discussion with a third
reviewer (VB) if any difference between the first
two reviewers.

Two authors (RM, LF) independently assessed inclu-
sion criteria, study selection, and data abstraction.
Disagreements were resolved by discussion with a
third reviewer (VB). Data from each eligible study were
abstracted without modification of original data onto
custom-made data collection forms. Information on
potential confounders (maternal BMI, diabetes, closure
of subcutaneous layer, suture vs staples for skin clos-
ure, perioperative antibiotics, diagnosis of chorioam-
nionitis, and presence of drains) and adjusted risk
estimates were collected when available. All authors
were contacted for missing data.

In the course of this review, one study referenced
in the review and meta-analysis (Marrs 2014) was
removed by the editorial board of the publishing jour-
nal secondary to an error made in statistical analysis
(variable coding was erroneously switched between
the two incision types compared). After discussion
with the primary author as well as review of the rea-
sons for removal from the editors of the journal, it
was confirmed that the error was in the statistical ana-
lysis (the magnitude of risk calculated was correct,
however it was attributed to the incorrect group) and
not in the underlying “raw” data. Thus the “raw” data
is included in this review in an effort to be as compre-
hensive as possible with the evidence cur-
rently available.

Assessment of risk of bias

The risk of bias of the included studies was assessed
using the Methodological Index for Non-Randomized
Studies (MINORS) criterion [19]. Eight domains are
included to aid in the evaluation of risk of bias: (1)
Aim, (2) Rate (inclusion of consecutive patients and
response rate), (3) Data (prospective versus retrospect-
ive collection of data), (4) Bias (unbiased assessment
of study end points, (5) Blind (if participants and
researchers were blinded), (6) Time (follow-up time
appropriate), (7) Loss (loss to follow-up), (8) Size (cal-
culation of the study size). The items were scored 0 if
not reported, 1 when reported but inadequate, and 2
when reported and adequate. The global ideal score
was 16 for non-comparative studies and 24 for com-
parative studies. We considered low risk of bias when

studies fulfilled all MINORS criteria and high risk of
bias otherwise. Consensus was reached by the two
reviewers (RM/LF) when there was a difference of
opinion on an item. If no consensus was reached, the
independent opinion of a third reviewer (VB) was con-
sidered decisive.

Data synthesis

The data analysis was completed independently by
two authors (RM, GS) using MedCalc v 18.2.1 (MedCalc
Software, Acacialaan 22, B-8400 Ostend, Belgium). The
completed analyses were then compared, and any dif-
ference was resolved by discussion with a third
reviewer (VB). Potential publication biases were
assessed visually with inspection of funnel plots.
Thornburg’s dataset included the data from Wall’s
study, and Marr’s 2014 dataset included the data from
Smid’s study (this was confirmed via contact with the
individual authors), thus the review presents all seven-
teen studies identified, but the meta-analysis includes
only the fifteen non-overlapping studies. Differences
between risk factors for wound complications by inci-
sion type were analyzed by Fisher’s exact test (two-
tailed analysis). A 2� 2 table was assessed for relative
risk; for continuous outcomes, means ± standard devi-
ation were extracted and imported to MedCalc.
Frequencies and percentages of risk factors for wound
complications were reported individually for studies as
well as composites. Meta-analysis was performed using
the random effects model of DerSimonian and Laird,
to produce summary treatment effects in terms of
mean difference (MD) or relative risk (RR) with 95%
confidence interval (CI). I-squared (Higgins I2) greater
than 30% was used to identify heterogeneity. p Value
<.05 was considered statistically significant.

The study was designed and conducted according
to the Meta-analysis and Systematic Reviews of
Observational Studies (MOOSE) guidelines [20]. This
systematic review was deemed exempt from institu-
tional review board (IRB) by the Thomas Jefferson
University IRB because of the nature of the research
design. Before data extraction, the review was regis-
tered with the PROSPERO International Prospective
Register of Systematic Reviews (CRD73635).

Results

Study selection and characteristics

Seventeen studies were identified which utilized at
least two different incision types for cesarean and
stratified outcomes by incision type in obese women
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(Prisma Flow Diagram, Figure 1). Two studies over-
lapped (included a subgroup of the same patients)
with two other included studies, leaving fifteen non-
overlapping studies for meta-analysis (n¼ 8960). All
studies were either retrospective cohorts or secondary
analyses of observational cohorts (Table 1), with the
exception of two recently published randomized con-
trolled trials. All studies were based in the United
States, except for one study in France and one
in Egypt.

Incision types included both vertical and transverse
types not otherwise specified (Table 1). Three meta-
analysis comparisons were possible: all vertical versus
all transverse incisions; and all vertical versus trans-
verse infra-umbilical infra-pannus (Pfannenstiel) and
high-transverse versus low-transverse incisions.
Specifics regarding the incision placement were vari-
ably reported and not clearly defined according to
bone, pannus, or umbilical landmarks in the studies,
even after contacting authors.

Obesity was likewise variably defined. All utilized
body mass index (BMI), but the criteria for inclusion
ranged from >30 to >50 kg/m2 and some utilized
pre-pregnancy BMI (2 studies) while others used
pre-delivery BMI (12 studies) and others did not spe-
cify when BMI was measured (3 studies). In almost
every study, those receiving vertical incisions had a
higher BMI than those receiving transverse incisions
(Table 2) and this is reflected in the meta-analysis (ver-
tical incision mean BMI of 48.6 versus transverse inci-
sion mean BMI of 45.5, p< .0001).

Several risk factors for complications were not simi-
lar between vertical incisions and transverse incisions
(Table 2). Women with vertical incisions had a higher
incidence of overall diabetes (and pregestational dia-
betes, but not gestational diabetes) and had lower
rates of surgical prophylactic antibiotics, which are risk
factors for wound complications. On the other hand,
women with vertical incisions were more likely to
have the subcutaneous layer closed (which has been
associated with a lower incidence of wound complica-
tions) [21]. The incidence of chorioamnionitis and skin
closure with staples was similar in the two groups,
and, while the incidence of subcutaneous drain was
higher in the vertical incision group, this has not been
shown to be a risk factor for wound complications
[22,23]. Meta-regression and an adjusted meta-analysis
was not able to be performed as we did not have
access to individual patient data.

Risk of bias in included studies

Publication bias, assessed with visual inspection of
funnel plot, did not reveal asymmetry. All studies con-
tained elements of bias as assessed by the MINORs cri-
teria (Supplemental Table 1) and were thus considered
high risk for bias. Included studies demonstrated low-
medium heterogeneity for overall wound complication
outcome (I2 44.81%).

Synthesis of results

The meta-analysis reveals that all types of vertical inci-
sion were more likely to have wound complications
when compared to all types of transverse incisions
(14.1 vs. 7.8%; RR 2.07, 95% CI 1.61, 2.67, Figure 2,
Tables 3 and 4). In addition, all types of vertical inci-
sions were more likely to have wound infections,
endometritis, postpartum hemorrhage, and wound
separation (p< .01 for each respectively, Table 4).
Transverse incisions were not associated with a lower
incidence of hematoma and seroma (p> .05 for both,

Articles identified in search 
algorithm: 287 

Articles screened after duplicates 
removed: 193 

Articles identified in references: 6 

Articles assessed for 
eligibility: 129 

Articles excluded 
because unrelated to 

study question: 70 

Articles included in 
analysis:  

17 

Articles excluded:  
-Only one incision type, or 

outcomes not stratified 
by incision type, or did 
not evaluate post-
operative outcomes: 43

- Does not specify 
outcomes in obese 
women: 8 

 -Unable to obtain full 
copy of 
manuscript/Manuscript 
not yet published (in 
abstract form only): 32 

 -Letter to editor/ Review/     
   Case Report/Small-

Case Series/Book 
Chapter/Trial Protocol: 
29 

Duplicates removed: 
94 

Figure 1. Study selection flow diagram (in accordance with
PRISMA 2009 flow diagram) [47].
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Table 4) when compared to vertical incisions.
Furthermore, operative time was 22.5min longer for
all types of vertical incisions when compared to all
types of transverse incisions (81.1 vs. 58.6min,
p¼ .002, Table 4).

When comparing all types of vertical incisions
specifically to transverse infra-umbilical infra-pannus

incisions, vertical incisions were more likely to have
wound complications (RR 1.99, 95% CI 1.43, 2.77,
p< .001, Table 5, Figure 3). In addition, wound infec-
tion, postpartum hemorrhage, and wound separation
were increased in all types of vertical incisions when
compared to transverse infra-umbilical infra-pannus
incision (p< .05, Table 5).

Only one study compared vertical supra-umbilical
supra-pannus incisions to transverse infra-umbilical
infra-pannus incisions [11]. Overall wound complica-
tions occurred in 8/43 (18.5%) subjects in the vertical
group and 7/90 (7.8%) in the transverse group (v2,
p¼ .065). Endometritis occurred in 2/43 (4.7%) in the
vertical group and 2/90 (2.2%) in the transverse group
(v2, p¼ .384). Postpartum hemorrhage occurred in 14/
43 (32.6%) in the vertical group and 11/90 (12.2%) in
the transverse group (v2, p¼ .012). A cesarean
was completed in a mean of 97 ± 38min in the
vertical group and 68 ± 30min in the transverse
group (p< .001).Figure 2. Forest Plot of overall wound complications (as

defined by authors) for all vertical incisiosn versus all trans-
verse incisions.

Table 3. Postoperative complication outcomes.
Wound

complications
Wound
infection Endometritis PPH�

Operative
time (mins) Hematoma Seroma

Wound
separation

Hospital
readmission

Wall et al., 2003�� [33] V 9/26
T 20/213

V 5/26
T 15/213

V 4/26
T 31/213

NR V 74 ± 19.2
T 68 ± 22.0

NR NR NR NR

Tixier et al., 2009 [32] HT 0/5
LT 0/13

HT 0/5
LT 0/13

NR NR NR NR NR NR NR

Alanis et al., 2010 [34] V 39/104
T 19/90

NS NR V 46/104
T 23/90

V 71
T 58.5

NR NR NR NR

Bell et al., 2011 [35] V 6/41
T 29/341

NR NR V 4/41
T 6/383

V 79
T 72

NR NR NR NR

McLean et al., 2011 [36] V 5/25
T 22/213

V 2/25
T 28/213

V 0/25
T 14/213

V 0/25
T 4/213

V 65.6
T 50.6

NR V 1/25
T 12/213

V 5/25
T 22/ 213

V 0/25
T 5/213

Thornburg et al., 2012 [37] V 16/35
T 68/588

V 10/35
T 42/588

V 4/35
T 54/588

V 9/35
T 90/588

NR V 0/35
T 9/588

V 4/35
T 3/588

V 8/35
T 27/588

NR

Brocato et al., 2013 [11] V 8/43
T 7/90

NR V 2/43
T 2/90

V 14/43
T 11/90

V 97 ± 38
T 68 ± 30

NR NR NR NR

Conner et al., 2014 [8] V 24/73
T 194/1643

V 18/73
T 169/1643

V 0/73
T 19/1643

V 3/73
T 51/1643

V 80.6 ± 32.3
T 57.2 ± 21.6

V 3/73
T 13/1643

V 2/73
T 6/1643

V 1/73
T 6/1643

NR

Marrs et al., 2014 [38] V 25/597
T 43/2603

V 17/597
T 31/2603

V 82/597
T 253/2603

V 19/597
T 48/2603

NR V 2/597
T 9/2603

V 11/597
T 12/2603

V 6/597
T 8/2603

NR

Ahmadzia et al., 2015 [39] V 6/36
T 38/298

V 6/36
T 38/298

NR NR NR NR NR NR NR

Smid et al., 2015�� [40] V 113/669
T 224/1742

V 80/669
T 155/1742

V 67/669
T 133/1742

NR NR V 13/669���
T 14/ 1742

NR V 25/669
T 62/ 1742

Sutton et al., 2016 [41] V 15/57
T 54/364

V 15/57
T 51/364

NR V 4/57
T 7/364

V 73
T 55

V 3/57
T 9/364

V 3/57
T 17/364

V 2/57
T 5/364

V 10/57
T 39/ 364

Walton et al., 2017 [42] HT 5/32
LT 26/96

NR HT 1/32
LT 8/96

NR NR NR NR NR NR

Marrs et al., 2018 [43] V 8/38
T 8/43

V 3/38
T 3/43

NR V 3/38
T 7/43

V 69 ± 21
T 68 ± 32

V 0/38���
T 2/43

V 3/38
T 5/43

V 1/41
T 2/50

Wihbey et al., 2018 [44] V 0/14
T 19/152

V 0/14
T 19/152

NR NR NR NR NR NR NR

Looby et al., 2018 [45] V 3/35
T 19/249

V 3/35
T 19/249

NR NR V 75.6 ± 29.8
T 63.1 ± 18.9

NR NR NR V 0/35
T 12/249

El Sayed et al., 2018 [46] HT 4/36
LT 21/36

NR NR NR HT 88.5 ± 7.7
LT 91.0 ± 9.2

NR NR NR NR

NS: Not stratified by incision type; NR: Not recorded; NA: Not available.�Postpartum hemorrhage as defined by the authors.��These studies are not included in the meta-analysis of data as both of these studies’ datasets are included in other studies in this review.���This study combined both seroma and hematoma as an outcome.
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Three studies evaluated high transverse incisions
versus low transverse incisions, with overall wound
complications trending toward a decrease in the high
transverse incision group, although not reaching statis-
tical significance (Table 6, Figure 4, RR 0.338, 95% CI
0.114–1.004, p¼ .051). Additional meta-analysis among
these three studies for secondary outcomes was not

possible as only one study reported additional out-
comes other than wound complications.

Additional planned subgroup analyses (as noted in
methods) could not be performed secondary to a
lack of identifiable studies. Patient satisfaction and
wound cosmesis were not well described in the
included studies.

Table 4. Outcomes for all vertical incisions versus all transverse incisions.

Outcome

Number
of

studies Vertical (%) Transverse (%)

Relative
risk (random

effects)

95% Confidence
interval for
relative risk p Value I2

95%
Confidence
interval
for I2

Q Statistic
(sig level)

Overall wound complication 12 155/1098 (14.1%) 520/6674 (7.8%) 2.071 1.607–2.671 <.001 44.81 0.00–71.85 19.93 (0.0463)
Wound infection 9 74/910 (8.1%) 400/6153 (6.5%) 1.906 1.339–2.712 <.001 45.04 0.00–74.56 14.55 (0.0684)
Endometritis 5 88/773 (11.4%) 342/5137 (6.7%) 1.388 1.111–1.735 .004 0.00% 0.00–58.84 1.90 (0.7537)
Postpartum Hemorrhage 9 102/1013 (10.1%) 247/6017 (4.1%) 1.874 1.367–2.570 <.001 28.29 0.00–66.67 11.16 (0.1930)
Hematoma 5 8/800 (0.01%) 42/5241 (0.08%) 1.747 0.675–4.520 .250 34.79 0.00–75.48 6.13 (0.1894)
Seroma 6 21/825 (2.5%) 52/5454 (1.0%) 2.843 0.921–8.781 .069 71.53 33.96–87.73 17.56 (0.0035)
Wound separation 6 25/825 (3.0%) 73/5454 (1.3%) 2.602 1.448–4.676 .001 36.78 0.00–74.80 7.91 (0.1613)
Hospital readmission 4 11/158 (7.0%) 58/876 (6.6%) 1.379 0.767–2.482 .283 0.00 0.00–83.62 2.36 (0.5004)
Operative time 4 N¼ 189 N¼ 2025 Standard

mean
difference

Standard
error

0.212 (95% CI
0.252–1.083)

.002 83.09 56.87–93.37 17.74 (0.0005)
81.10 ± 32.6 58.63 ± 22.2

0.667

NA: Not Applicable; �summary data for the 2 studies with means AND standard deviations listed.

Table 5. Outcomes for all vertical incisions vs all low transverse incisions.

Outcome

Number
of

studies Vertical (%) Low transverse (%)

Relative
risk

(random
effects)

95%
Confidence
interval for
relative risk p Value I2

95%
Confidence
interval for I2

Q Statistic
(sig level)

Overall wound complication 10 91/397 (22.9%) 458/3981 (11.5%) 1.991 1.430–2.772 <.001 53.07 3.94–77.07 19.18 (0.0237)
Wound infection 8 57/313 (18.2%) 369/3550 (10.4%) 1.763 1.150–2.704 .009 52.38 0.00–78.61 14.70 (0.0400)
Endometritis 4 6/176 (3.4%) 89/2534 (3.5%) 1.135 0.517–2.490 .753 0.00 0.00–77.41 1.71 (0.6338)
Postpartum hemorrhage 7 37/312 (11.6%) 176/3324 (5.3%) 1.983 1.159–3.395 .013 44.90 0.00–76.81 10.89 (0.0918)
Hematoma 4 6/203 (3.0%) 33/2638 (1.3%) 1.994 0.616–6.456 .249 40.59 0.00–79.90 5.05 (0.1682)
Seroma 5 10/228 (4.4%) 40/2851 (1.4%) 2.399 0.481–11.958 .286 77.47 45.59–90.67 17.75 (0.0014)
Wound separation 5 19/228 (8.3%) 65/2851 (2.3%) 2.392 1.129–5.064 .023 49.92 0.00–81.64 7.99 (0.0921)
Hospital readmission 4 11/158 (7.0%) 58/876 (6.6%) 1.379 0.767–2.482 .283 0.00 0.00–83.62 2.36 (0.5004)
Operative time 3 N¼ 151

84.11 ± 34.3
N¼ 1982

58.43 ± 21.9
Standard
mean

difference
0.873

Standard error
0.137 (95% CI
0.605–1.141)

<.001 52.91 0.00–86.49 4.25 (0.1196)

NA: Not Applicable.

Figure 3. Forest Plot of overall wound complications (as
defined by authors) for all vertical incisions versus all low
transverse incisions.

Figure 4. Forest Plot of overall wound complications (as
defined by authors) for all high transverse incisions versus all
low transverse incisions.
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Discussion

Main findings

All types of vertical incisions were associated with an
increased risk for wound complications when com-
pared to all types of transverse incisions. However,
there are also increased risk factors (increased BMI,
increased diabetes incidence, less likely to have pre-
operative antibiotics) for wound complications among
those who received vertical incisions in the
included studies.

Strengths and limitations

This is the first systematic review detailing the types
of incisions studied in obese women and comparing
them in a meta-analysis and provides the impetus for
additional randomized controlled trials. Authors were
contacted for additional data and methodology was
applied as appropriate for cohort studies. However, a
significant limitation is the observational nature of
most of the included studies. Surgeon preference dic-
tated incision choice in these studies and on review of
the included studies, those receiving vertical incisions
had increased risk for wound complications based on
underlying risk factors. Conversely, vertical incisions
were more likely to close subcutaneous tissue (which
has been associated with a lower risk of seroma for-
mation) than were transverse incisions, however the
subcutaneous thickness was not recorded and it may
be that the transverse incisions did not have a sub-
cutaneous thickness that would have prompted clos-
ure. This meta-analysis did not control for these risk
factors in evaluating outcomes as we did not have
access to individual patient data. This study was also
unable to address the location of the hysterotomy,
which may have implications to both pain, operative
complications and healing.

Comparison with existing literature

Existing literature presents mixed opinions on which
incision is preferred for an obese woman undergoing
a cesarean delivery. One publication surveying obstet-
rician preferences for incision choice in obese women
with a BMI >40 kg/m2 noted that in a non-emergency
cesarean, 84% preferred a low transverse incision (67%
with taping pannus, 17% without taping pannus) [24].
Whether or not taping the pannus influences wound
complication rates has not been adequately studied.

Conclusion

An ideal surgical approach and methodology remains
inadequately characterized for obese women under-
going cesarean section. The majority of studies com-
pare outcomes between low transverse skin incision
and a midline vertical skin incision. A low transverse
skin incision is typically associated with less postopera-
tive pain but visualization may be hindered by this
approach [25,26]. Additionally, wound healing may be
compromised by increased tension of the pannus on
the wound, however this may be true for vertical inci-
sions (albeit in a different direction). Similarly, the
moist environment beneath the pannus coupled with
difficulty keeping the area clean may increase the rate
of wound infections. Conversely, vertical skin incisions,
while allowing for greater visualization, are typically
associated with more postoperative pain.

Studies have failed to show reductions in wound
complications when placing surgical drains and while
there are limited data to support the use of negative
pressure wound devices their efficacy and cost-effect-
iveness remain controversial [27–30].

Historically, skin closure with nonabsorbable staples
(compared to suture) was thought to decrease the risk
of postoperative wound complications, but a recent
meta-analysis of twelve randomized controlled studies
showed wound complications were 51% less common

Table 6. Outcomes for all high transverse vs. all low transverse Incisions.

Outcome

Number
of

studies
High transverse

(%)
Low transverse

(%)

Relative risk
(random
effects)

95%
Confidence
interval for
relative risk p Value I2

95%
Confidence
interval for I2

Q Statistic
(sig level)

Overall wound complication 3 9/73 (12.3%) 47/145 (32.4%) 0.338 0.114–1.004 .051 64.42 0.00–91.88 2.81 (0.0936)
Wound infection� 1 0/5 (0.0%) 0/13 (0.0%) – – – – – –
Endometritis� 1 1/32 (3.1%) 8/96 (8.3%) – – – – – –
Postpartum Hemorrhage� 0 – – – – – – – –
Hematoma� 0 – – – – – – – –
Seroma� 0 – – – – – – – –
Wound separation� 0 – – – – – – – –
Hospital readmission� 0 – – – – – – – –
Operative Time 1 88.5 ± 7.7 91.0 ± 9.2 NA NA NA NA NA NA

NA: Not Applicable, �Meta-analysis not completed as only one study or fewer reported data for this sub-group analysis.
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when absorbable suture was used (compared to sta-
ples), with five of these studies further stratifying
results by BMI and yielding similar outcomes in obese
women (49% reduction in wound complications) [12].
Closure of the subcutaneous space when greater than
2 cm is one method that has been shown to decrease
wound complications in the postoperative period [31].

Furthermore, there was a paucity of literature
regarding supraumbilical incisions, and theoretically
there is decreased subcutaneous tissue in this region
compared to infraumbilical incisions in obese women.
Additional studies regarding supraumbilical (higher
vertical or transverse) incisions would be inform-
ative [11,32].

In summary, in this meta-analysis, vertical skin inci-
sions were associated with an increased risk of wound
complications for obese women undergoing a cesar-
ean delivery when compared to transverse skin inci-
sions, however significant confounders existed.
Randomized controlled trials evaluating different types
of skin incisions in obese women undergoing cesarean
delivery are desperately needed.
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