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The cesarean delivery rate in the United States has hovered
around 32%,1 which is higher than many experts suggest
would be optimal.2,3 Guidelines have been written and
efforts have been made to lower the cesarean delivery
rate.4,5Oneway to lower the rate is by increasing the number
of trials of labor after cesarean delivery among patients that
are eligible. Trial of labor after cesarean delivery and vaginal
birth after cesarean delivery has been shown to be safe.6

However, it has been reported that only approximately 25%
of women undergo trial of labor after cesarean delivery,7 and
that the current rate of vaginal birth after cesarean delivery is
13.3%.1,8

Oneof the indications for repeat cesarean delivery is breech
presentation.9 Accordingly, external cephalic version (ECV)
could help reduce the overall cesarean delivery rate.10,11 We,
and others, have previously shown that ECV is generally safe
among women with a prior cesarean delivery.12–21 Since ECV
involvesmanual manipulation of the fetus through themater-
nal abdomen, obesity may affect the efficacy of ECV. This is
particularly noteworthy since the rate and degree of obesity in
reproductive agewomen in theUnitedStateshas been increas-
ing, with the latest reported prevalence being over 30%.22,23

One prior study demonstrated a decreased success rate of ECV
aswell as a decreased vaginal birth after cesareandelivery rate
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Abstract Objective Our aim was to assess the correlation of body mass index (BMI) with the
success rate of external cephalic version (ECV) among women with one prior cesarean
delivery.
Study Design A cross-sectional study of pregnant women with one previous cesarean
delivery who underwent ECV. The relationship between BMI and success rate of ECV
was assessed. Adverse outcomes were also compared between women with an ECV
attempt, and women who had a repeat cesarean delivery. Data were extracted from
the U.S. Natality Database from 2014 to 2017. Pearson’s correlation coefficient was
performed to assess the relationship between BMI and success rate of ECV.
Results There were 2,329 women with prior cesarean delivery underwent an ECV
attempt. The success rate of ECV among the entire cohort was 68.3%. There was no
correlation between BMI and success rate of ECV (r¼ 0.024, p¼ 0.239). Risks of
adversematernal and neonatal outcomes were similar between the ECV attempt group
and the repeat cesarean delivery group.
Conclusion There was no correlation of BMI with the rate of successful ECV among
women with one prior cesarean delivery. Given the similar success rates of ECV and
adverse outcomes, obese women with one prior cesarean delivery should be offered
ECV.
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among women with class III obesity compared with normal
weight.24 Whether this effect of obesity is also seen among
women with one prior cesarean delivery is unknown. The
objective of this study was to evaluate the correlation of
obesity with the success rate of ECV among women with
one prior cesarean delivery.

Study Design

Weperformedacross-sectional studyamongwomenwithone
prior cesarean delivery who underwent an external cephalic
version (ECV). Data were extracted from the U.S. natality
database, which contains data generated from birth certifi-
cates, from 2014 to 2017. This is a publicly available dataset
that contains deidentified data, and thus, institutional review
board approval was not required.

Analysiswas limited to singleton,nonanomalousgestations
among women with one prior cesarean delivery who had an
attempted ECV. We excluded pregnancies without a docu-
mented body mass index (BMI), and those that delivered
before 36 completed weeks. Given that women with a breech
and a prior cesarean delivery are offered either an ECV or a
repeat cesarean delivery, we also included women who had a
repeat cesarean delivery with fetal breech presentation with-
out an attempted ECV when we evaluated the secondary
outcomes listed below.

The primary outcome was successful ECV. Secondary out-
comes included mode of delivery, and adverse maternal and
neonatal outcomes. Adverse maternal outcomes included
uterine rupture, maternal transfusion, unplanned hysterecto-
my, and intensive care unit admission. Adverse neonatal out-
comes included 5-minute Apgar’s score less than 7, immediate
assisted ventilation, assisted ventilation needed for more than
6 hours, and neonatal intensive care unit admission. Adverse
maternal and neonatal outcomes were compared between
those women with a fetal breech presentation who had an
attempted ECV and those who had a repeat cesarean delivery.

Maternal and labor characteristicswere extracted from the
dataset. Maternal characteristics included maternal age, BMI
at time of delivery admission, weight gain, history of prior
vaginal deliveries, gestational diabetes, pregestational diabe-
tes, gestational hypertension, chronic hypertension during
pregnancy while labor characteristics included gestational
age at delivery, mode of delivery, and birthweight.

Pearson’s correlation coefficient was performed to deter-
minetherelationshipbetweenBMIand thesuccess rateofECV.
Among women with a successful ECV and a trial of labor, the
relationship between maternal obesity and rate of vaginal
birth after cesarean deliverywas also assessed using Pearson’s
correlation. For secondaryanalyses, continuous variableswere
comparedusing Student’s t-test and categorical variableswere
compared using Chi-square test. Multivariable logistic regres-
sion analysis was performed to predict adverse maternal and
neonatal outcomes among women with attempted ECV and
womenwith fetal breech, repeat cesarean delivery controlling
for potential confounders including maternal age, gestational
age, gestational weight gain, gestational diabetes, pregesta-
tional diabetes, gestational hypertension, chronic hyperten-

sion, and birthweight. StataCorp LLC Stata 15.1 (College
Station, TX) was used to perform all analyses.

Results

There was a total of 1,631,025 (10.3%) womenwith one prior
cesarean delivery among 15,807,774 births that occurred
between 2014 and 2017. After exclusions (1,460,953 women
either without an ECV attempt or it was unknown whether
there had been an attempt, 98,200 women with gestational
age of less than 36 weeks, 61,752 women with multigesta-
tions, 7,695 neonates with congenital anomalies, and 96
women who had no reported BMI or trial of labor), there
was a total of 2,329 women available for analyses (►Fig. 1).

There was a total of 1,590 women who had a successful
ECV for a success rate of 68.3% among the entire cohort.
There was a poor correlation between BMI and the success
rate of ECV (r¼ 0.024, p¼ 0.239). Among women with a
successful ECV, 778women had a trial of labor after cesarean
delivery with an overall vaginal birth after cesarean delivery
rate of 74.6%. There was a poor correlation between BMI and
vaginal birth after cesarean delivery rate amongwomenwith
a successful ECV (r¼ � 0.064, p¼ 0.076).

Maternal and neonatal characteristics of women with an
ECV attempt and women with a repeat cesarean delivery
without labor are shown in ►Table 1. Women with an ECV
attempt were younger, had a lower BMI, and delivered at a
later gestational age with a larger neonate birthweight.

Secondary outcomes are shown on►Tables 2 and 3. Obese
women with breech fetuses who had an attempted ECV had
similar risks of adverse maternal and neonatal outcomes
compared with obese women who had a repeat cesarean
delivery without a trial of labor, a finding also seen among
women with BMI less than 30 kg/m2. There were two uterine
ruptures in the entire cohort, one woman with BMI of 16.8 -
kg/m2 and the other one with BMI of 25.5 kg/m2, both after
successful ECV, with one diagnosed after failed trial of labor
after cesarean delivery and the other without a trial of labor.

Discussion

We found that maternal obesity does not have an effect on
the success rate of ECV among women with one prior
cesarean delivery. The previous literature on the effect of
obesity on external cephalic version among women with no
prior cesarean deliveries has been conflicting.

Several studies have suggested that higher BMI portends
lower ECV success rates. In one small prospective study,
women with a BMI greater than 25 kg/m2 were reported to
have a lower success rate of ECVcomparedwith womenwith
a BMI less than 25 kg/m2.25 Another study found that a BMI
less than 25 kg/m2 was associated with successful ECV
among 603 women.26 Mauldin et al also found that a higher
maternal weight was negatively associated with successful
ECV among 203 ECV attempts.27 Finally, in the largest study
(n¼ 51,002) evaluating the effect of BMI on ECV success
rates, Chaudhary et al found that the success rates of ECV
decreased as the BMI increased (going from 65 to 58.5%).24
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In contrast, others have found no effect of obesity on the
success rate of ECV. Hellström et al performed amultivariable
analysis of 300womenwhounderwent ECV, and reported that
obesity was not one of the significant variables for success
prediction.28 A similar study also found that only amniotic
fluid and fetal weight out of six variables, including obesity,
was predictive of a successful ECV.29 In addition, in an analysis

looking at 10 factors among 108 ECV attempts, maternal
weight was not associated with successful ECV.30 Finally, in
a randomized controlled trial evaluating the use of tocolytics
during ECV attempt, maternal weight was found to have no
effectonsuccessof ECV.31Ourcurrent study, limited towomen
with a prior cesarean delivery, found no effect of obesity on
ECV success rates among a larger sample size of women.

Fig. 1 Cohort selection flow diagram.

Table 1 Maternal characteristics and birthweight among external cephalic version attempts and repeat cesarean deliveries

ECV attempted
(n¼ 2,329)

Repeat cesarean delivery
(n¼ 42,539)

p-Value

Maternal age 30.9� 5.5 [1,931] 31.6� 5.4 <0.001

Body mass index 27.9� 7.0 28.6� 7.9 <0.001

Gestational weight gain 29.1� 14.5 [1,912] 29.2� 15.1 [42,095] 0.674

History of pregestational diabetes 20 (1.0) [1,931] 928 (2.2) 0.001

History of gestational diabetes 187 (9.7) [1,931] 4,157 (9.8) 0.899

History of chronic hypertension 45 (2.3) [1,931] 1,393 (3.3) 0.022

History of gestational hypertension 85 (4.4) [1,931] 2,516 (5.9) 0.006

Gestational age 39.0� 1.5 [1,930] 38.7� 1.5 [42,524] <0.001

Birthweight 3,427.1� 502.3 [1,930] 3,346.8� 540.6 [42,531] <0.001

Abbreviation: ECV, external cephalic version.
Data are mean,� standard deviation, [n, if missing data].
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Although several studies have focused on the safety of ECV
amongwomenwithprevious cesareandeliverycomparedwith
women without prior cesarean delivery, little has been
reported on the effect of obesity on success rate of ECV in
that population. When evaluating for confounders between
womenwith (n¼ 38) andwithoutaprevious cesarean (n¼ 62),
one author found no effect of obesity on the success of ECV.20

We report a similar finding in a larger sample.
We also found that there was no increased risk of adverse

maternal or neonatal outcomes when there was an ECV
attempt compared with when a repeat cesarean for breech
presentation was performed. This held among both nonobese
and obese women. The effect of obesity on trials of labor after
cesarean deliveries has been studied. A large retrospective
cohort study of 538,264 obese pregnancies found that women
who underwent trial of labor after cesarean delivery had an

increased risk of adverse maternal and neonatal outcomes.32

The different results seen in that study, contrasted with ours,
may be due to the inclusion of womenwith two prior cesarean
deliveries in their cohort. Another retrospective cohort study
of 344 women with BMI greater than 50 kg/m2 found that
labor, compared with planned cesarean delivery, was associ-
ated with lower rates of maternal and neonatal morbidity.33

However, Hibbard et al found, in a secondaryanalysis of a large
prospective trial of women undergoing trial of labor after
cesarean delivery, that increasing obesity was associated with
increased risk of trial failure and maternal and neonatal
morbidity.34 In contrast, we found that increasing BMI had
noeffecton the riskof failed trial of laborandadversematernal
and neonatal outcomes. The difference in the risk of failed trial
of labor may be due to the population of obese women
included. Obese women who had a successful ECV may have

Table 2 Adverse outcomes after external cephalic version attempt and repeat cesarean delivery among nonobese women

ECV attempt
(n¼ 1,587)

Repeat cesarean delivery
(n¼ 27,479)

aAdjusted OR

Adverse maternal outcomes

Blood transfusion 11 (0.8) [1,300] 130 (0.5) [27,451] 1.85 [1.00–3.45]

Uterine rupture 2 (0.2) [1,300] 16 (0.06) [27,451] 2.67 [0.61–11.73

Unplanned hysterectomy 1 (0.08) [1,300] 37 (0.1) [27,451] 0.77 [0.11–5.66]

Admission to ICU 4 (0.3) [1,300] 63 (0.2) [27,451] 1.63 [0.59–4.50]

Adverse neonatal outcomes

5-minute Apgar’s score <7 25 (1.9) [1,300] 427 (1.6) [27,479] 1.46 [0.97–2.20]

Immediate assisted ventilation 41 (3.2) [1,300] 1,203 (4.4) [27,462] 0.79 [0.58–1.09]

Assisted ventilation for >6 hours 9 (0.7) [1,300] 274 (1.0) [27,462] 0.85 [0.44–1.66]

Admission to NICU 73 (5.6) [1,300] 1,993 (7.3) [27,462] 0.92 [0.72–1.18]

Abbreviations: ECV, external cephalic version; NICU, neonatal intensive care unit; OR, odds ratio.
Data are n (%) and [n, if missing data].
aOutcomes adjusted for maternal age, gestational weight gain, gestational age, gestational diabetes, pregestational diabetes, gestational
hypertension, chronic hypertension, and birthweight.

Table 3 Adverse outcomes after external cephalic version attempt and repeat cesarean delivery among obese women

ECV attempt
(n¼ 742)

Repeat cesarean delivery
(n¼ 15,060)

aAdjusted OR

Adverse maternal outcomes

Blood transfusion 3 (0.5) [631] 95 (0.6) [15,045] 0.53 [0.13–2.14]

Uterine rupture 0 8 (0.05) [15,045]

Unplanned hysterectomy 3 (0.5) [631] 28 (0.2) [15,045] 2.04 [0.48–8.66]

Admission to ICU 2 (0.3) [631] 45 (0.3) [15,045] 1.20 [0.29–5.00]

Adverse neonatal outcomes

5-minute Apgar’s score <7 11 (1.7) [631] 384 (2.5) 0.78 [0.43–1.44]

Immediate assisted ventilation 31 (4.9) [631] 1,107 (7.4) [15,051] 0.73 [0.51–1.06]

Assisted ventilation for >6 hours 4 (0.6) [631] 275 (1.8) [15,051] 0.42 [0.16–1.13]

Admission to NICU 40 (6.3) [631] 1,685 (11.2) [15,051] 0.65 [0.47–0.90]

Abbreviations: ECV, external cephalic version; NICU, neonatal intensive care unit; OR, odds ratio.
Data are n (%) and [n, if missing data].
aOutcomes adjusted for maternal age, gestational weight gain, gestational age, gestational diabetes, pregestational diabetes, gestational
hypertension, chronic hypertension, and birthweight.
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been more motivated during their trial of labor and thus may
have been managed differently in labor (e.g., allowed longer
duration for labor progress).

There are some limitations that must be acknowledged.
Data were extracted from an administrative dataset thus
may include data entry errors or miscoding. We excluded
incomplete records to minimize such errors. We were also
limited to the variables collected; thus, we were not able to
control for other potential confounding variables such as
amniotic fluid index, anesthesia or tocolytic use, and could
not determine how many women were offered an ECV. In a
study evaluating the prevalence of ECV among patients with
breech presentations, only 10.5% of patients underwent an
ECV while 67.2% of patients, deemed potentially eligible, did
not undergo ECV. In addition, there were more morbidly
obese women in the group of eligible women who did not
undergo ECV compared with the eligible women that under-
went ECV.35 Therefore, the obese women available in this
analysis may have beenmotivated to receive an ECVandmay
have had multiple attempts at ECV, leading to a higher
success rate. However, among the women who underwent
an attempt, we do not expect a systematic difference in the
way an ECV was performed for an obese patient with a prior
cesarean delivery compared with a normal weight patient
with a prior cesarean delivery.

There are several strengths to this study. We were able to
evaluate a large number of obese women with ECV attempts
(n¼ 742), thus allowing us to confirm efficacy of ECV among
obese women. In addition, we were able to evaluate the risk
of adversematernal and neonatal outcomes betweenwomen
with an ECV attempt and women with a repeat cesarean
delivery, without a trial of labor, with fetal breech presenta-
tion among obese women. Thus, when counseling patients
with fetal breech presentation and a prior cesarean delivery,
providers can use this information.

In conclusion, maternal obesity was not correlated with
the success rate of ECV among women with one prior
cesarean delivery. In addition, maternal obesity had no effect
on the rates of vaginal birth after cesarean delivery. The rates
of adverse maternal and neonatal outcomes were similar
between obesewomenwho had an attempted ECVand obese
women who had a repeat cesarean delivery for breech
presentation. Given the similar success rates and adverse
outcomes, obese women should be offered ECV.

Note
This study was presented as a poster presentation at
SMFM 40th Annual Meeting, The Pregnancy Meeting;
Grapevine, TX on February 6, 2020.
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