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OBJECTIVE: To evaluate the association between the

planned mode of delivery and severe acute maternal

morbidity in women with twin pregnancies.

METHODS: In this planned secondary analysis of the

JUmeaux MODe d’Accouchement cohort, a national pro-

spective population-based study of twin deliveries con-

ducted from February 2014 to March 2015 in 176

hospitals performing more than 1,500 annual deliveries

in France, we included women with twin pregnancies at

24 weeks of gestation or greater with two live fetuses.

Women delivering before 24 weeks of gestation, those

with recognized indications for cesarean delivery, and

those with severe acute maternal morbidity symptomatic

before labor were excluded to limit confounding by indi-

cation. The primary outcome was a composite measure

of intra- or postpartum severe acute maternal morbidity.

Multivariate Poisson regression models and propensity

score matching were used to control for potential con-

founding by indication. Analyses were conducted for the

overall study cohort as well as stratified by maternal age

in years (younger than 30, 30–34, 35 years or older). No

adjustments were made for multiple comparisons.

RESULTS: Among the 8,124 women included in this

analysis, 3,062 (37.7%) had planned cesarean deliveries

and 5,062 (62.3%) had planned vaginal deliveries, of

whom 4,015 (79.3%) delivered both twins vaginally. No

significant overall association was found between the

planned mode of delivery and severe acute maternal

morbidity (6.1% in the planned cesarean delivery group

and 5.4% in the planned vaginal group; adjusted relative

risk 1.00, 95% CI 0.81–1.24). In women 35 years or older,

the risk of severe acute maternal morbidity was signifi-

cantly higher for those with planned cesarean delivery

than planned vaginal delivery (7.8% vs 4.6%, adjusted

relative risk 1.44, 95% CI 1.02–2.06). Propensity score

and secondary analyses yielded similar results.

CONCLUSION: In twin pregnancies, there is no overall

association between planned mode of delivery and

severe acute maternal morbidity. Women older than 35

years may be at higher risk of severe acute maternal

morbidity after planned cesarean delivery.

(Obstet Gynecol 2018;132:647–55)

DOI: 10.1097/AOG.0000000000002788

Twin pregnancies are increasingly frequent in
developed countries and account for approxi-

mately 3% of all births in the United States and
France.1–5 The most recent and contributive neonatal
data in twin pregnancies do not show differences in
morbidity rates according to the planned mode of
delivery.6,7 Based on the available evidence about
neonatal outcomes, the American College of Obste-
tricians and Gynecologists and the Society for
Maternal-Fetal Medicine encourage planned vaginal
delivery for twin pregnancies with the first twin in
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cephalic presentation.8 The planned mode of twin
delivery may also, however, influence maternal com-
plications, which have thus far been reported in a lim-
ited number of studies.6,9–13

Two recent large studies have specifically as-
sessed maternal morbidity in twin pregnancies ac-
cording to the planned mode of delivery. First, the
international Twin Birth Study reported no significant
difference in serious maternal morbidity between
groups.6 Its randomized design might, however, have
been responsible for the selection of a low-risk pop-
ulation of twin pregnancies. Furthermore, the inclu-
sion of events of heterogeneous degrees of severity
raises questions about its definition of maternal mor-
bidity. Second, an observational retrospective study in
a U.S. hospital found a higher risk of severe maternal
morbidity in the planned vaginal than the planned
cesarean delivery group.9 This result may reflect
residual confounding by indication and the potential
misclassification of planned mode of delivery when
performed retrospectively. It thus remains unclear
whether the risk of severe maternal morbidity differs
according to planned mode of delivery of twins.

Our aim was to assess the association between the
planned mode of delivery and severe acute maternal
morbidity, a predetermined objective of the JUmeaux
MODe d’Accouchement study, the French national
prospective population-based study of twin deliveries.

MATERIALS AND METHODS

The JUmeaux MODe d’Accouchement national,
observational, prospective, population-based cohort
study of the planned mode of delivery of twin preg-
nancies took place in France from February 10, 2014,
through March 1, 2015.7 All French maternity units
performing more than 1,500 annual deliveries were
invited to participate, and 176 of the 191 eligible units
(92%) agreed. Detailed information about the partici-
pating women and maternity units has been reported
previously.7 This cohort was specially designed to
assess the effect of the planned mode of delivery on
neonatal and maternal outcomes in twin pregnancies
at or after 22 weeks of gestation (N58,823 women).

For this planned secondary analysis of the JU-
meaux MODe d’Accouchement cohort, we excluded
women for whom the planned mode of delivery was
unknown (n524) and those with in utero fetal death
or medical termination of at least one of the two twins
(n5215) (Fig. 1). Other exclusion criteria were
defined to focus on the population for which there is
a real choice between cesarean and vaginal delivery.
Therefore, women for whom one mode of delivery is
favored or recommended—either vaginal (delivery

before 24 weeks of gestation [n535]) or cesarean (first
twin in transverse presentation [n5175], placenta or
myoma previa [n560], or repeat cesarean [n5161])
were excluded. Women with antepartum severe acute
maternal morbidity (n516) as well as those with
obstetric conditions that developed during pregnancy
and were symptomatic before labor and responsible
for a postpartum severe acute maternal morbidity (for
example cesarean delivery for placenta abruptio
responsible for a severe postpartum hemorrhage)
(n513) were also excluded to limit confounding by
indication. The analysis thus included 8,124 women
(92.1%).

The primary outcome was a composite of intra-
or postpartum severe acute maternal morbidity. This
multicriteria definition was developed through
a national Delphi formal expert consensus process
for another study specifically conducted to study
severe acute maternal morbidity. Aiming to include
conditions with severe health impairments, it com-
bines diagnoses, organ dysfunctions, and interven-
tions, as recommended by the World Health
Organization.14

Therefore, severe acute maternal morbidity was
defined as one or more of the following: maternal
death; severe postpartum hemorrhage (ie, transfusion
4 or more units of red blood cells), uterine artery
embolization, vascular ligation, compressive uterine
suture, emergency peripartum hysterectomy, or
a complication considered severe by the obstetrician;
pulmonary embolism; stroke or cerebral transient
ischemic attack; severe psychiatric disorder; cardio-
vascular or respiratory dysfunction, renal dysfunction
(creatinine greater than 1.47 mg/dL or oliguria less
than 500 mL per 24 hours), neurologic dysfunction
(coma whatever the stage and the duration), or
hematologic dysfunction (thrombocytopenia less than
50,000/mm3 in the absence of a chronic disorder or
acute anemia less than 7 g/dL); emergency surgery
besides the childbirth procedure, eg, secondary hys-
terectomy, laparotomy for postdelivery complication;
or admission to an intensive care unit. We purposely
did not include third- and fourth-degree perineal lac-
erations or cervical lacerations in the composite
maternal outcome unless they were associated with
another criterion of severe acute maternal morbid-
ity.15 This primary outcome was treated as a binary
variable.

The exposure of interest was the planned mode of
delivery, that is, whether a cesarean or vaginal
delivery had been planned. Immediately after deliv-
ery, obstetricians completed a detailed web-based
questionnaire about the planned mode of delivery,
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indications of cesarean deliveries, and details about
delivery management; they also classified cases as
planned cesarean or planned vaginal deliveries.
Research nurses collected data about maternal char-
acteristics, medical history, pregnancy complications,
maternal complications, and neonatal health.

Potential confounders determined from previous
literature included maternal age, body mass index,
parity, and history of previous cesarean delivery; pre-
existing diabetes or pre-existing hypertension; char-
acteristics of the current pregnancy, including in vitro
fertilization, pregnancy complications (defined as
a binary variable by the presence of at least one of
the following: hypertension, preeclampsia, placental
abruption, insulin-treated diabetes, twin–twin transfu-

sion syndrome), and premature rupture of mem-
branes; and hospital characteristics (annual number
of twin deliveries).

We compared the characteristics of the women,
pregnancies, labors, neonates, and hospitals according
to the planned mode of delivery based on x2 or Fisher
exact tests for categorical variables and Student or
Wilcoxon rank-sum tests for quantitative variables,
as appropriate. To assess the relation between the
planned mode of delivery and severe acute maternal
morbidity, while controlling for confounding by indi-
cation, we first used multivariate Poisson regression
modeling to estimate the relative risk (RR) and 95%
CI and to adjust for prognostic covariates with a ran-
dom intercept model to take variability between

Fig. 1. Flow chart. JUMODA, JUmeaux MODe d’Accouchement; TBS, Twin Birth Study.
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centers into account and then conducted a propensity
score matching analysis. We tested for clinically rele-
vant interactions between the planned mode of deliv-
ery and the covariates considered. Because
a significant positive interaction was found with
maternal age (P5.009), the analysis was rerun after
stratification by maternal age: before 30 years,
between 30 and 34 years, and at and after 35 years.

The proportion of women with missing data for
any covariate ranged from 0% to 4.0%; there were
7,731 (95.1%) women with full data; their character-
istics were similar to those of the women with missing
data. We used multiple imputation chained equations
to impute missing data and generated five indepen-
dent imputation data sets.

To control for confounding factors that might
influence both the choice of the planned mode of
delivery and the occurrence of severe acute maternal
morbidity, we used a propensity score approach. A

woman’s propensity score was defined as her proba-
bility of a planned mode of delivery based on her
covariates measured before the choice of mode of
delivery. A propensity score was estimated for all
women by a logistic regression model with planned
mode of delivery as the dependent variable in relation
to the baseline maternal, obstetric, and maternity unit
characteristics (variables listed in the footnote to Fig.
2). For each woman, we calculated first a propensity
score in each of the five imputed data sets and then an
average propensity score. Exposed (with planned
cesarean delivery) and unexposed (with planned vag-
inal delivery) women were matched with a one-to-one
nearest neighbor matching algorithm without replace-
ment by the average propensity score16 within a cali-
per of 0.10. Imbalances after matching were checked
by propensity score distribution and calculation of
standardized mean differences.17 In the matched set,
RRs and their 95% CIs were estimated to quantify the

Fig. 2. Association between planned mode of delivery and severe acute maternal morbidity overall and according to
maternal age. *Model 1: adjusted for maternal age, body mass index (BMI), parity and previous cesarean delivery, previous
diabetes or hypertension, in vitro fertilization, pregnancy complications, premature rupture of membranes, annual number
of twin deliveries. †Variables for propensity score estimation in model 1: maternal age, country of birth, BMI, occupation,
parity and previous cesarean delivery, smoker, previous diabetes, previous hypertension, in vitro fertilization, chorionicity,
pregnancy complications, premature rupture of membranes, preterm labor, first twin presentation, second twin presentation,
gestational age at delivery, annual number of twin deliveries, second twin larger than first twin; adjusted for first twin
presentation. ‡Model 2: model 1 except no adjustment for maternal age. §Variables for propensity score estimation in model
2: same as in model 1 except no adjustment for maternal age; adjusted for first twin presentation. ǁVariables for propensity
score estimation same as in model 2; adjusted for parity, previous cesarean delivery, and first twin presentation. RR, relative
risk.
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association between the planned mode of delivery and
severe acute maternal morbidity by generalized esti-
mating equation multivariate Poisson regression with
further adjustment for variables with standardized
mean differences greater than 15%. The matching
was rerun after stratifying by maternal age in each
maternal age stratum.

We assessed the association between the planned
mode of delivery and severe acute maternal morbidity
according to gestational age at delivery (less than 37
weeks of gestation or 37 weeks of gestation or greater)
because some authors have reported lower neonatal
risks associated with planned cesarean compared with
planned vaginal delivery at but not before term.18,19

We also assessed the association between the
planned mode of delivery and severe acute mater-

nal morbidity after application of the selection
criteria of the Twin Birth Study (TBS-like popula-
tion; Fig. 1) and therefore excluded women with
gestational age less than 32 0/7 weeks, first twin in
noncephalic presentation, an estimated weight of
one of the twins less than 1,500 g or greater than
4,000 g, monoamniotic twins, fetal reduction at 13
or more weeks of gestation, fetal anomaly, or a sec-
ond twin substantially larger than the first twin.6

This TBS-like population excluded 3,196 women
and included 4,928 (Fig. 1).

All tests were two-sided with P values #.05
defined as statistically significant. STATA 13 was used
for the descriptive and multivariate analyses and its
“psmatch2” package for propensity score match-
ing.20,21 We used the R “forestplot” package to create

Table 1. Maternal and Pregnancy Characteristics

Characteristic
Planned Cesarean Delivery

(n53,062)
Planned Vaginal Delivery

(n55,062) P

Age (y) 3265.6 31.365.2 ,.001
Younger than 30 1,065 (34.8) 1,861 (36.8) ,.001
30–34 1,069 (34.9) 1,904 (37.6)
35 or older 928 (30.3) 1,297 (25.6)

BMI before pregnancy (kg/m2) 24.465.4 23.764.7 ,.001
Less than 18.5 201 (6.9) 326 (6.7) ,.001
18.5–24 1,660 (56.9) 3,080 (63.4)
25–29 643 (22.1) 961 (19.8)
30 or greater 412 (14.1) 493 (10.1)

Parity and previous cesarean delivery ,.001
Nulliparous 1,553 (50.7) 2,401 (47.5)
Parous without previous cesarean

delivery
890 (29.1) 2,449 (48.5)

Parous with previous cesarean delivery 618 (20.2) 200 (4.0)
Smokers 485 (16.4) 708 (14.5) .024
Previous diabetes 44 (1.4) 25 (0.5) ,.001
Previous hypertension 53 (1.7) 39 (0.8) ,.001
In vitro fertilization 734 (24.1) 1,104 (21.9) .024
Fetal reduction 23 (0.8) 48 (1.0) .355
Chorionicity ,.001

Dichorionic 2,418 (79.3) 4,072 (80.7)
Monochorionic–diamnionic 577 (18.9) 961 (19.1)
Monochorionic–monoamnionic 54 (1.8) 8 (0.2)

Pregnancy complications 1,310 (42.9) 1,163 (23.0) ,.001
Hypertension 241 (7.9) 221 (4.4)
Preeclampsia 444 (14.5) 359 (7.1)
Placenta abruptio 8 (0.3) 4 (0.1)
IUGR for either twin 732 (24.0) 541 (10.7)
Insulin-treated diabetes 137 (4.5) 149 (3.0)
Placenta previa 15 (0.5) 8 (0.2)
Malformation for either twin 83 (2.7) 107 (2.1)
Twin–twin transfusion syndrome 116 (3.8) 65 (1.3)

Premature rupture of membranes 233 (7.6) 475 (9.4) .006
Preterm labor 851 (27.8) 1,853 (36.7) ,.001
Antenatal corticosteroids 1,487 (48.7) 2,171 (43.1) ,.001

BMI, body mass index; IUGR, intrauterine growth restriction.
Data are mean6SD or n (%) unless otherwise specified.
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graphics. No adjustments were made for multiple
comparisons.

The National Data Protection Authority (DR-
2013-528), the consultative committee on the treat-
ment of information on personal health data for
research purposes (13–298), and the committee for
the protection of people participating in biomedical
research of Paris Ile-de-France 7 (PP-13-014)
approved this study.

RESULTS

Our study population included 8,124 women: 3,062
(37.7%) had a planned cesarean delivery and 5,062
(62.3%) a planned vaginal delivery (Fig. 1). Women
with planned cesarean, compared with vaginal, deliv-
eries were older and more often obese; they also had
higher rates of previous cesarean deliveries, pre-
existing diabetes and hypertension, monochorionic
pregnancy, pregnancy complications, and the first
and second twins in noncephalic presentation. They
also gave birth at an earlier gestational age to neonates

of lower birth weight (Tables 1 and 2; Appendices 2
and 3, available online at http://links.lww.com/AOG/
B133). In the planned vaginal group, 1,047 (20.6%)
had cesarean deliveries (Table 2), and this proportion
was highest in the oldest age group: 19.4% for women
aged younger than 30 years, 19.2% for women 30–34
years, and 25.0% for those 35 years or older.

The severe acute maternal morbidity rate was
6.1% in the planned cesarean delivery group and 5.4%
in the planned vaginal delivery group (crude RR 1.13,
95% CI 0.94–1.35) (Table 3), with severe postpartum
hemorrhage the most frequent contributor to severe
acute maternal morbidity in both groups. After adjust-
ment for confounding factors, we observed no associ-
ation between planned mode of delivery and severe
acute maternal morbidity (adjusted RR 1.00, 95% CI
0.81–1.24).

Analyses according to maternal age showed that
the risk of severe acute maternal morbidity was
significantly higher after planned cesarean compared
with planned vaginal delivery for women aged 35

Table 2. Labor and Delivery Characteristics

Characteristic
Planned Cesarean Delivery

(n53,062)
Planned Vaginal Delivery

(n55,062) P

Spontaneous labor 784 (25.7) 2,766 (54.7) ,.001
Mode of delivery ,.001

Cesarean delivery for both 3,023 (98.7) 913 (18.0)
Vaginal delivery and cesarean

delivery
4 (0.1) 134 (2.6)

Vaginal delivery for both 35 (1.1) 4,015 (79.3)
1st twin in noncephalic presentation 1,509 (49.3) 387 (7.6) ,.001
2nd twin in noncephalic presentation 1,762 (57.7) 2,049 (40.5) ,.001
Gestational age at delivery (wk) 35.463.0 36.262.6 ,.001

Less than 32 0/7 394 (12.9) 322 (6.4) ,.001
32 0/7–36 6/7 1,427 (47.3) 2,186 (43.2)
37 0/7 or greater 1,221 (39.9) 2,554 (50.4)

Intertwin delivery interval (min) 1 (1–2) 5 (2–9) ,.001
Analgesia or anesthesia at delivery ,.001

Regional 2,891 (94.4) 4,762 (94.1)
General 165 (5.4) 118 (2.3)
None 5 (0.2) 165 (3.3)
Other 0 (0) 15 (0.3)

Birth weight of 1st twin (g) 2,257.96623.6 2,397.86525.1 ,.001
Birth weight of 2nd twin (g) 2,187.16631.7 2,347.66517.3 ,.001
Hospital characteristics

Annual no. of twin deliveries ,.001
Less than 50 1,061 (34.7) 1,692 (33.4)
50–99 952 (31.1) 1,391 (27.5)
100 or greater 1,049 (34.3) 1,979 (39.1)

University hospital 1,318 (43.0) 2,409 (47.6) ,.001
Level of care ,.001

I 44 (1.4) 98 (1.9)
II 1,252 (40.9) 1,848 (36.5)
III 1,766 (57.7) 3,116 (61.6)

Data are n (%), mean6SD, or median (quartile 1–quartile 3) unless otherwise specified.
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years or older (7.8% vs 4.6%; adjusted RR 1.44, 95%
CI 1.02–2.06) (Fig. 2). The increase in severe acute
maternal morbidity for this oldest group was the result
of severe postpartum hemorrhage and emergency sur-
gery (data not shown).

In the propensity score analysis, 3,398 women,
1,699 women in each group, could be matched. The
matched groups were found to be well balanced
(standardized difference less than 15%, Appendices
4 and 5, available online at http://links.lww.com/
AOG/B133) except for first-twin presentation (stan-
dardized difference 22.5%). This analysis similarly
found no association between the planned mode of
delivery and severe acute maternal morbidity (5.5%
vs 5.5%; adjusted RR 1.01, 95% CI 0.77–1.33) (Fig. 2).
Again, however, among this oldest age group, the risk
of severe acute maternal morbidity was significantly
higher for those in the planned cesarean delivery,
compared with planned vaginal delivery, groups (8.
6% vs 5.6%; adjusted RR 1.59, 95% CI 1.01–2.49).

Analyses according to gestational age at delivery
similarly found no association between the planned
mode of delivery and severe acute maternal morbidity
in overall (less than 37 weeks of gestation: adjusted
RR 0.94, 95% CI 0.71–1.25; 37 weeks of gestation or
greater: adjusted RR 1.20, 95% CI 0.93–1.54) and
a higher risk of severe acute maternal morbidity asso-
ciated with planned cesarean delivery in the subgroup
of women 35 years or older who gave birth at term
(8.8% vs 5.0%; adjusted RR 1.88, 95% CI 1.16–3.06),

but this difference was not statistically significant
before 37 weeks of gestation (7.0% vs 4.2%; adjusted
RR 1.40, 95% CI 0.85–2.30) (Appendix 6, available
online at http://links.lww.com/AOG/B133).

In the TBS-like population, 949 (19.0%) women
had planned cesarean and 3,979 (81.0%) planned
vaginal deliveries (Fig. 1). The severe acute maternal
morbidity rate was 7.0% in the planned cesarean
delivery group and 5.6% in the planned vaginal deliv-
ery group (adjusted RR 1.07, 95% CI 0.81–1.41)
(Appendix 7, available online at http://links.lww.
com/AOG/B133). After stratification by maternal
age, the risk of severe acute maternal morbidity was
significantly higher in the planned cesarean delivery
than the planned vaginal delivery group for women
35 years or older (9.7% vs 4.6%, adjusted RR 1.80,
95% CI 1.12–2.90) (Appendix 8, available online at
http://links.lww.com/AOG/B133). In this oldest
cohort, the risk of severe acute maternal morbidity
was significantly higher both before 37 weeks of ges-
tation (10.7% vs 4.5%; adjusted RR 1.95, 95% CI 1.
05–3.63) and at or afterward (8.7% vs 4.6%; adjusted
RR 2.31, 95% CI 1.18–4.53) (Appendix 9, available
online at http://links.lww.com/AOG/B133).

DISCUSSION

In this prospective population-based study of twin
pregnancies, the overall risk of severe acute maternal
morbidity did not differ according to planned mode of
delivery. In women 35 years or older, in analyses that

Table 3. Rate and Components of Severe Acute Maternal Morbidity According to the Planned Mode of
Delivery

Outcome
Planned Cesarean Delivery

(n53,062)
Planned Vaginal Delivery

(n55,062) P

Severe acute maternal morbidity 186 (6.1) 272 (5.4) .18
Death 0 (0) 0 (0)
Severe postpartum hemorrhage 127 (4.2) 230 (4.6)

Blood transfusion 34 (1.1) 49 (1.0)
Uterine artery embolization 18 (0.6) 30 (0.6)
Vascular ligation, compressive uterine

suture
33 (1.1) 36 (0.7)

Hysterectomy 9 (0.3) 9 (0.2)
Pulmonary embolism 6 (0.2) 5 (0.1)
Stroke or cerebral transient ischemic attack 1 (0.03) 0 (0)
Severe psychiatric disorder 2 (0.1) 1 (0.02)
Cardiovascular dysfunction 3 (0.1) 3 (0.1)
Respiratory dysfunction 1 (0.03) 2 (0.04)
Renal dysfunction 11 (0.4) 16 (0.3)
Hematologic dysfunction 35 (1.2) 38 (0.8)
Neurologic dysfunction 0 (0) 0 (0)
Emergency surgery 45 (1.5) 19 (0.4)
Admission to intensive care unit 39 (1.3) 49 (1.0)

Data are n (%).
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did not account for multiple statistical comparisons,
planned cesarean delivery was associated with a nom-
inally significantly higher risk of severe acute mater-
nal morbidity than planned vaginal delivery. The
results were consistent across the different statistical
methods used to take confounding by indication into
account.

Although we observed an increased risk of severe
acute maternal morbidity for the oldest group of
women in the planned cesarean delivery group, this
risk does not differ according to planned mode of
delivery in the overall population, consistent with the
results of the Twin Birth Study.6 Those results, how-
ever, are difficult to generalize. The first problem of
generalization stems from the design of this random-
ized trial, which necessarily selected its study popula-
tion, one that appears to have been at low risk
compared with the general population of twins and
thus required further confirmation in a larger popula-
tion. The second problem involves its use of a com-
posite definition of maternal morbidity that included
items of varying levels of severity. In particular, it
included third- and fourth-degree lacerations. These
perineal lesions, although serious maternal complica-
tions after vaginal delivery, in our minds do not reach
the degree of severity necessary to classify these
events as severe acute maternal morbidity. The panel
of experts who defined severe acute maternal morbid-
ity by a Delphi method did not retain this item for this
specific reason. In any case, using the definition of the
Twin Birth Study for maternal morbidity would not
have modified our finding that women 35 years or
older from the planned cesarean delivery group were
at a higher risk of maternal morbidity than those in
the planned vaginal delivery group (data not shown).

On the other hand, our results contradict those of
Easter et al.9 Because intrapartum cesarean deliveries
are known to be associated with a higher risk of severe
acute maternal morbidity than antepartum cesarean
deliveries,22 these discrepant results are likely ex-
plained by the difference in the rates of cesarean deliv-
eries in the planned vaginal delivery groups in the two
studies (26% in their study vs 18% in ours). These
differences may well influence the result obtained
for the association between the planned mode of
delivery and severe acute maternal morbidity. Simi-
larly, the cesarean delivery rate for second twins after
vaginal delivery of the first twin was higher in the
study by Easter et al than in the JUmeaux MODe
d’Accouchement study (9% vs 2.6%). The association
between cesarean delivery for the second twin and
severe acute maternal morbidity remains to be
defined.

An original finding is that the risk of severe acute
maternal morbidity associated with planned cesarean
delivery is associated with maternal age. This result is
important to consider because women 35 years or
older account for a large proportion of pregnant
women with twins: 24.7% in the United States and
36.1% in France in 2016.3–5 A physiologic hypothesis
that might explain this result is that aging is responsi-
ble for poorer adaptation both to physiologic changes
and to the stress of cesarean delivery as well as for the
greater likelihood of evolution toward severe morbid-
ity and death.23–26 We cannot rule out that this finding
may be spurious, because of multiple statistical com-
parisons; however, this result was consistently found
in the different analyses conducted.

Our results have implications for clinical practice
and may be useful in choosing the planned mode of
delivery. Because of the absence of excess risk of
either neonatal or maternal morbidity with planned
vaginal compared with planned cesarean delivery,
encouragement of planned vaginal delivery should
continue because cesarean delivery is associated with
more long-term maternal morbidity.27,28

Our study has several strengths. It was
population-based, which enabled us to consider the
diversity of practices and of women’s characteristics.
Attending obstetricians prospectively collected the
data about the planned mode of delivery so that thor-
ough and accurate information was available for the
planned mode of delivery. The analysis of severe
acute maternal morbidity was planned during the
design of the JUmeaux MODe d’Accouchement
study, so the data to characterize severe acute mater-
nal morbidity were defined in advance and collected
prospectively. The study design allowed the collection
of numerous covariates and potential confounding
factors often absent from routine hospital databases.
The confounding by indication inherent to this type of
observational study was also taken into account by
diverse statistical approaches; we made rigorous ad-
justments for confounding factors, performed a pro-
pensity score analysis, and defined a low-risk
population to minimize the likelihood of incorrectly
attributing any risk of severe acute maternal morbid-
ity to planned cesarean delivery.

The main limitation of this study lies in its
observational design. Accordingly, despite the num-
ber of covariables available and the different statistical
methods used, we cannot rule out the presence of
possible unmeasured residual confounding. It none-
theless appears unlikely that it would explain the
strength of the association found here. Furthermore,
the JUmeaux MODe d’Accouchement cohort
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included only those maternity units performing more
than 1,500 annual deliveries. Although the number of
twin deliveries include in the JUmeaux MODe d’Ac-
couchement study still accounts for 75% of all twin
deliveries in France, this could potentially limit the
generalizability of our results to the smallest hospitals.
This, however, seems unlikely because a previous
study reported no association between the twin deliv-
ery volume and severe maternal morbidity.29

In conclusion, the overall risk of severe acute
maternal morbidity did not differ according to
planned mode of delivery. In women 35 years or
older, planned cesarean delivery was associated with
a higher risk of severe acute maternal morbidity than
planned vaginal delivery.
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