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Précis
Trial of labor in women with low-lying placenta around term is not associated with higher risks

of maternal or neonatal complications than elective cesarean delivery.
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Abstract

OBJECTIVE: To compare outcomes of women with low-lying placenta by their planned
mode of delivery and according to the internal os distance (IOD), while using
propensity score analysis to ensure the study groups' comparability and minimize
indication bias.

METHODS: Six tertiary maternity hospitals in France participated in this retrospective
multicenter study of births from 2007 through 2012. Women with a low-lying placenta,
defined as an 10D < 20mm who gave birth after 35 weeks of gestation were included
and classified in the planned trial of labor or elective cesarean groups. The main
endpoint was severe postpartum hemorrhage, defined as blood loss exceeding 1,000
mL. Secondary outcomes were composite variables of severe maternal and neonatal
morbidity. Using multivariable logistic regression and propensity score methods, we
compared outcomes by planned mode of delivery.

RESULTS: Among 128,233 births during the study period, 171 (0.13%) women had a
low-lying placenta: 70 (40.9%) in the trial-of-labor group and 101 (59.1%) with elective
cesareans. The vaginal delivery rate in the trial-of-labor group was 50.0% (19/38) in
the 11-20 mm subgroup and 18.5% (5/27) in the 1-10 mm subgroup. Severe
postpartum hemorrhage occurred in 22.9% (16/70, 95% confidence interval [CI] 13.7—
34.4) of the trial-of-labor group and 23.9% (23/101, 95%CI 15.2-32.5) of those with
elective cesareans (P=.9); severe maternal and neonatal morbidity rates were likewise
similar (respectively 2.9% versus 2.0%, P=.7, and 12.9% versus 9.9%, P=.5).
Attempted labor was not significantly associated with a higher rate of severe
postpartum hemorrhage after multivariable logistic regression and propensity score-
weighted analysis: respectively aOR 1.42, 95%CI 0.62-3.24, P=0.4, and aOR 1.34,

95%Cl 0.53-3.38, P=.5.
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CONCLUSION: Our results support a policy of offering trial of labor to women with a
low-lying placenta after35 weeks and an |IOD of 11-20mm. An 10D of 1-10mm reduces
considerably the likelihood of vaginal birth compared to 11-20mm but without
increasing the incidence of severe postpartum hemorrhage or severe maternal

morbidity.

Key words: low-lying placenta, placenta previa, trial of labor, cesarean delivery,

maternal morbidity, propensity score, postpartum hemorrhage.
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Introduction

Low-lying placenta, defined as a distance between the cervical os and the placenta
(internal os distance, I0D) < 20 mm is a cause of maternal and neonatal morbidity and
mortality."* It increases the risk of ante-, intra-, and post-partum hemorrhage, blood
transfusion, hysterectomy, sepsis, and thrombophlebitis.® The prevalence low-lying
placenta has increased over the past two decades due to rising numbers of cesarean
deliveries®® and of pregnancies resulting from medically assisted reproduction.t-2:10
Their combined prevalence of both placenta previa (defined as the placenta lying
directly over the internal os) and low-lying placenta in the literature varies widely and
is estimated at around 0.5% of pregnancies at term.37

All national guidelines and expert opinions on the management of placenta
previa have recommended delivery by elective cesarean delivery between 36 and 38
weeks of gestation in women with uncomplicated placenta previa.?>'" A broad
consensus also exists to propose trial of labor at term to women with an IOD > 20 mm
in the absence of other contraindications. By contrast, for women with a third-trimester
asymptomatic low-lying placenta,’ mode of delivery remains controversial. No
guidelines exist in the USA3% to guide this decision. Practices seem likely to be similar
to those in Canada* where an elective cesarean is recommended for an |OD < 10 mm
due to the high hemorrhage risk, while individualized management is proposed when
the edge is between 11 and 20 mm from the os, in the absence of antenatal
complications. In the UK? and France,'" the mode of delivery in women with a third-
trimester asymptomatic low-lying placenta is based on her clinical background and her
preferences, supplemented by transvaginal ultrasound imaging of the placental

position.
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Only a few studies have examined perinatal outcomes in women diagnosed with
a low-lying placenta at term.'22° None provide data on antenatal symptoms or on the
indication for either planned mode of delivery. Furthermore, most used study protocols
that did not take the intended treatment into account and were thus likely to introduce
a selection bias.'217.1920 A randomized controlled trial might resolve this question, but
difficulties in recruiting and ethical concerns undoubtedly make such a study
impossible.

Our study's aim was to evaluate and compare the maternal and neonatal
morbidity of women with a low-lying placenta according to their planned mode of
delivery and stratified by the IOD at the last ultrasound examination before delivery,
while using propensity score analysis to ensure comparability of the study groups and

minimize the indication bias.
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Materials and Methods

Six tertiary maternity hospitals in France participated in this retrospective multicenter
study of births from 2007 through 2012. Each hospital searched their database for all
consecutive case files with one of the following International Classification of Diseases,
10" edition (ICD-10) codes: ICD-10 O44 and 043.2. These codes correspond to
placenta previa and low-lying placenta, with or without hemorrhage and to placenta
accreta spectrum (PAS). Each paper file was first reviewed by two independent
investigators (PJ and VR) to identify only low-lying placenta and avoid
misclassification. Women were not eligible for the study if their medical files were
incomplete, contained a classification error, or if the delivery took place outside a
participating center. Then, each medical charts were reviewed to include women who
met the inclusion criteria: women with singleton or multiple pregnancies who were
diagnosed with a low-lying placenta (IOD less than 20 mm at the last transvaginal
ultrasound before delivery) and gave birth at or after 35 weeks of gestation. Exclusion
criteria included placenta previa, antenatal suspicion of PAS, and termination of
pregnancy. The inclusion and diagnostic criteria were the same for all six centers.
In France, in addition to the last mandatory ultrasound performed at 32 weeks of
gestation where the placental location must be mentioned, an additional ultrasound is
recommended in case of placenta previa or low-lying placenta at 36 weeks of gestation
to determine the 10D and therefore the planned mode of delivery."’

For each center, medical charts were reviewed to collect the following data:
maternal baseline clinical characteristics, course of labor, mode of delivery, postpartum
hemorrhage, and maternal and neonatal outcomes. We also sought to retrieve

variables that might have influenced the choice of the planned mode of delivery. The
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Research Ethics Committee at Angers University Hospital Center (Ref 2013/50)
approved this study.

The main endpoint was severe primary postpartum hemorrhage, defined as
blood loss more than 1,000 mL within 24 hours after delivery,?'??> measured with a
collector bag in case of vaginal birth and with graduated drapes, suction canister or
weighing in case of cesarean delivery.'"23-2% This endpoint also includes intrapartum
blood loss which was cumulative.'"-?? Intrapartum hemorrhage was defined by a blood
loss requiring emergency cesarean delivery.>'"26 The main secondary endpoint was
severe maternal morbidity, as previously described 24 27-2% and defined by any one of
the following: use of uterine artery embolization or emergency surgery to control
postpartum hemorrhage, transfusion of more than 5 units of packed red blood cells,
transfer to the intensive care unit (ICU), thromboembolic events, and death. Another
secondary endpoint was severe neonatal morbidity including: 5-minute Apgar score <
7, umbilical artery pH < 7.10, need for resuscitation or intubation with transfer to the
neonatal ICU (NICU), and neonatal death.3°

Exposure was the planned mode of delivery. Each medical chart was specially
reviewed by two independent investigators (PJ and VR) to ensure among other the
accuracy of the planned mode of delivery. Trial of labor was defined as a planned trial
of labor per medical records, regardless of ultimate mode of delivery, i.e. successful
vaginal delivery or an emergency cesarean performed before or during labor for severe
intrapartum bleeding, abnormal fetal heart rate, or failure to progress. An elective
cesarean delivery was defined as a planned cesarean per medical records, performed
before labor regardless of the indication, or during labor for women entering in labor

before the planned date of cesarean delivery recorded in the medical files. Women
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with a history of 2 or more cesareans CDs had elective cesareans, in accordance with
French guidelines.?’

Analyses were conducted with STATA software (version 15; StataCorp, College
Station, TX). Continuous variables were described by their medians and interquartile
ranges (IQR) and compared between groups by a Kruskal-Wallis test. Categorical
variables were described by proportions and compared by Chi2 or Fisher’'s exact tests,
as appropriate.

To control for confounding factors that might have influenced both the choice of
the planned mode of delivery and the primary endpoint, we began the analysis with
logistic regression models with multiple adjustments to estimate crude and adjusted
odds ratios (aORs) and their 95% confidence intervals (Cls). Variables included in the
multivariable analysis were chosen based on the literature and other hypotheses of
potential confounders. Because practitioners' decisions about planned mode of
delivery are probably guided by characteristics of the woman and her pregnancy rather
than by chance, we performed a second analysis using a propensity score to limit
potential indication bias.3?33 An inverse probability of treatment weighting based on a
propensity score was used to control for factors that might influence both management
choice and primary outcome. The propensity score was defined as each woman's
probability of attempting labor, based on her individual characteristics, and was
estimated with a multivariable logistic regression model including the following
covariates: maternal age, body mass index before pregnancy, nulliparity, previous
cesarean delivery, recurrent episodes of antepartum hemorrhage, anterior placental
location, and distance between the cervical os and the placenta. We assigned women

planning to try labor a weight of 1/(propensity score) and those who with an elective
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cesarean a weight of 1/(1—propensity score). Balance among covariates was checked
by using standardized differences.

A sensitivity analysis was performed with multiple imputation of missing data.
The proportion of women with missing data for any covariate included in the main
multivariable model ranged from 1% to 8%. We performed multiple imputation chained
equations according to Rubin’s rules for those missing data (10 data sets imputed).34
A separate analysis was performed according to IOD, i.e., 1-10 mm and 11-20 mm. A

P value <.05 was considered significant.
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Results

During the study period, the six university hospital centers recorded 128,233 births,
including 1,089 coded ICD-10 O44 and O43.2. Figure 1 presents the case selection
flowchart: 171 cases were available for analysis, including 70 (40.9%) in the trial-of-
labor group and 101 (59.1%) in the elective cesarean group.

Table 1 summarizes maternal and pregnancy characteristics according to
planned mode of delivery. Women included in the trial-of-labor group had significantly
lower rates of previous cesarean delivery (P=.01) and higher rates of both antepartum
hemorrhage (P<.01) and hospitalization for it (P<.01). Recurrent bleeding episodes
were less frequent (P=.01) in the trial-of-labor group. The median interval (days)
between delivery and the last ultrasound was shorter (4 days, IQR 0-16 versus 10.5,
IQR 3-17, P<.01), and the median 10D was longer (13.5 mm, IQR 9-17 versus 9 mm
IQR 0-13, P<.01) in the trial-of-labor than in the elective cesarean group.

Table 2 presents the maternal and neonatal outcomes by planned mode of
delivery. The rate of severe PPH (> 1,000 mL) was similar in both groups (trial-of-labor
group 22.9%, 95%Cl 13.7-34.4 versus 23.0%, 95%CI 15.2-32.5, P=0.9). The vaginal
delivery rate in those planning to attempt labor was 38.6% (27/70). Moreover, the
multivariable logistic regression analysis showed that trial of labor was not significantly
(aOR 1.42, 95% CIl 0.62-3.24, P=0.4) associated with a higher rate of severe
postpartum hemorrhage after adjustment for maternal age, prepregnancy BMI,
nulliparity, previous cesarean delivery, and 10D (Supplemental file A). Results were
similar for the multivariable analysis after multiple imputations (aOR 1.39, 95%CI 0.65—
2.84, P=.5) and for the propensity score-weighted model (aOR 1.34, 95%CI 0.53-3.38,
P=.5) (Figure 2). Differences in women’s characteristics at baseline were well balanced

between the two groups after propensity score weighting, with all standardized
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differences less than 10%, except for the variable of prepregnancy BMI = 30; its
standardized difference was 11% after propensity score weighting (Supplemental file
B).

The rate of severe maternal morbidity did not differ significantly between the
trial-of-labor and elective cesarean groups (respectively, 2.9% (2/70) versus 2.0%
(2/101), P=.7), nor did that of severe neonatal morbidity (12.9% (9/70) versus 9.9%
(10/101), P=.5) (Table 2).

Table 3 compares the perinatal outcomes according to the |IOD. In women who
planned trial of labor, the rate of vaginal delivery was 50.0% (19/38) in the 11-20 mm
subgroup and 18.5% (5/27) in the 1-10 mm subgroup and the rate of emergency
cesarean delivery for bleeding before or during labor was 27.0% (10/37) in the 11-20
mm subgroup and 50.0% (13/26) in the 1-10 mm subgroup. Neither maternal nor

perinatal outcomes differed significantly between them.
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Comment

Our results indicate that almost 40% of women with a low-lying placenta at or near
term who attempt labor have a successful vaginal birth with no increase in their risk of
maternal or perinatal complications compared to women with elective cesareans. In
particular, trial of labor did not result in a higher severe postpartum hemorrhage rate
after controlling for confounding by indication with a propensity score analysis. An |IOD
of 11-20 mm at the last transvaginal ultrasound before delivery increased the chance
of a vaginal birth compared to a measurement of 1-10 mm.

Our findings are similar to those of the only study comparing maternal and
neonatal outcomes according to planned mode of delivery in women with a low-lying
placenta.'® It was much smaller, including only 18 women with low-lying placentas
diagnosed at 36 weeks as well as 6 with an 10D exceeding 20 mm at delivery. The
authors did not control for the selection and indication biases, and the mode of delivery
was determined by the women's preference.

Our results about the success of vaginal delivery according to the IOD are also
consistent with those of a systematic review/meta-analysis by Jansen et al. of 10
studies, including 7 retrospective cohort studies intended to evaluate the likelihood of
vaginal delivery in women with a low-lying placenta. Among the 478 such women in
this meta-analysis, vaginal delivery was successful at an |OD of 0-10 mm in 43% and
of 11-20 mm in 85%. The authors further stated that postpartum hemorrhage did not
differ significantly by IOD in any cohorts.3® Moreover, they underlined that only three
studies' 418 compared blood loss by mode of delivery, with inconsistent results®°: one
study found no difference,’ while two others found significantly more intrapartum
hemorrhages and blood transfusions in women with cesarean versus vaginal

births.'318
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This meta-analysis nonetheless has important limitations. First, most of the
studies included in this review used a methodology that did not take the intended
treatment into account, and Jansen et al. provide no comparison of maternal outcomes
by planned mode of delivery, i.e., cesarean or trial of labor. While they reported that
30-60% of cases chose to deliver by planned cesarean, this could have been due to
unfavorable conditions for attempting labor (short IOD, for example), which might have
resulted in planned cesareans for the less stable patients and thus overestimation of
the success rate of vaginal delivery.®® Simultaneously, this failure to take the intended
treatment into account is likely to have introduced a selection bias by allocating to the
trial-of-labor group, women who did not have a an elective cesarean because of their
favorable prognosis. Moreover, their inclusion of women with an emergency cesarean
during labor due to intrapartum hemorrhage after attempted labor to the cesarean
group would also introduce bias by worsening the maternal prognosis in the cesarean
group. This may explain why two of the three studies that assessed blood loss by actual
mode of delivery found significantly higher blood loss and transfusion rates in the
cesarean than in the vaginal group.'®'® Furthermore, among the studies included in
this meta-analysis reporting blood loss by the 10D or the actual rather than planned
mode of delivery, only one provided information about how blood loss was assessed
(with a collector bag),® three studies defined postpartum hemorrhage using different
cutoffs for vaginal and cesarean deliveries,'®'%2" and one did not define postpartum
delivery at all.?° All of these points limit the robustness of the results reported by Jansen
et al.3s

Our data, obtained by using a propensity score to limit indication bias, support
a policy of trial of labor for women diagnosed with a low-lying placenta presenting

around term with an 10D of 11 -20 mm. Attempting labor is also a possible option for
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women when this distance is 1-10 mm as the incidence of blood-loss related maternal
outcomes including severe postpartum hemorrhage did not differ between the trial-of-
labor and elective cesarean groups. Avoiding unnecessary cesareans in women with
low-lying placenta is crucial to limiting the occurrence of low-lying placenta, placenta
previa, vasa previa, and placenta accreta spectrum in this population in subsequent
pregnancies. Nevertheless, the shared decision-making should emphasize that the
need for emergency cesarean during labor was considerably higher in women with the
shortest IOD and reached about 80% in this group.

Transvaginal ultrasound has become essential in the diagnosis, follow-up, and
management of women with a low-lying placenta. Most studies, including ours, have
focused on the I0D. Small, observational, and retrospective studies have suggested
that women with a low-lying placenta are more likely to need a cesarean delivery when
the placental edge is thicker (>10 mm)'%:3¢ or contains a sponge-like echo®” or marginal
"sinus".'® These additional ultrasound features are poorly defined and not routinely
assessed in current practice. Their use to advise women with a low-lying placenta
about mode of delivery requires further research.

The main strengths of our study were (1) the comparison of trial of labor with
elective cesarean delivery, rather than women with vaginal to those with cesarean
delivery, as the latter comparison is obviously biased in favor of the vaginal delivery
group, and (2) use of propensity score analyses to ensure that the study groups were
comparable and to minimize the impact of uncontrolled confounders and especially
indication biases linked to mode of delivery.

Second, for our primary analysis, only births at or after 35 weeks’ gestation were
included to limit cofounding, as no perinatal center had an elective cesarean policy

before this gestational age. Thus, before 35 weeks’ gestation, it was likely that trial of
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labor was allowed only in the most favorable conditions (preterm labor without
bleeding), and elective cesarean delivery performed in the poorest conditions (severe
antenatal bleeding).

The primary limitation of our cohort study lies in its retrospective design.
Nonetheless, all the data of the study cases were collected according to a defined
protocol. While eligible cases might have been missed, the combined prevalence of
low-lying and placenta previa observed in our study (0.56%) is consistent with rates
reported in the literature.®’

Second, unmeasured confounders may persist despite our use of cautious
statistical approaches — sensitivity, multivariable, and propensity score analyses. A
randomized controlled trial would undeniably be the best study design for comparing
the effects of planned mode of delivery, but its feasibility seems doubtful. Third, the
infrequency of severe maternal morbidity such as second-line therapies to control
postpartum hemorrhage (pelvic arterial embolization or surgical therapies), admission
to intensive care, thromboembolic events, or maternal death limited our statistical
power to detect potentially clinically meaningful differences between planned modes
of delivery. In addition, considering the small difference in postpartum hemorrhage
rates between the trial-of-labor and elective cesarean groups (respectively 22.9%
versus 23.0%), we acknowledge that our study is underpowered to confirm an absence
of difference in maternal adverse outcomes. Nonetheless, a post hoc analysis
determined that with a sample size of 171 patients and 23% of deliveries complicated
by severe postpartum hemorrhage in the unexposed group (elective cesarean group),
the study would have had a power of 80% and an alpha risk of 0.05, able to detect an
OR > 2.5 in the univariate logistic regression. It would also have been able to detect

an OR > 2.5 in univariate logistic regression for the risk of postpartum hemorrhage
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341  above 500 mL. Lastly, since our data are quite dated, we cannot exclude that practices
342 of antenatal imaging and labor management may have evolved.

343

344  Conclusion

345  Our results support a policy of offering trial of labor to women with a low-lying placenta
346  at or after 35 weeks of gestation and a distance of 11-20 mm between the placental
347  edge and the internal os on ultrasound. While a distance of 1-10 mm does not increase
348 the incidence of severe postpartum hemorrhage or severe maternal morbidity, it
349  strongly reduces the likelihood of successful vaginal delivery, compared with 11-20

350  mm, from 50% to 18.5%.
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Tables

Table 1. Maternal Characteristics of the Study Population by Planned Mode of Delivery

(n=171).
Maternal Characteristics Trial of Labor  Elective Cesarean P
group Delivery group
n=70 n=101
Maternal age (y) median [IQR] 31 [28-35] 32 [29-35] i
> 30 39(55.7) 58 (574) 8
BMI before pregnancy (kg/m?) median [IQR] 22 [19-26] 23 [20-25] S
<18.5 12 (18.2) 10 (10.9) 4
[18.5-25] 37 (56.1) 60 (65.2)
[25-30[ 11 (16.7) 17 (18.5)
> 30 6(9.1) 504
Tobacco use during pregnancy 11 (15.7) 23 (22.8) 4
Drug addiction 2(2.9) 0 2
Preexisting hypertensive disorder 1(1.3) 2(20) 8
Nulliparity 20 (28.6) 30 (29.7) 9
Multiple gestation 1(1.4) 5(5.0) 2
Previous uterine curettage 10 (14.3) 30 (29.7) 05
Previous myomectomy 0 330 1
Previous cesarean delivery 34.3) 17 (16.8) 01
Previous postpartum hemorrhage 5(7.1) 5(5.0) S
Previous placenta previa 2(2.9) 2(2.0) i
Previous preterm birth 34.3) 7(6.9) S
Medically assisted reproduction 6 (8.6) 13 (12.9) 4
Antepartum hemorrhage * 54 (77.1) 52 (51.5) <01
First episode <29 weeks 7 (13.0) 11 (21.2) 3
Recurrent episodes = 3 704) 25(25.0) 01
Antepartum hospitalization 54 (77.1) 67 (66.3) 1
for antepartum hemorrhage + 51(82.3) 48 (60.7) <01
Interval between delivery and last ultrasound 4 10-16] 10.5 [3-17] <01
scan (d) median [IQR]
Anterior placental location 17 (24.6) 28 (28.0) .6
Internal os distance median [IQR] 13.5[9-17] 9 [0-13] < .01
0-10 mm ¥ 27 (41.5) 67 (68.4) < .01
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483
484
485
486
487
488
489
490
491
492
493
494
495

11-20 mm % 38 (58.5) 31 (31.6) < 01

BMI: body mass index; IQR: interquartile range.

* Antepartum hemorrhage was defined by a blood loss during the pregnancy not requiring an
immediate birth.*° Gestational age of the first episode of antepartum hemorrhage < 29 weeks
gestation and number of recurrent episodes of antepartum hemorrhage (=3) are both
associated with increased risk of emergency cesarean delivery.*

Continuous data are expressed as medians [IQR] when specified; discrete data are expressed
as n (%). Kruskal-Wallis, x2, and Fisher’s exact tests were used as appropriate. A P value of
.05 was considered significant.

T Missing data: > 10%.

T There were 5 and 3 missing data for the planned trial of labor and cesarean groups,
respectively, because in these cases, the cervix-to-placenta distance was reported as <20 mm

but not otherwise specified.
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Table 2. Maternal and Neonatal Outcomes by Planned Mode of Delivery (n=171).

Outcomes Trial of Labor  Elective Cesarean P
group Delivery group
n=70 n=101
Maternal outcomes
Primary outcome
Severe PPH = 1,000 mL 16 (22.9) 23 (23.0) 9
Mode of delivery
Cesarean delivery 43 (61.4) 101 (100.0) <01
Emergency cesarean before labor for hemorrhage*,t 15/68 (22.1) 21/31 (67.7) <01
Emergency cesarean during labor for hemorrhage* 10/68 (14.7) 1/31 (3.2) <01
General endotracheal anesthesia 13/43 (30.2) 26/101 (25.7) .6
Vaginal delivery 27 (38.6) 0 < .01
Operative vaginal delivery 2(29) 0 0.2
Estimated blood loss (mL) # median [IQR] 500 [300-950] 675 [350-1000] 8
Postpartum hemorrhage > 500 mL 32(45.7) 53 (53.0) 4
Use of additional uterotonic agent 5(7.1) 7(6.9) 9
Blood transfusion
Red blood cells 6 (8.6) 7(6.9) i
> 5 units of packed red blood cells transfused 0 1(1.0) 4
Fresh frozen plasma 2(2.9) 2(2.0) i
Fibrinogen 1(14) 0 2
Pelvic arterial embolization 1(1.4) 0 2
Second-line surgical therapies § 1(14) 1(1.0) i
Admission to intensive care 0 1(1.0) 4
Length of hospital stay (days) median [IQR] 5 [4-6.5] 6 [5-6] 2
Postpartum anemia (< 10 g/dL) during hospital stay 48 (69.6) 68 (67.3) g
Thromboembolic events 0 0
Postpartum fever |l 0 1(1.0)
Sepsis I 0 1(1.0)
Maternal death 0 0
Severe maternal morbidity § 2(29) 220 i
Neonatal outcomes
Gestational age at delivery median [IQR] 38 [36-40] 37 [37-38] 05
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500
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508
509
510
511
512
513
514
515
516
517
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519

between 35° and 36° weeks 20 (28.6) 20 (19.8)

between 37° and 39° weeks 33 (47.1) 79 (78.2)

> 40° weeks 17 (24.3) 2(2.0)
Birthweight (g) median [IQR] 3050 [2665-3460] 2985 [2780-3275]
Umbilical cord arterial pH < 7.10 1(1.7) 1(1.0)
Apgar score < 7 at 5 minutes 5(7.3) 33.0)
Respiratory distress syndrome 9 (12.9) 5(5.0)
Need for resuscitation or intubation 5(7.1) 8(7.9)
Transfer to neonatal intensive care unit 14 (20.0) 11 (10.9)
Neonatal death 1(1.4) 0
Severe neonatal morbidity # 9 (12.9) 10 (9.9)

<01
<01

IQR: interquartile range
Continuous data are expressed as medians [IQR] when specified; discrete data are expressed as n (%).
Kruskal-Wallis, x2, and Fisher’s exact tests were used as appropriate. A P value of .05 was considered

significant.

* Missing data: > 10%.

T Other indications for cesarean deliveries were abnormal fetal heart rate without hemorrhage during
labor and protracted labor.

f There were 15 and 21 missing data for the planned trial of labor group and 21 for elective cesarean
groups.

§ Second-line surgical therapies: uterine compression sutures, vessel ligation, and peripartum
hysterectomy for management of massive primary postpartum hemorrhage after uterine massage and
uterotonic agents failed to stop bleeding.

Il Postpartum fever was defined by an isolated postpartum fever higher than 38.5°C, and sepsis by a
positive blood culture.

9 Severe maternal morbidity, defined by any one of the following: uterine artery embolization or
emergency surgery to control PPH (i.e., vessel ligation and/or uterine compression sutures and/or
peripartum hysterectomy), transfusion of more than 5 units of packed red blood cells, transfer to
intensive care unit, thromboembolic events, or death.

# Severe neonatal morbidity, defined by any one of the following: 5-minute Apgar score less than 7,
umbilical artery pH less than 7.10 (umbilical artery blood gas values were routinely measured), need for

resuscitation or intubation, and neonatal death.
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Table 3. Maternal and Neonatal Outcomes by Planned Mode of Delivery for Women

with Cervix-to-Placenta distances of 1-10 mm and 11-20 mm (n=163)".

Outcomes Internal Os Distance: 1-10 mm Internal Os Distance: 11-20 mm
Trial of Elective P Trial of Elective P
Labor Cesarean Labor Cesarean
n=27 Delivery n=38 Delivery
n=67 n=31
Maternal outcomes
Severe postpartum hemorrhage =1,000 mL 5(18.5) 19 (28.8) 3 10 (26.3) 4(12.9) 2
Mode of delivery
Cesarean delivery 22 (81.5) 67 (100) <01 19 (50.0) 31 (100) <01
Emergency cesarean delivery before labor ~ 6/26 (23.1) 1521 (714) <01 9/37 (24.3) 5/9 (55.6) 1
for hemorrhage ,%
Emergency cesarean delivery during labor ~ 7/26 (26.9) 1/21 (4.8) 02 1/37 (2.7) 0 S
for hemorrhage ,%
General endotracheal anesthesia 4/22 (18.2)  21/67 (31.3) 2 7/19 (36.8) 6/31 (19.4) 1
Vaginal delivery 5(18.5) 0 <01 19 (50.0) 0 <01
Instrumental delivery 1(3.7) 0 1 0 0 -
Estimated blood loss (mL) median [IQR] 500 800 4 650 500 9
[300-650] [400-1100] [300-1000] [300-800]
Postpartum hemorrhage = 500 mL 13 (48.2) 38 (57.6) 4 18 (47.4) 14 (45.2) 8
Use of additional uterotonic agent 2(74) 7(10.5) i 3(7.9) 0 1
Blood transfusion
Red blood cells 2(74) 7(10.5) q 4 (10.5) 0 .06
Fresh frozen plasma 0 23.0) 4 2(54) 0 2
Fibrinogen 0 0 - 0 0 -
Pelvic arterial embolization 1(3.7) 0 1 0 0 -
Second-line surgical therapies § 0 1(1.5) 5 1(2.6) 0 4
Admission to intensive care unit 0 1(1.5) 5 0 0 -
Length of hospital stay (days) median [IQR] 6 [4-7] 6 [5-7] 2 5 [4-6.5] 5 [5-6] 2
Postpartum anemia (< 10 g/dL) during 19 (70 4) 44 (65.7) i 27 (73.0) 21 (67.7) .6
hospital stay
Thromboembolic events 0 0 - 0 0 -
Postpartum fever | 0 1(1.5) 5 0 0 -
Sepsis |l 0 1(1.5) S5 0 0 -
Maternal death 0 0 - 0 0 -
Severe maternal morbidity ¥ 1 3.7 23.0) 9 1(2.6) 0 4

Neonatal outcomes
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523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542

Gestational age at delivery, median [IQR] 37 [36-40] 37 [37-38] 05 38 [37-39] 38 [37-39] 06
between 35° and 36° weeks 11 (40.7) 15 (224) 07 8(21.1) 4(12.9) 4
between 37° and 39¢ weeks 10 (34.0) 51(76.1) <01 22 (57.9) 26 (83.9) 02
= 40° weeks 6(22.2) 1(1.5) <01 8(21.1) 1(3.2) 03

Birthweight (g) median [IQR] 2810 2950 S 3150 3030 A4

[2620-3430]  [2690-3330] [2670-3520]  [2870-3230]

Umbilical cord arterial pH < 7.10 0 0 - 1(3.1) 1(3.5) 9

Apgar score < 7 at 5 minutes 3(11.5) 230 1 2(5.3) 1(3.2) i

Respiratory distress syndrome 4 (14.8) 34.)5) 08 5(13.2) 2(6.5) 4

Transfer to neonatal intensive care unit 3(11.1) 7(10.5) 9 2(5.3) 1(3.2) i

Neonatal death 1(3.7) 0 1 0 0 -

Severe neonatal morbidity # 5(18.5) 7(10.5) 3 4(10.5) 309.7) 9

IQR: interquartile range.

Continuous data are expressed as medians [IQR] when specified; discrete data are expressed as n (%). Kruskal-
Wallis, %2, and Fisher’s exact tests were used as appropriate. A P value of .05 was considered significant.

* There were 5 and 3 missing data for the planned trial of labor and elective cesarean groups,
respectively, because in these cases, the internal os distance was reported as <20 mm but not otherwise
specified.

T Missing data: > 10%.

¥ Other indications for cesarean deliveries were abnormal fetal heart rate without hemorrhage during
labor and protracted labor.

§ Second-line surgical therapies: uterine compression sutures, vessels ligation, and peripartum
hysterectomy for management of massive primary postpartum hemorrhage after uterine massage and
uterotonic agents failed to stop bleeding.

Il Postpartum fever was defined by an isolated postpartum fever higher than 38.5°C, and sepsis by a
positive blood culture.

Y Severe maternal morbidity, defined by any one of the following: uterine artery embolization or
emergency surgery to control PPH (i.e., vessel ligation and/or uterine compression sutures and/or
peripartum hysterectomy), transfusion of more than 5 units of packed red blood cells, transfer to
intensive care unit, thromboembolic events, and death.

# Severe neonatal morbidity, defined by any one of the following: 5-minute Apgar score< 7, umbilical
artery pH < 7.10 (umbilical artery blood gas values were routinely measured), need for resuscitation or

intubation, and neonatal death.
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Figures

128,233 deliveries from 2007 through 2012
in 6 tertiary care university hospitals

\/
1,089 low-lying or placenta previa
(ICD-10 044 and 043.2)

Women not eligible (n=364) :

« 186 classification error

« 90 deliveries outside study centers
» 88 no medical files retrieved

\

725 (0.56%) women with low-lying
or placenta previa*

Women excluded (n=554) :

» 375 placenta previa

» 71 internal os distance > 20 mm

« 11 antenatal suspicion of PAS

« 3 terminations of preghancy

* 74 deliveries before 35 weeks gestation

* 20 missing values for planned mode of
delivery

A

\

171 (0.13%) women with low-lying placenta who
gave birth at or after 35 weeks gestation
70 (40.9%) with trial of labor
101 (59.1%) with elective cesarean delivery

Figure 1. Study flow chart.

* low-lying placenta was defined as a distance between the placental edge and the
cervical os of less than 20 mm at the last transvaginal ultrasound scan before delivery;
placenta previa was defined as the placenta lying directly over the cervical os.’

PAS, placenta accreta spectrum.
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Severe Postpartum Hemorrhage > 1,000 mL OR (95% Cl)
Propensity score {1} 1.34 (0.53-3.38)
n =150
Multiple imputation 1 1.39 (0.65 —2.84)
n=171
Adjusted Model - T— 1.42 (0.62 -3.24)
n=150
Crude Model {1 - n=171 0.99 (0.48 - 2.05)
] | | ] ] |
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
OR (95% Cl)

Figure 2. Risk of severe postpartum hemorrhage in the trial-of-labor group (reference:

elective cesarean delivery) for the main analysis, including all deliveries at and after

35 weeks gestation (n=171).

Cl, confidence interval: OR, odds ratio.
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Supplemental files

Appendix A. Univariate and multivariate analysis of severe postpartum

hemorrhage according to the planned mode of delivery.

Severe Postpartum Hemorrhage = 1000 mL

Crude OR Adj. OR P
(95% CI) (95% CI)
Planned mode of delivery
Elective cesarean delivery Ref Ref
Trial of labor 0.99 (0.48-2.05) 1.42 (0.62-3.24) S
Maternal age >30 (years) 1.46 (0.70-3.06) 1.68 (0.71-3.94) 2
BMI before pregnancy = 30 (kg/m?) 2.04 (0.56-7.39) 2.04 (0.53-7.23) 3
Nulliparity 0.55 (0.23-1.29) 0.70 (0.27-1.88) S
Previous cesarean delivery 327 (1.24-8.61) 2.28 (0.69-4.87) 2
Tobacco use during pregnancy 1.52 (0.66-3.49) - -
First episode of antepartum hemorrhage <29 weeks 0.43 (0.09-2.00) - -
Recurrent episodes of antepartum hemorrhage (= 3) 1.14 (0.56-2.32) - -
Anterior placental location 0.56 (0.26-1.22) - -
Internal os distance, 0-10 mm 1.37 (0.65-2.89) 1.51 (0.66-3.47) 3

OR, odds ratio; Cl, confidence interval; BMI, body mass index.

* Adjusted logistic regression analyses. Adjustment for maternal age, BMI, nulliparity, previous
cesarean delivery, and cervix-to-placenta distance. The number of adjustment variables
included is limited due to the low number of events (n=39).
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Appendix B. Absolute standardized differences

T
Maternal age>30 | A »
1
1
BMI before pregnancy > 30 A \og A before IPTW
: *  after IPTW
Nulliparity | A *,
1
Previous cesarean delivery L3 : A
1
Recurrent episodes of antepartum hemorrhage (2 3) » : A
1
Anterior placenta location 'I A
1
Cervix-to-placenta distance 0-10 mm » A
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Absolute standardized difference

Absolute standardized differences between women with planned trial of labor or elective
cesarean delivery, for the variables included in the propensity score, before (total population)
and after propensity score weighting (propensity score-weighted population).

Absolute standardized difference is a measure of effect size between two groups that is
independent of sample size. It is the absolute value of the mean difference divided by the

pooled standard deviation.
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