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Abstract

Objective: To evaluate the association between amniotomy at various time points during labor
induction and maternal and neonatal outcomes among term, nulliparous women.

Study Design: Secondary analysis of a randomized trial of term labor induction versus
expectant management in low-risk, nulliparous women (2014-2017). Women met inclusion criteria
if they underwent induction =38 weeks’ gestation using oxytocin with documented time and type
of membrane rupture. Women with antepartum stillbirth or fetal anomaly were excluded. The
primary outcome was cesarean delivery. Secondary outcomes included maternal and neonatal
complications. Maternal and neonatal outcomes were compared among women with amniotomy
versus women with intact membranes and no amniotomy at 6 2-hour time intervals: before
oxytocin initiation, 0 to <2 hours after oxytocin, 2 to <4 hours after, 4 to <6 hours after, 6 to

<8 hours after, and 8 to <10 hours after. Multivariable logistic regression adjusted for maternal
age, BMI, race/ethnicity, modified Bishop score on admission, treatment group, and hospital (as a
random effect).

Results: Of 6,106 women in the parent trial, 2,854(46.7%) women met inclusion criteria. Of
these 2,340(82.0%) underwent amniotomy, and the majority were performed between 2 and <6
hours after oxytocin. Cesarean delivery was less frequent among women with amniotomy 6 to
<8 hours after oxytocin compared with women without amniotomy (21.9% vs 29.7%; aOR 0.61,
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95%CIl 0.42-0.89). Amniotomy at time intervals = 4 hours after oxytocin was associated with
lower odds of labor duration >24 hours. Amniotomy at time intervals =2 hours and <8 hours after
oxytocin was associated with lower odds of maternal hospitalization >3 days. Amniotomy was not
associated with postpartum or neonatal complications.

Conclusion: Among a contemporary cohort of nulliparous women undergoing term labor
induction, amniotomy was associated with either lower or similar odds of cesarean delivery and
other adverse outcomes, compared with no amniotomy.
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INTRODUCTION

In the United States each year more than 1 in 5 pregnant women undergo labor induction.!
Labor induction is an important tool to expedite delivery in women with a maternal or fetal
indication for delivery. Elective labor induction compared with expectant management at 39
weeks’ gestation was shown recently to reduce the risk of cesarean delivery among low-risk
nulliparas without an increase in adverse neonatal outcomes.? However, the optimal method
of labor induction, including the best time to perform amniotomy, remains uncertain.

Although the majority of published randomized controlled trials and observational studies
of early amniotomy in labor induction demonstrate that early amniotomy shortens the
duration of labor3-19, the effect on cesarean delivery has been inconsistent.34:14.5.6.8-13 |t

is challenging to interpret available data owing to a lack of a clear definition for “early
amniotomy”. Some studies use a dilation cutoff based on cervical examination,*>:8.12-14
and others use a time cutoff based on number of hours since completion of cervical
ripening1011 or oxytocin initiation.36:9 Furthermore, all of these studies evaluated the effect
of amniotomy only at a single point in time.

Thus, our primary objective was to assess whether amniotomy at different time points,
compared with foregoing amniotomy, during labor induction in nulliparous women was
associated with cesarean delivery and other adverse maternal and neonatal outcomes. We
hypothesized that earlier amniotomy is not associated with an increased risk of cesarean
delivery.

STUDY DESIGN

We conducted a secondary analysis of the data collected in the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (NICHD) Maternal-Fetal
Medicine Units (MFMU) Network ARRIVE trial (A Randomized Trial of Induction Versus
Expectant Management).2 This randomized, controlled, parallel-group trial was conducted
from March 2014 through August 2017 at 41 hospitals participating in the MFMU Network
to test the hypothesis that elective induction of labor at 39 weeks’ gestation among low-risk
nulliparous women with a singleton gestation would result in a lower risk of a composite
outcome of perinatal death or severe neonatal complications, compared with expectant
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management. A complete description of the study design and methodology has been
previously published.? Trained and certified research personnel abstracted data from the
medical records of study participants including demographic information, medical history,
and maternal and neonatal outcomes. Participants were also followed up with an interview
by research personnel during their postpartum hospital stay, during which women were
asked to rate their overall labor pain on a 10-point Likert scale. Briefly, the primary study
found that elective induction did not significantly reduce the frequency of the composite
adverse perinatal outcome (RR 0.80, 95% CI 0.64-1.00), but did reduce the risk of cesarean
delivery (RR 0.84, 95% CI 0.76-0.93).2

In the parent trial, low-risk nulliparous women were enrolled between 38 weeks 0 days

to 38 weeks 6 days gestation if they had a viable fetus in cephalic presentation. For this
secondary analysis we included all women who underwent labor induction with oxytocin
after enrolling in the parent study. Women were excluded if spontaneous rupture of
membranes occurred prior to hospital admission, if there was a major fetal anomaly or
antepartum stillbirth. Our primary outcome was cesarean delivery. Secondary outcomes
included chorioamnionitis, duration of labor > 24 hours, overall pain score during labor > 5,
maternal postpartum hospitalization > 3 days, postpartum hemorrhage, postpartum infection,
neonatal intensive care unit admission, and a composite adverse perinatal outcome, as
defined in the parent trial.2 Chorioamnionitis was defined as suspected or clinical diagnosis
from start of labor to delivery. Overall pain score during labor was obtained by an in-person
interview after delivery when women were asked to rate their labor pain on a 10-point
Likert scale with higher scores indicating greater pain. Postpartum hemorrhage was defined
as blood product transfusion, use of two or more uterotonics other than oxytocin, surgical
interventions for excessive bleeding, non-elective hysterectomy or curettage. Postpartum
infection was defined as endometritis, wound reopened for any complication, cellulitis
requiring antibiotics, pneumonia, pyelonephritis, bacteremia or septic pelvic thrombosis.
The composite adverse perinatal outcome included perinatal death, need for respiratory
support within 72 hours after birth, Apgar score of 3 or less at 5 minutes, hypoxic-ischemic
encephalopathy, seizure, infection (confirmed sepsis or pneumonia), meconium aspiration
syndrome, birth trauma (bone fracture, neurologic injury, or retinal hemorrhage), intracranial
or subgaleal hemorrhage, or hypotension requiring vasopressor support.

Baseline characteristics and maternal and neonatal outcomes for women who underwent
amniotomy before oxytocin was initiated and within each 2-hour interval after oxytocin

was initiated were compared with women who reached the corresponding time interval

with intact membranes and did not undergo amniotomy during those 2 hours. Women who
had spontaneous or artificial rupture of membranes prior to the specified time interval,
delivery prior to the specified time interval, or spontaneous rupture of membranes during
this interval were excluded from the analysis for this time interval because they were not

at risk for the study exposure (i.e., amniotomy). For example, women who underwent
amniotomy at 2 to <4 hours after oxytocin initiation were compared with women with intact
membranes who did not undergo amniotomy at 2 to <4 hours and thus had intact membranes
from 4 hours after oxytocin initiation onward. Women who were in the no amniotomy
group could subsequently have spontaneous rupture of membranes or amniotomy at a

later point during the labor induction. Similar methodology has been described previously
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evaluating outcomes associated with labor induction compared with expectant management
with advancing gestational age.1®

Baseline characteristics and maternal and neonatal outcomes were compared by amniotomy
versus foregoing amniotomy at 6 different time intervals: before oxytocin initiation, 0 to <2
hours after oxytocin initiation, 2 to <4 hours after oxytocin initiation, 4 to <6 hours after
oxytocin initiation, 6 to <8 hours after oxytocin initiation, and 8 to <10 hours after oxytocin
initiation. We chose these 6 different 2-hour intervals in order to optimize power to detect a
difference between the amniotomy and no amniotomy groups as well as evaluate potential
differences in the effect of amniotomy at different time points during labor induction.

A Cox proportional hazard regression was not used since the time to amniotomy is the
study exposure and not the outcome for this analysis. Wilcoxon rank-sum test was used

for continuous variables, and Chi-square or Fisher’s exact tests were used for categorical
variables, as appropriate. Multivariable logistic regression models were used to adjust for
covariates selected a priori including maternal age, body mass index (BMI), race/ethnicity,
admission modified Bishop score (based on dilation, effacement or length, and station),
treatment group, and hospital (as a random effect). We were not able to adjust for the clinical
indication for amniotomy (i.e. to facilitate placement of fetal scalp electrode, in response to
lack of cervical change, or routine labor practice) or the cervical examination at the time of
amniotomy as these data were not collected in the parent trial. We were not able to adjust for
cervical ripening as this was correlated with modified Bishop score on admission. Adjusted
odds ratios with 95% confidence intervals are presented for the primary outcome and 99%
confidence intervals for the secondary outcomes. Statistical significance was defined as
p<0.05 for the primary outcome of cesarean delivery, and p<0.01 for secondary outcomes
given multiple comparisons.18 All tests were two-tailed, and all analyses were performed
with SAS (version 9.4). No imputation for missing data was performed.

Approval by the Institutional Review Board was obtained for the primary study at all
participating hospitals. This secondary analysis was approved by the University of North
Carolina at Chapel Hill Institutional Review Board (IRB #15-2099).

RESULTS

Of the 6,106 women enrolled in the ARRIVE trial, 2,854 (46.7%) women met inclusion
criteria for this analysis (Figure 1). Among eligible women, 2,340 (82.0%) had amniotomy
during labor induction and 514 (18.0%) had spontaneous rupture of membranes (Figure

2). The majority of women had amniotomy performed 2 to <6 hours after oxytocin
initiation. Overall, most women had BMI > 25 kg/m?, were electively induced, and had

an unfavorable cervix on admission (Tables 1a and 1b). Compared with women who did

not have amniotomy, women with amniotomy were more likely to be non-Hispanic white.
Women with amniotomy <4 hours after oxytocin initiation were also more likely to be older,
married, and have private insurance, compared with women who did not have amniotomy

at these time intervals (Table 1a). Women with amniotomy also were more likely to have
higher mean modified Bishop score on admission and less likely to have Foley balloon
cervical ripening (Tables 1a and 1b). Gestational age at delivery was similar between women
with and those without amniotomy.
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The frequency of cesarean delivery was lower among women with amniotomy at 2 to <4
hours after oxytocin (20.9% vs 26.0%) and at 6 to <8 hours (21.9% v 29.7%) after oxytocin,
compared with those with no amniotomy; cesarean delivery was similar at all other time
intervals (Tables 2a and 2b). Maternal-reported overall pain score > 5 and hospitalization

> 3 days also were either less frequent or of similar frequency in women with amniotomy;,
compared with no amniotomy, at all time intervals (Tables 2a and 2b). However, women
with amniotomy before oxytocin initiation more commonly had chorioamnionitis (20.7% vs
13.8%), duration of labor > 24 hours (62.2% vs 53.9%), and neonatal intensive care unit
admission (18.0% vs 12.5%), compared with those who did not have amniotomy prior to
oxytocin (Table 2a). There were no differences in the frequency of the composite adverse
perinatal outcome among women with amniotomy, compared with no amniotomy, at all time
intervals (Tables 2a and 2b).

After adjustment for confounding factors, amniotomy at 6 to <8 hours after oxytocin
initiation was associated with lower odds of cesarean delivery (aOR 0.61, 95% ClI
0.42-0.89). There were no statistically significant associations between amniotomy and
cesarean delivery at other time points (Figure 3). Amniotomy was associated with lower
odds of labor duration > 24 hours when it was performed at 4 to <6 hours after oxytocin
(aOR 0.59, 99% CI 0.41-0.86), 6 to <8 hours after oxytocin (aOR 0.38, 99% CI 0.24-0.61),
and 8 to <10 hours after oxytocin (aOR 0.37, 99% CI 0.21-0.64) (Figure 3). Similarly,
amniotomy was associated with lower odds of maternal postpartum hospitalization >3 days
when it was performed at 2 to <4 hours after oxytocin (aOR 0.53, 99% CI 0.37-0.78),

4 to <6 hours after oxytocin (aOR 0.59, 99% CI 0.40-0.86), and 6 to <8 hours after
oxytocin (aOR 0.47, 99% CI 0.30-0.75). There were no significant associations between
amniotomy and chorioamnionitis, postpartum hemorrhage, infection, neonatal intensive care
unit admission, or the composite adverse perinatal outcome (Figure 3).

COMMENT

In this secondary analysis of the ARRIVE trial including nulliparous women who underwent
labor induction with oxytocin, women who had amniotomy after oxytocin initiation were
less likely to have several maternal complications compared with those who did not undergo
amniotomy. Specifically, women who had amniotomy at 6 to <8 hours after oxytocin
initiation were less likely to have cesarean delivery, compared with not having amniotomy
at that time. Amniotomy at 4 to <6 and 6 to <8 hours also was associated with shorter

labor and maternal postpartum hospitalization duration. The differences in these maternal
outcomes are clinically significant as well as statistically significant. For example, maternal
hospitalization > 3 days occurred approximately 1.5 times more often among women who
did not have amniotomy at 4 to <6 hours, compared with amniotomy at 4 to <6 hours after
oxytocin. Overall, there were no statistically significant associations between amniotomy
timing and adverse neonatal outcomes.

Our findings confirm and extend previously published data on the timing of amniotomy

in labor induction. Previous studies evaluating the timing of amniotomy in labor induction
have characterized the timing of amniotomy with two main approaches: using a dilation
cutoff based on cervical examination®12 or using a time cutoff based on the number of hours
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since completion of cervical ripeningl911 or oxytocin initiation.3® Despite the differences
in definition used, almost all studies show a reduction in the duration of labor with early
amniotomy.3:5:6.8,10

The association of early amniotomy with route of delivery, however, has been inconsistent.
Some studies have demonstrated an increased risk of cesarean3411.12.14 while others have
reported no significant difference,8:8-10.17 and one noted a decreased risk.® Variation in study
design and adoption of a more modern labor curve likely contributes to these discrepant
outcomes. Overall, previous retrospective cohort studies were more likely to demonstrate

an increase in cesarean compared with randomized controlled trials. It is possible that

the observational studies were not able to adjust for the clinical indication for early
amniotomy such as protracted labor or non-reassuring fetal status. If this indication for
amniotomy were also associated with cesarean delivery, then any observed association
would be confounded by indication. A second theory to explain the inconsistencies in results
of previous studies is different definitions of early amniotomy. Randomized clinical trials
that defined early amniotomy as prior to or concurrent with oxytocin initiation found an
increased risk of cesarean311 whereas those that used a cervical examination cutoff found a
decrease or no difference in cesarean delivery.*>8 Lastly, differences in study populations
differences such as in maternal BMI, parity, and labor management practices may also
explain inconsistencies in existing literature. Our analysis did not find an increased odds

of cesarean delivery with amniotomy at any time point during labor induction. Instead, our
results suggest amniotomy is either no different than foregoing amniotomy or was associated
with a reduced chance of cesarean delivery.

Biological explanations have been proposed to explain the association of early amniotomy
with shortened labor duration or with increased risk of cesarean delivery. Stimulation of
prostaglandin E2 release and increase in endogenous oxytocin levels with amniotomy
may accelerate uterine contractions and subsequently cervical dilation.1819 Furthermore,
observational studies suggest that about one-third of women in whom labor is attempted
with oxytocin administration without concurrent amniotomy will remain undelivered 2-3
days after the beginning of the induction attempt, thereby increasing the risk for maternal
morbidity.20 Nevertheless, randomized clinical trials as well as observational studies are
needed to assess both efficacy and effectiveness of amniotomy in nulliparous labor
induction.

Our unique study design allowed us to evaluate the association between amniotomy at
multiple time points during induction and maternal and neonatal outcomes. Another strength
of this analysis is that we had a large study sample of approximately 2,500 low-risk
nulliparas with rigorously collected data on demographic and obstetric characteristics

as well as maternal and neonatal outcomes. Our findings are generalizable to low-risk,
nulliparous women in the U.S. who present for term labor induction as women in the trial
were enrolled at 41 different U.S. sites across different geographic regions with diverse
racial and ethnic backgrounds. The findings of this analysis, however, should be interpreted
within the context of the study design. While our findings are applicable to term, low-risk
nulliparous women undergoing inductions, we did not evaluate the timing of amniotomy
among multiparous women, women with pre-existing medical comorbidities, or women
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requiring inductions before term. Although we considered many factors associated with
the outcomes of interest, there may be other variables, such as the cervical examination
at time of amniotomy, the contraction pattern and oxytocin rate at time of amniotomy,
and the clinical indication for amniotomy that could not be quantified. For example, if
women who underwent amniotomy had more favorable cervical examinations than those
who did not undergo amniotomy, our results may have overstated the association between
amniotomy and cesarean delivery. In contrast, if women who underwent amniotomy had
artificial rupture of membranes performed because labor was not progressing well or there
were signs of non-reassuring fetal status, our results may underestimate the association.
Lastly, our power to detect significant differences among rare components of the neonatal
composite outcome was limited.

In summary, we found that amniotomy in term low-risk nulliparous women undergoing
labor induction was associated with either lower or similar odds of cesarean delivery and
other adverse maternal outcomes, compared with foregoing amniotomy at various time
points during labor induction, and also may be associated with a shorter duration of labor.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Exclusion: Admitted to labor and delivery with ruptured
membranes (n=3,071)

Exclusion: Antepartum stillbirth, fetal anomaly or non-
cephalic presentation (n=27)

Exclusion: No oxytocin used for induction (n=153)

Exclusion: Missing data for time and type of membrane
rupture (n=1)

A 4

Analysis sample
n=2,854

Figure 1.
Flow diagram of study cohort

Am J Perinatol. Author manuscript; available in PMC 2021 August 29.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Battarbee et al.

<0

Number of hours since initiation of oxytocin

v10

Figure 2.
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Analysis sample
n=2,854
AROM No AROM
n=333 n=2521
Exclude SROM n=86
L )
AROM No AROM
n=279 n=2156
}—ﬂ Exclude SROM n=109 ‘
v v
AROM No AROM
n=444 n=1603
Exclude SROM n=115 |

v v

AROM No AROM

n=402 n=1086

|—’| Exclude SROM n=64
v v |
AROM No AROM
n=251 n=771
| Exclude SROM n=52
v v ‘
AROM No AROM
n=192 n=527

Flow diagram describing comparison groups by timing of amniotomy

Abbreviations: AROM, artificial rupture of membranes; SROM, spontaneous rupture of
membranes.
Note: There were 439 women that had AROM >10 hours and 88 women that had SROM
>10 hours.
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Duration of induction >24 hours.
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Multivariable logistic regression of maternal and neonatal outcomes by timing of amniotomy
among term, nulliparous labor inductions in the ARRIVE trial (2014-2017)

Adjusted for maternal age, BMI, race/ethnicity, modified Bishop score on admission,
treatment group, and hospital (as a random effect).
Statistical significance defined as p<0.05 for primary outcome of cesarean delivery and
p<0.01 for secondary outcomes.
Figures display 95% confidence intervals for primary outcome of cesarean delivery and 99%
confidence intervals for secondary outcomes.
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