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Abstract
OBJECTIVE—To compare pregnancy outcomes by completed week of gestation after 39 weeks
with outcomes at 39 weeks.

STUDY DESIGN—Secondary analysis of a multicenter trial of fetal pulse oximetry in
spontaneously laboring or induced nulliparous women ≥36 weeks’ gestation. Maternal outcomes
included a composite (treated uterine atony, blood transfusion and peripartum infections) and
cesarean delivery. Neonatal outcomes included a composite of death, neonatal respiratory and
other morbidities and neonatal ICU admission.

RESULTS—Among the 4086 women studied, the risks of the composite maternal outcome (p-
value for trend<0.001), cesarean delivery (p<0.001) and composite neonatal outcome (p=0.047)
increased with increasing gestational age from 39 to ≥41 completed weeks. Adjusted odds ratios
(95% CI) for 40 and ≥41 weeks respectively compared with 39 weeks were 1.29 (1.03–1.64) and
2.05 (1.60–2.64) for composite maternal outcome, 1.28 (1.05–1.57) and 1.75 (1.41–2.16) for
cesarean delivery and 1.25 (0.86–1.83) and 1.37 (0.90–2.09) for composite neonatal outcome.

CONCLUSIONS—Risks of maternal morbidity and cesarean delivery but not neonatal morbidity
increased significantly beyond 39 weeks.
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Introduction
We reported increasing trends in neonatal morbidities associated with delivery beyond 39 to
40 weeks’ gestation in a cohort of women undergoing pre-labor elective repeat cesarean
delivery [1]. The morbidities included respiratory complications, hypoglycemia, suspected
or proven sepsis, and admission to the NICU. Consistent with ACOG recommendations, few
women desiring a cesarean are delivered beyond the window of 39–40 weeks’ gestation.1–2

However, the potential for increased neonatal risk with increasing gestational age is of
public health importance for the majority of women who anticipate a vaginal delivery,
because a third of women remain pregnant beyond 39 completed weeks, and post-date
induction typically is not recommended prior to the 41st week.3–5 Furthermore, the
cumulative risks and the gestational age-specific risks of stillbirth and other outcomes such
as preeclampsia rise with each additional week of gestation,6–7 and a Cochrane review of
clinical trials does not support the commonly held view that cesarean rates are increased
with labor induction compared with expectant management at ≥37 weeks’ gestation.8 Data
from observational studies suggesting an increase in selected neonatal outcomes, cesarean
delivery or maternal morbidities with later delivery at term9–12 raise questions concerning
how long a pregnancy should be managed expectantly beyond 39–40 weeks’ gestation and
specifically concerning the current standards of management of post-date pregnancies.3 The
majority of relevant studies are retrospective and they often examine a limited number of
outcomes. The objective of this study was to compare the frequency of maternal and
neonatal outcomes by gestational age at delivery in a cohort of laboring nulliparous women
enrolled in a clinical trial in which data on several maternal and neonatal outcomes were
prospectively collected.

Materials and Methods
We conducted a secondary analysis of a multicenter randomized trial of fetal pulse oximetry
as an adjunct to fetal heart monitoring conducted at 14 academic centers of the Eunice
Kennedy Shriver National Institute of Child Health and Human Development (NICHD)

et al. Page 2

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Maternal Fetal Medicine Units (MFMU) Network from 2002 to 2005.13 Nulliparous women
at 36 or more weeks of gestation, with viable singleton cephalic pregnancies and who were
in spontaneous or induced labor were randomly assigned to open or masked fetal pulse
oximetry groups at a cervical dilatation between 2 and 6 cm. In the open group, fetal oxygen
saturation values were displayed to the clinician. In the masked group, the sensor was
inserted and the values were recorded, but not displayed. Exclusion criteria for the primary
study included planned cesarean, intrapartum fever prior to randomization, known HIV or
hepatitis infection, heart or renal disease and diabetes mellitus. We also excluded
pregnancies complicated by congenital malformations and those with medical or obstetric
conditions that lead to immediate delivery or early delivery at term (hypertensive diseases,
suspected growth restriction, reduced fetal movement, non-reassuring antepartum fetal
testing and oligohydramnios). Inductions performed for post-dates, spontaneous membrane
rupture, or for elective reasons at any gestational age were not excluded. Our primary focus
concerned women delivered at 39 completed weeks’ gestation or later but we also examined
those delivered at 36–38 weeks as one way to assess the validity of our findings.

Gestational age was categorized into completed weeks: those delivered at 39 completed
weeks (i.e. 390/7–396/7 weeks), those delivered at 40 completed weeks, and those delivered
at or beyond 41 completed weeks. Because of relatively small numbers, those delivered at
36–38 weeks were categorized into a single gestational age group. Gestational age
determination was based on standardized criteria using last menstrual period (LMP) and/or
first ultrasound. Dating was based on LMP if ultrasound agreed with LMP within 7 days up
to 19 6/7 weeks, within 14 days at 20–29 6/7 weeks, or within 21 days at 30 weeks or
beyond. If LMP data were not available, dating was based on the first ultrasound.

Maternal outcomes included a primary composite morbidity (of chorioamnionitis,
endometritis, wound infection, uterine atony and/or blood transfusion) and cesarean delivery
(not included in the composite outcome). Chorioamnionitis was defined as a clinical
diagnosis based on an elevated intrapartum body temperature, uterine tenderness, fetal or
maternal tachycardia and malodorous or purulent vaginal discharge and no other defined
infection. Postpartum endometritis was also based on a clinical diagnosis of puerperal
infection in the absence of clinical or laboratory findings suggesting a non-uterine source of
infection. Wound infection was based on a clinician diagnosis. Atony was defined as a
clinical diagnosis based on failure of the uterus to contract after delivery or any treatment
with uterotonics including 15-methyl prostaglandin F2α or methyl ergonovine.

Individual adverse neonatal outcomes included death, respiratory distress syndrome (RDS),
transient tachypnea of newborn (TTN), seizure, sepsis, intraventricular hemorrhage (IVH),
hypoglycemia, intubation and ventilator support, 5-min Apgar score ≤3, hypoxic ischemic
encephalopathy (HIE) and neonatal ICU admission. A neonate was considered to have the
primary composite adverse neonatal outcome if it experienced any one of these individual
outcomes. Since some neonates (e.g. those born to women with gestational diabetes) may be
admitted to the NICU for observation in the absence of complications, we examined an
alternative composite neonatal outcome that excluded NICU admission less than 48 hours.
Neonatal outcomes were based on diagnoses provided by the neonatology attending. RDS
was based on the clinical diagnosis and need for oxygen therapy (FIO2 ≥ 0.4) for at least 24
hours or until death. TTN required a clinician diagnosis with need for oxygen therapy and/or
mechanical ventilation/CPAP during the first 24 hours of life, and no other demonstrable
cause of respiratory distress such as RDS. Sepsis was defined as suspected systemic
infection with positive cultures of blood, CSF, or urine (catheterized or suprapubic), or (in
the absence of positive cultures) clinical evidence of cardiovascular collapse or an
unequivocal X-ray confirming infection in an infant believed to be clinically septic.
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Data were analyzed using SAS (SAS Institute, Cary, NC). Chi-square or Kruskal-Wallis test
as appropriate was used to assess differences in maternal demographic and infant
characteristics in relation to gestational age at delivery. The incidence rates of neonatal and
maternal outcomes were compared by completed gestational week at birth with 39 weeks as
the referent. The exact Cochran-Armitage test was used to evaluate outcomes for trends
increasing weeks of gestational age from 39 weeks. Logistic regression was used to compare
outcomes at each gestational age category (39 weeks as referent) adjusting for potential
confounders including maternal age, ethnicity, BMI category, marital status, payor, smoking
status, prenatal care in first trimester, labor type (induced vs. spontaneous/augmented) and
study arm for maternal outcomes. Neonatal outcomes are adjusted additionally for mode of
delivery and infant gender. We did not adjust for birth weight, labor induction, duration of
labor or mode of delivery in primary analyses since these may be in the causal pathway.
However, post-hoc adjustment additionally for mode of delivery and induction or labor
augmentation was conducted for the composite maternal outcome. We also adjusted
additionally for delivery center. P-values <0.05 were considered statistically significant and
no adjustments were made for multiple comparisons. The primary study was approved by
the institutional review board at each participating center.

Results
Among 5341 women in the trial, 4086 met final inclusion criteria for this secondary
analysis; 981 women with indicated inductions for non-reassuring fetal testing, decreased
fetal motion, growth restriction, oligohydramnios, chronic hypertension, preeclampsia/
eclampsia or gestational hypertension, diabetes mellitus and/or “others”, 263 women with
pre-gestational diabetes, chronic hypertension, suspected fetal growth restriction and/or
preeclampsia/gestational hypertension, 10 women with major congenital malformations, and
1 woman with delivery gestational age <36 weeks were excluded.

Dating ultrasound information was available for 92.2% of the women. The characteristics of
this study population by gestational age at delivery are presented in Table 1. Gestational age
in completed weeks differed significantly by mean maternal age, mean pre-pregnancy body
mass index (BMI) and proportion of obese women, race or ethnicity, marital status, type of
insurance, prenatal care in the first trimester and type of labor. Smoking status and study
arm (open vs. masked oximetry) did not differ significantly by gestational age. The
frequency of oxytocin use at randomization (for both labor induction and augmentation) and
mean birth weight increased with gestational age.

There were no intrapartum stillbirths, 1 neonatal death at 40 weeks’ gestation, were two
cases of severe IVH at 39 and 40 weeks, and 1 case of HIE at 40 weeks. The unadjusted
risks of composite and individual maternal and neonatal outcomes are presented in Table 2
(p-values are for tests of trend from 39 to ≥41 weeks). The risks of composite adverse
maternal outcome and cesarean delivery increased significantly with increasing gestational
age from 39 weeks to ≥41 weeks. The increasing trend in composite maternal outcome was
mainly due to chorioamnionitis (which increased from 9.2% at 39 weeks to 14.9% at ≥41
weeks) and uterine atony (increasing from 2.8% to 7.3%). Both NICU admission and
composite neonatal outcome were higher at 36–38 weeks’ compared to 39 weeks’ gestation.
The composite adverse neonatal outcome increased from 4.4% at 39 weeks’ gestation to
6.5% at ≥41 weeks (p-value for trend test = 0.047). The alternative composite adverse
neonatal outcome increased from 3.5% at 39 weeks’ gestation to 5.0% at ≥41 weeks while
NICU admission increased from 3.6% to 5.0% respectively, but the trends were not
statistically significant.
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The incidence of composite adverse maternal and neonatal outcomes by gestational age
displayed trends similar to the unadjusted overall trends when stratified by induced vs.
spontaneous labor (including oxytocin augmentation) or by cesarean vs. vaginal mode of
delivery (Figure 1). For each gestational age, the incidence of the composite adverse
maternal outcome was higher among those who underwent spontaneous compared to
induced labor and among those delivered by cesarean compared to those delivered vaginally.
The incidence of chorioamnionitis (the most common outcome in the maternal composite)
increased from 39 to ≥41 completed weeks among both women with spontaneous labor
(10.5% to 20.7%) and induced labor (5.0% to 9.6%). The incidence of adverse neonatal
outcome was higher for cesarean than for vaginal delivery but similar by type of labor.

Results for maternal outcomes after adjusting for study arm, maternal age, BMI category,
ethnicity, smoking status, marital status, payor, induced vs. spontaneous labor and prenatal
care in the first trimester are presented in Table 3. Findings confirmed that the odds of the
composite adverse maternal outcome (mainly due to increasing uterine atony and
chorioamnionitis) and cesarean delivery increased beyond 39 completed weeks. Compared
to 39 completed weeks, the risk of cesarean delivery, but not adverse maternal outcomes,
appeared to be lower among those in our cohort delivered prior to 39 weeks.

The results of an identical multivariable model for neonatal outcomes adjusted additionally
for mode of delivery and baby gender are also presented (Table 3). Adverse neonatal
outcomes were not significantly increased at 36–38, 40 or ≥41 weeks compared with 39
weeks. Cesarean delivery (OR 1.93; 95% CI 1.43, 2.61) and male infant (OR 1.49; 95% CI
1.11, 1.98) were significantly associated with the primary adverse neonatal outcome in the
model.

Results stratified by center or adjusting additionally for center were consistent with the main
results but were limited by small numbers and zero cells for the less frequent outcomes.

We conducted sensitivity analyses. First, we restricted analyses to women with obstetric or
medical indications for delivery who were excluded from primary analyses (those whose
infants had congenital malformations remained excluded). As expected, composite maternal
outcome (ranging from 14.9% prior to 39 weeks to 29.8% at 41 weeks), cesarean delivery
(from 25.4% to 48.0%) and neonatal morbidity (10.2% prior to 39 weeks, 7.4% at 39, 6.9%
at 40 and 9.6% at 41 weeks respectively) were more frequent at each gestational age
compared to those included in our primary analyses (table 2). However, the trends observed
in the outcomes with increasing gestational age mirrored those observed in the primary
analyses. Next, analyses combining both these excluded women and those in the primary
analyses showed trends consistent with our primary results (not shown). Then, to explore the
reasons for the increasing trends in composite maternal morbidity and cesarean delivery, we
adjusted additionally for birth weight and duration of labor in the primary model. As
anticipated, both outcomes increased with increasing birth weight and duration of labor and
their addition to the primary model attenuated the association between increasing gestational
age and both outcomes.

Discussion
We observed an increasing incidence of the composite adverse maternal outcome and
cesarean delivery beyond 39 weeks’ gestation. In contrast to the increasing incidence of
composite adverse maternal outcome (ranging from 14.6% to 25.1%) in the current cohort of
laboring nulliparous women, the incidence was lower at each gestational age (6.6% to 7.5%
only) in a cohort of prelabor elective repeat cesarean deliveries and no trend was observed.14

In the latter study, additional rare maternal morbidities were included in the composite. Not
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surprising, chorioamnionitis, endometritis and uterine atony were key individual morbidities
contributing to the increasing trend in composite maternal morbidity in our cohort of
laboring nulliparous women. The observation of higher risks of chorioamnionitis and
composite maternal morbidity among women in spontaneous labor compared to those
induced is consistent with reports of a higher risk of histologic chorioamnionitis among term
women in spontaneous (vs. induced) labor.15 Similar to findings in women undergoing
elective repeat cesarean delivery,14 composite maternal outcome was not significantly
influenced by delivery prior to 39 weeks’ gestation compared to delivery in the 39th week.
The incidence of cesarean delivery in our cohort was remarkably similar to risks for
nulliparous women in a large US cohort.16

Concerning neonatal outcomes, the incidence of the composite adverse neonatal outcome
presented a significant increasing trend with increasing gestational age from 39 completed
weeks. Indeed, similar to prior observations among women undergoing prelabor cesarean
delivery,1,17 the relationship between each of the more frequent neonatal outcomes
(composite outcome and NICU admissions) and gestational age suggested a U-shape with
nadir at 39 weeks’ gestation. However, after multivariable analyses comparing delivery
before or after 39 weeks with delivery at 39 completed weeks, the increase in neonatal
morbidity was not statistically significant. This may be due to the low incidence of the
adverse neonatal outcomes and the limited power afforded by our study. Considering this
limitation, our findings may support those observed in a much larger study based on US
birth data which demonstrated a U-curve with a nadir at 39 weeks for various neonatal
morbidities.16

We acknowledge additional study limitations. The primary study excluded primiparous
women with cervical dilatation above 6cm. Therefore, the generalizability of our findings to
primiparous women presenting late in labor (or to parous women) is limited. While these
women likely have lower risks of cesarean delivery and adverse maternal outcomes, we do
not expect that gestational age trends would be different than observed in our cohort. A third
limitation is the lack of data on antepartum stillbirths (which do increase with increasing
gestational age), since only women with viable pregnancies were eligible for the primary
study. Similarly, by excluding several risk factors or conditions that cumulatively are more
likely to occur with advancing gestational age (e.g., preeclampsia, oligohydramnios, non-
reassuring fetal status) from primary analyses, we could have underestimated the true
association between advancing gestational age and maternal and neonatal outcomes. Indeed,
in supplementary analyses that including these women, we observed higher rates of the
adverse outcomes at each gestational age; however, the overall trends suggesting increasing
incidence beyond 39 weeks remained the same. Our findings are susceptible to bias from
unmeasured factors that may be associated with both gestational age and study outcomes.
While potential biases may be in either direction, our observed associations may be
underestimates since women perceived to be at risk are more likely to be delivered prior to
the 41st week. Although we adjusted for use of fetal pulse oximetry in half of our cohort, the
lack of its use in contemporary obstetric practice in the United States is a limitation. Finally,
this study involves multiple comparisons which may lead to spurious associations due to
increased likelihood of type 1 error.

A large body of evidence supports recommendations to avoid delivery prior to 39 weeks’
gestation in the absence of medical or obstetric indications.1–2,14,17–21 We therefore focused
our investigation on whether there is a restricted delivery window beyond 39 weeks’
gestation when maternal and perinatal outcomes are optimal. Consistent with findings from
prior studies of various maternal outcomes,9,11, 17,20,22 composite adverse maternal outcome
increased significantly after 39 weeks’ gestation (a modest increase of 30% at 40 to 100% at
≥41weeks respectively). Although the increase occurred regardless of type of labor onset
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(i.e., spontaneous or induced), the gestational age-matched incidence of adverse maternal
outcome was surprisingly higher among women in spontaneous labor than in those who
underwent labor induction. Women who underwent spontaneous delivery at 40 weeks or
later had markedly increased composite adverse maternal outcome rates compared to those
induced at 39 weeks (see figure 1). These observations suggest that induction of labor past
39 completed weeks’ gestation may be associated with improved maternal outcomes
compared with awaiting spontaneous labor. Furthermore, the cesarean delivery rate
increased significantly with increasing gestational age regardless of the type of labor (Table
3); as expected, the magnitude of the increase appeared to be higher among those who
underwent labor induction than those who entered labor spontaneously (Figure 1 – Panel C).
The observed trends persisted after including women we had originally excluded because of
medical or obstetric indications for early delivery. These findings are consistent with several
reports suggesting that induction of labor at term, does not increase, and indeed may be
associated with a lower risk of cesarean delivery compared with expectant management
(which includes inductions at a later gestational age).6,9,11,16,23–27 These observations
challenge the belief that a policy of labor induction at term (vs. expectant management) is
associated with an increased risk of cesarean delivery – a belief supported by data from
other studies.20,24,28–31 The discrepancy may be explained in part by design limitations,
differences according to gestational age or use of the wrong comparison group. Ideally,
women planning to deliver at 39 completed weeks should be compared to those planning
expectant management who deliver spontaneously at 39–41 weeks or by induction in the
41st week. Ongoing fetal growth and placental maturation with expectant management may
increase the risk for cesarean delivery due to dystocia or non-reassuring fetal status, and
outweigh the risk of cesarean delivery associated with the alternative policy of labor
induction.23 For this reason, we did not adjust for increasing infant birth weight and duration
of labor in the primary analyses since these may be intermediate factors in the causal
pathway linking delivery gestational age and outcomes, particularly cesarean delivery.
Adjustment for these factors in additional analyses attenuated the observed associations as
anticipated for intermediate factors. Concerning neonatal outcomes, with adequate power we
may expect a 20 to 40% increase in the composite outcome past 39 weeks based on our
findings. Although not statistically significant, these data are supportive of studies reporting
increasing adverse neonatal or infant outcomes with gestational age past 39–40 weeks
(including meconium complications, macrosomia, neonatal ICU admission, low apgar or
cord pH, birth injury, neonatal death and cerebral palsy).9–12,16,32

Considered together with increasing risk of stillbirth with pregnancy prolongation beyond 39
weeks’ gestation,33–34 our findings indicating increased maternal morbidity and cesarean
delivery and a potential for increased neonatal morbidity beyond 39 weeks’ gestation
suggest that, maternal and perinatal outcomes may be improved by delivery soon after 39
0/7 weeks of gestation. However, we do not believe a change in practice is justifiable on the
basis of this study or other observational studies considering their limitations. A policy to
initiate delivery soon after 39 completed weeks will require labor induction for an increased
proportion of women. The effects of such a policy may not be fully captured by
observational studies. The data from systematic reviews of clinical trials though supportive
of our findings are also limited – these have focused on deliveries after 41 weeks and
evaluation of earlier term deliveries have combined those at 37–40 weeks.8,23 Therefore, our
findings together with those from other studies underscore the need for a large randomized
trial of a policy of elective delivery at 39 weeks vs. the standard policy of expectant
management until at least 41 completed weeks. Others propose an ‘active management of
risk’ approach which tailors timing of delivery to patients’ cesarean risk profile.35 Trials
should be adequately powered to detect clinically important differences in maternal
outcomes including cesarean delivery and as well as perinatal outcomes. Such a study is
important given the increasing inductions in the United States and the ongoing temporal
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decrease in the proportion of women who deliver at 40 weeks or later from 48% in 1990 to
33% in 2007.36
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Figure 1.
Risks of adverse maternal and neonatal outcomes and cesarean delivery by completed
gestational age from 39 weeks stratified by type of labor and mode of delivery
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