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Abstract
Purpose Despite the well-known neonatal morbidity risks
after elective cesarean deliveries performed before

39 weeks, there are scarce data regarding mortality risks.
The objective of this study was to calculate the risk of
neonatal mortality after elective repeat cesarean delivery
(ERCD) by gestational age.

Methods The Linked Birth-Infant Death Data Files from
the Vital Statistics Data of the Center for Disease Control
and Prevention of the U.S. from 2004 to 2008 were ana-
lyzed. Only ERCD cases were included. Early death
(<7 days), neonatal death (<28 days), and infant death
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(<1 year) were evaluated. A logistic regression model was
used to calculate odds ratios. Cases delivered at
37-41 weeks were studied with 40 weeks as reference.
Results A total of 483,052 cases were included for anal-
ysis. The distribution of rates and odds ratios for infant,
neonatal and early death was U-shaped with the nadir at
39 weeks. There was a statistically significant increase in
early death at 37 compared to 40 weeks’ gestation [OR
(95 %) CI = 1.929(1.172-3.176)]. No statistical increase
was found in any of the other mortality risks.

Conclusion There is an increased risk in early death with
ERCD performed at 37 weeks. Our study provides evidence
of neonatal harm beyond the reported morbidity risks.

Keywords Repeat cesarean - Neonatal mortality - Timing
of delivery - Gestational age - Neonatal outcomes

Introduction

The cesarean delivery rate in the United States has rapidly
increased since the 1990s [1], with many of these proce-
dures being both elective and repeat [1, 2]. Optimal timing
of elective repeat cesarean delivery (ERCD) is important
for the prevention of adverse neonatal outcomes.

Historically, the American College of Obstetricians and
Gynecologists and the Society for Maternal-Fetal Medicine
have advocated delaying deliveries until 39 completed
weeks’ gestation or beyond [3-6] to decrease the risks of
newborn prematurity. The recommendation for delaying
ERCD until 39 weeks’ gestation is very well supported by
the literature [3—12]. Because of these studies, we know
that non-indicated early-term (37 0/7-38 6/7 weeks’ ges-
tation) cesarean deliveries are associated with an increase
in adverse neonatal outcomes [8].
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Unfortunately, despite current recommendations, early-
term cesarean delivery rates continue to be significant in
the United States; being approximately 33 % in 2009 [1].
Because of this trend, there is an effort to promote multiple
policies to increase awareness on the topic and decrease
current rates.

Numerous existing studies focus on maternal or neonatal
morbidity and adverse outcomes [8, 13, 14], however, there
are few data specifically addressing infant mortality after
ERCD according to gestational age. Some of this infor-
mation is only found within the results of studies whose
emphases were morbidity risks. Little research has been
done regarding the risk of neonatal death according to
gestational age, likely due to the low numbers available for
study. Neonatal mortality is an uncommon event, espe-
cially in elective procedures, and the number of cases
needed to achieve enough power is very high. We wanted
to test the hypothesis that an increased risk of neonatal
mortality after ERCD exists in earlier gestational ages
beyond the well-known morbidity risks in the hopes of
using this information to increase awareness and promote
public policies for better adherence to guidelines as well as
to improve patient care and counseling.

Methods

The Institutional Review Board of Wayne State University/
Detroit Medical Center in Detroit, Michigan reviewed and
approved the protocol of this study. The design was ret-
rospective, cohort study. The Linked Birth—Infant Death
Data Files from the Vital Statistics Data of the Center of
Disease Control and Prevention (CDC) of the United States
from the years 2004-2008 (the most available data at the
time of selecting cases for analysis) were reviewed to
examine neonatal and infant death rates.

The inclusion criteria used were: cases of singleton
deliveries, method of delivery by repeat cesarean, no
attempted trial of labor and gestational age at delivery
between 37 and 41 weeks. Exclusion criteria were any
reported congenital anomalies and risk factors such as
diabetes, chronic hypertension and pregnancy-related

hypertensive disorders including eclampsia. Since we
selected all cases in the window period, power analysis was
not necessary. The mortality-related newborn outcomes
analyzed were: early death (when the demise occurred at
less than 7 days), neonatal death (less than 28 days), and
infant death (less than 1 year).

All frequencies were represented in percentages. The rates
of mortality-related outcomes were represented in rates per
1000 births. A forward stepwise logistic regression model was
performed to calculate the unadjusted odds ratio of mortality-
related variables according to gestational age from 37 to
41 weeks, using 40 weeks gestational age at delivery as the
reference group. The gestational age of 40 weeks was chosen
as reference as this has been traditionally considered “at
term”. Standard confounders found in the literature, including
variables such as maternal age, maternal race, parity, infant’s
gender and year of delivery were used as covariates to cal-
culate adjusted odds ratios. Information regarding BMI was
not available in the datasets to be used as a confounder. All of
the data were analyzed by a clinical statistician with the use of
the statistical package SPSS software version 17.0. A p value
of <0.05 witha 95 % confidence interval not crossing one was
used to indicate statistical significance.

Results

After inclusion and exclusion criteria were applied, a total
of 483,052 cases of ERCD were included for analysis. Of
these, 394,885 (81.8 %) were Whites, 59,480 (12.3 %)
were Blacks, 2963 (0.61 %) were American—Indians and
25,724 (31 %) were Asians. Regarding the newborn’s
gender 51 % were female and 49 % were male.

The number of deliveries according to gestational age is
shown on Table 1. From a total of 483,052 deliveries,
171,316 cases (35.5 %) were performed at 39 weeks and
75,950 were performed at 40—41 weeks. Nearly half of all
ERCDs, 253,786 cases (48.8 %), were performed before
39 weeks’ gestation.

The rates of infant, neonatal and early death (computed
per 1000 live births) are shown in Table 1 and Fig. 1. For
the three mortality-related variables analyzed (early,

Table 1 Mortality rates (per 1000 births) according to week of gestation at delivery

Outcome 37 weeks 38 weeks 39 weeks 40 weeks 41 weeks p value
(N = 65,327) (N = 170,459) (N =171,316) (N = 53,297) (N = 22,653)
Number of cases (rate per 1000 births)
Infant death 153 (2.3) 312 (1.8) 292 (1.7) 111 2.1) 49 (2.2) 0.015
Neonatal 67 (1.0) 117 (0.7) 94 (0.5) 38 (0.7) 17 (0.8) 0.003
death
Early death 53 (0.8) 81 (0.5) 60 (0.4) 22 (0.4) 10 (0.4) 0.000

N number of cases
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Fig. 1 Mortality rates (per 25
1000 births) according to
gestational age after elective 2.0
repeat cesarean delivery divided
in infant death, neonatal death
and early death
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Table 2 Adjusted and unadjusted odds ratios for mortality outcomes after elective repeat cesarean delivery
Outcome 37 weeks 38 weeks 39 weeks 40 weeks* 41 weeks
(N = 65,327) (N = 170,459) (N = 171,316) (N = 53,297) (N = 22,653)

Unadjusted OR (95 % CI)

Infant death 1.125 (0.881-1.437) 0.879 (0.707-1.091) 0.818 (0.657-1.018) Reference 1.039 (0.742-1.454)

Neonatal 1.439 (0.966-2.143) 0.963 (0.668-1.388) 0.769 (0.528-1.122) 1.053 (0.594-1.865)

death

Early death 1.929 (0.966-2.143) 1.151 (0.719-1.844) 0.848 (0.520-1.383) 1.069 (0.506-2.259)
Adjusted** OR (95 % CI)

Infant death 1.066 (0.812-1.400) 0.816 (0.641-1.041) 0.793 (0.622-1.011) Reference 0.826 (0.557-1.226)

Neonatal
death

Early death

1.432 (0.962-2.133) 0.969 (0.672-1.398)

1.929 (1.172-3.176) 1.151 (0.719-1.844)

0.775 (0.531-1.129)

0.848 (0.520-1.383)

1.05 (0.593-1.861)

1.069 (0.506-2.259)

N number of cases

* Reference at 40 weeks of gestational age

** Confounders considered for the adjusted analysis: mother’s single years of age, parity, newborn gender, year of delivery

neonatal and infant death) the distribution of the rates by
gestational age from 37 to 41 weeks’ gestation are
U-shaped, with the nadir at 39 weeks’ gestation (p < 0.05).

The unadjusted and adjusted odds ratios of the mortality-
related outcomes according to gestational age (using
40 weeks’ gestation as a reference) are shown in Table 2.
For early neonatal death, the distribution of the Exp
(B) values from 37 to 41 weeks’ gestation is U-shaped, with
the nadir at 39 weeks. The risk of early death was almost
twofold at 37 weeks [OR (95 %) CI = 1.929(1.172-3.176)]
compared to 40 weeks. The other odds ratios compared to
40 weeks were not statistically different.

For neonatal and infant death, the distribution of the exp
(B) values from 37 to 41 weeks was also U-shaped, with the
nadir at 39 weeks. However, the results were not statistically
different. The adjusted odds ratios of all mortality-related
outcomes at 37 compared to 40 weeks are shown in Fig. 2.

Discussion

The findings presented show that performing an ERCD at
39 weeks’ gestation is associated with the lowest rates of
neonatal mortality. The overall rates are graphically plotted

Adjusted Odds Ratios (95%Cl) for Mortality Outcomes at 37
compared to 40 weeks' gestation
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NEONATAL MORTALITY
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Fig. 2 Adjusted ORs for mortality outcomes at 37 weeks divided by
infant mortality, neonatal mortality and early mortality

as U-shaped, with the nadir at 39 weeks. These results are
consistent with the current prevailing evidence that elective
delivery before 39 weeks’ gestation is associated with
significant neonatal morbidity [3-6, 8, 13, 14]. In our
study, the overall risks are increased most apparently at
37 weeks and were found to be lowest at 39 weeks’ ges-
tation. This finding is consistent with previous studies that
suggest 39 weeks to be the optimal time to perform elec-
tive delivery procedures [8, 9, 13-15].
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Just like previous reports [8, 9, 13], our study showed that
nearly 50 % of ERCDs were performed before 39 weeks’
gestation, which demonstrates a lack of adherence to current
guidelines. Most importantly, we found a 92.9 % increased
risk in early death if ERCD was performed at 37 compared to
40 weeks’ gestation. This finding supports the evidence that
performing early-term ERCD not only increases neonatal
morbidity risk, but also mortality.

While many studies mention neonatal mortality risks
associated with elective procedures, there are very few
studies dedicated to it. One of the reasons might be because
studying mortality related to elective procedures is more
difficult as the risks of complications are presumably lower
than medically required emergency procedures [9, 12-21].
In terms of elective early-term deliveries, there are greater
reported rates of mortality among neonates delivered during
the early-term period compared with those delivered at term
[6].

De Luca et al. [16]. conducted a cohort study to evaluate
the age-stratified risk of intrapartum and neonatal mor-
bidity and mortality after elective cesarean delivery and
found that mortality had a strong gestational age-related
trend with the lowest rates found between 38 and
40 weeks’ gestation independent of delivery mode.

Compared to medically indicated procedures, studies
about neonatal mortality following elective procedures are
scarce. In case series, this outcome has been reported after
ERCD but only as an uncommon complication; this lack of
a large pool of relevant data decreases the ability to obtain
statistically significant results specifically related to
neonatal mortality and timing of ERCD [13, 14]. Some of
the information regarding the subject is found within the
results of morbidity-based studies; however, very few
mortality cases are reported and this low rate of neonatal
mortality associated with elective procedures accounts for
why it is so difficult to achieve high powered studies on the
subject [8, 14, 22-25]. A major strength of our study lies in
the very large sample size available for evaluation, and also
the comprehensive population-based nature of the data set,
which includes all births over a broad time period, together
with the large number of socio-demographic and medical
variables available for analysis. Analyzing the mortality
differential of ERCDs stratified for gestational age and
finding a statistically significant difference in outcome was
made possible by the size of the data pool. Because the
mortality rate for elective delivery procedures is so low,
most clinic- or hospital-based studies would not have had
enough power in terms of sample size to detect a statisti-
cally significant difference in mortality of one infant death
per 1000 live births.

Despite the above, limitations of the study associated with
the database were also present; most notably the accuracy of
reporting specific data items of interest along with

@ Springer

gestational age ascertainments per the initial providers.
Natality records provide an excellent resource for most
demographic information as well as straightforward medi-
cally related items like method of delivery and fetal mea-
surements post-delivery, however, there is still an
underreporting of individual medical risk factors and com-
plications of labor and delivery on birth certificates [26, 27].

ERCD timing decision-making should weigh and balance
the risks and benefits for both mother and fetus. It is still not
known if earlier delivery scheduling may help avoid certain
complications that could potentially appear as gestation
progresses such as preeclampsia, eclampsia, placental
abruption and labor with a subsequent risk of urgent cesarean
section and/or uterine rupture since it is estimated that about
10 % of women go into spontaneous labor between 37 and
39 weeks [28]. Delaying delivery for an additional week
increases the time that the woman and her fetus are vulner-
able to unexpected complications and increases the propor-
tion of women who might be forced to deliver by emergency
procedures [21]. Earlier scheduling on the other hand, could
potentially increase patient comfort and the ability to
schedule the delivery around life plans besides ensuring the
presence of their private physician at delivery; however, it
could also increase the risk of prematurity-related outcomes.
Most ERCD studies tend to exclude women who delivered
non-electively before the scheduled date of delivery from
their statistical analysis [21]. Further research is needed to
evaluate the impact that these cases have on the timing of
elective procedures since excluding them may overestimate
potential benefits of ERCD [21].

Beyond the health risks, cost is also always a consid-
eration in health care decision-making and reform.
Neonatal hospitalization costs may be contained through
careful consideration of timing of delivery in patients
undergoing ERCD [20]. Robinson et al. [20] found that the
delay of ERCD to 39 weeks of gestational age was asso-
ciated with significant cost savings in terms of neonatal
management.

We believe there is still considerable research to be done
focusing on ERCD timing, especially when it comes to the
influence of other factors such as race/ethnicity and new-
born gender; these factors should be studied and considered
at the time of implementing more elaborate guidelines and
policies in the field of maternal-fetal medicine.

Overall, there is a demonstrable increase in early death
with ERCD performed at 37 weeks. Our study provides
evidence of neonatal harm beyond the morbidity risks that
are usually quoted. The latter should emphasize the impor-
tance of promoting better adherence to current recommen-
dations [6], as well as to increase the awareness of physicians
and patients to the risks of non-indicated early-term deliv-
eries. In addition to preventing unnecessary adverse health
outcomes for both mother and neonate, better adherence to
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established policies will also decrease the overwhelming
financial burden of associated hospital and governmental
costs of neonatal morbi-mortality. To our knowledge, this is
the first study of its kind that has focused on evaluating risks
of neonatal death according to gestational age in ERCD.
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