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Neonatal mortality by attempted route
of delivery in early preterm birth
Uma M. Reddy, MD, MPH; Jun Zhang, PhD, MD; Liping Sun, MD, MS; Zhen Chen, PhD;
Tonse N.K. Raju, MD; S. Katherine Laughon, MD, MS
OBJECTIVE: We sought to study neonatal outcomes in early preterm
births by delivery route.

STUDY DESIGN: Delivery precursors were analyzed in 4352 singleton
eliveries, 24 0/7 to 31 6/7 weeks’ gestation. In a subset (n � 2906)

eligible for a trial of labor, neonatal mortality in attempted vaginal deliv-
ery (VD) was compared to planned cesarean delivery stratified by
presentation.

RESULTS: Delivery precursors were classified as maternal or fetal con-
ditions (45.7%), preterm premature rupture of membranes (37.7%),

and preterm labor (16.6%). For vertex presentation, 79% attempted VD

2012;207:117.e1-8.
and 84% were successful. There was no difference in neonatal mortal-
ity. For breech presentation, at 24 0/7 to 27 6/7 weeks’ gestation,
31.7% attempted VD and 27.6% were successful; neonatal mortality
was increased (25.2% vs 13.2%, P � .003). At 28 0/7 to 31 6/7
weeks’ gestation, 30.5% attempted VD and 17.2% were successful;
neonatal mortality was increased (6.0% vs 1.5%, P � .016).

CONCLUSION: Attempted VD for vertex presentation has a high suc-
cess rate with no difference in neonatal mortality unlike breech
presentation.
Key words: early preterm birth, precursors, route of delivery
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F ifty-four percent of all infant deaths
in the United States occur among

the 2% of infants born at �32 weeks’ ges-
tation.1 The optimal route of delivery for
he early preterm fetus remains contro-
ersial. Some observational studies have
hown a lower neonatal mortality for
lanned cesarean delivery (CD) as com-
ared with vaginal delivery (VD) for ver-
ex2-4 and breech2,4-9 early preterm preg-
ancies whereas other studies do not
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show a difference by route of delivery for
vertex10-12 or breech13-15 presentation.

The vertical uterine incision often re-
quired for CD at this gestational age in-
creases the risks of hemorrhage, bladder
injury, and other complications. There is
also an increased risk of uterine rupture,
placenta previa, and placenta accreta in
subsequent pregnancies.16,17
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Six trials have attempted to randomize
the route of delivery for women in pre-
term labor (PTL) at high risk for delivery.
Recruitment difficulties limited combined
enrollment in all of these trials to only 122
women. A metaanalysis of these trials
found no statistically significant differ-
ences in neonatal outcomes by route of de-
livery, except for lower cord pH values
among infants delivered by CD.18

Because randomized trials to answer
this question have not proven feasible, a
study using recent cohort data to deter-
mine the effect of fetal presentation, ges-
tational age, and the intended route of
delivery on outcome would be valuable.
Therefore, the purpose of this study was
to use a contemporary cohort that re-
flects current obstetric and neonatal
clinical practice to identify the precur-
sors of early preterm delivery �32 weeks
of gestation and to assess the effect of in-
tended route of delivery on neonatal
mortality for viable singleton early pre-
term births, stratified by presentation.

MATERIALS AND METHODS
The Consortium on Safe Labor (CSL)
was a study conducted by the Eunice
Kennedy Shriver National Institute of
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National Institutes of Health, and has
been described in detail elsewhere.19

Briefly, CSL was a retrospective cohort
study involving 228,668 deliveries from
2002 through 2008 from 12 clinical cen-
ters and 19 hospitals representing 9
American Congress of Obstetricians and
Gynecologists districts. All deliveries at
�23 weeks’ gestation were included in
the CSL cohort. Women could have �1
pregnancy in the cohort; so to avoid in-
traperson correlation only the first preg-
nancy enrolled was included for a total of
208,695 women.

Demographic data; medical history;
prenatal, labor, and delivery informa-
tion; as well as postpartum and neonatal
outcomes were extracted from electronic
medical records from each institution.
Data from the neonatal intensive care
unit (NICU) were collected and linked to
the newborn record. Maternal and new-
born discharge International Classifica-
tion of Diseases, Ninth Revision (ICD-9)
codes were also collected for each deliv-
ery. Data were transferred in electronic
format from each site and were mapped
to common categories for each pre-
defined variable at the data coordinating
center. Data inquiries, cleaning, and

TABLE 1
Major anomalies: ICD-9 codes

ICD-9 code Description

740 Anencephalus an
...................................................................................................................

741 Spina bifida
...................................................................................................................

742 Other congenital
...................................................................................................................

745 Bulbus cordis an
...................................................................................................................

746 Other congenital
...................................................................................................................

747 Other congenital
...................................................................................................................

748 Congenital anom
...................................................................................................................

750 Other congenital
...................................................................................................................

751 Other congenital
...................................................................................................................

753 Congenital anom
...................................................................................................................

756 Other congenital
...................................................................................................................

757.1 Ichthyosis conge
...................................................................................................................

758 Chromosomal an
...................................................................................................................

759.3-759.8 Other specified a
...................................................................................................................

ICD-9, International Classification of Diseases, Ninth Revision

Reddy. Early preterm birth outcomes by delivery route. Am
logic checking were performed. Valida-
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tion studies for 4 key outcome diagnoses
(cesarean for nonreassuring fetal heart
rate tracing, asphyxia, NICU admission
for respiratory conditions, and shoulder
dystocia) confirmed high level of accu-
racy. There was �95% concordance with
he medical chart for 16/20 variables ex-
mined with the lowest concordance of
1.1% for clinical diagnosis of shoulder
ystocia.19 Institutional review board

approval was obtained by all participat-
ing institutions.

All singleton deliveries occurring be-
tween 24 0/7 to 31 6/7 weeks of gestation
comprised the cohort for this analysis
(n � 5055). The Figure summarizes the
study population for analysis. Due to a
high percentage of missing data for some
neonatal and pregnancy variables, 2 sites
were eliminated from further analyses
(n � 703), resulting in 4352 pregnancies.
We first categorized the possible precur-
sors for preterm delivery. The indica-
tions for admission, delivery, and preg-
nancy complications in the electronic
medical record fields were used to clas-
sify the precursors to delivery into 3
overall categories: PTL, preterm prema-
ture rupture of membranes (PPROM),
and indicated delivery. These 3 catego-

imilar anomalies
..................................................................................................................

..................................................................................................................

malies of nervous system
..................................................................................................................

lies and anomalies of cardiac septal closure
..................................................................................................................

malies of heart
..................................................................................................................

malies of circulatory system
..................................................................................................................

s of respiratory system
..................................................................................................................

maly of upper alimentary tract
..................................................................................................................

malies of digestive system
..................................................................................................................

s of urinary system
..................................................................................................................

sculoskeletal anomalies
..................................................................................................................

..................................................................................................................

alies
..................................................................................................................

alies
..................................................................................................................
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ries were mutually exclusive, prioritizing
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PTL then PPROM and then indicated for
classification. The conditions leading to
an indicated preterm birth included pre-
eclampsia, placental abruption, nonre-
assuring fetal status, fetal growth restric-
tion, severe maternal medical disease,
antepartum stillbirth, and major anom-
alies; these conditions were not mutually
exclusive so multiple indications could
be coded for a single pregnancy. For ex-
ample, a pregnancy complicated by a ma-
jor anomaly, fetal growth restriction, and
nonreassuring fetal status would be
counted in each of these 3 categories of in-
dicated early PTB. Major anomalies were
defined by �1 ICD-9 codes (Table 1).

Next we investigated neonatal out-
comes in pregnancies eligible for at-
tempted VD vs planned CD. Pregnancies
with conditions requiring immediate
CD, such as fetal distress, placenta pre-
via, and placental abruption, or that were
associated with such poor neonatal out-
come that route of delivery was unlikely
to affect outcome, including antepartum
stillbirth and fetal anomalies, were elim-
inated from further analyses (n � 1446),
resulting in 2906 singleton pregnancies.
These 2906 singleton nonanomalous
pregnancies were then stratified by ges-
tational age blocks: 24 0/7 to 27 6/7 weeks
of gestation (n � 1102) and 28 0/7 to 31
6/7 weeks of gestation (n � 1804). These
gestational age categories were based on
the fact that the highest rates of neonatal
mortality and morbidity occur between
24 0/7 and 27 6/7 weeks of gestation.
Within each gestational age block, preg-
nancies were then stratified by vertex or
breech presentation (Figure).

The following maternal characteristics
were analyzed: race (white/Asian, black,
Hispanic/other); maternal age (continu-
ous variable); marital status (married,
not married/unknown); insurance (pri-
vate, public/self-pay/other/unknown);
parity (nulliparas, multiparas); preexist-
ing diabetes; preeclampsia; PTL; PPROM;
smoking prior to/during pregnancy; alco-
hol use prior to/during pregnancy; illicit
drug use prior to/during pregnancy;
prepregnancy body mass index (BMI) (con-
tinuous variable); gestational age week (con-
tinuous variable); and birth weight (contin-
uous variable). Antenatal corticosteroid
d s
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of pregnancies where this information was
reported (n � 1094).

Attempted VD was then compared to
lanned CD for the following neonatal
utcome variables: death (intrapartum
eath � neonatal death), asphyxia, re-
piratory distress syndrome, pneumo-
ia, intraventricular hemorrhage (IVH),
ecrotizing enterocolitis, sepsis, and
eed for ventilation. The local NICU
efinitions as recorded in the neonatal
edical chart were used. Diagnoses were

lso supplemented with ICD-9 codes.
Univariable analysis for all baseline

nd outcome variables was performed
sing �2 test comparing women under-
oing attempted VD and planned CD.
ultivariable analysis was then per-

ormed calculating adjusted relative
isks (RRs) and 95% confidence intervals
CIs) to assess the strength of the rela-
ionship between attempted route of de-
ivery stratified by presentation and the
ccurrence of neonatal mortality or
orbidity. Missing values for maternal

ge (0.2% of cohort) and prepregnancy
MI (27.7% of cohort) were replaced
ith mean values. For birthweight, 4%
f births were missing values and were
eplaced by the mean value within each
estational age week. To estimate RRs in-
tead of odds ratios and also avoid the
onvergence pitfall associated with log
inomial models, we used Poisson re-
ression with a robust variance estimator
s described by Zou20 and dealt with
lustering by site using fixed effects co-
ariates in the model. Statistical analy-
es were performed using software (SAS,
ersion 9.2; SAS Institute Inc, Cary, NC).

RESULTS
To address the precursors of early pre-
term birth, the entire cohort of 4352 sin-
gleton pregnancies at 24 0/7 to 31 6/7
weeks’ gestation with complete informa-
tion on baseline and outcome variables
was analyzed. The precursors leading to
delivery by gestational age groupings
(24-27 and 28-31 weeks’ gestation) are
presented in Table 2. The distribution of
precursors was as follows: maternal or fe-
tal indications (45.7%), PPROM (37.7%),
and PTL (16.6%). Preeclampsia and major

congenital anomalies were the leading
contributors to indicated early preterm
births. The distribution of the precursors
leading to delivery was relatively similar
across the 2 gestational age groupings.

Univariable analyses comparing at-
tempted VD to planned CD for gesta-
tional age subgroups stratified by pre-
sentation are presented in Tables 3 and 4.

t 24 0/7 to 27 6/7 weeks of gestation
ith a vertex presentation (n � 714),

22.8% underwent planned CD and 77.2%
attempted VD. Of those attempting VD,
84.8% had a successful VD. The planned
CD pregnancies were more likely to be
multiparous, have diabetes, or have pre-
eclampsia and less likely to have PPROM
and PTL when compared to the attempted
VDgroup(P� .05)(Table3).Overallneo-
natal mortality in the group was 14.8%
(106/714). When attempted VD was com-

FIGURE
Study cohort description

 

Singleton pre
≥24 weeks and

(n = 50

2 sites with fetal presenta�on 
or neonatal outcomes missing 

(n = 703) 

Singleton pregnancie
informa�on (

Pregnancies eligible for a�e
vs planned cesarean d

24 0/7 – 27 6/7 GA 
(n = 1102) 

Vertex 
(n = 714) 

Breech 
(n = 388) 

lowchart of study cohort.
A, gestational age.
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pared to planned CD, there were no differ- w
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ences in neonatal mortality or other neo-
natal outcomes (Table 4).

At 24 0/7 to 27 6/7 weeks’ gestation with
a breech presentation, (n � 388), 68.3%
underwent planned CD and 31.7% at-
tempted VD. Of those with attempted VD,
only 27.6% had a successful VD. By uni-
variable analyses, the planned CD preg-
nancies were more likely to have pre-
eclampsia and less likely to be complicated
by PTL when compared to the attempted
VDgroup(P� .05)(Table3).Overallneo-
natal mortality in this group was 17.0%
(66/388). When compared to planned CD,
attempted VD was associated with a higher
rate of neonatal mortality (25.2% vs 13.2%,
P � .003), but a lower rate of neonatal sepsis
(P � .01) and decreased need for neonatal
entilation (P � .023) (Table 4).

At 28 0/7 to 31 6/7 weeks’ gestation
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20.1% underwent planned CD and
79.9% attempted VD. Of those with at-
tempted VD, 84.3% had a successful VD.
By univariable analyses, the planned CD
pregnancies were more likely to have pri-
vate insurance, be multiparous, have di-
abetes, or have preeclampsia and less
likely to have PPROM and PTL when
compared to the attempted VD group
(P � .05) (Table 3). Overall neonatal
mortality in this group was 2.4% (34/
1424). When attempted VD was com-
pared to planned CD, there were no dif-
erences in neonatal mortality. Compared
o planned CD, attempted VD was associ-
ted with lower rates of perinatal asphyxia
P � .004), fewer cases of respiratory dis-
ress syndrome (P � .003), and a reduced

need for assisted ventilation (P � .004) but
higher rates of IVH (P � .0017) (Table 4).

At 28 0/7 to 31 6/7 weeks’ gestation with
a breech presentation (N � 380), 69.5%
underwent planned CD and 30.5% at-
tempted VD. Of those with attempted VD,
only 17.2% had a successful VD. By uni-
variable analyses, the planned CD preg-
nancies were more likely to have pre-
eclampsia and less likely to be complicated
by PTL when compared to the attempted
VDgroup(P� .05)(Table3).Overallneo-
natal mortality in this group was 2.9%
(11/380). Attempted VD compared to

TABLE 2
Precursors leading to early preterm

Variable

2
(n
n

Preterm labora

...................................................................................................................

PPROMa 1
...................................................................................................................

Indicateda 1
..........................................................................................................

Preeclampsiab

..........................................................................................................

Abruptionb

..........................................................................................................

Nonreassuring fetal statusb

..........................................................................................................

Fetal growth restrictionb

..........................................................................................................

Severe maternal medical diseaseb

..........................................................................................................

Fetal deathb

..........................................................................................................

Major anomaliesb

...................................................................................................................

PPROM, preterm premature rupture of membranes.
a Mutually exclusive categories; b “Indicated” subcategories

“indicated” subcategory.

Reddy. Early preterm birth outcomes by delivery route. Am
planned CD was associated with in-
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creased neonatal mortality (6.0% vs
1.5%, P � .016) (Table 4).

Multivariable analyses were then per-
formed examining the previously de-
fined neonatal outcomes as well as a
composite outcome of death or asphyxia
(Table 5). For vertex presentation at 24
0/7 to 27 6/7 weeks’ gestation, there were
no differences in individual neonatal
outcomes or in the composite outcome
between attempted VD and planned CD.
However, for breech presentation in this
gestational age range, there was a 3-fold
increase in mortality with attempted VD
(RR, 3.0; 95% CI, 1.8 –5.1) and a 2.4-fold
increase in the composite outcome of
death or asphyxia (RR, 2.4; 95% CI, 1.5–
4.0). The differences in the risks of neo-
natal sepsis and need for ventilation seen
on univariable analysis were no longer
significant. Vertex presentation with at-
tempted VD at 28 0/7 to 31 6/7 weeks’
gestation was not associated with an in-
creased risk of neonatal mortality or with
the composite outcome of death or as-
phyxia, but was associated with an in-
creased risk of IVH (RR, 1.8; 95% CI,
1.1–2.9) when compared to planned CD
for vertex presentation in this gestational
age range. For breech presentation at this
gestational age range, attempted VD was
associated with an increased neonatal

elivery

1 wk
4352),

)

24-27 wk
(n � 1701),
n (%)

28-31 wk
(n � 2651),
n (%)

(16.6) 320 (18.8) 401 (15.1)
..................................................................................................................

(37.7) 665 (39.1) 976 (36.8)
..................................................................................................................

(45.7) 716 (42.1) 1274 (48.1)
..................................................................................................................

(14.4) 189 (11.1) 438 (16.5)
..................................................................................................................

(3.3) 60 (3.5) 82 (3.1)
..................................................................................................................

(11.4) 161 (9.5) 334 (12.6)
..................................................................................................................

(3.6) 59 (3.5) 98 (3.7)
..................................................................................................................

(0.7) 6 (0.4) 23 (0.9)
..................................................................................................................

(3.5) 70 (4.1) 83 (3.1)
..................................................................................................................

(14.9) 278 (16.3) 370 (14.0)
..................................................................................................................

not mutually exclusive, pregnancy may be included in �1

bstet Gynecol 2012.
mortality (RR, 5.1; 95% CI, 1.3–19.9) t

gy AUGUST 2012
compared to planned CD (Table 5). Sen-
sitivity analysis was performed by re-
moving the 872 subjects who had missing
values for maternal age, prepregnancy
BMI, or birthweight. There was no change
in the main findings of our study with the
sensitivity analysis based on the remaining
2034 subjects with complete information.
For vertex presentation, there was no
increase in neonatal mortality with at-
tempted VD compared to planned CD.
For breech presentation, there remained
an increased neonatal mortality rate with
attempted VD compared to planned CD
(data not shown). Multivariable analyses
was then also performed in the subset of 5
sites reporting information on ACS ad-
ministration (n � 1094). A total of 75.4%
(825/1094) reported administering ACS
prior todelivery.WhenACSusewasadded
to the multivariable model there was es-
sentially no change in the neonatal mortal-
ity results for the 24-27 weeks’ gestation
group. There was no increased risk of neo-
natal mortality for vertex presentation
(RR, 1.34; 95% CI, 0.49–3.64) and there
remained an increased risk of neonatal
mortality for breech presentation (RR, 4.0;
95% CI, 1.3–12.2) even after accounting
for ACS administration. There were too
few deaths in 28-31 weeks’ gestation (n �
13 deaths) to evaluate the effects of route of
delivery stratified by presentation in this
subset with information on ACS use.
However, there was no longer an increased
risk of IVH with attempted VD at 28-31
weeks’ gestation in vertex presentation af-
ter controlling for ACS administration
(RR, 1.57; 95% CI, 0.72–3.40).

COMMENT
Despite the uncertainty of benefit, the
use of CD for infants at �32 weeks of
gestation has increased over the last 20
years as survival has improved.21 In this
arge recent cohort with detailed medical
ecord data, PPROM and indicated de-
iveries accounted for the majority of
arly preterm births; preeclampsia was
he most common obstetric reason for
ndicated preterm delivery. This distri-
ution differs from the usually quoted
ates of about 30 –35% of preterm births
eing indicated, 40 – 45% due to spon-
d
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TABLE 3
Univariable analysis of baseline factors comparing attempted vaginal delivery and planned cesarean delivery stratified by presentation

Variable

Gestational age: 24-27 wk, n � 1102 Gestational age: 28-31 wk, n � 1804

Vertex, n � 714 Breech, n � 388 Vertex, n � 1424 Breech, n � 380

Attempted VD,
n � 551 (77.2%)

Planned CD,
n � 163 (22.8%)

P value

Attempted VD,
n � 123 (31.7%)

Planned CD,
n � 265 (68.3%)

P value

Attempted VD,
n � 1138 (79.9%)

Planned CD,
n � 286 (20.1%)

P value

Attempted VD,
n � 116 (30.5%)

Planned CD,
n � 264 (69.5%)

P valuen (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Mode of delivery
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

CD 84 (15.2) 163 (100) � .0001 89 (72.4) 265 (100) � .0001 179 (15.7) 286 (100) � .0001 96 (82.8) 264 (100) � .0001
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

VD 467 (84.8) 0 (0.0) – 34 (27.6) 0 (0.0) – 959 (84.3) 0 (0.0) – 20 (17.2) 0 (0.0) –
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Insurance
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Private 215 (39.0) 65 (39.9) .8439 57 (46.3) 115 (43.4) .5869 470 (41.3) 146 (51.0) .0029 50 (43.1) 123 (46.6) .5296
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Public/self-pay/other/unknown 336 (61.0) 98 (60.1) – 66 (53.7) 150 (56.6) – 668 (58.7) 140 (49.0) – 66 (56.9) 141 (53.4) –
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Maternal race
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

White/Asian 140 (25.4) 29 (17.8) .0705 34 (27.6) 77 (29.1) .9048 339 (29.8) 68 (23.8) .0891 51 (44.0) 88 (33.3) .0710
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Black 255 (46.3) 76 (46.6) – 54 (43.9) 110 (41.5) – 454 (39.9) 131 (45.8) – 29 (25.0) 94 (35.6) –
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Hispanic/other 156 (28.3) 58 (35.6) – 35 (28.5) 78 (29.4) – 345 (30.3) 87 (30.4) – 36 (31.0) 82 (31.1) –
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Parity
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

0 297 (53.9) 54 (33.1) � .0001 55 (44.7) 119 (44.9) .9882 546 (48.0) 100 (35.0) .0004 40 (34.5) 100 (37.9) .6004
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

1/2 188 (34.1) 75 (46.0) – 52 (42.3) 113 (42.6) – 432 (38.0) 135 (47.2) – 57 (49.1) 115 (43.6) –
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

�3 66 (12.0) 34 (20.9) – 16 (13.0) 33 (12.5) – 160 (14.1) 51 (17.8) – 19 (16.4) 49 (18.6) –
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Alcohol/drug use and smoking 90 (16.3) 23 (14.1) .4944 25 (20.3) 54 (20.4) .9905 162 (14.2) 34 (11.9) .3030 14 (12.1) 45 (17.0) .2174
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Diabetes 26 (4.7) 16 (9.8) .0151 8 (6.5) 15 (5.7) .7433 83 (7.3) 44 (15.4) � .0001 10 (8.6) 29 (11.0) .4843
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Preeclampsia 21 (3.8) 42 (25.8) � .0001 4 (3.3) 42 (15.8) .0004 106 (9.3) 92 (32.2) � .0001 5 (4.3) 55 (20.8) � .0001
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

PPROM 256 (46.5) 57 (35.0) .0094 52 (42.3) 127 (47.9) .2991 569 (50.0) 96 (33.6) � .0001 40 (34.5) 107 (40.5) .2650
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Preterm labor 157 (28.5) 33 (20.2) .0363 32 (26.0) 33 (12.5) .0009 231 (20.3) 30 (10.5) .0001 34 (29.3) 35 (13.3) .0002
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

CD, cesarean delivery; PPROM, preterm premature rupture of membranes; VD, vaginal delivery.

Reddy. Early preterm birth outcomes by delivery route. Am J Obstet Gynecol 2012.
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PPROM.22 This difference likely results
rom our focus on preterm births �32
eeks’ gestation rather than on all pre-

erm birth (�37 weeks’ gestation).
In contrast to some previously pub-

ished reports,2-4 we found that attempt-
ing VD with vertex presentation at 24 0/7
to 27 6/7 weeks of gestation did not sig-
nificantly affect neonatal mortality. Fur-
thermore, in such situations, �80% of
attempted VD were successful. The find-
ings, however, were different at 24 0/7 to
27 6/7 weeks of gestation if the fetal pre-
sentation was breech. In this subgroup,
the majority of deliveries were by planned
CD and the failure rate of attempted VD
was high. Planned CD was associated with
significantly lower neonatal mortality.

The findings in the deliveries at 28 0/7
to 31 6/7 weeks’ gestation also differed by
presentation. In this subgroup, if the fe-
tal presentation was vertex, the majority
of attempted VD succeeded. There was
also no difference in the neonatal mor-
tality rate compared to planned CD. It is
important to note that the risk of IVH in
the subgroup at 28-31 weeks of gestation
in vertex presentation was no longer in-
creased in the attempted VD group after
accounting for ACS administration. For
breech-presenting fetuses, attempting
VD was less successful and planned CD
was associated with lower neonatal
mortality.

Previous studies examining the effect
of route of delivery on neonatal mortal-
ity for early preterm births with a vertex
presentation have defined route of deliv-
ery by actual, not attempted, delivery
route. Two studies based on US birth
certificate data found that actual CD was
associated with decreased neonatal mor-
tality for vertex presentation 500-749 g2

as well as up to 1300 g.3 The detailed in-
formation available in our study, but not
available in birth certificate data, enabled
us to account for attempted route of de-
livery as well as indications for delivery
on neonatal mortality. This information
is crucial for counseling families about
the benefits and risks of attempting VD
in this situation. Our results are consis-
tent with the findings of 3 previous stud-
ies that analyzed singleton vertex-pre-
senting neonates, �1500 g10,12 as well as

those born at 24-34 weeks of gestation,11
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which showed no survival advantage for
CD.

For breech pregnancies �32 weeks of
gestation, planned CD was associated
with lower neonatal mortality in our
study. This finding has been noted in
other studies based on birth certificate
data2,4-9 but not in other, smaller studies
that use detailed medical record data
from individual institutions.13-15

There are numerous strengths to this
study. Examining the attempted route of
delivery instead of actual route of deliv-
ery and controlling for indications lead-
ing to early preterm delivery is a major
strength over previous studies because
this information has direct clinical appli-
cations. We were able to control for mul-
tiple maternal, demographic, and ob-
stetric covariates such as gestational age
that influence neonatal outcome when
examining planned delivery route. Some
studies are based solely on birthweight
and not gestational age, which is a limi-
tation since gestational age is more di-
rectly related to neonatal outcome.
Other strengths include using a relatively
large recent cohort of early preterm de-
liveries with medical record level data
availablefrommultiplehospitals throughout
the United States rather than relying
upon birth certificate data. Previous
studies have been single-center or multi-
center trials with relatively small sample
sizes and therefore underpowered to
demonstrate a difference or accumu-
lated larger numbers by evaluating out-
comes over a decade, in which time neo-
natal intensive care has improved.

The limitations of this study include
lack of information regarding ACS ad-
ministration in the entire cohort. How-
ever, recent data demonstrates that 85%
of infants �28 weeks of gestation are ex-

osed to antenatal steroids.23 Informa-
ion regarding the grade of IVH and ne-
rotizing enterocolitis was not collected.
n addition, because the decision on

ode of delivery was made by the physi-
ian and influenced by local practice,
ias may have been introduced in that
hose with perceived worse outcome po-
ential may have been more likely to be
elivered vaginally. Likewise, neonatal
utcomes were defined clinically as re-

orded in the patient’s medical records, a
o criteria for defining these conditions
ay have varied among hospitals. Mis-

lassification may have occurred in that a
lanned CD may have been classified as
n attempted VD: for example, breech
resentation that has progressed through

abor quickly and delivers vaginally but
ould have been a planned CD if the
oman was earlier in the course of labor.
his misclassification may result in bias in
ither direction. Lastly, there are limited
ata on maternal outcomes and long-term
eurological and physical disability out-
omes of these infants, which is important
hen evaluating the overall risks and ben-

fits of either route of delivery.
Selecting a route of delivery at �32
eeks’ gestation is a difficult clinical de-

ision given the high rate of neonatal
ortality and morbidity as well as the
aternal risks associated with CD and

equires detailed counseling. For vertex-
resenting fetuses �32 weeks’ gestation,
here was no improvement in neonatal

ortality with planned CD. For breech-
resenting fetuses �32 weeks’ gestation,

TABLE 5
Multivariable analysis of neonatal o
attempted vaginal delivery and pla
delivery stratified by presentation

Outcomes

Gestational age: 24-27 wk

Vertex Breech
RR (95% CI) RR (95% C

Death 1.31 (0.77–2.24) 3.01 (1.77
...................................................................................................................

Asphyxia 0.86 (0.31–2.41) 0.50 (0.14
...................................................................................................................

RDS 0.94 (0.76–1.17) 0.92 (0.71
...................................................................................................................

Pneumonia 1.21 (0.68–2.17) 1.03 (0.57
...................................................................................................................

IVH 0.77 (0.51–1.14) 0.88 (0.55
...................................................................................................................

NEC 0.90 (0.47–1.73) 0.84 (0.42
...................................................................................................................

Sepsis 1.00 (0.76–1.31) 0.76 (0.56
...................................................................................................................

Ventilation 0.97 (0.76–1.24) 0.88 (0.66
...................................................................................................................

Composite
outcomea

1.21 (0.75–1.97) 2.44 (1.49

...................................................................................................................

Adjusted for: maternal race, maternal age, parity, insurance, sm
models), preterm labor, preterm premature rupture of membra
age week, birthweight, and site. Numerical variables (mater
continuous variables in model and missing are replaced with m
each gestational week.
CI, confidence interval; IVH, intraventricular hemorrhage; NEC
RR, relative risk.
a Death or asphyxia.

Reddy. Early preterm birth outcomes by delivery route. Am
ttempting VD was associated with a low

AUGUST 2012 Americ
uccess rate and planned CD was associ-
ted with lower neonatal mortality rates.
ecause it is unlikely that a randomized
ontrol trial will ever be conducted in the
nited States,24 research with prospec-

tive data collection is needed to further
delineate the short- and long-term ben-
efits and risks of attempted route of de-
livery in the early preterm gestation. f
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comes comparing
d cesarean

Gestational age: 28-31 wk

Vertex Breech
RR (95% CI) RR (95% CI)

2) 0.84 (0.36–1.96) 5.06 (1.29–19.90)
..................................................................................................................

8) 0.44 (0.11–1.72) 1.29 (0.21–7.74)
..................................................................................................................

9) 0.87 (0.72–1.06) 1.01 (0.75–1.35)
..................................................................................................................

7) 1.11 (0.60–2.06) 1.49 (0.67–3.28)
..................................................................................................................

1) 1.83 (1.14–2.93) 0.48 (0.19–1.17)
..................................................................................................................

7) 0.74 (0.37–1.48) 0.67 (0.24–1.90)
..................................................................................................................

5) 1.15 (0.88–1.50) 0.75 (0.49–1.14)
..................................................................................................................

7) 0.80 (0.63–1.02) 1.08 (0.77–1.52)
..................................................................................................................

9) 0.80 (0.38–1.67) 2.31 (0.81–6.56)

..................................................................................................................

g, alcohol, illicit drug use, diabetes (not adjusted for breech
preeclampsia, prepregnancy body mass index, gestational
ge and prepregnancy body mass index) are treated as
. Birthweight missing values are replaced by means within

rotizing enterocolitis; RDS, respiratory distress syndrome;

bstet Gynecol 2012.
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