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Abstract
Objective—To compare neonatal outcomes by method of delivery in preterm (34 weeks of
gestation or prior), small-for-gestational-age (SGA) newborns in a large diverse cohort.

Methods—Birth data for 1995–2003 from New York City were linked to hospital discharge data.
Data were limited to singleton, liveborn, vertex neonates delivered between 25 and 34 weeks of
gestation. Births complicated by known congenital anomalies and birth weight less than 500 g
were excluded. Small for gestational age was used as a surrogate for intrauterine growth
restriction. Associations between method of delivery and neonatal morbidities were estimated
using logistic regression.

Results—Two thousand eight hundred eighty-five SGA neonates meeting study criteria were
identified; 42.1% were delivered vaginally, and 57.9% were delivered by cesarean. There was no
significant difference in intraventricular hemorrhage, subdural hemorrhage, seizure, or sepsis
between the cesarean delivery and vaginal delivery groups. Cesarean delivery compared with
vaginal delivery was associated with increased odds of respiratory distress syndrome. The
increased odds persisted after controlling for maternal age, parity, ethnicity, education, primary
payer, prepregnancy weight, gestational age at delivery, diabetes, and hypertension.

Conclusion—Cesarean delivery was not associated with improved neonatal outcomes in preterm
SGA newborns and was associated with an increased risk of respiratory distress syndrome.

Level of Evidence: II
The cesarean delivery rate has risen dramatically over the past two decades, but it is
particularly elevated in preterm deliveries. As of 2005, more than half of the neonates born
before 34 weeks of gestation in the United States were delivered by cesarean delivery.1

When the indication for preterm delivery is growth restriction, it is unclear whether cesarean
delivery improves neonatal outcomes. Two previous studies have suggested that when
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intrauterine growth restriction is present or the neonate is small for gestational age (SGA),
vaginal delivery is associated with increased odds of neonatal mortality.2,3 Many studies
have examined the outcomes of very-low-birth-weight neonates (less than 1,500 g)
comparing cesarean delivery with vaginal delivery and yielded conflicting results with
regard to both the odds of intraventricular hemorrhage and neonatal death.2,4–7 However,
these studies do not address differences in outcome when the newborn is not only a low
birth weight but also SGA.

The relative rarity of preterm deliveries in the SGA population has drastically limited
prospective randomized studies. In fact, attempted randomized controlled trials have been
halted prematurely as a result of recruitment difficulties8 forcing clinicians to rely on limited
cohort studies to guide clinical practice. Given the increased risk of morbidity and
mortality9–11 for SGA newborns and the relative impossibility of a conclusive randomized
controlled trial, we sought to examine the association between route of delivery and neonatal
outcomes, particularly neonatal death, intraventricular hemorrhage, and respiratory distress
syndrome, in a large, diverse cohort of pre term, SGA newborns.

Materials and Methods
Data on singleton live births from 1995 to 2003 (N=1,025,903) were obtained using a data
set linking birth certificate information from the New York City Department of Health and
Mental Hygiene to hospital discharge data from the Statewide Planning and Research
Cooperative System. The Statewide Planning and Research Cooperative System data include
both the maternal and neonatal records. Our study population was limited to women
delivering vertex-presenting, singleton neonates between 25 and 34 6/7 weeks of gestation
(n=31,135). Newborns with con genital anomalies and those with birth weights less than 500
g were excluded. Newborns delivered by vacuum or forceps were excluded given the
possibility that operative deliveries may independently in crease morbidity or mortality for
the preterm neonate. Of the 23,144 neonates meeting these inclusion and exclusion criteria,
we identified 2,885 who met the definition for SGA at the time of their delivery (Fig. 1).
Small for gestational age was defined as less than the 10th percentile of birth weight for
gestational age based on sex-specific U.S. standard birth weights and was used as a
surrogate for intrauterine growth restriction.12 Mode of delivery was determined both by
birth certificate information and procedural codes in the Statewide Planning and Research
Cooperative System database. Given the wide range of gestational ages, we also did a
subanalysis in which we limited the study population to those with a gestational age less
than 30 weeks (n=359).

Although operative deliveries were initially excluded, because health care providers cannot
anticipate the need for operative delivery at the initial mode of delivery decision point, we
performed an additional analysis in which all operative deliveries were included. The study
population in this analysis was 2,927.

The outcomes of interest in this study included neonatal death before discharge, neonatal
respiratory distress syndrome, sepsis, intraventricular hemorrhage, seizure, subdural
hemorrhage, or 5-minute Apgar score less than 7. Neonatal death was determined by
discharge data included in the Statewide Planning and Research Cooperative System data
set. Neonatal morbidities including respiratory distress syndrome, sepsis, intraventricular
hemorrhage, seizure, and subdural hemorrhage were ascertained using International
Classification of Diseases, Ninth Revision codes from the newborn's hospitalization record.
Neonatal seizure was defined by the presence of this complication in either the Statewide
Planning and Research Cooperative System or the birth certificate data because seizure is
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also identified on the birth certificate. Five-minute Apgar scores were obtained from birth
certificate data.

Maternal characteristics were obtained from birth records and the Statewide Planning and
Research Cooperative System database and were examined as covariates and potential
confounders based on previous literature. Maternal characteristics derived from birth
certificates included age, parity, race and ethnicity, level of education, insurance status, and
prepregnancy weight. Prepregnancy weight was used as a surrogate for body mass index
because the mother's height was not available.13,14 We used categorical variables for
maternal age. The categories chosen were selected because advanced maternal age and
teenage pregnancy are associated with increased risk for some complications.

Pregnancy and medical complications used as covariates included diabetes, hypertension,
and gestational age of delivery based on the clinical estimate reported on the birth
certificate. Pregnancies complicated by diabetes and gestational diabetes were determined
by a previously described algorithm that used information from both the hospital discharge
and birth data.15 We combined diabetes and gestational diabetes because both are associated
with fetal weight abnormalities and neonatal morbidity.16 Presence of maternal hypertension
included preeclampsia, hyper tension with onset during pregnancy, and pre-existing
hypertension because all can be associated with impaired fetal growth.17–19

We estimated univariable associations between delivery mode and neonatal outcomes using
the χ2 statistic. Logistic regression was used to determine the odds of each neonatal
morbidity and neonatal mortality for cesarean delivery compared with vaginal delivery
adjusting for potential confounders as de scribed previously. Covariates were considered for
inclusion in the multivariable model if the univariable χ2 P<.05.

All potential confounders were found to be significant based on this criterion and thus
included. Analyses were conducted using SAS 9.2. This study was approved by the Yale
University Human Investigations Committee.

Results
Of the 2,885 neonates meeting the study criteria, 1,214 (42.1%) were delivered vaginally
and 1,671 (57.9%) were delivered by cesarean. Baseline characteristics for those delivered
vaginally and by cesarean are presented in Table 1. All maternal and pregnancy
characteristics differed significantly between comparison groups (P<.05). Women who
underwent cesarean delivery were older, heavier, better educated, more likely to be white,
and more often had diabetes or hypertension. As occurred nationally,1 the rate of cesarean
delivery rose in SGA newborns born at or before 34 weeks of gestation over the time course
of the study. In 1995, 50% were delivered by cesarean compared with 61% in 2003.

Table 2 presents the incidence and unadjusted and adjusted odds of neonatal complications
including in-hospital neonatal mortality with cesarean delivery compared with vaginal
delivery. Neonates born by cesarean delivery had a higher incidence of respiratory distress
syndrome and 5-minute Apgar score less than 7 compared with those delivered vaginally
(odds ratio [OR] 1.49, 95% confidence interval [CI] 1.25–1.76 and OR 1.42, 95% CI 1.07–
1.87, respectively). After adjusting for maternal age, race, parity, education, insurance
status, prepregnancy weight, diabetes, hypertension, and gestational age at delivery,
cesarean delivery continued to be associated with increased odds of respiratory distress
syndrome compared with vaginal delivery (adjusted OR 1.32, 95% CI 1.07–1.63) and
tended to be associated with slightly elevated risks for all outcomes except intraventricular
hemorrhage and neonatal death after adjustment. When we limited the population to those
neonates who delivered before 30 weeks of gestation, the association of cesarean delivery
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and increased respiratory distress syndrome dissipated with an adjusted OR of 0.92 (95% CI
0.46–1.83). The additional analysis in which forceps and vacuum deliveries were included
did not significantly alter any of the results.

Discussion
This study's finding that cesarean delivery is associated with more respiratory distress
syndrome high lights the uncertainty of the premise that cesarean deliveries provide a
benefit for all SGA preterm neonates. Cesarean deliveries are associated with an increase in
short- and long-term risks for the mother, including infection, hemorrhage, and future
surgical complications resulting from scarring.20 Additionally, cesarean deliveries are more
costly to the health care system.21,22 These risks and costs may be justified if cesarean
delivery improves neonatal outcomes. How ever, in this retrospective cohort, cesarean
delivery compared with vaginal delivery was not associated with any statistically significant
benefit for preterm, SGA neonates.

This study's findings are consistent with several large prospective cohorts performed outside
of the United States.6,7 However, these results differ from a large national retrospective
study showing that cesarean delivery was associated with decreased odds of mortality within
28 days of life in SGA vertex neonates born before 31 weeks of gestation.3 It is possible that
our study, which defined neonatal mortality any time before hospital discharge, captured
later neonatal deaths, occurring after 28 days of life, because many premature newborns are
hospitalized for months. This study's findings also differ from Wylie et al2 who found that
cesarean delivery was associated with decreased odds of neonatal morality in singleton,
liveborn neonates weighing less than 1,500 g if growth restriction was present. However,
only 261 neonates in this study had growth restriction, 31 of whom were delivered
vaginally. Interestingly Wylie et al's larger study population (growth restricted and
nongrowth-restricted) showed a trend toward decreased odds of respiratory distress
syndrome with vaginal delivery compared with cesarean delivery. An association between
cesarean delivery and an increased odds of respiratory morbidity has been demonstrated in
late preterm and term neonates.23,24

This study has several strengths. New York City provides an ideal study population because
the cohort is socially, racially, and economically diverse. This study also focuses on multiple
outcomes in preterm, SGA neonates, instead of limiting our cohort by birth weight, in a
database that combines birth certificate data and hospital discharge information. This pairing
of analyzed variables has been shown to significantly improve the quality of the data.25

Compared with prior studies, this study is more complete given the relatively large sample
size for a rare condition and the variety of outcomes measured.

Because the study is a retrospective, nonrandomized cohort study, there are limitations. We
were not able to adjust for delivery indication or separate spontaneous preterm birth from
indicated preterm birth. Thus, it is possible that some of the cesarean deliveries occurred in
patients in whom more urgent delivery was needed and who would have fared worse had
they delivered vaginally. It is also conceivable that some of the cesarean deliveries were the
result of a failed trial of induction or that cesarean delivery was used when the health care
provider felt delivery was more urgent. Additionally, our database did not contain
information on steroid administration and ante natal steroids are known to reduce
intraventricular hemorrhage3 and respiratory distress syndrome.26 Although accuracy
improves when birth certificate variables are combined with hospitalization information,
misclassification of gestational age and mode of delivery as well as underreporting of
neonatal poor outcomes may have occurred in some cases.27 We used obstetric and clinical
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estimates of gestational age because several studies have suggested that this pro vides a
good approximation of dating.9

Despite the limitations of this study, it highlights the need for further research evaluating the
effects of the rising cesarean delivery rate in these vulnerable preterm, SGA neonates. There
is no doubt that, in addition to mode of delivery and birth weight, gestational age affects
long-term respiratory function, but this study suggests that, like with full-term newborns,23

vaginal delivery (and probably labor in general) pro vides neonates with an early respiratory
advantage compared with cesarean delivery.
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Fig. 1.
Study population flowchart. Shading indicates small-for-gestational-age neonates.
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Table 1
Sociodemographic Characteristics by Delivery Mode in Singleton Live Births, New York
City, 1995–2003 (n=2,885)

Vaginal Delivery (n=1,214) Cesarean Delivery (n=1,671) P

Maternal age (y) <.001

 Younger than 20 13.4 6.8

 20–34* 67.1 5.0

 35 or older 19.4 28.2

Parity

 None 49.1 52.5 .017

 1 24.7 21.6

 2 11.5 13.6

 3 or more 14.7 12.3

Gestational age at delivery (wk)

 Before 26 0.6 0.4 <.001

 26–28 1.7 2.0

 28–30 2.2 8.0

 30–32 6.2 16.8

 After 32 89.3 72.8

Mother's ethnicity .001

 White, non-Hispanic 11.5 17.4

 Black, non-Hispanic 45.4 43.0

 Hispanic 35.8 32.3

 Asian and Pacific Islander 6.7 6.7

 Other 0.6 0.6

Maternal education <.001

 High school or less 70.7 56.1

 More than high school 29.3 43.9

Primary Payer <.001

 Medicaid 64.6 52.2

 HMO 9.0 12.9

 Third party 20.0 31.6

 Self-pay 6.4 3.3

Prepregnancy weight (Ib) <.001

 99 or less 5.6 3.3

 100–149 65.5 54.7

 150–199 22.6 32.7

 200 or more 6.3 9.3

Diabetes† 6.3 10.7 <.001

Hypertensive disorders‡ 32.9 64.8 <.001

HMO, health maintenance organization.

Data are % unless otherwise specified.
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*
Includes women in their 34th year.

†
Includes pregestational and gestational diabetes.

‡
Includes chronic hypertension and preeclampsia.
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Table 2
Neonatal Outcomes for Cesarean Delivery Compared With Vaginal Delivery

Vaginal Delivery Cesarean Delivery Odds Ratio (95% CI) Adjusted Odds Ratio (95% CI)*

Respiratory distress 280 (23.1) 515 (30.8) 1.5 (1.3–1.8) 1.3 (1.1–1.6)

Sepsis 37 (3.1) 63 (3.8) 1.3 (0.8–1.9) 1.2 (0.8–2.0)

Intraventricular hemorrhage 63 (5.2) 91 (5.5) 1.1 (0.8–1.5) 0.9 (0.6–1.4)

Subdural hemorrhage 5 (0.4) 18 (1.1) 2.6 (1.0–7.1) 1.9 (0.6–6.2)

Seizures 8 (0.7) 18 (1.1) 1.6 (0.7–3.8) 1.3 (0.5–3.4)

5-min Apgar less than 7 82 (6.8) 156 (9.4) 1.4 (1.1–1.9) 1.4 (1.0–2.0)

Neonatal death 47 (4.3) 58 (3.9) 0.9 (0.6–1.3) 0.7 (0.4–1.1)

CI, confidence interval.

Data are n (%) unless otherwise specified.

*
Adjusted for maternal age, parity, ethnicity, education, primary payer, prepregnancy weight, gestational age at delivery, diabetes, and

hypertension.
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