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Aim: To establish whether the timing of delivery between 37 � 0 and 41 � 6 wk gestation
influences neonatal respiratory outcome in elective caesarean delivery, following uncomplicated
pregnancy, thus providing information that can be used to aid planning of elective delivery at
term. Methods: All pregnant women who were delivered by elective caesarean delivery at term
during a 3-y period were identified from a perinatal database and compared retrospectively with
pregnant women matched for week of gestation, who were vaginally delivered. Maternal charac-
teristics, neonatal outcome, incidence of respiratory distress syndrome (RDS) and transient
tachypnea of the newborn (TTN) were analysed. During this time, 1284 elective caesarean section
deliveries occurred at or after 37 � 0 wk of gestation. Results: Neonatal respiratory morbidity risk
(odds ratio, OR), including RDS and TTN, was significantly higher in the infant group delivered
by elective caesarean delivery compared with vaginal delivery (OR 2.6; 95% CI: 1.35–5.9;
p � 0.01). While TTN risk in caesarean delivery was not increased (OR 1.19; 95% CI: 0.58–2.4;
p � 0.05), the RDS risk was significantly increased (OR 5.85; 95% CI: 2.27–32.4; p � 0.01). This
RDS risk is greatly increased in weeks 37 � 0 to 38 � 6 (OR 12.9; 95% CI: 3.57–35.53; p � 0.01).
After 39 � 0 wk, there was no significant difference in RDS risk.

Conclusions: Infants born by elective caesarean delivery at term are at increased risk for
developing respiratory disorders compared with those born by vaginal delivery. A significant
reduction in neonatal RDS would be obtained if elective caesarean delivery were performed after
39 � 0 gestational weeks of pregnancy.
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Over the past 20 y, there has been an increase in the
rates of elective caesarean delivery at term in the
western world, largely due to the management of
previous caesarean section and breech presentation
(1). Current clinical practice varies without close
scrutiny, but the operation is most frequently performed
in weeks 38 � 0 to 38 � 6 of pregnancy, possibly
because neonatal respiratory morbidity at term is
thought to be low. It has nonetheless been clearly
demonstrated in the literature that caesarean delivery
increases the risk of transient tachypnea of the newborn
(TTN) and respiratory distress syndrome (RDS) com-
pared to vaginal births, even when it is performed
electively at term (2).

Since the main determinants of the risk of RDS or
TTN are gestational age and mode of delivery (3, 4), the
influence of the timing of elective caesarean delivery is
receiving increasing attention (5–7). There is evidence
that performing elective caesarean delivery at 39 or

40 wk, rather than at 37 or 38 wk, dramatically reduces
both overall respiratory morbidity and severe respira-
tory failure with its associated mortality risk (1, 8).
These reports have been biased, however, by being
limited to infants admitted to neonatal intensive care
units, or by methodological problems, e.g. small sample
size and the lack of a control group, or the selection of
subpopulations of women who were offered a scheduled
surgical delivery. There is therefore no information
from control subjects on current clinical operative
practice to enable informed decisions as to the ideal
timing of elective caesarean delivery for each week of
gestation at term, and this high-risk group remains less
well characterized. As a consequence, the criteria used
to establish whether medical care is needed at caesarean
delivery following otherwise uncomplicated preg-
nancies need to be re-evaluated.

We undertook this study to determine the incidence
of RDS and TTN in infants electively delivered by
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caesarean section at term, to correlate their incidence
with the vaginal or caesarean mode of delivery, and to
examine the risk during each week of gestation between
37 � 0 and 41 � 6 wk.

Material and methods
Data were obtained from a database comprising
maternal and neonatal information drawn from the
medical charts of all patients admitted to the University
of Padua (level III centre) nurseries from January 1998
to December 2000. The database was based on chart
reviews and developed by trained personnel; diagnostic
information was reviewed monthly for accuracy by
maternal-foetal medicine and neonatology staff.

Questions and outcome variables, as well as analy-
tical methods and exclusion criteria, were determined
prospectively. To identify an obstetric population with
no prenatally-identified risk factors, the maternal-foetal
database was searched for women whose pregnancy
was at term between 37 � 0 and 41 � 6 wk gestation
(estimated by last menstrual period or, if uncertain, by
sonogram) (9), and uncomplicated by conditions cap-
able of increasing the risks to the neonate, e.g. acute or
chronic maternal diseases (hypertension, renal failure,
cardiac disorders, infectious diseases, etc), disorders of
pregnancy (pregnancy-induced hypertension, hydram-
nios, oligohydramnios, gestational diabetes, etc.), foetal
abnormalities (malformations), foetal distress or poten-
tial foetal asphyxia insult, or foetal growth retardation.
All cases of surgical delivery upon explicit maternal
request were recorded. Vaginally delivered women with
conditions potentially affecting the likelihood of an
adverse neonatal outcome (breech presentation, twin-
ning) were also excluded from the low-risk population.
Complications during or after delivery were not
considered in determining the inclusion criteria; only
factors that could be identified prenatally were con-
sidered in order to reflect the information available to
the obstetrician when planning delivery.

For initial analysis, the obstetric population was
classified into two groups: (1) women with vaginal
deliveries and (2) women with caesarean deliveries. The
caesarean delivery group was then narrowed down to
include only women who had elective caesarean
delivery in the absence of labour under conventional
spinal anaesthesia with 2 ml of 0.5% bupivacaine in the
form of bolus doses. Labour was diagnosed as regular
uterine contractions combined with effacement of the
cervix and dilatation of 3 cm or more. Patients in labour
prior to caesarean section were excluded. Women who
had elective caesarean delivery at term were then
compared with women matched for week of gestation
and vaginally delivered nearest to the caesarean
delivery.

Information on the infants included birthweight,
Apgar score, delivery room treatment, postnatal assess-

ment of gestational age, neonatal morbidity and
mortality, type of respiratory support required, diag-
nostic tests, therapeutic measures, and hospital stay.
Only the initial neonatal hospital stay was considered.
Newborns with major malformations were excluded.
The diagnosis of neonatal respiratory morbidity was
established on the basis of characteristic clinical signs,
i.e. tachypnea, retractions, nasal flaring, grunting and
cyanosis, and the classic radiographic findings of TTN
or the reticulogranular pattern of RDS (11, 12). All
cases required supplemental oxygen therapy, but in
TTN, lung clearance and clinical improvement (with the
suspension of oxygen supplementation) always oc-
curred within 24–48 h. All neonatal diagnoses were
made at the time of the baby’s discharge by an
experienced neonatologist. Resuscitation in the delivery
room was done according to the International Guide-
lines for Neonatal Resuscitation (13). The study was
approved by the Institutional Review Board of the
hospital.

The incidence of respiratory morbidity, odds ratios
(OR) and 95% confidence intervals (CI) were calculated
for the two groups using the Confidence Interval
Analysis: Microcomputer Program (14). Testing for
comparisons across multiple proportions was done
using the �2 test for trend. A p-value of less than 0.05
was regarded as significant.

Results
Between January 1998 and December 2000 there were
10 177 live births at the Maternity Department of Padua
University. Among the 2361 (23%) term newborns
delivered by caesarean section, 1284 (13%) were
delivered electively before labour (765 before
38 � 6 wk). The 1077 (11%) newborns delivered by
emergency caesarean section answered to a maternal
indication for expedient delivery and/or a clear foetal
indication for delivery.

Indications for elective caesarean delivery at term
were: prior caesarean section (51%), breech presen-
tation (27%), twins (8%), suspected cephalopelvic
disproportion (5%), nulliparous aged �35 y (2%) and
fear of labour (1%). In 6% of elective caesarean
deliveries, the indications for delivery were miscella-
neous and included other malpresentations, uncompli-
cated placenta praevia, retinopathy and myopathies.

The number of infants with respiratory morbidity
(RDS and TTN) associated with elective caesarean
delivery or vaginal delivery between the weeks at term
is shown in Fig. 1. The incidence of respiratory
morbidity (RDS and TTN) after elective caesarean
delivery at term and after vaginal delivery was,
respectively, 22 and 4/1000 deliveries, and 9 and 8.5/
1000 deliveries. In comparison with vaginal births,
infants delivered by elective caesarean section showed a
significant progressive reduction in the incidence of
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neonatal RDS from week 37 � 0 to week 37 � 6 and
thereafter (11 RDS newborns at 37 � 0–6 wk, 14 at
38 � 0–6 wk, 3 at 39 � 0–6 wk and 1 at �40 � 0–6 wk,
respectively), which fell from 38.7/1000 to 5.9/1000 for
infants born at or after 40 � 0–6 wk (p for trend �0.05).
No significant differences were found in the incidence

of TTN (4 TTN newborns at 37 � 0–6 wk, 2 at 38 �
0–6 wk, 4 at 39 � 0–6 wk and 2 at �40 � 0–6 wk,
respectively). Infants born vaginally showed no differ-
ence in respiratory morbidity on testing across week
37 � 0 to 37 � 6 and thereafter (Table 1).

The neonatal respiratory morbidity risk (odds ratios,

Fig. 1. Incidence of respiratory morbidity per thousand live births shown by each week of gestation and mode of delivery. The number of
infants with RDS following elective caesarean delivery diminishes significantly with each week of gestation up to week �40 � 0–6 of
pregnancy (p per trend �0.05).

Table 1. Maternal-infant pairs birth data and infant delivery room care.

Elective caesarean
delivery 1.284

Control vaginal
delivery 1.284 Odds ratio (95% CI) pa

Elective caesarean delivery rate (n, %)
�38 � 6 (wk) 765 (62%)

Maternal data
Age (y) 30.9 ± 2.3 29.7 ± 2.5
Nulliparae (%) 42 % 51 %

Birth data
Gestational age (wk) 38.8 ± 1.2 38.8 ± 1.6
Weight (kg) 3.16 ± 0.5 3.18 ± 0.6
Gender, male (%) 55 % 53 %

Delivery room care (n, %)
Apgar �5 at 1 min 21 (1.6%) 13 (1.0%)
Resuscitation (phase II) (n, %) 71 (5.5%) 44 (3.4%) �.01
NICU admission 17 (1.3%) 8 (0.6%) �.01

RDS (n) 29 5 2.6 (1.35–5.9) �.01
37 � 0–38 � 6 (wk) 25 2 12.9 (3.57–35.53) �.01
�39 � 0–�41 � 6 (wk) 4 3 1.15 (0-17–5.3)

TTN (n) 12 11 1.19 (0.58–2.4)
37 � 0–38 � 6 (wk) 7 5 1.61 (0.60–5.05)
�39 � 0–�41 � 6 (wk) 5 6 0.65 (0.35–5.15)

Pneumonia (n) 1 1
Length of hospital stay (d) 6 ± 0.9 4 � 1.1

Values expressed as number (%), mean ± SD, odds ratio (95% CI).
a Overall difference between the groups.
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OR) for RDS and TTN was significantly higher in the
elective caesarean group than in the vaginal delivery
group (OR 2.6; 95% CI: 1.35–5.9; p � 0.01). While the
TTN risk in the caesarean group remained unchanged
(OR 1.19; 95% CI: 0.58–2.4; p � 0.05), the RDS risk
rose significantly (OR 5.85; 95% CI: 2.27–32.4;
p � 0.01), peaking in weeks 37 � 0 to 38 � 6 (OR
12.9; 95% CI: 3.57–35.53; p � 0.01). Whereas beyond
39 � 0 wk there was no longer any significant differ-
ence in RDS risk (OR 1.15; 95% CI: 0.17–5.3; p � 0.05)
(Table 1).

No mortality was recorded among either vaginally or
caesarean delivered neonates.

Discussion
These findings show that elective caesarean delivery for
term infants carries a significantly greater risk of
neonatal respiratory morbidity than vaginal delivery.
The demonstration of an association between elective
caesarean delivery and increased risk of respiratory
morbidity (in both premature and term infants) is not
new (2, 3), but this cohort study revealed that it is the
incidence of RDS, not TTN, that rises significantly with
respect to vaginal delivery (22/1000 vs 4/1000 and
9/1000 vs 8.5/1000, respectively). This means one RDS
case every 44 elective caesarean deliveries at term,
extending the Parilla and Hook estimate of one case
every 241 deliveries and one every 248 repeat caesarean
sections (1, 2). Annibale reported higher rates of
intermediated or intensive nursery care (6.3% vs
1.3%) in infants undergoing elective caesarean delivery
after uncomplicated pregnancies (15).

In our 3-y study, the elective caesarean sections at
term accounted for 13% of 10 177 deliveries. This was a
time when caesarean section rates were high and stable,
obstetric monitoring was common, obstetric experience
with caesarean section and anaesthetic technique was
extensive, attention was paid to estimating gestational
age, and the practice of elective caesarean delivery at
�39 � 0 wk was not followed. The availability in our
study of precise dating, conventional spinal anaesthesia
for all elective caesarean deliveries, accurate prospec-
tive documentation on respiratory disease and large
numbers of subjects per week of gestation (including
more than 60% before 39 � 0 wk) enabled a detailed
analysis, although the occurrence of TTN and RDS in
the affected newborn was numerically limited. We
demonstrated that RDS risk following elective caesar-
ean delivery diminishes significantly for each week of
gestation between 37 � 0 and �40 � 0–6 wk, with a
significant p per trend fall. Our results thus enabled us to
calculate the current incidence of respiratory disease at
term in uncomplicated pregnancies after vaginal or
caesarean birth. Our figures are consistent with a
previously published report from Morrison et al. (6).
Calculations of the incidence of RDS after elective

caesarean delivery during weeks 37 � 0–6 to �40 �
0–6 suggest that the careful planning of elective
caesarean deliveries after week 39 � 0 could mean
substantial cost savings and avoid the need to separate
babies from their parents, which causes considerable
anxiety to the family. Although mortality from respira-
tory disease in our infants was zero, the affected babies
suffered painful procedures with the related risks of
complications and additional morbidity, negative ef-
fects on their physiological and biochemical responses
to birth, the development of pulmonary air leaks and
persistent foetal circulation, and continuing respiratory
symptoms after discharge (16).

One limitation of available studies, including ours, is
the lack of information on various mechanisms, such as
retained pulmonary fluid (11), iatrogenic prematurity
(2) and lack of catecholamine surge during labour (17),
to explain the increase in neonatal respiratory problems
after caesarean delivery (8). This study was retro-
spective, so we cannot say whether delaying caesarean
delivery would have led to a higher perinatal mortality.
The factors governing the choice of the week of
gestation for caesarean delivery were entirely indis-
criminate, with no apparent differences between the
women who had caesarean deliveries in different weeks
of gestation. Most elective caesarean deliveries were
planned on the strength of a given clinician’s opinion, a
patient’s request and the availability of an operating
room, but there are major implications in the timing of
elective caesarean delivery at term, since the incidence
of respiratory morbidity could be halved for each
additional week of pregnancy (5). Gestational age at
delivery is thus a key to understanding the neonatal
respiratory morbidity risk and related sequelae. Given
the artificial neonatal problems resulting from the high
rate of elective caesarean deliveries before 39 � 0 wk, it
is important to discuss the neonatal respiratory risks
prompting admission to the NICU when offering a
woman delivery options, given the obstetrician’s ethical
and medico-legal obligation to obtain her informed
consent (5, 15, 23). It is worth emphasizing that this
study only considered pregnancies with no serial US or
laboratory evidence of foetal compromise. The inci-
dence of respiratory morbidity was found to be high for
infants born by elective caesarean delivery, but this tells
us nothing about the cause. The effects of other factors
on the outcome of caesarean delivery, including
physiological adaptation to pregnancy immediately
prior to natural labour, differences between natural
and induced labour, unexpected size-date discrepancies,
and recently reported effects of ethnicity on foetal
maturation, remain to be considered (15, 18, 19).

Adopting a policy to perform elective caesarean
delivery at �39 � 0 wk of pregnancy also involves
considering the risk of intrapartum versus elective
caesarean delivery, the likelihood of spontaneous labour
starting and informed maternal wishes (20). Based on a
small number of infants aged from 36 wk onwards with
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respiratory morbidity, it has been suggested that
awaiting the onset of labour may be appropriate before
elective repeat caesarean deliveries (21). To prevent
iatrogenic prematurity and its sequelae, the ACOG
currently recommends basing elective repeat caesarean
delivery at �39 � 0 wk on an accurate assessment of
foetal maturity to minimize respiratory complications
(22). There is no evidence that this practice would have
any adverse outcome on the mother (23).

In conclusion, in an obstetric population with no
prenatally-identified risk factors, elective caesarean
delivery at term remains associated with a higher risk
of respiratory morbidity to the neonate compared to
vaginal delivery. Our data on a cohort of 1274 elective
caesarean deliveries at term and 41 newborns with TTN
(n = 12) or RDS (n = 29) indicate that neonatal respira-
tory outcome definitely benefits from a better selection
of mothers and from waiting until week 39 � 0 before
performing elective caesarean delivery. Information
should be provided to all pregnant women and their
attendants concerning the risk to the baby of delivery
prior to 39 � 0 wk.
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