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Summary
BACKGROUND: Respiratory distress syndrome is a lead-
ing cause of neonatal intensive care unit admissions for
late preterm (34–36 weeks gestational age) and term in-
fants (37–41 weeks). The risk for respiratory morbidity ap-
pears to increase after an elective caesarean delivery and
might be reduced after antenatal corticosteroids. Howev-
er, before considering antenatal corticosteroids for women
at high risk of preterm birth after 34 weeks, the incidence
of respiratory distress syndrome and the effect of delivery
mode on this incidence requires further evaluation. There-
fore, this study aimed to investigate the relationship be-
tween respiratory distress syndrome incidence and deliv-
ery mode in late preterm and term infants.

METHODS: In this retrospective cohort study, the clinical
databases of the University Hospitals of Zurich and Basel
were queried regarding all live births between 34 + 0 and
41 + 6 weeks. Neonatal intensive care unit admissions
due to respiratory distress syndrome were determined and
analysed in regard to the following delivery modes: spon-
taneous vaginal, operative vaginal, elective caesarean,
secondary caesarean and emergency caesarean.

RESULTS: After excluding malformations (n = 889) and
incomplete or inconclusive data (n = 383), 37,110 infants
out of 38,382 were evaluated. Of these, 5.34% (n = 1980)
were admitted to a neonatal intensive care unit for respi-
ratory distress syndrome. Regardless of gestational age,
respiratory distress syndrome in infants after spontaneous
vaginal delivery was 2.92%; for operative vaginal delivery,
it was 4.02%; after elective caesarean delivery it was
8.98%; following secondary caesarean delivery, it was
8.45%, and after an emergency caesarean it was 13.3%.
The risk of respiratory distress syndrome was higher after
an elective caesarean compared to spontaneous vaginal
delivery, with an odds ratio (OR), adjusted for gestational
age, of 2.31 (95% CI 1.49–3.56) at 34 weeks, OR 5.61

(95% CI 3.39–9.3) at 35 weeks, OR 1.5 (95% CI
0.95–2.38) at 36 weeks, OR 3.28 (95% CI 1.95–5.54) at
37 weeks and OR 2.51 (95% CI 1.65–3.81) at 38 weeks.
At 39 weeks, there was no significant difference between
the risk of respiratory distress syndrome after an elective
caesarean vs. spontaneous vaginal delivery. Over the
study period, gestational age at elective caesarean deliv-
ery remained stable at 39.3 ± 1.65 weeks.

CONCLUSION: The incidence of respiratory distress syn-
drome following an elective caesarean is up to threefold
higher in infants born with less than 39 weeks gestational
age compared to those born by spontaneous vaginal de-
livery. Therefore — and whenever possible — an elective
caesarean delivery should be planned after 38 completed
weeks to minimise the risk of respiratory morbidity in
neonates.

Introduction

Respiratory morbidity is a leading cause of admission to a
neonatal intensive care unit in late preterm (34–36 weeks
gestational age) and early term neonates (37–38 weeks
gestational age), with dysfunctional resorption of lung flu-
id as the primary reason for admission [1, 2]. Elective cae-
sarean delivery, without preceding labour or rupture of the
membranes, is associated with an increased risk for respi-
ratory morbidity and mortality compared to vaginal deliv-
ery [3, 4].

Recent studies have compared the incidence of respiratory
distress syndrome (RDS) between caesarean deliveries be-
fore 39 weeks and caesarean deliveries after 39 weeks [5].
Previous studies have shown a detectable decrease in the
incidence of respiratory morbidity in the early term peri-
od between 37 and 39 weeks using week-by-week grouped
data [3, 4]. Antenatal corticosteroids administered to
women experiencing preterm and early-term deliveries
have been shown to lower the risk for respiratory distress
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syndrome [6, 7]. In addition to their effect on foetal sur-
factant production, antenatal corticosteroids also trigger an
increase in the number and modification of lung epithelial
sodium channels, which promote alveolar fluid clearance
[8–10]. These positive effects are, however, in contrast
to an increased risk for adverse effects, such as postnatal
hypoglycaemia, alterations of the hypothalamus-pituitary-
adrenal axis, arterial hypertension and neurodevelopmental
impairment. Hence, antenatal corticosteroids are not rec-
ommended for women at risk for preterm delivery after 34
completed weeks of gestation [11].

The purpose of this retrospective cohort study was to eval-
uate the incidence of neonatal intensive care unit admis-
sions due to respiratory morbidity – dependent on delivery
mode and gestational age – and identify the point in gesta-
tion when the difference in the risk of respiratory morbidity
is minimal, or absent, between infants delivered vaginally
and by elective caesarean.

Methods

This retrospective cohort study was conducted at the Uni-
versity Hospitals of Zurich and Basel in Switzerland. Both
hospitals are tertiary perinatal centres that oversee 2500
to 3000 births annually. Data from all in-house live births
with at least 34 weeks of gestation between 2009 and
2016 were included in the study. Data were obtained from
the clinical databases of the departments of obstetrics and
neonatology from each hospital if there was no written
refusal to use the data for scientific purposes. Maternal
and neonatal data from infants admitted to the neonatal in-
tensive care units were electronically matched using date
of birth, sex, birth weight and surname. The consistency
of all variables was checked electronically and, in part,
manually. The study’s consent protocol was reviewed, and
the need for written, informed consent was waived by the
ethics committees of the cantons of Zurich and Northwest
and Central Switzerland (BASEC-Nr.2017-00078).

Study inclusion criteria were pregnancy with delivery at or
after 34 + 0 weeks of gestation as determined by sonog-
raphy, foetal crown-rump length, and biparietal diameter
in the first trimester. Exclusion criteria were the presence
of chromosomal aberrations, major birth defects or a priori
palliative care. Characteristics of the mothers and infants
were collected from the medical charts. The following
variables were collected from the mothers: gestational di-
abetes mellitus, age at delivery and gestational age at de-
livery. Data from the infants included umbilical artery pH,
birth weight, and APGAR scores at 5 and 10 minutes of
life. Gestational diabetes mellitus was diagnosed using a
75-gram oral glucose tolerance test in the second trimester.
Respiratory distress syndrome was defined as persistent
respiratory morbidity (intercostal retractions, grunting,
nasal flaring, cyanosis, and tachypnea) requiring admis-
sion to the neonatal intensive care unit following the guide-
lines of the Swiss Society of Neonatology [12].

Delivery modes were grouped and defined as follows:
spontaneous vaginal delivery, operative vaginal delivery,
elective caesarean delivery, secondary caesarean delivery
and emergency caesarean delivery. Children born vaginally
in the breech position were included in the operative vagi-
nal delivery group. Elective caesarean delivery was de-
fined as occurring before the onset of labour or rupture of

membranes. In contrast, secondary caesarean delivery was
defined as occurring after the onset of labour or the rupture
of membranes. Emergency caesarean delivery was defined
as occurring under general anaesthesia in cases of immi-
nent, life-threatening foetal or maternal conditions, such as
foetal bradycardia or placental abruption.

Demographic data were analysed using descriptive statis-
tics, with the median (minimum-maximum) for non-para-
metric variables and the mean ± standard deviation for
parametric variables. The incidence of respiratory distress
syndrome according to gestational age (with weekly inter-
vals) was calculated for each delivery mode. Odds ratios
(ORs) for respiratory distress syndrome incidence were
calculated and adjusted for gestational age with weekly in-
tervals. Multiple logistic regression was used to test for
known influencing factors (other than gestational age) on
respiratory distress syndrome incidence, such as birth aci-
dosis (defined as umbilical artery pH <7.15), 5-minute AP-
GAR <7, gestational diabetes mellitus, and small for gesta-
tional age (birth weight <5th percentile). These risk factors
were part of the clinical record and available for all in-
cluded pregnancies. A separate analysis was conducted
for respiratory distress syndrome incidence in spontaneous
vaginal and elective caesarean deliveries according to ges-
tational age with daily intervals. Pregnancies associated
with gestational diabetes mellitus, birth acidosis, small for
gestational age or 5-minute APGAR <7 were excluded
from this analysis. Based on the daily respiratory distress
syndrome incidences, a polynomial regression model was
used to describe the relationship between incidence and
gestational age at daily intervals.

Statistical analysis

Statistical analyses were performed using Stata 15.1 soft-
ware (StataCorp, College Station, Texas, USA).

Statement of ethics

The study was approved by the ethics committees of the
Zurich Canton and Northwest and Central Switzerland
(BASEC-Nr.2017–00078). The study was considered to
reuse biological material and/or health-related personal da-
ta. Hence, further use without prior consent is allowed if
there is no documented refusal (Federal Act on Research
involving Human Beings Art. 34, Art. 37–40, The Federal
Assembly of the Swiss Confederation).

Results

During the study period from 2009 to 2016, 38,382 infants
with a gestational age of at least 34 weeks at birth were
identified. After excluding records with incomplete data (n
= 383) and infants with major birth defects (n = 889), a to-
tal of 37,110 infants were included for analysis (figure 1).
Of these, 1,980 (5.34%) were admitted to a neonatal inten-
sive care unit due to respiratory distress syndrome. Over
the entire study period, the incidence of respiratory dis-
tress syndrome decreased from 7.3% (296/4162) in 2009 to
4.4% (230/5107) in 2016 (figure 2).

Maternal demographics and neonatal characteristics are
presented in table 1.

The distribution of all five delivery modes in the total
study population was as follows: spontaneous vaginal de-
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Figure 1: Study selection chart.

livery 49% (n = 18173), operative vaginal delivery 12.8%
(n = 4766), elective caesarean 19.8% (n = 7339), sec-
ondary caesarean 17.3% (n = 6411) and emergency cae-
sarean 1.1% (n = 421).

The incidence of respiratory distress syndrome was highest
in infants born at 34 weeks gestational age and steadily
decreased up to 39 weeks, with a slight increase in later
weeks of gestational age (figure 3). Infants born via spon-
taneous vaginal delivery had the lowest incidence of respi-

Figure 2: Annual incidence of respiratory distress syndrome
(RDS) among all deliveries.

ratory distress syndrome (2.92%) versus 13.3% for emer-
gency caesarean and 8.98% for elective caesarean. A
breakdown of respiratory distress syndrome incidence per
week of gestational age according to the five different
modes of delivery, found that incidence was lowest at 39
completed weeks of gestational age regardless of delivery
mode (figure 3). Gestational age at the time of elective cae-
sarean delivery remained unchanged (38.3 ± 1.38 weeks)
throughout the entire study period.

Multivariate analysis showed that the OR of respiratory
distress syndrome was highest for elective and emergency
caesarean deliveries and significantly increased for all de-
livery modes when compared to spontaneous vaginal de-
livery (table 2). However, emergency caesarean deliveries
were omitted from this calculation due to low numbers. An
analysis of possible confounding factors showed a higher
risk for all tested variables (table 3).

In a sub-group analysis that excluded potential risk factors
for respiratory distress syndrome (gestational diabetes,
birth acidosis, 5-minute APGAR below 7, and small for
gestational age), gestational age was stratified into days,
and spontaneous vaginal delivery versus elective caesarean

Table 1:
Maternal and neonatal characteristics. APGAR values are shown as medians (minimum-maximum). All other variables are mean values and standard deviations (SDs).

Maternal characteristics Parity 1.7 ± 0.89

Maternal age (years) 32.1 ± 5.3

Neonatal characteristics Gestational age (days at birth) 274 ± 11.6

Birth weight (g) 3288.8 ± 544.9

Birth weight percentile 50 ± 32.6

5-minute APGAR 9 (1–10)

Table 2:
Unadjusted odds ratio and (95% confidence intervals) for respiratory distress syndrome depending on delivery mode and gestational age (in completed weeks), excluding deliv-
eries with gestational diabetes, birth acidosis, 5-minute APGAR below 7 and small for gestational age.

Gestational age (weeks)

34 35 36 37 38 39 40

Spontaneous vaginal delivery* 1 1 1 1 1 1 1

Operative vaginal delivery 1.7 (0.71–4.07) 1.22 (0.43–3.45) 0.9 (0.42–1.93) 1.94 (0.84–4.5) 1.56 (0.71–3.43) 1.05 (0.32–1.93) 1.56 (1.05–2.31)

Elective caesarean delivery 2.31 (1.49–3.56) 5.61 (3.39–9.3) 1.5 (0.95–2.38) 3.28 (1.95–5.54) 2.51 (1.65–3.81) 0.51 (0.24–1.07) 2.84 (1.68–4.82)

Secondary caesarean delivery 1.61 (1.1–2.35) 2.45 (1.52–3.94) 0.96 (0.6–1.54) 2 (1.05–3.81) 1.84 (0.99–3.4) 1.75 (1.06–2.9) 1.83 (1.29–2.61)

*Spontaneous vaginal delivery is the baseline category.
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delivery was compared. As shown in figure 4, the frequen-
cy of respiratory distress syndrome was consistently higher
in infants delivered by elective caesarean up until 270 days
(38 weeks + 4 days). After 270 days, no significant differ-
ence between the two delivery modes was found.

Discussion

Respiratory morbidity is a leading cause of neonatal inten-
sive care unit admissions for infants born at 34 or more
weeks of gestation [2]. Caesarean sections are a risk factor
for respiratory distress syndrome in late preterm and term
infants, which has been confirmed in numerous studies [3,
4, 13, 14]. Antenatal corticosteroids are effective in reduc-
ing this risk, but they are not recommended for use in most
guidelines world-wide due to concerns about potential side
effects [11]. To determine the rate of respiratory distress
syndrome in late preterm and term-born infants according
to the delivery mode in Switzerland, we conducted a retro-
spective cohort study investigating the incidence of respi-
ratory distress syndrome requiring admission to a neonatal
intensive care unit in all live-born infants with at least 34

Figure 3: Incidence of respiratory distress syndrome (RDS) in re-
lation to all delivery modes per week of gestation. VD: vaginal de-
livery; CD: caesarean delivery.

weeks of gestation delivered at two academic hospitals in
Switzerland between 2009 and 2016.

Our study had several key findings. Firstly, the incidence
of respiratory distress syndrome was significantly higher in
infants delivered by elective caesarean compared to spon-
taneous vaginal delivery up to 38 + 4 weeks of gestational
age. Secondly, the absolute incidence of respiratory dis-
tress syndrome decreased over the study period from 7.3%
in 2009 to 4.4% in 2016, whereas the time point of elective
caesarean delivery remained stable at 39.3 ± 1.65 weeks
of gestation. Thirdly, perinatal risk factors, including a
5-minute APGAR score below 7, birth acidosis, gestational
diabetes mellitus and small for gestational age, were in-
dependent risk factors for respiratory distress syndrome in
this population.

Figure 4: Frequency of respiratory distress syndrome (RDS) ac-
cording to spontaneous vaginal delivery and elective caesarean
delivery by week of gestation. A polynomial regression model with
a 95% confidence interval based on the RDS frequency was calcu-
lated for each day of gestational age. Only pregnancies respective
infants without gestational diabetes, small for gestational age, birth
acidosis or 5-minute APGAR <7 were considered. SVD: sponta-
neous vaginal delivery; CD: caesarean delivery. Line: smoothed
polynomial of RDS frequency; area: 95% confidence interval.

Table 3:
Effects of gestational age, delivery mode, 5-minute APGAR, gestational diabetes, umbilical artery pH and small for gestational age on the incidence of respiratory distress syn-
drome in a multivariate logistic regression model (odds ratios [ORs] with 95% confidence intervals [CIs]).

OR (95% CI)

Gestational age [weeks] ≥40* 1

39 0.93 (0.77–1.12)

38 1.13 (0.95–1.36)

37 2.42 (2.00–2.92)

36 6.97 (5.76–8.42)

35 15.59 (12.95–18.77)

34 42.07 (35.03–50.53)

Delivery mode Spontaneous vaginal delivery* 1

Operative vaginal delivery 1.30 (1.08–1.56)

Elective caesarean delivery 2.20 (1.91–2.53)

Secondary caesarean delivery 1.61 (1.40–1.86)

Emergency caesarean delivery 1.82 (1.28–2.61)

5-minute APGAR ≥7* 1

<7 5.25 (4.32–6.39)

Gestational diabetes No* 1

Yes 1.40 (1.17–1.69)

Umbilical artery pH ≥7.15* 1

<7.15 3.24 (2.68–3.93)

Small for gestational age No* 1

Yes 1.38 (1.19–1.60)

* baseline category
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The data presented here provide evidence that elective cae-
sarean delivery should be performed after 38 + 4 weeks of
gestation whenever clinically possible to minimise the risk
of respiratory distress syndrome and subsequent admission
to a neonatal intensive care unit. Our study provides data
for a day-specific calculation of the risk of respiratory dis-
tress syndrome, while previous studies have only report-
ed data for completed weeks [3, 4]. Our results are in line
with a previous report from Switzerland investigating the
incidence of respiratory distress syndrome from 1982 to
2004 [3], and we confirm the findings of at least a 2-fold
higher risk for respiratory distress syndrome following an
elective caesarean versus spontaneous vaginal delivery un-
der 39 weeks of gestation (and no significant difference in
week 39). Thus, despite a reduction in the incidence of res-
piratory distress syndrome in general, which might be due
to improved resuscitation management [10], the increased
risk ratio for infants delivered by elective caesarean com-
pared to vaginal delivery has remained stable over the past
20 years. It can be speculated that improved neonatal care
has contributed to a general reduction in the incidence of
respiratory distress syndrome. However, other clinical care
parameters require adjustment to narrow the risk ratio be-
tween elective caesareans and vaginal delivery; for exam-
ple, the introduction of antenatal corticosteroids in women
at high risk for preterm delivery before 37 weeks of gesta-
tion.

Our study has several limitations. First, there may be miss-
ing and/or unreliable data due to the retrospective design.
Second, taking into consideration known confounder vari-
ables does not exclude the possibility that other unavail-
able or unknown factors may have significantly influenced
the incidence of respiratory distress syndrome. Third, de-
spite the clear definition of respiratory distress syndrome
by the Swiss Society of Neonatology, a diagnosis is never
independent of the neonatologist’s subjective assessment.
Finally, both study centres are tertiary-care facilities in an
urban area with a high proportion of risky pregnancies.
Thus, it is not possible to draw conclusions from the study
population to the country as a whole. Our study also has
several strengths. Specifically, we had a large sample size,
both study centres were equipped with electronic databases
and both used the same national guidelines to diagnose
neonatal respiratory morbidity. Finally, we tested the as-
sociation of neonatal respiratory morbidity with potential
known confounders in a multivariate logistic regression
model.

Conclusion

In conclusion, the results of this study can be used to plan
the most advantageous moment to perform an elective cae-
sarean delivery and could contribute to reducing respira-
tory morbidity in neonates. In everyday clinical life the
prolongation of pregnancy behind 38 weeks is not always
possible for various reasons. Furthermore, we have gen-
erated a basis for studies in Switzerland and beyond that
address respiratory outcomes after elective caesarean de-
liveries and promote discussions concerning administering
antenatal corticosteroids in the late preterm and early term
gestation period.
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