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ABSTRACT
Objective: To estimate the impact of caesarean delivery
on the incidence of selected neonatal outcomes.
Patients and methods: A 15-year, population-based,
cohort study (1988–2002) using the Nova Scotia Atlee
Perinatal Database compared neonatal outcomes in
term newborns born by spontaneous and assisted
vaginal delivery, with newborns born by caesarean
delivery, with and without labour, using multiple logistic
regression.
Results: From a total of 142 929 deliveries, there were
27 263 caesarean deliveries, 61% of which were
performed in labour. Relative risks were adjusted for year
of birth, maternal age, parity, smoking, maternal weight at
delivery, hypertensive diseases, diabetes, previous cae-
sarean delivery, use of regional anaesthesia, induction of
labour, gestational age at delivery and large and small for
gestational age, where significant. Caesarean delivery in
labour, but not caesarean delivery without labour, had
increased risks for depression at birth and neonatal
respiratory conditions compared with spontaneous or
assisted vaginal delivery. Compared with spontaneous
vaginal delivery and assisted vaginal delivery, the risk of
major neonatal birth trauma was decreased for infants
after caesarean delivery with labour (odds ratio
(OR) = 0.34, 95% CI 0.21 to 0.56 and OR = 0.07, 95% CI
0.04 to 0.11, respectively) and caesarean delivery without
labour (OR = 0.20, 95% CI 0.08 to 0.52 and OR = 0.04,
95% CI 0.02 to 0.10, respectively).
Conclusion: Caesarean delivery in labour, compared with
vaginal delivery, is more likely to be associated with an
increased risk for respiratory conditions and depression at
birth than caesarean delivery without labour. Caesarean
delivery appears protective against neonatal birth trauma,
especially when performed without labour.

Understanding the impact of method of delivery
on neonatal morbidity and mortality becomes
essential in the context of rising caesarean delivery
rates in North America1 2 and world wide.3 These
increasing rates have been explained in part by
changing maternal characteristics4 and obstetric
practice patterns,1 4 and by continued interest in
‘‘patient choice’’ caesarean delivery.5 6 Recent
population-based determinations of outcomes by
type of labour and by method of delivery have
improved our understanding of the maternal risks
with caesarean and operative vaginal delivery.7–10

Information on neonatal outcomes associated with
method of delivery has focused on respiratory
morbidity,11–17 and may have been influenced by
gestational age at delivery,11 18 and the presence of
maternal complications11 or previous obstetric
interventions.12 13 19 Small study numbers and out-
comes in select groups may limit the generalisa-
bility of these reported risks.13 17 19–21 Using
data from a large population-based database, we

examined neonatal morbidity outcomes by method
of delivery in a large high- and low-risk population
at term.

PATIENTS AND METHODS
This population-based, cohort analysis was per-
formed using data from the Nova Scotia Atlee
Perinatal Database from 1988 to 2002. The Nova
Scotia Atlee Perinatal Database is a provincial,
population-based computerised database that col-
lects information on maternal characteristics,
maternal medical conditions, obstetric procedures
and pregnancy outcomes on all pregnancies and
births in the province of Nova Scotia, which has
about 10 000 live births each year22 and a homo-
geneous, predominantly Caucasian population of
approximately 1 million.23 Health records person-
nel collect the information from standardised
patient care records, and all information is entered
into the database soon after the time of collection.
The Nova Scotia Atlee Perinatal Database is
known to be comprehensive, reliable and of high
quality.

All deliveries occurring to a resident of Nova
Scotia between 1 January 1988 and 31 December
2002, which resulted in a live born singleton at
term (>36 weeks) without any known major
congenital anomalies, were included in the study.
Preterm deliveries, multiple gestation and pregnan-
cies complicated by congenital anomalies were
excluded from the study population on the basis
that the indications for caesarean delivery in this
population may differ from those for the term
population.

Neonatal outcomes that were examined
included depression at birth, birth trauma, neo-
natal respiratory conditions, admission to the
neonatal intensive care unit (NICU), and breast
feeding at postpartum discharge. Depression at
birth included delay in initiating and maintaining
respiration (requirement for resuscitation by mask
for greater than 3 minutes or resuscitation by tube
for any length of time), 5-minute Apgar score (3,
and evidence of hypoxic-ischaemic encephalopathy
(HIE, Sarnat score .stage 1)24 or associated
systemic (cardiac, renal, hepatic) sequelae. Birth
trauma was defined as minor (cephalohaematoma)
and major (one or a combination of any fracture,
facial palsy, phrenic nerve palsy, Erb’s palsy,
Klumpke’s palsy, spinal cord trauma, traumatic
intracranial haemorrhage or intraventricular hae-
morrhage of grade III or IV). Neonatal respiratory
conditions included moderate or severe infant
respiratory distress syndrome (RDS), transient
tachypnoea of the newborn (TTN), and aspiration
pneumonitis. NICU admission was included if the
neonatal stay was greater than 24 hours. Cord
arterial pH and base excess values were also
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included for the study population after 1 January 1996, when
they became consistently coded in the database.

Adverse neonatal outcomes were compared between methods
of delivery. For initial analysis, all caesarean deliveries were
compared with spontaneous vaginal deliveries and assisted
vaginal deliveries. Assisted vaginal deliveries included the use of
forceps or vacuum extraction, or both. In subsequent analyses,
we divided the caesarean deliveries into two groups: those
performed in labour and those without labour. Neonatal
outcomes in both of these groups were independently compared
with neonatal outcomes of spontaneous vaginal delivery and
neonatal outcomes of assisted vaginal delivery. In all analyses,
the vaginal delivery group was assigned as the referent group.

Categorical data were compared using x2 analysis, while
continuous variables were compared using the Student t test.
To isolate the effect of method of delivery on neonatal outcome,
we used logistic regression to control for possible confounders

based on clinical understanding, including the influence of
maternal characteristics, pre-existing maternal conditions,
obstetric practice factors and fetal characteristics. Maternal
characteristics included maternal age >35 years, parity, smok-
ing, maternal weight at delivery and previous caesarean
delivery. Pre-existing maternal conditions considered included
chronic hypertensive disease and pre-existing diabetes, and
conditions complicating pregnancy included gestational hyper-
tension (eclampsia, pregnancy-induced hypertension and/or
HELLP syndrome) and gestational diabetes. Obstetric practice
factors included were induction of labour, use of regional
anaesthesia, and type of delivery hospital. The type of delivery
hospital was classified as tertiary (those providing obstetric and
comprehensive perinatal intensive care), regional (those provid-
ing care for moderately complicated neonatal and obstetric
cases, including operative delivery); and community (those
providing low-risk obstetric services and organised referral for

Table 1 Maternal characteristics, neonatal characteristics and obstetric practice factors of spontaneous vaginal delivery, assisted vaginal delivery
and caesarean delivery (with and without labour) deliveries at term, in Nova Scotia, 1988–2002

Characteristics

Spontaneous vaginal
delivery
(n = 99 679)

Assisted vaginal
delivery
(n = 15 987)

Caesarean in
labour
(n = 16 508)

Caesarean without
labour
(n = 10 755)

Maternal

Maternal age .35 years (%) 8908 (8.9) 1377 (8.6) 1792 (10.9) 1696 (15.8)

Nulliparous (%) 36 848 (37.0) 12 071 (75.5) 11 331 (68.6) 2344 (21.8)

Smoking (%) 28 720 (29.7) 3945 (25.4) 4239 (26.4) 2844 (27.1)

Maternal weight at delivery (kg), mean (SD) 79.5 (14.1) 79.7 (14.1) 84.3 (16.5) 83.4 (16.7)

Pre-existing hypertension (%) 628 (0.6) 151 (0.9) 222 (1.3) 160 (1.5)

Pre-existing diabetes (%) 143 (0.1) 54 (0.3) 84 (0.5) 71 (0.7)

Gestational hypertension (%) 7298 (7.3) 2018 (12.6) 2501 (15.2) 839 (7.8)

Gestational diabetes (%) 2010 (2.0) 366 (2.3) 655 (4.0) 424 (3.9)

Regional anaesthesia (%) 26 351 (26.4) 9605 (60.1) 12 461 (75.5) 8376 (77.9)

Induced labour (%) 18 751 (18.8) 4100 (25.6) 5660 (34.3) 0 (0.0)

Neonatal

Gestational age at delivery (weeks), mean (SD) 39.7 (1.3) 39.8 (1.3) 39.8 (1.4) 38.9 (1.2)

LGA (%) 11 777 (11.8) 1857 (11.6) 3175 (19.3) 1907 (17.8)

SGA (%) 9558 (9.6) 1523 (9.5) 1621 (9.9) 952 (8.9)

LGA, large for gestational age; SD, standard deviation; SGA, small for gestational age.

Table 2 Rates of selected neonatal outcomes of term infants delivered by spontaneous vaginal delivery,
assisted vaginal delivery and caesarean delivery with and without labour, in Nova Scotia, 1988–2002

Neonatal outcomes

Spontaneous
vaginal delivery (%)
(n = 99 679)

Assisted vaginal
delivery (%)
(n = 15 987)

Caesarean in
labour (%)
(n = 16 508)

Caesarean without
labour (%)
(n = 10 755)

Depression at birth

Delay in initiating and maintaining
respiration

367 (0.4) 150 (0.9) 287 (1.7) 41 (0.4)

Low 5-minute Apgar ((3) 79 (0.1) 28 (0.2) 53 (0.3) 15 (0.1)

HIE and associated sequelae 86 (0.1) 48 (0.3) 77 (0.5) 13 (0.1)

Neonatal birth trauma

Minor trauma 1099 (1.1) 774 (4.8) 194 (1.2) 6 (0.1)

Major trauma 311 (0.3) 225 (1.4) 25 (0.2) 7 (0.1)

Respiratory conditions

RDS 78 (0.1) 19 (0.1) 25 (0.2) 67 (0.6)

Transient tachypnoea 644 (0.6) 116 (0.7) 190 (1.2) 168 (1.6)

Aspiration pneumonitis 268 (0.3) 69 (0.4) 119 (0.7) 26 (0.2)

NICU stay .24 hours 2155 (2.2) 572 (3.6) 859 (5.2) 474 (4.4)

Breast feeding at discharge 58 588 (59.1) 9524 (60.1) 9744 (59.5) 5828 (54.6)

HIE, hypoxic-ischaemic encephalopathy; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome.
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high-risk maternal and neonatal cases). Newborn characteristics
included year of birth, gestational age, small for gestational age
(,10th centile birth weight for gestational age) and large for
gestational age (.90th centile birth weight for gestational age).
Logistic regression employing the method of general estimating
equations (GEE) generated standard errors that accounted for
the non-independence of separate pregnancies to the same
woman. Statistical significance was p,0.05. Statistical analyses
were performed using the SPSS programming package for
Windows (version 11.5) and EpiInfo (CDC, Atlanta, Georgia,
USA).

RESULTS
A total of 142 971 neonates satisfied inclusion and exclusion
criteria from a potential study population of 147 100 newborns,
27 263 (19%) of which were delivered by caesarean delivery.
There were one and a half times as many caesarean deliveries in
labour as without labour, and six times as many spontaneous
vaginal deliveries as assisted vaginal deliveries. The main
indications for caesarean delivery in labour were dystocia
(59.0%) and fetal distress (19.2%). Caesarean deliveries without
labour were performed primarily because of previous caesarean
delivery (62.1%) and breech presentation (22.1%).

Table 1 summarises maternal characteristics, neonatal char-
acteristics and obstetric practice factors. Mothers delivered by
caesarean were more likely to be nulliparous (50.2%, p,0.001),
>35 years (12.8%, p,0.001) and have higher mean weight at
delivery (83.9 kg, p,0.001) than those who had a spontaneous
vaginal delivery (37.0%, 8.9% and 79.5 kg, respectively), but
were less likely to have smoked (26.7% vs 29.7%, p,0.001).
They were more likely to have pre-existing hypertension (1.4%,
p,0.001), pre-existing diabetes (0.6%, p,0.001), or gestational
hypertension (12.3%, p,0.001) or gestational diabetes (4.0%,
p,0.001) than those having a spontaneous vaginal delivery
(0.6%, 0.1%, 7.3% and 2.0%, respectively). Women undergoing
caesarean delivery were more likely to have infants large for
gestational age (18.7%, p,0.001) of earlier gestational age

(39.4 weeks, p,0.001) than those undergoing spontaneous
vaginal delivery (11.8% and 39.7 weeks, respectively). Within
the caesarean delivery group, women undergoing caesarean
without labour were less likely to be nulliparous (21.8%,
p,0.001) and their neonates were delivered at an earlier
gestational age (38.9 weeks, p,0.001) than those who under-
went caesarean in labour (68.6% and 39.8 weeks, respectively).

Table 2 shows rates of neonatal outcomes between methods
of delivery. With the exception of NICU admissions across all
groups (range 2.2%–5.2%), and cephalohaematoma specifically
in the babies delivered by assisted vaginal delivery (4.8%), the
rates of all neonatal outcomes were approximately 1%.

Initially, neonatal outcomes were compared between infants
delivered by caesarean as a whole group (including both
caesarean with and without labour) and by spontaneous and
assisted vaginal delivery (data not shown). Significant differ-
ences were seen in the rates of all outcomes of infants delivered
by caesarean in comparison with those delivered by sponta-
neous vaginal delivery (p,0.001) in both unadjusted and
adjusted comparisons. No significant differences were found
in the rates of aspiration pneumonitis, low 5-minute Apgar
score, or hypoxic-ischaemic encephalopathy (HIE) and asso-
ciated sequelae in babies delivered by caesarean compared with
the assisted vaginal delivery group, after adjustment for
confounding variables.

Tables 3–6 summarise the crude univariate and adjusted
multivariate comparisons of neonatal outcomes between the
caesarean delivery groups, categorised as caesarean deliveries
performed with labour and without labour, and the vaginal
delivery groups, categorised as spontaneous or assisted. Table 3
demonstrates comparisons of neonatal outcomes between
caesarean delivery in labour and spontaneous vaginal delivery.
Neonatal outcomes following caesarean delivery in labour
showed a four- to fivefold increase in risk for depression at
birth and a two- to threefold increase in risk of all neonatal
respiratory conditions (p,0.01). Neonates delivered by caesar-
ean in labour showed a 66% reduction in risk of major trauma

Table 3 Comparison of rates of selected neonatal outcomes among infants delivered at term by caesarean
section in labour and by spontaneous vaginal delivery, in Nova Scotia, 1988–2002

Neonatal outcomes

Crude Adjusted*

OR (95% CI) p Value OR (95% CI) p Value

Depression at birth

Delay in initiating and maintaining
respiration

4.74 (4.06 to 5.52) ,0.001 4.51 (3.70 to 5.51) ,0.001

Low 5-minute Apgar score ((3) 4.05 (2.86 to 5.74) ,0.001 3.39 (2.14 to 5.36) ,0.001

HIE and associated sequelae 5.41 (3.98 to 7.35) ,0.001 3.36 (2.29 to 4.93) ,0.001

Neonatal birth trauma

Minor trauma 1.08 (0.93 to 1.25) 0.34 0.80 (0.67 to 0.95) 0.01

Major trauma 0.49 (0.32 to 0.73) ,0.001 0.34 (0.21 to 0.56) ,0.001

Respiratory conditions

RDS 1.94 (1.23 to 3.04) 0.005 2.08 (1.23 to 3.54) 0.01

Transient tachypnoea 1.78 (1.52 to 2.09) ,0.001 1.99 (1.63 to 2.44) ,0.001

Aspiration pneumonitis 2.68 (2.16 to 3.33) ,0.001 2.18 (1.66 to 2.87) ,0.001

NICU stay .24 hours 2.41 (2.23 to 2.60) ,0.001 1.66 (1.50 to 1.84) ,0.001

Breastfeeding at discharge 1.01 (0.99 to 1.02) 0.34 0.79 (0.77 to 0.83) ,0.001

*Adjusted for year of delivery, maternal age, parity, smoking, maternal weight at delivery, hypertensive disease, diabetes, previous
caesarean delivery, the use of regional anaesthesia, the induction of labour, gestational age, and large and small for gestational age,
where significant.
HIE, hypoxic-ischaemic encephalopathy; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome.
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(95% CI 0.21 to 0.56, p,0.001) and a 20% reduction in risk of
minor trauma (95% CI 0.67 to 0.95, p,0.001) compared with
spontaneous vaginal delivery.

Table 4 summarises comparisons of neonatal outcomes
between caesarean delivery without labour and spontaneous
vaginal delivery. Neonates delivered by caesarean delivery
without labour had a threefold increased risk of having a low
5-minute Apgar score compared with those delivered by
spontaneous vaginal delivery (95% CI 1.64 to 6.78, p,0.001),
although there was no difference in the outcomes of delay in
initiating or maintaining respiration, or HIE and associated
sequelae. Neonates delivered by caesarean delivery without
labour were 91% (95% CI 0.05 to 0.17, p,0.001), and 80% (95%
CI 0.08 to 0.52, p,0.001) less likely to have a complication of

minor and major trauma, respectively, compared with sponta-
neous vaginal delivery. With the exception of aspiration
pneumonitis, the respiratory conditions of RDS and TTN
remained significantly more likely in the caesarean delivery
without labour group (OR = 5.39, 95% CI 3.24 to 8.98, p,0.001
and OR = 2.41, 95% CI 1.87to 3.10, p,0.001, respectively).

Table 5 summarises comparisons of neonatal outcomes
between caesarean delivery in labour and assisted vaginal
delivery. Neonatal outcomes following caesarean in labour
showed a one- to twofold increase in risk for depression at birth
and all neonatal respiratory conditions (p,0.01), except RDS
(OR = 1.24, 95% CI 0.66 to 2.34, p = 0.51), compared with
infants following assisted vaginal delivery. Neonates delivered
by caesarean in labour showed a 75% reduction in risk of minor

Table 4 Comparison of rates of selected neonatal outcomes among infants delivered at term by caesarean
section without labour and by spontaneous vaginal delivery in Nova Scotia, 1988–2002

Neonatal outcomes

Crude Adjusted*

OR (95% CI) p Value OR (95% CI) p Value

Depression at birth

Delay in initiating and maintaining respiration 1.04 (0.75 to 1.43) 0.89 1.21 (0.80 to 1.84) 0.37

Low 5-minute Apgar score ((3) 1.76 (1.01 to 3.06) 0.06 3.33 (1.64 to 6.78) ,0.001

HIE and associated sequelae 1.40 (0.78 to 2.51) 0.33 1.68 (0.84 to 3.35) 0.14

Neonatal birth trauma

Minor trauma 0.12 (0.07 to 0.20) ,0.001 0.09 (0.05 to 0.17) ,0.001

Major trauma 0.21 (0.10 to 0.44) ,0.001 0.20 (0.08 to 0.52) ,0.001

Respiratory conditions

RDS 7.96 (5.75 to 11.03) ,0.001 5.39 (3.24 to 8.98) ,0.001

Transient tachypnoea 2.42 (2.04 to 2.86) ,0.001 2.41 (1.87 to 3.10) ,0.001

Aspiration pneumonitis 0.90 (0.60 to 1.34) 0.67 1.11 (0.66 to 1.84) 0.50

NICU stay .24 hours 2.04 (1.85 to 2.25) ,0.001 1.33 (1.16 to 1.54) ,0.001

Breastfeeding at discharge 0.92 (0.91 to 0.94) ,0.001 0.64 (0.60 to 0.67) ,0.001

*Adjusted for year of delivery, maternal age, parity, smoking, maternal weight at delivery, hypertensive disease, diabetes, previous
caesarean delivery, the use of regional anaesthesia, the induction of labour, gestational age, and large and small for gestational age,
where significant.
HIE, hypoxic-ischaemic encephalopathy; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome.

Table 5 Comparison of rates of selected neonatal outcomes among infants delivered at term by caesarean
section in labour and by assisted vaginal delivery in Nova Scotia, 1988–2002

Neonatal outcomes

Crude Adjusted*

OR (95% CI) p Value OR (95% CI) p Value

Depression at birth

Delay in initiating and maintaining respiration 1.85 (1.52 to 2.26) ,0.001 2.09 (1.66 to 2.61) ,0.001

Low 5-minute Apgar score ((3) 1.84 (1.16 to 2.90) 0.01 2.13 (1.24 to 3.65) 0.006

HIE and associated sequelae 1.55 (1.08 to 2.23) 0.02 1.63 (1.08 to 2.45) 0.02

Neonatal birth trauma

Minor trauma 0.25 (0.21 to 0.29) ,0.001 0.25 (0.21 to 0.29) ,0.001

Major trauma 0.11 (0.07 to 0.16) ,0.001 0.07 (0.04 to 0.11) ,0.001

Respiratory conditions

RDS 1.27 (0.70 to 2.31) 0.52 1.24 (0.66 to 2.34) 0.51

Transient tachypnoea 1.59 (1.26 to 2.00) ,0.001 1.48 (1.15 to 1.90) 0.002

Aspiration pneumonitis 1.67 (1.24 to 2.25) ,0.001 1.62 (1.17 to 2.25) 0.004

NICU stay .24 hours 1.45 (1.31 to 1.61) ,0.001 1.24 (1.10 to 1.40) ,0.001

Breastfeeding at discharge 0.99 (0.97 to 1.01) 0.34 0.93 (0.89 to 0.98) 0.006

*Adjusted for year of delivery, maternal age, parity, smoking, maternal weight at delivery, hypertensive disease, diabetes, previous
caesarean delivery, the use of regional anaesthesia, the induction of labour, gestational age, and large and small for gestational age,
where significant.
HIE, hypoxic-ischaemic encephalopathy; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome.
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trauma (95% CI 0.21 to 0.29, p,0.001) and a 93% reduction in
risk of major trauma (95% CI 0.04 to 0.11, p,0.001), compared
with assisted vaginal delivery.

Table 6 summarises comparisons of neonatal outcomes
between caesarean delivery without labour and assisted vaginal
delivery. Infants delivered by caesarean without labour were
44% less likely to have delay in initiating and maintaining
respiration (95% CI 0.36 to 0.86, p = 0.01), but had a 3.2-fold
increased risk of RDS (95% CI 1.71 to 6.01, p,0.001) and a 1.8-
fold increased risk of TTN (95% CI 1.33 to 2.40, p,0.001),
compared with infants delivered by assisted vaginal delivery.
Infants delivered by caesarean without labour were 97% less
likely to have complications of minor trauma (95% CI 0.02 to
0.05, p,0.001), and 96% less likely to have major trauma (95%
CI 0.02 to 0.10, p,0.001), compared with infants delivered by
assisted vaginal delivery. No differences were seen in the rates of
aspiration pneumonitis, low 5-minute Apgar scores, or HIE and
associated sequelae.

The outcome of NICU stay for longer than 24 hours was
significantly more likely for all infants in any caesarean delivery
group compared with any vaginal group (p,0.001), except
when caesarean without labour was compared with assisted
vaginal delivery. The proportion of women breast feeding at
discharge from hospital (p,0.01) was consistently less likely in
any caesarean delivery group than in any vaginal group with
adjusted analyses.

Data for umbilical cord pHs was available only from 1996
onwards. However, the incidence of both a cord pH ,7 and a
base excess ,215 occurring together was low (,1%), and was
significantly less likely with infants born by caesarean with
labour (0.9%) or without labour (1.0%) than with spontaneous
vaginal delivery (0.3%, p,0.001 and p,0.001, respectively) but
not for assisted vaginal delivery (0.6%, p = 0.37 and p = 0.53,
respectively).

Missing values for some variables constituted 14% of the
population (85% were weight at delivery); these values were not
included in the regression analysis. When the cases were divided
into a group who had a value for weight at delivery and a group

who did not and compared by the rates of individual outcomes,
the two groups were virtually indistinguishable.

DISCUSSION
This population-based study examined a general population
that included both low- and high-risk pregnant women.
Regression analyses allowed evaluation of the effect of method
of delivery at term in these women on three clinically significant
neonatal outcomes—namely, depression at birth, neonatal
trauma and neonatal respiratory complications. Rates of
caesarean delivery in our study population (19%) reflect rates
seen in the United States (21%)2 and elsewhere in Canada
(20%).1

Respiratory morbidity has received the greatest attention in
the evaluation of neonatal outcomes by method of delivery.
Risk factor analyses have suggested that caesarean delivery is an
independent predictive factor for RDS (OR = 2.3 for caesarean
delivery, especially for caesarean without labour (OR = 2.6).15

Outcomes analyses (examining women with previous caesarean
delivery) report increased risks of RDS13 17 and other measures of
neonatal respiratory morbidity.7 12 13 Our study demonstrated
very low rates (,1%) of significant neonatal respiratory
complications such as RDS and aspiration pneumonitis follow-
ing any method of delivery, which is consistent with most
recent studies12 13 15 17 20 but lower than others,11 19 and may be
explained by the large population-based cohort examined in our
study.

Previous studies have suggested that the respiratory morbid-
ity seen with caesarean delivery, specifically caesarean without
labour, may be due in part to delivery thought to be term but
delivered early as a result of uncertain dates,25 and this
conclusion is supported by evidence of decreasing risk of
respiratory morbidity with increasing gestational age.11 In
Nova Scotia, access to universal healthcare ensures at least a
screening ultrasound throughout the province at 18–20 weeks’
gestational age, which also allows for confirmation of dates.
Gestational age certainty, with delivery at term, supports the
finding of low rates of respiratory morbidity in our study.

Table 6 Comparison of rates of selected neonatal outcomes among infants delivered at term by caesarean
section without labour and by assisted vaginal delivery in Nova Scotia, 1988–2002

Neonatal outcomes

Crude Adjusted*

OR (95% CI) p Value OR (95% CI) p Value

Depression at birth

Delay in initiating and maintaining respiration 0.41 (0.29 to 0.57) ,0.001 0.56 (0.36 to 0.86) 0.01

Low 5-minute Apgar score ((3) 0.80 (0.43 to 1.49) 0.58 2.09 (0.96 to 4.54) 0.06

HIE and associated sequelae 0.40 (0.22 to 0.74) 0.004 0.81 (0.40 to 1.66) 0.57

Neonatal birth trauma

Minor trauma 0.03 (0.02 to 0.05) ,0.001 0.03 (0.02 to 0.05) ,0.001

Major trauma 0.05 (0.02 to 0.10) ,0.001 0.04 (0.02 to 0.10) ,0.001

Respiratory conditions

RDS 5.24 (3.15 to 8.72) ,0.001 3.21 (1.71 to 6.01) ,0.001

Transient tachypnoea 2.15 (1.70 to 2.72) ,0.001 1.78 (1.33 to 2.40) ,0.001

Aspiration pneumonitis 0.56 (0.36 to 0.88) 0.01 0.82 (0.48 to 1.42) 0.50

NICU stay .24 hours 1.23 (1.09 to 1.39) ,0.001 1.00 (0.85 to 1.17) 0.99

Breast feeding at discharge 0.91 (0.89 to 0.93) ,0.001 0.74 (0.70 to 0.79) ,0.001

*Adjusted for year of delivery, maternal age, parity, smoking, maternal weight at delivery, hypertensive disease, diabetes, previous
caesarean delivery, the use of regional anaesthesia, the induction of labour, gestational age, and large and small for gestational age,
where significant.
HIE, hypoxic-ischaemic encephalopathy; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome.
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Additionally, caesarean delivery without labour is typically
performed at or later than 39 weeks’ gestational age,26 and in
more than half of the provincial deliveries (which occur at the
tertiary maternity hospital, the IWK Health Centre) caesarean
delivery without labour and before 39 weeks’ gestational age
was preceded by amniocentesis to confirm fetal lung maturity.
No clinically significant difference in gestational age at delivery
was found in the different methods of delivery in our study. The
two- to sixfold increase in risk of significant neonatal
respiratory complications for caesarean delivery with labour
and without labour compared with spontaneous and assisted
vaginal delivery are arguably not of clinical significance
considering our observed low rates of respiratory conditions.

The size of our study population allowed the evaluation of
the rare outcomes of delay in initiating and maintaining
respiration, low 5-minute Apgar score, and HIE and associated
sequelae, all of which, except for delay in initiating and
maintaining respiration with caesarean delivery in labour
(1.7%), had rates ,1%. Rates of HIE and associated sequelae
were less than those of delay in initiating and maintaining
respiration, emphasising the transient nature of respiratory
compromise seen at birth in our population. Interestingly,
caesarean delivery in labour was more likely to be associated
with increased risks of depression at birth outcomes compared
with spontaneous and assisted vaginal delivery than caesarean
delivery without labour, and this finding may represent
outcomes associated with the indication for caesarean delivery
in labour as opposed to the method of delivery itself. Risk factor
analysis evaluating a similar population supports the significant
relationship between operative delivery in labour and depression
at birth.14 Other studies have evaluated surrogate measures of
depression (such as umbilical cord arterial pH) at birth by
method of delivery in select populations and these show low
rates of adverse outcome and increased risk in caesarean delivery
without labour,13 consistent with our study.

Caesarean delivery has been shown to be protective against
neonatal trauma in comparison with vaginal delivery when
operative delivery is required in the second stage of labour.7 21

Our study demonstrated a striking reduction in risk of
significant neonatal trauma with caesarean delivery compared
with vaginal delivery, especially when type of labour was
considered. In particular, caesarean delivery without labour was
associated with a 66% and a 97% reduction in significant
neonatal trauma compared with spontaneous vaginal delivery
and assisted vaginal delivery, respectively, in a general popula-
tion.

NICU stay greater than 24 hours was employed as an
approximation of significant neonatal complications and to
minimise admissions for short-term observation. Our findings
of increased rates of NICU admission for neonates delivered by
caesarean delivery compared with those delivered vaginally are
consistent with other reports that have shown similar NICU

needs for both emergent and elective deliveries.12 27 Previous
reports have demonstrated a negative association between
caesarean delivery and breast feeding,28 consistent with our
finding that women who delivered by caesarean delivery were
less likely to be breast feeding at the time of discharge than
those who delivered vaginally. Although caesarean delivery has
been shown to delay the onset of breast feeding,29–31 recent
reports have shown that this delay has no impact on the
incidence of breast feeding several months post partum.30 31

This study did not attempt to examine long = term pulmon-
ary, neurological or traumatic consequences of the method of
delivery. There may have been variables that affected relation-
ships between methods of delivery that were not available in
the database. Although this retrospective study used data from
the Nova Scotia Atlee Perinatal Database, the information
database is known to be reliable and of high quality based on
routine data checks and edits made at the time of data collection
by qualified health records personnel, and validation32 33 and
reabstraction studies which attest to the quality of the data in
the database.

Increasing attention is being given to outcomes associated
with method of delivery in light of changing maternal and
neonatal characteristics and obstetric practice patterns, includ-
ing the option of caesarean delivery by maternal request in the
absence of complications. This population-based study of
neonatal morbidity in a general obstetric cohort demonstrated
significant increases in risk of birth depression and neonatal
respiratory complications with caesarean delivery compared
with vaginal delivery; however, in our study the rates of these
outcomes were low across all categories. Significant neonatal
trauma was reduced with caesarean delivery, particularly with
caesarean delivery without labour. While the increased risks of
outcomes with caesarean delivery are consistently limited to
caesarean in labour and risks of trauma are notably decreased
with caesarean without labour, women and their families in a
similar population planning a pregnancy may be assured that
the rates of adverse neonatal outcomes are low. The rate of
emergency/urgent caesarean delivery in any group planning a
vaginal delivery may provide additional information about
infant health for a woman and her family.
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