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ABSTRACT

INTRODUCTION

Aim: The aim of this retrospective study was to investigate the
influence of gestational age and mode of delivery at term on
early neonatal morbidity and mortality in a tertiary maternity
center in a 10-year period.

Fetal maturation and duration of pregnancy are among
the most controversial subjects in perinatal medicine.
For many years, efforts have been made to predict the
best possible time for delivery of the fetus in terms of
its maturity and unrestricted readiness for extrauterine
life both at the limits of viability and at so-called term.
Many clinical methods have been developed to assess
maternal and fetal readiness for delivery like Bishop’s
score, amnioscopy and visualization of amniotic fluid,
amniocentesis and lung maturation and gestational age
assessment, visual assessment and histopathology of
placenta, and postnatal clinical assessment of gestational
age.1-5 Besides genetic factors of the mother and the fetus,
environment and microbiome have a strong influence
on the fetal maturity.6 The embryo and fetus are highly
responsive to the gestational environment. Glucocorticoid
levels are tightly regulated in the fetal circulation,
maintained at low levels during pregnancy and increasing rapidly at the end of gestation.6 Glucocorticoids
represent an important class of developmental signals
and they are critical for the development of organs like
the lungs, brain, and kidney.6 Glucocorticoids may drive
regulation of gene transcription through altered epigenetic pathways and their production can be increased by
fetal and maternal stress or through exposure of the
fetus and the mother to the synthetic glucocorticoids.6 If
the fetus is mature enough to be born even at term, this
can affect its outcome in terms of morbidity and even
mortality.6
The aim of the retrospective study was to investigate
the influence of gestational age and mode of delivery
at term on early neonatal morbidity and mortality in a
tertiary maternity center at the 10-year period.

Materials and methods: The data were derived from the
medical records between January 1, 2005, and December 31,
2014, from the University Hospital “Sveti Duh,” Zagreb, Croatia.
There were 30,363 live born term infants included in the study.
The data from the medical records have been used to analyze
their mode of delivery, morbidity, and mortality.
Results: Term newborn infants delivered by cesarean section
(CS) had increased prevalence of lower Apgar scores, resuscitation, neonatal convulsions, and neonatal encephalopathy,
respiratory pathology (except for amniotic fluid aspiration), and
mechanical ventilation. Early and late neonatal deaths were more
prevalent in term infants delivered by CS. The prevalence of birth
trauma (except for facial nerve palsy) and hyperbilirubinemia was
significantly increased in vaginally born neonates. The prevalence
of perinatal infections was equal in both groups of infants. Morbidity
and mortality of term newborn infants presented as prevalence per
1,000 live born, regardless of the mode of a delivery week by week
from 37 through 41 weeks of gestation, were also investigated.
The highest prevalence for most of the observed parameters were
at 37 to 41 weeks of gestation, while the lowest prevalence was
observed at a gestational age between 39 and 40 weeks. This was
not the case for the 1st and the 5th minute 4 to 7 Apgar scores,
birth injuries, respiratory pathology, and late neonatal deaths.
Conclusion: Early-term delivery was connected with more morbidity and mortality in the early neonatal period. It seems that the
best gestational age to be born is at 39 to 40 weeks of gestation.
Mode of delivery at term counts as well, showing that vaginal
delivery at term had the lowest risk of morbidity and mortality.
Keywords: Morbidity, Neonate, Term delivery
How to cite this article: Stanojevic M, Leko L. Early Neonatal
Morbidity after Term Delivery: How should We respond? Donald
School J Ultrasound Obstet Gynecol 2016;10(2):180-184.
Source of support: Nil
Conflict of interest: None

1

Professor, 2Resident

1,2

Department of Obstetrics and Gynecology, Medical School
University of Zagreb, Neonatal Unit, University Hospital “Sveti
Duh”, Zagreb, Croatia
Corresponding Author: Milan Stanojevic, Professor, Department of Obstetrics and Gynecology, Medical School University
of Zagreb, Neonatal Unit, University Hospital “Sveti Duh”, Sveti
duh 64, 10000 Zagreb, Croatia, Phone: +385 1 3712316, e-mail:
milan.stanojevic@optinet.hr

180

MATERIALS AND METHODS
This is a retrospective study of all term infants born in the
10-year period between January 1, 2005 and December 31,
2014, at University Hospital “Sveti Duh,” Zagreb, Croatia.
There were 30,363 live born term infants included in
the study. The data from medical records have been used
to analyze their mode of delivery, morbidity, and
mortality. Birth weight, birth length, the 1st and the
5th minute Apgar scores are presented in Table 1 for
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Table 1: Characteristics of term infants born between 37 and 41 weeks of gestation at the University Hospital “Sveti Duh,” Zagreb,
Croatia in the 10-year period (from 2005 to 2014)
Gestational Mode of delivery and number of
age (weeks) infants (male/female)
Vaginally N = 1,109 (558/551)
37
Cesarean section N = 502
(249/253)
Subtotal N = 1,611 (807/804)
Vaginally N = 2,541 (1,289/1,252)
Cesarean section N = 994
(471/523)
Subtotal N = 3,535 (1,760/1,775)
39
Vaginally N = 6,934 (3,396/3,538)
Cesarean section N = 2,056
(1,048/1,008)
Subtotal N = 8,990 (4,444/4,546)
40
Vaginally N = 12,687 (6,609/6,078)
Cesarean section N = 2,067
(1,200/867)
Subtotal N = 14,754 (7,809/6,945)
41
Vaginally N = 1,292 (688/604)
Cesarean section N = 231
(131/100)
Subtotal N = 1,473 (819/654)
37–41
30,363 (15,639/14,724)

1st minute
Birth length (cm)
Apgar score
Mean ± standard deviation (range)
2,970 ± 389 (1,760–4,550) 48.6 ± 1.9 (41–53) 9.8 ± 0.6 (4–10)
2,825 ± 470 (1,330–5,100) 48.0 ± 2.3 (39–56) 9.7 ± 1.0 (1–10)

10 ± 0.3 (4–10)
9.9 ± 0.5 (1–10)

2,925 ± 421 (1,330–5,100)
3,204 ± 401 (1,220–5,100)
3,202 ± 455 (1,330–4,940)

48.5 ± 2.0 (39–56)
49.5 ± 1.9 (39–59)
49.2 ± 1.9 (38–58)

9.8 ± 0.8 (1–10)
9.9 ± 0.4 (5–10)
9.8 ± 0.8 (0–10)

9.9 ± 0.5 (1–10)
10 ± 0.1 (8–10)
9.9 ± 0.5 (1–10)

3,204 ± 417 (1,220–5,100)
3,437 ± 391 (2,100–5,140)
3,489 ± 431 (1,730–5,150)

49.5 ± 1.9 (38–58)
50.5 ± 1.8 (39–59)
50.2 ± 1.8 (42–57)

9.9 ± 0.5 (0–10)
9.9 ± 0.4 (1–10)
9.9 ± 0.5 (5–10)

10 ± 0.3 (1–10)
10 ± 0.2 (1–10)
10 ± 0.2 (8–10)

3,449 ± 401 (1,730–5,150)
3,634 ± 404 (2,300–5,700)
3,729 ± 460 (2,340–5,630)

50.4 ± 1.8 (39–59)
51.3 ± 1.8 (44–59)
51.3 ± 1.8 (45–58)

9.9 ± 0.4 (1–10)
9.9 ± 0.4 (1–10)
9.8 ± 0.7 (0–10)

10 ± 0.2 (1–10)
10 ± 0.2 (2–10)
10 ± 0.4 (2–10)

3,648 ± 414 (2,300–5,700)
3,723 ± 440 (2,420–5,020)
3,709 ± 469 (2,080–5,300)

51.3 ± 1.8 (44–59)
51.8 ± 1.9 (45–58)
51.7 ± 1.9 (43–56)

9.9 ± 0.5 (0–10)
9.9 ± 0.4 (5–10)
9.8 ± 0.9 (0–10)

10 ± 0.2 (2–10)
10 ± 0.2 (5–10)
9.9 ± 0.6 (2–10)

3,720 ± 444 (2,080–5,300)
3,502 ± 460 (1,220–5,700)

51.8 ± 1.9 (43–58)
50.7 ± 2.0 (38–59)

9.9 ± 0.5 (0–10)
9.9 ± 0.5 (0–10)

10 ± 0.3 (2–10)
10 ± 0.2 (1–10)

Birth weight (gm)

newborn infants from 37 to 41 weeks of gestation week
by week. Gestational age was estimated on grounds of
the last menstrual period, early ultrasound, postnatal
clinical assessment using Farr’s criteria if there was
the difference between early ultrasound estimation of
gestational age and gestational age estimated using
last menstrual period. 7 Morbidity included Apgar
scores in the 1st and the 5th minute of ≤ 3, and from
4 to 7, need for resuscitation after delivery, neonatal
encephalopathy using prenatal criteria by American
College of Obstetricians and Gynecologists and American
Academy of Pediatrics,8 and clinical criteria by Sarnat
and Sarnat,9 confirmed by brain ultrasound finding of
increased echogenicity of the brain, neonatal convulsions,
clinically diagnosed birth trauma (clavicle fracture,
cephalhematoma, Erb’s brachial plexus injury, peripheral
facial nerve palsy) and epidural and subdural hematoma
using multisliced computerized tomography, respiratory
morbidity (including transient tachypnea of the newborn,
amniotic fluid aspiration syndrome, meconium aspiration
syndrome, congenital pneumonia, need for treatment
with nasal continuous positive airway pressure (CPAP)
or mechanical ventilation, and pneumothorax), workup
for neonatal infections (proved Streptococcus group B
early infection, bacteriuria, or urinary tract infection),
hyperbilirubinemia according to the adapted criteria of
American Academy of Pediatrics,10 and early and late
neonatal mortality.

5th minute
Apgar score

STATISTICAL METHODS
The data were presented as means and standard
deviations and ranges and frequencies. The Chi-square
test with Yates correction 11 was used to assess the
difference between the frequencies. Pearson correlation
coefficient12 was calculated for the correlations between
the gestational age and observed prevalence.

RESULTS
Results are shown in Tables 2 and 3. Morbidity and
mortality between term newborn infants (37–41 weeks
of gestation) dependent on the mode of delivery (born
vaginally or by cesarean section (CS) in the 10-year period
at the University Hospital Sveti Duh, Zagreb, Croatia,
are compared in Table 2. Morbidity and mortality are
dependent on the mode of delivery. Term newborn
infants delivered by CS were more often with lower
Apgar scores, prone to resuscitation, had more often
neonatal convulsions and neonatal encephalopathy,
respiratory pathology (except for amniotic fluid
aspiration), were more often mechanically ventilated,
while nasal CPAP treatment was not statistically more
often used. The possibility of early and late neonatal
death is more often observed in term infants delivered
by CS. The frequency of birth trauma (except for facial
nerve palsy) and hyperbilirubinemia is significantly
more often observed in vaginally born neonates. The
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Table 2: Comparison of morbidity and mortality between term newborn infants (37 to 41 weeks of gestation) born vaginally or by
cesarean section in the 10-year period at the University Hospital Sveti Duh, Zagreb, Croatia
Parameter
1st minute Apgar score ≤ 3
1st minute Apgar score 4–7
5th minute Apgar score ≤ 3
5th minute Apgar score 4–7
Resuscitation
Neonatal encephalopathy
Neonatal convulsions
Total birth trauma
Subdural/epidural hematoma
Clavicle fracture
Cephalhematoma
Brachial plexus birth injury (Erb)
Facial nerve birth palsy (Bell)
Total respiratory pathology
Transient tachypnea of the newborn
Amniotic fluid aspiration syndrome
Meconium aspiration syndrome
Congenital pneumonia
Mechanical ventilation
Nasal CPAP
Pneumothorax
Perinatal infection workup
Streptococcus group B infections
Urinary tract infections
Hyperbilirubinemia
Death ≤168 hours
Death ≥169 hours

Number of infants
Vaginal N = 24,513
Cesarean section N = 5,850
6
15
37
36
1
7
23
18
22
26
16
14
27
16
1,160
36
3
4
273
1
800
26
33
0
15
5
68
46
28
19
6
0
12
12
22
15
8
8
6
3
2
4
110
33
10
2
17
5
2,049 (8.4%)
396 (6.7%)
8
10
2
4

χ2
33.48
40.56
19.82
14.47
35.43
12.78
7.79
210.5
4.25
62.29
140.72
6.69
0.134
31.36
12.22
0.46
12.68
9.45
7.84
0.419
5.88
1.006
0.052
0.02
15.90
13.00
5.89

p-value
0.0001
0.0001
0.0001
0.0001
0.0001
0.0003
0.005
0.0001
0.039
0.0001
0.0001
0.009
0.71
0.0001
0.0005
0.497
0.0004
0.0021
0.005
0.52
0.015
0.29
0.82
0.89
0.0001
0.0003
0.015

CPAP: Continuous positive airway pressure

frequency of perinatal infections was equal in both groups
of infants.
Morbidity and mortality of term newborn infants
presented as prevalence per 1,000 live born, regardless
of the mode of a delivery week by week from 37 through
41 weeks of gestation in the 10 years period at the
University Hospital Sveti Duh, Zagreb, Croatia, is shown
in Table 3. The highest prevalence for the most of the
observed parameters was at 37 to 41 weeks of gestation,
while the lowest was at gestational age of 39 to 40 weeks.
This was not the case for the 1st and the 5th minute Apgar
scores from 4 to 7, birth injuries, respiratory pathology,
and late neonatal deaths (after 169 hours of life).

DISCUSSION
If we look at the characteristics of term newborns
presented in Table 1 week by week, then the CS rate
at 37 weeks of gestation was 31.2%, at 38 weeks 28.1%,
at 39 weeks 22.9%, at 40 weeks 14.0%, and at 41 weeks
15.7%. Cesarean section rate is decreasing with increasing
gestational age from 37 to 40 weeks of gestation, while
at 41 weeks it is slightly increased compared with that at

182

40 weeks of gestation. No differences have been observed
between the birth weights, lengths, Apgar scores within
1 week of gestation regardless of the mode of delivery
and the gender of the infants (data not shown). At each
gestational age, there has been increasing birth weight
and birth length with increasing gestational age from
37 through 41 weeks of gestation as has been shown in
other studies.13,14
Current obstetrical practice guidelines emphasize
vaginal birth as the preferred delivery method whenever
possible, despite the fact that CS rate is increasing in
developed and developing countries.15,16 It is known that
term infants born by CS have more health problems in
the early neonatal period compared with vaginally born
neonates, and that early-term infants have more health
problems than later with the effect even on mortality.17
In our study, neonatal deaths were more frequent in
neonates born by CS and in neonates born at 37 weeks
of gestation. Recent evidence from studies based on a
mode of delivery has pointed toward increased morbidity
associated with early-term CS births (37 weeks) compared
with term neonates (39–40 weeks).18 Compared with term
infants, early-term neonates had significantly higher
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Table 3: Morbidity and mortality of term newborn infants regardless of the mode of delivery week by week from 37 through 41 weeks
of gestation in the 10-year period at the University Hospital Sveti Duh, Zagreb, Croatia
Prevalence per 1,000 live births at gestational age of weeks
Parameter
1st minute Apgar score ≤3
1st minute Apgar score 4–7
5th minute Apgar score ≤3
5th minute Apgar score 4–7
Resuscitation
Neonatal encephalopathy
Neonatal convulsions
Subdural/epidural hematoma
Clavicle fracture
Cephalhematoma
Brachial plexus birth palsy (Erb)
Facial nerve birth palsy (Bell)
Transient tachypnea of the newborn
Amniotic fluid aspiration syndrome
Meconium aspiration syndrome
Congenital pneumonia
Mechanical ventilation
Nasal CPAP
Pneumothorax
Perinatal infection workup
Streptococcus group B infections
Hyperbilirubinemia
Death ≤168 hours
Death ≥169 hours

37
N = 1,611
3.76
12.4
1.9
7.4
6.2
2.5
1.9
0.6
5.6
17.4
1.2
0.6
9.9
1.9
0
2.5
2.5
2.5
0.6
9.9
0.6
218
2.5
2.5

38
N = 3,535
0.8
2.3
0.6
0.8
2.0
0.3
2.3
0.3
7.6
35
0.3
1.1
3.4
0
0.3
1.1
0.8
0.6
0.6
4.0
1.1
148
0.9
0

39
N = 8,990
0.3
1.3
0
0.9
1.0
0.7
0.8
0
3.2
27
1.0
0.7
0.7
0.1
0.7
0.6
0.3
0
0.1
3.8
0.1
106
0.7
0.2

40
N = 14,754
0.3
2.1
0.07
1.1
1.2
0.8
1.3
0.2
12.8
30
1.3
0.6
0.7
0.1
0.7
1.3
0.3
0.1
0.1
4.6
0.3
36
0.2
0

41
N = 1,473
2.0
1.3
1.3
1.3
2.6
4.6
3.9
0.7
13.8
40.7
1.3
0
2.0
0
3.9
3.3
0.7
1.3
0.7
7.2
0.7
68
1.3
0

Pearson’s
correlation
coefficient (r)
−0.43
−0.74
−0.33
−0.66
−0.60
0.42
0.40
0.05
0.75
0.75
0.45
−0.68
−0.76
−0.71
0.82
0.26
−0.71
−0.44
−0.16
−0.29
−0.25
−0.91
−0.57
−0.72

Cumulative
prevalence per
1,000 live births
N = 30,363
0.7
2.4
0.3
1.4
1.6
1.0
1.4
0.2
9.0
27.2
1.1
0.7
1.5
0.2
0.8
1.2
0.5
0.3
0.2
4.7
0.4
81.0
0.59
0.20

CPAP: Continuous positive airway pressure

risks for the following: Lower Apgar scores, a need for
resuscitation, a need for respiratory support, treatment
with mechanical ventilation, more common birth injuries,
as well as neonatal encephalopathy and convulsions.
Delivery by CS was common among early-term births
with increased morbidity compared with term births.18 In
some studies, it has been proved that early-term infants
were more likely to require neonatal intensive care and
to be born by CS.19
Besides increased rate of respiratory pathology in
the early neonatal period, it has been proved that earlyterm delivery is associated with respiratory morbidity in
childhood, while CS also appears to be associated with
increased neonatal morbidity and future development
of respiratory symptoms.20 It seems that early-term birth
can have long-term neurodevelopmental consequences
with lower general cognitive scores persisting into
adulthood.21

CONCLUSION
Early-term delivery is connected with more morbidity
and mortality in the early neonatal period. It seems that
the best gestational age to be born is at 39 to 40 weeks of

gestation, while 37 to 38 and 41 weeks of gestation are
connected with more prevalent health problems in the
early neonatal period. Mode of delivery at term is also
very important, showing that vaginal delivery at term has
the lowest risk for morbidity and mortality, while the risk
is increasing with decreasing gestational age from 37 to
40 weeks and again increasing at 41 weeks of gestation.
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