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Abstract

Aim: To evaluate neonatal intensive care unit (NICU) deaths in one of the largest obstet-
rics centers in Turkey in order to determine the causes of death in this high-risk group.
Materials and Methods: We retrospectively analyzed all NICU deaths occurring be-
tween 2013 and 2018. The study included infants born alive at 22 weeks of gestation or
older.
Results: Of 102374 babies born in our hospital, 14,768 infants (14.4%) were admitted
to the NICU and 957 (6.48%) of those infants died before discharge. The most common
causes of death were extreme prematurity or extremely low birth weight (31.5%), lethal
anomalies (13.1%), and sepsis (8.2%). At younger gestational ages, causes associated
with extreme prematurity and complications of prematurity were most common, while
the death rate due to perinatal asphyxia and genetic or structural anomalies increased at
older gestational ages.
Conclusion: The causes of NICU deaths are multifactorial and vary with gestational
age. Efforts to reduce NICU mortality should include preventing or delaying preterm
delivery and identifying the most appropriate treatment modalities that may reduce the
risk of respiratory distress, intracranial hemorrhage, necrotizing enterocolitis, and sepsis.
In more mature infants, the main goal should be to prevent and treat perinatal asphyxia
and determine the most appropriate treatment modalities for non-lethal anomalies.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Infant mortality is considered a key public health indicator
and can be categorized as occurring during the neonatal
period (≤ day 28) or the postneonatal period (day 29-364)
[1]. The neonatal period is the riskiest in terms of sur-
vival. Although neonatal mortality fell globally by 52%
from 38 to 17 deaths per 1000 live births between 1990
and 2019, the risk of death remains highest during the
first month of life. In 2019, there were an estimated 2.4
million neonatal deaths globally, approximately a third of
which occurred on the first day after birth and another
quarter within the first week. Worldwide, the mortality
rate has declined more rapidly among children aged 1 to
59 months than in those less than 1 month of age. As
a result, the proportion of neonates among all deaths in
children under the age of 5 years increased from 40% in
1990 to 47% in 2019. Approximately 1.5 million deaths
(28%) in children under 5 years of age occurred between
1 and 11 months and 1.3 million (25%) occurred between
1 and 4 years of age [2]. Although the rate of neonatal

∗Corresponding author:
Email address: sbanuozluer@hotmail.com ( Sehribanu Isik)

mortality is decreasing globally, there are marked differ-
ences in neonatal mortality between regions and countries
[3]. Rates and causes of neonatal mortality vary depending
on countries’ development status, societies’ socioeconomic
structure, and the quality of the health services provided.
Prematurity, infection, and perinatal hypoxic insult are
the most frequent causes of neonatal mortality in under-
developed and developing countries, whereas most neona-
tal mortality in developed countries is due to prematurity
and congenital anomalies [4]. After a long period of de-
cline in neonatal and infant mortality rates in developed
countries, these rates appear to have stabilized in recent
years [5,6]. This suggests that research to understand the
specific causes of these deaths is needed to enable more tar-
geted initiatives to further reduce mortality. Although pre-
maturity continues to be one of the most important causes
of neonatal deaths, mortality rates due to respiratory dis-
tress syndrome and sepsis are steadily declining [7-9]. In
addition, while the incidence of death due to congenital
malformations has showed little change, there may be a
relative decrease in deaths related to neural tube defects
and an increase in some chromosomal abnormalities [10].
High-risk infants (extremely preterm, extremely low birth
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weight, having congenital anomalies) delivered in perinatal
centers with high patient density constitute an important
subgroup with higher hospitalization and mortality rates.
Deaths that occur in neonatal intensive care units (NICU)
are a major contributor to total infant deaths. There-
fore, determining the causes and factors associated with
NICU mortality can greatly facilitate efforts to reduce in-
fant deaths [11]. In the present study, we retrospectively
reviewed deaths in one of the largest obstetrics centers in
Turkey in order to determine the causes of death in this
high-risk group.

Material and Methods
The University of Health Sciences Zekai Tahir Burak
Health Practice and Research Center is one of the largest
perinatology and obstetrics centers in Turkey, with an av-
erage of 18000 births per year. Babies under follow-up
in the perinatology clinic with low birth weight, risk of
preterm birth, no prenatal follow-up, and antenatally di-
agnosed congenital anomalies are frequently born in our
center. Risky pregnancies from the surrounding provinces
are also referred to our center in the antenatal period. The
NICU is one of the largest in the country, with 100 level
III beds, 30 level II beds, and an average of 2,500 patient
admissions per year. The hospital is also a reference center
for therapeutic hypothermia, congenital heart disease, and
neural tube defects, and receives referrals from surround-
ing hospitals. In this study, we retrospectively analyzed
the medical records and death certificates of all neonates
who died between 2013 and 2018. Ethical approval was
taken by the Ankara City Hospital Ethics Committee (E2-
21-1025). Infants who were born alive at 22 weeks of ges-
tation or older, were admitted to the NICU, and did not
survive until discharge were included in the study. For each
case, the primary cause of death was determined. We also
reviewed the NICU database to obtain data on total ad-
missions and discharge survival during the study period.
There were no significant institutional changes in the unit
during this period. Gestational age was estimated based
on the mother’s last menstrual period. When this infor-
mation was unreliable or unknown, gestational age was
determined according to ultrasound and the new Ballard
score [12]. The terms prematurity and extreme prematu-
rity were defined as live birth between 28 and 37 weeks and
before 28 weeks of gestation, respectively. Birth weight
was measured using a digital infant scale and classified us-
ing the World Health Organization (WHO) weight classi-
fication [13]. Extremely low birth weight (ELBW) was de-
fined as a birth weight less than 1000 g. Perinatal asphyxia
was defined as low Apgar score, cord blood acidosis, mul-
tiple organ involvement (kidney, lungs, liver, heart, and
intestines), and neonatal neurological sequelae (seizures,
coma, and hypotonia) [14]. Respiratory distress syndrome
(RDS) was diagnosed using clinical and radiological find-
ings in neonates exhibiting respiratory distress after birth
[15]. Persistent pulmonary hypertension of the newborn
was defined as hypoxic respiratory failure resulting from
failure of the normal decrease in pulmonary vascular re-
sistance and transition to postnatal circulation after birth
[16, 17]. Infection was diagnosed based on clinical signs
and symptoms, laboratory findings, evidence of focal le-
sions, or positive blood culture. The diagnosis and grading

Table 1. Neonatal charasteristics of infants who died

Male, % 514 (53.7%)

Birth weight (g), median (min-max) 1020 (270-4830)
Gestational age (weeks), median (min-max) 28 (22-42)
Apgar 1 min, median (min-max) 4 (0-8)
Apgar 5, median (min-max) 6 (1-10)
Age at death (day), median (min-max) 4 (1-360)

Table 2. Causes of death

Cause of death % (n)

Extreme prematurity or extreme low birth weight 31.5 (301) 31.5 (301)

Lethal anomaly 13.1 (125)

Sepsis 8.2 (79)

Genetic syndrome 8 (77)

Major hearth defects 5.4 (52)

Perinatal asphyxia 5 (48)

Necrotizing enterocolitis/ Spontaneous intestinal perforation 4.7 (45)

Pulmonary hemorrhage 4.7 (45)

Other 3.7 (35)

IVH or intracranial hemorrhage 3.6 (34)

Congenital diaphragmatic hernia 3.4 (32)

Respiratory distress syndrome 3 (29)

Airleak 2 (19)

Lung hypoplasia 2 (19)

Renal failure 0.7 (7)

Bronchopulmonary dysplasia 0.5 (5)

Pulmonary hypertension 0.5 (5)

of necrotizing enterocolitis (NEC) was performed accord-
ing to the Bell criteria [18]. Spontaneous intestinal per-
foration (SIP) was also diagnosed using clinical and radi-
ological findings [19]. Intracranial hemorrhage (ICH) was
diagnosed based on cranial ultrasound findings. Congeni-
tal anomalies, heart defects, congenital diaphragmatic her-
nia, congenital metabolic diseases, genetic syndromes, and
other abnormalities were diagnosed based on the infant’s
clinical presentation at admission and findings from X-
ray, ultrasound, and echocardiography examinations, and
in necessary cases, computed tomography scanning and
genetic and metabolic testing. Congenital anomalies that
were life-threatening or required surgical correction were
classified as major anomalies. Major heart defects were
defined as defects that required catheterization or surgical
intervention within the first year of life [20]. SPSS version
24.0 software was used for statistical analyses. Descriptive
statistical methods (mean, standard deviation, frequency)
were used to summarize the data.

Results
Demographics
Of 102,374 babies born in our hospital in the 6-year period
of 2013 to 2018, 14,768 infants (14.4%) were admitted to
the NICU and 957 (6.48%) of those infants died before
discharge. Of the infants who died, 52.7% were male and
24.5% (n = 235) were born before 25 weeks of gestation.
Twenty-two percent of the deaths occurred in the first 24
hours, 65.7% (n = 629) in the early neonatal period, 21.3%
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Table 3. Causes of death by gestational age group

Preterm <25 wk Preterm 25-28 wk Preterm 29-33 wk Late preterm 34-36 wk Term >37 wk

Total 237 264 172 102 182
Extreme PM or extreme LBW 204 90 7 - -
Sepsis
<7 days 1 5 13 6 2
>7 days 2 28 15 6 1

Lethal anomaliy 1 18 49 25 32
Genetic syndrome - 2 15 20 40
Major hearth defects 1 2 9 12 28
NEC/ SIP 12 24 6 1 2
Perinatal asphyxia - 1 1 9 37
Renal failure - 5 1 - 1
Congenital diaphragmatic hernia - - 2 6 24
Other - 7 17 3 8
Pulmonary hemorrhage 1 33 9 2 -
Respiratory distress syndrome 2 17 10 - -
Airleak 4 8 5 2 -
IVH or intracranial hemorrhage 8 21 4 - 1
Lung hypoplasia 0 0 6 10 3
Bronchopulmonary dysplasia 1 3 1 - -
Pulmonary hypertension - - 2 - 3

(n = 204) in the late neonatal period, and 13% (n = 124)
in the postneonatal period. The demographic data of the
957 patients who died are shown in Table 1.

Primary cause of death
The most frequent causes of death were extreme prematu-
rity or ELBW (n = 301, 31.5%), lethal anomalies (n = 125,
13.1%), and sepsis (n = 79, 8.2%). Causes of death are
shown in Table 2. Of the patients who died, 237 (24.8%)
were born before 25 weeks, 264 (27.6%) at 25 to 28 weeks;
172 (18%) at 29 to 32 weeks, 102 (10.7%) at 34 to 36
weeks and 182 (19%) after 37 weeks of gestation. Birth
weight was less than 500 g in 69 (7.2%) of the infants who
died, 500 to 750 g in 246 (25.7%), 750 to 1,000 g in 156
(16.3%), 1,000 to 2,500 g in 296 (30.9%), 2,500 to 4,000 g
in 181 (18.9%), and more than 4,000 g in 9 infants (1%).
At younger gestational ages, causes associated with com-
plications of prematurity and extreme prematurity (RDS,
ICH, NEC, and sepsis) were most common, while the death
rate due to perinatal asphyxia and genetic or structural
anomalies increased at older gestational ages. The causes
of mortality by gestational week are presented in Table 3.

Factors contributing to death
Of the 298 extreme prematurity and ELBW infants, 203
(68.1%) were born before 25 weeks of gestation and 244
(81.8%) had a birth weight less than 750 g. Of the 79 in-
fants (8.2%) who died due to sepsis, more deaths occurred
after 7 days (n = 52, 5.4%) compared to those within the
first 7 days (n = 27, 2.8%). Three of the infants in this
group were born before 25 weeks of gestation. In addi-
tion, 8 of the 34 infants (3.6%) who died due to ICH and
4 of the 19 infants (2.0%) who died due to air leak were
born before 25 weeks of gestation. Of the 45 infants who
died due to NEC/SIP, 12 (26%) were born before 25 weeks

and 21 (46%) had a birth weight below 750 g. Of 19 pa-
tients (2.0%) who died due to pulmonary hypoplasia, 9
had multicystic dysplastic kidneys, 7 had bilateral renal
agenesis/Potter sequence, 2 had polycystic kidney, and 1
had renal agenesis/achondroplasia. Of the 125 infants who
died due to lethal anomaly, 46 (37%) were diagnosed as
having hydrops fetalis and 7 of these patients had cardiac
problems (fetal arrhythmia in 2, Ebstein anomaly in 2,
atrioventricular septal defect [AVSD] in 2, and complex
cardiac anomaly in 1), and 1 patient had Rh incompati-
bility. Four patients in this group had trisomy 21. Thirty-
three patients (26%) died due to CNS anomalies: 15 had
meningomyelocele/hydrocephalus, 8 had massive hydro-
cephalus, 6 had anencephaly, 3 had lissencephaly, and 1
patient had holoprosencephaly. Twenty-four (19%) of the
infants who died had multiple anomalies but no specific
syndrome or genetic disease. Other lethal anomalies were
skeletal dysplasia (n = 5), thanatophoric dysplasia (n =
5), ichthyosis (n = 4, with tricuspid valve dysplasia in 1),
epidermolysis bullosa (n = 3), VACTERL association (n =
2), esophageal atresia (n = 2, with tetralogy of Fallot in 1),
OEIS complex (n = 1), atrial isomerism (n = 1), and par-
tial hydatidiform mole (n = 1). Of the 48 infants who died
due to hypoxic-ischemic encephalopathy, 6 were born be-
fore 35 weeks of gestation and did not receive therapeutic
hypothermia. All 42 infants born after 35 weeks of gesta-
tion received hypothermia. A total of 77 infants died due
to major genetic syndromes: trisomy 18 (n = 25, 32.4%),
trisomy 13 (n = 8, 10.4%), metabolic disease (n = 8,
10.4%), hypotonic infant (n = 6, 7.8%), nemaline rod my-
opathy (n = 2, 2.6%), myotonic dystrophy (n = 2, 2.6%),
Pena-Shokeir syndrome (n = 2, 2.6%), Holt-Oram syn-
drome (n = 2, 2.6%), Fryns syndrome (n = 2, 2.6%), Jeune
syndrome (n = 2, 2.6%), and 1 infant each with Meckel-
Gruber syndrome, Klippel-Feil syndrome (with double-
outlet right ventricle), Waardenburg syndrome, Cornelia
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de Lange syndrome, Crouzon syndrome, Seckel syndrome,
CHARGE syndrome, Bruck syndrome, Poland syndrome,
Apert syndrome, tetraploidy, 3p deletion, 8q duplication,
monosomy 5, Carmi syndrome, spinal muscular atrophy,
Ellis-van Creveld syndrome, and Pierre Robin sequence.
Ten infants with trisomy 21 died due to causes unrelated
to their primary genetic anomaly. Of these patients, 4 had
hydrops fetalis (with AVSD in 1), 5 had congenital heart
disease (AVSD in 4, hypoplastic left heart in 1), and 1
had anal atresia. A total of 52 patients died due to major
cardiac defects: hypoplastic left heart (n = 10), complex
cardiac anomaly (n = 8), AVSD (n = 7), truncus arte-
riosus (n = 4), tetralogy of Fallot (n = 4), tetralogy of
Fallot and pulmonary atresia (n = 4), double-outlet right
ventricle (n = 3), large artery transposition (n = 3), pul-
monary atresia (n = 2; with ventricular septal defect in 1
patient and AVSD in 1 patient), aortic coarctation (n =
2), hypoplastic aortic arch (n = 2), and 1 patient each with
Ebstein anomaly, tricuspid atresia, and pulmonary steno-
sis. The prevalence of cardiac anomalies among all infants
who died was 9.3% (n = 89). Thirty-five infants could not
be categorized. Of these, cause of death was severe peri-
natal depression but not hypoxic-ischemic encephalopathy
(n = 11), postoperative surgical complications (n = 9; in-
testinal atresia in 4, encephalocele in 1, esophageal atresia
in 1, volvulus in 1, omphalocele in 1, and anal atresia and
trisomy 21 in 1 patient), arrhythmia (n = 4), congenital
airway anomaly preventing intubation (n = 3), shock (n =
2), hemophagocytic syndrome (n = 1), congenital rubella
infection (n = 1), congenital cytomegalovirus infection (n
= 1), spinal injury (n = 1), sudden cardiac arrest (n = 1),
and esophageal atresia with respiratory failure (n = 1).

Potentially modifiable factors associated with death
More detailed data were obtained from the records of 462
infants who died in the years 2013 to 2015. Potentially
modifiable factors associated with death were identified in
127 (27.4%) of the cases. Lack of prenatal care was the
most common of these (n = 52, 11.2%). In this group, 4
infants (0.9%) had undiagnosed diaphragmatic hernia and
1 (0.2%) had undiagnosed Rh incompatibility. The sec-
ond most common factor was the mother being less than
20 years of age (n = 46; 9.9%). Seventeen infants (3.7%)
were born in centers with lower-level NICUs and required
transport and 3 infants (0.6%) were born on route to the
hospital. Pregnancy termination had been recommended
for 9 infants (1.9%) in the antenatal period due to congen-
ital anomalies.

Discussion
In this study, we compiled a large amount of mortality data
from a 130-bed NICU in a perinatal center with a high vol-
ume of births and intensive care admissions. By analyzing
this comprehensive sample of admissions, we aimed to both
reveal the causes of NICU deaths and draw attention to
this issue with regard to preventable causes. Every perina-
tal center should convene periodically to discuss this issue
in committees formed from departments related to antena-
tal and perinatal care, NICU staff, and relevant branches,
and try to develop strategies for preventable problems.
The causes of NICU deaths are multifactorial and vary

with gestational age. At earlier gestational ages, extreme
prematurity and associated complications such as NEC,
RDS, ICH, and sepsis are the primary causes. At later
gestational ages, mortality is more frequently associated
with genetic or structural anomalies and hypoxic-ischemic
encephalopathy. Of the nonsurviving infants in this study,
81% were born before 37 weeks, 42.8% before 28 weeks,
and 24.8% before 25 weeks of gestation. Globally, the
preterm birth rate is estimated to be approximately 11%,
resulting in approximately 15 million preterm births an-
nually [21]. Eighty-four percent of these births occur at
32 to 36 weeks of gestation, 10% at 28 to 32 weeks of ges-
tation, and 5% before 28 weeks of gestation. In preterm
infants, lower birth weight and gestational age are ma-
jor factors associated with increased mortality risk [22-26].
Therefore, extremely preterm and ELBW infants have the
greatest impact on infant mortality [22]. A systematic re-
view of 22 studies indicated that late preterm infants had
a 6-fold higher neonatal mortality rate and a 4-fold higher
postneonatal mortality rate compared to term infants [27].
Infants born at or before 28 weeks of gestation have the
highest mortality, with reported rates of about 50%. How-
ever, survival of infants born at 24 to 26 weeks of gestation
has improved with advances in prenatal and neonatal care
[28-31]. General measures to reduce mortality in preterm
infants include ensuring access to prenatal care, delivering
at-risk babies in centers where appropriate stabilization
and supportive treatment can be provided, and improv-
ing and ensuring the widespread availability of appropri-
ate prenatal, perinatal, and postnatal support. However,
more targeted interventions may be possible depending on
the main causes of infant death. Prematurity is not partic-
ularly informative when reported as the primary cause of
death. Although most neonatal and postneonatal deaths
can be attributed to complications of prematurity, clas-
sifying prematurity itself as the cause of death does not
improve our understanding of preventable causes of death.
Many infant deaths involve concomitant factors, and it
can be difficult to identify a single cause of death. Having
accurate information is of key importance when evaluat-
ing causes of death and researching possible solutions [32].
Therefore, it is recommended that these causes of death
be documented in detail and classified accordingly. In the
patient group with more detailed data that may be related
to mortality, the two most common potential preventable
factors were lack of prenatal care and low maternal age
(<20 years). There were also infants who were born in
centers with lower-level NICUs and required transport to
our center, and infants for whom termination of the preg-
nancy was recommended in the antenatal period due to
congenital anomalies. These findings once again highlight
the importance of antenatal follow-up, the risk of low ma-
ternal age in terms of increasing neonatal mortality, the
importance of delivering at an appropriate center, and the
impact of termination due to the detection of congenital
anomalies incompatible with life in antenatal follow-up in
reducing neonatal mortality [33-38]. Of course, there are
limitations of our study. It may not be possible to iden-
tify all of the factors involved in an infant’s death in a
single cause of death analysis. Data regarding potentially
modifiable factors in mortality were not available for all of
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our patient groups; more detailed data were only available
for the first 3 years. However, even with these limitations,
the large number of patients and sharing the available data
will make an important contribution to the literature.

Conclusions
The causes of NICU deaths are multifactorial and vary
with gestational age. At earlier gestational ages, extreme
prematurity and associated complications such as NEC,
RDS, ICH, and sepsis are the primary causes. In in-
fants born at later gestational ages, mortality is more
commonly caused by genetic or structural anomalies and
hypoxic-ischemic encephalopathy. Therefore, efforts to re-
duce NICU mortality should include preventing or delay-
ing preterm delivery and identifying the most appropriate
treatment modalities to reduce the risk of common compli-
cations of prematurity. For infants born later in gestation,
the main goal should be to prevent and treat perinatal
asphyxia and determine the most appropriate treatment
modalities for non-lethal anomalies.

Ethics approval
Ethical approval was taken by the Ankara City Hospital
Ethics Committee (E2-21-1025).
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