
ABSTRACT

Purpose: To report the causes and patterns of death among infants admitted to our 

neonatal intensive care unit (NICU) over a 13-year period. In addition, we analyzed 

trends regarding the type of end-of-life care provided.

Methods: All of the neonates who died at the Soonchunhyang University Bucheon 

Hospital between January 1, 2002, and December 31, 2014, were identified. The 

causes and circumstances of death were extracted from individual medical records. 

Trends in mortality were compared between two time periods: 2002 to 2007 and 

2008 to 2014.

Results: Of the 5,223 admissions to our NICU, 97 neonates died. The overall mortality 

rate was 1.9%. The most common cause of death was sepsis (15%). At a lower gesta-

tional age, infants died of extreme prematurity and complications of prematurity. 

Among term infants, the principal cause of death shifted to hypoxic ischemic ence-

phalopathy and asphyxia. A total of 63 infants (64.9%) received maximal inten sive 

care, and 34 infants (35%) had redirection of intensive care. During this period, the 

proportion of death after redirection of care increased from 30.6% to 39.6%. Infants 

decided to forgo life-sustaining care before death had significantly lower gestational 

ages and lower birth weights (30.5 vs. 27.1 weeks, P=0.005; 1,528 vs. 1,063 g, P=0.025).

Conclusion: Infection remained an important cause of death for neonate, particul-

arly for preterm infants. The proportion of infants who had redirectoin of care before 

death was increased, suggesting that quality-of-life should be considered an impor-

tant factor in the decision-making process for the infant, parents, and medical staff.
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INTRODUCTION

Infant and neonatal mortality rates are important indicators of the overall societal 

health of a country. Although advanced medical care over recent decades has resulted in 

significantly improved neonatal outcomes1-4), neonatal mortality still represents a large 

proportion of overall infant and childhood mortality. Under standing the causes and trends 

of deaths in neonatal intensive care units (NICUs) is important because the proportion of 
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postneonatal deaths has a major impact on infant mortality5,6). 

Prematurity remains one of the major causes of neonatal death 
7-9), but there have been important changes in the specific 

causes of neonatal mortality 10-14).

With improvements in the survival of very sick or extremely 

preterm neonates, neonatologists are confronted with end-

of-life decisions, such as extending maximal intensive care, 

wit hholding care, or withdrawing care. The decision-making is 

preceded by discussions between the medical staff and parents 

to reach appropriate end-of-life answers for each infant12,15-19). 

However, decision-making practices vary widely between coun-

tries for many reasons including uncertainty of the prognosis in 

individual cases, and cultural and religious differences17,19).

Many studies on clinical outcomes for very low birth weight 

infants (VLBWIs) have been performed in Korea20-22); however, 

there are few studies that describe deaths in NICUs, and few re-

ports concerning the type of death. Thus, we reported changes 

in the principal causes and patterns of death for all infants 

admitted to our NICU over a period of 13 years. We also review-

ed the types of death that occured in the newborn infants.

MATERIALS AND METHODS

We performed a medical record review retrospectively in 

the NICU of the Soonchunhyang University Bucheon Hospital 

(South Korea) from January 2002 to December 2014. The 

retro spective chart reviews were approved by the institutional 

review board of the hospital. The NICU consists of 22 level III 

beds, increased from 17 beds in 2013, and handles 300 to 500 

admis sions per year. The study included all newborns of any 

gesta tional age who were admitted to the NICU and died before 

dis charge. Stillborn infants were excluded. Infants were divided 

into two groups according to year of birth: (1) epoch I, from 

January 2002 to December 2007; and (2) epoch II, from January 

2008 to December 2014. In addition, infants were categorized 

based on gestational age at birth into five groups: (1) born ≤24 

weeks gestation; (2) 25 to 28 weeks; (3) 29 to 32 weeks; (4) 33 

to 36 weeks; and (5) ≥37 weeks (term infants). We analyzed the 

medical records of infants to determine the principal cause and 

circumstance of deaths. In addition, we recorded relevant de-

mographics at baseline for mothers and infants, information on 

pregnancy and delivery, and diagnosis and treatment details of 

infants admitted to the NICU.

1. Cause of death
Each deceased infant was assigned one main cause of death, 

based on the International Classification of Disease and Related 

Health Problems (10th revision)23) and the previously validated 

Perinatal Society of Australia and New Zealand’s Neonatal 

Death Classification24). The investigators selected the primary 

cause of death from a predefined list. Death from extreme pre-

maturity was defined as newborns who died without a clearly 

identifiable primary cause other than extreme prematurity 

within the first 48 hour after birth in extremely low birth weight 

infants (typically ≤24 weeks’ gestation or birth weight ≤600 g)12).

2. End-of-life
To examine the circumstances of death, we categorized the 

type of death in the following three groups: (1) Death despite 

ongoing maximal intensive care treatment; (2) Death while 

withholding life-sustaining treatment (LST); and (3) Death 

while withdrawing LST in moribund infants. Infants who died 

despite ongoing maximal intensive care died on a ventilator. 

Withholding intervention was defined as withholding poten-

tially LST including withholding cardiopulmonary resuscitation 

(CPR) and not making additional intensive care interventions, 

such as additional ventilator changes and the use of inotropics. 

Withdrawing intervention meant that all LSTs were discontinu-

ed. Because this study was aimed at newborn who admitted 

our NICU, all infants received resuscitation initially. Decisions 

on whether or not the LST should be done were made in infants 

of the dying. We considered withholding and withdrawal of LST 

as “redirection of care.” End-of life approaches were categorized 

after a thorough review of each medical record by the authors.

3. Statistical analysis
Statistical analyses were performed with SPSS software 14.0 

(SPSS Inc., Chicago, IL, USA) using one-way analysis of vari-

ance. Student’s t-test was used to compare continuous variables 

between groups, and χ2 tests were used for categorical variables. 

A P<0.05 was considered statistically significant.

RESULTS

Over the 13-year study period, 5,223 infants were admitted 

to our NICU. Of them, 2,823 (54.0%) infants were born in our 

hospi tal and 2,400 infants (46.0%) were transferred from other 
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hospitals or neonatal centers. The total number of infants who 

died before discharge was 97; their data were available for 

analy sis. Overall neonatal mortality over the study period was 

1.9%. Of the total admitted infants, 9.6% were infants whose 

birth weight was less than 1,500 g (VLBWIs) and their mortality 

was 13.5% in the total study period (Table 1).

1. Demographics and perinatal factors 
We identified 97 infants who died in our NICU. Table 2 shows 

the demographic findings of the infants. Infants who died were 

predominantly male (52.0%) and born in our hospital (75.3%). 

The mean gestational age at birth was 29.3 weeks and the mean 

birth weight was 1,365 g. The mean age of death was 19.7 days 

and the Apgar scores were 3.1 at 1 minute and 5.1 at 5 minutes. 

Three mothers (3.1%) used drugs, such as smoking or alcohol 

during pregnancy. Twelve (12.3%) infants were small for age at 

birth, and 10 (10.3%) were conceived through in vitro fertiliza-

tion (IVF). In total, 18 (25.0%) mothers of 73 infants born at <34 

weeks’ gestation received antenatal glucocorticoids.

2. Trends in death
Figure 1 shows the changes in mortality in our NICU from 

2002 to 2014. There was no remarkable trend over time. The 

pattern was similar when we categorized groups by a birth 

weight of 1,500 g. We compared mortality between two time 

periods (epoch I vs. epoch II; Table 3), and found no difference 

in total mortality, although the mortality of VLBWIs decreased 

(15.6% in epoch I vs. 12.0% in epoch II). However, this differ-

ence was not statistically significant (P=0.194). In addition, 

mean gestational age at birth, mean birth weight, and mean age Table 1. Mortality Rates by Place of Birth and Birth Weight

NICU admissions,
n (%)

NICU deaths, 
n (%)

Mortality 
(%)

Total 5,223 (100) 97 (100) 1.9

Inborn 2,823 (54.0) 73 (75.3) 2.6

Outborn  2,400 (46.0) 24 (24.7) 1.0

Birth weight 

<1,500 g 502 (9.6) 68 (70.1) 13.5

≥1,500 g 4,721 (90.4) 29 (29.9) 0.6

Abbreviation: NICU, neonatal intensive care unit.

Table 2. Demographics of All Cases of Death in the Neonatal 
Intensive Care Unit

Identified for study 

Number of Infants 97

Male, n (%) 50 (52.0)

Outborn, n (%) 24 (24.7)

Gestational age (wks) 29.3±6.2

Birth weight (g) 1,365±1,028

Age at death (d) 19.7±43.5

Apgar score, 1 min 3.1±2.3

Apgar score, 5 min 5.1±2.5

Maternal age (y) 31.6±4.0

Cesarean delivery, n (%) 68 (70.1)

Multiple pregnancy, n (%) 23 (23.7)

Small for gestational age, n (%) 12 (12.3)

IVF pregnancy, n (%) 10 (10.3)

Antenatal steroid (complete), n (%) 18 (25.0)

Drug use (alcohol, smoking), n (%)   3 (3.1)

Plus-minus values are mean±SD. 

Abbreviations: IVF, in vitro fertilization; SD, standard deviation.

Figure 1. Trends in mortality rates for all infants and very low 
birth weight infants (VLBWIs) in the neonatal intensive care unit. 
Abbreviation: wt., weight.

Table 3. Comparison of Mortality Rates and Characteristics 
of Infants between Epoch I (2002–2007) and Epoch II (2008–
2014)

Epoch I 
(n=49)

Epoch II 
(n=48)

P-value

Mortality 

 Total (%)    1.9    1.8 0.805

 Birth weight

<1,500 g (%) 15.6 12.0 0.194

≥1,500 g (%)    0.6    0.6 0.951

Gestational age at birth (wks) 29.8±6.1 28.8±6.4 0.463

Birth weight (g) 1,422±1054 1,305±1008 0.578

Age at death (d) 20.3±43.4 19.2±44.0 0.899

Plus-minus values are mean±SD.
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at death did not differ during the two periods.

3. Disease or condition that led directly to death 
The most common failing organ system at death was the 

cardiopulmonary system (n=30, 30.9% of studied infants), the 

second most common system was the central nervous system 

(CNS; n=24, 24.7%), and infection was third (n=15, 15.4%). 

Other failing organ systems at death, in descending order, were 

extreme prematurity (n=10, 10.3%), gastrointestinal system (n= 

7, 7.2%), and congenital anomalies (n=4, 4.1%; Figure 2). The 

single most common cause of death was sepsis (n=15, 15%), 

with extreme prematurity ranking second (n=10, 10%). Among 

infants who had sepsis, 5 had Klebsiella pneumonia, 3 had 

Serratia marcescens, 1 had Escherichia coli, 1 had coagulase ne-

gative Staphylococcus, 1 had Staphylococcus hemolyticus, 1 had 

methicillin resistance Staphylococcus aureus, 1 had candida 

albicans, and 1 infant have not identified the microbes. At lower 

gestational ages, deaths were most commonly caused by extre-

me prematurity and related complications (sepsis, intraventri-

cular hemorrhage [IVH], respiratory distress syndrome [RDS], 

necrotizing enterocolitis [NEC], and pulmonary hemorrhage). 

With increasing gestational age, causes of death shifted to hypo-

xic ischemic encephalopathy (HIE) and asphyxia (Table 4).

4. End-of-life
During the 13-year period, 64.9% (n=63) of infants died des-

pite attempted maximal intensive care treatment, and 34% (n= 

33) of infant deaths occurred after LST was withheld. Only one 

infant, born at 33 weeks gestation with cyanotic heart disease, 

died after withdrawal of LST. We compared the modes of death 

according to gestational age at birth. Deaths after redirection 

of care were most common in the group of infants born ≤24 

weeks’ gestation (56.7%) and were least com mon in the group 

of infants born at 33 to 36 weeks’ gestation (14.3%; Figure 3A). 

The percentage of death after redirection of care increased 

over the periods (epoch I vs. epoch II, 30.6 vs. 39.6%), but the 

difference was not significant (Figure 3B). Table 5 shows that 

infants who received maximal intensive care at the time of 

death had significantly higher gestational ages and weights 

Table 4. Causes of Death by Gestational Age at Birth

Weeks

≤24 25–28 29–32 33–36 ≥37 Total

Number of infants, n (%) 30 

(30.9)

31 

(31.9)

9 

(9.3)

7 

(7.2)

20 

(20.6)

97 

(100)

Extreme prematurity   8* 2 0 0 0 10

Congenital anomaly 

Cyanotic heart anomaly 0 1 0 1 0  2

 Non- cardiac anomaly 0 0 1 1 0  2

Cardiopulmonary 

RDS 2 0 0 0 0  2 

Pulmonary hemorrhage 2 6 0 0 0  8

CLD 2 2 0 0 1  5

Air leak 2 2 0 0 0  4

Meconium aspiration 

syn drome

0 0 0   2* 1  3

Pneumonia 1 0 0 0 1  2

PPHN 0 0 0 1 2  3

PDA 2 1 0 0 0  3

Infection   

       Sepsis 4  8*  3* 0 0 15*

Neurological 

Intraventricular 

hemorrhage 

5 2 1 0 0  8

Meningitis 0 1 1 0 0  2

HIE 0 0 0 1 5  6

Asphyxia 0 0 0 0  8*  8

Gastrointestinal 

Necrotizing enterocoli-

tis 

0 5 1 0 0  6

Bowel perforation 0 0 0 1 0  1

Metabolic 0 0 0 0 1  1

Other 2 1 2 0 1  6

*Indicates etiologies that occurred most commonly in any subgroup.
Abbreviations: RDS, respiratory distress syndrome; CLD, chronic lung 
disease; PPHN, persistent pulmonary hypertension of the newborn; 
PDA, patent ductus arteriosus; HIE, hypoxic ischemic encephalopathy.

Figure 2. Principal failing organ systems in the neonatal in-
tensive care unit. Abbreviation: GI, gastrointestinal. 
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at birth than those who did not (30.5 vs. 27.1 weeks, P= 0.005; 

1,528 vs. 1,063 g, P=0.025). In the group of infants who received 

maximal intensive care, the rate of infants born at other medi-

cal centers was significantly higher (31.7% vs. 11.8%, P=0.047). 

There were no significant differences in maternal age, infant 

gender, percentage of IVF pregnancies, or age at death between 

the two groups.  

DISCUSSION

In this study, the overall mortality rate for all infants admitted 

to our NICU was 1.9% over a 13-year period, which is lower 

than that reported in previous studies. Simpson et al.12) report-

ed a mortality rate of, on average, 7.6% over a 20-year period 

(1988-2007), and Berger and Hofer15) reported a 2.6% mortality 

rate between 1997 and 2006. Although there have been few 

studies about deaths in NICUs in Korea, Koo et al.25) reported 

similar results, with an overall mortality rate was 4.2%. 

Otherwise, the mortality rate for VLBWIs (13.5%) in our study 

was similar to that reported in other several studies21,26). Ac-

cording to the study by Bae26), the mortality rate for VLBWIs 

improved from 22.5% in 2002 to 15.3% in 2007 from 57 NICUs 

in Korea. In our unit, the mortality rate of VLBWIs decreased 

from 15.6% in epoch I (2002 to 2007) to 12.0% in epoch II (2008 

to 2014) although the difference was not statistically significant. 

However, compared annually, the mortality rates of total infants 

and VLBWIs increased in 2013 and 2014. This thought to be due 

to 4 out of the 7 infants (57%) born at 21 to 22 weeks of gestation, 

on the borderline of viability, were born in 2013 and 2014.

Prenatal modifiable factors associated with death included 

the following: 3 (3.1%) mothers smoked tobacco or had a his-

tory of alcohol abuse during pregnancy, 18 (25.3%) mothers 

of 71 infants born at <34 weeks’ gestation received antenatal 

glu  cocorticoids, and 25 (35.2%) mothers received none. Jacob 

et al.6) identified potentially preventable factors associated with 

death in the NICU. The modifiable factors include delivery 

without an appropriate level of support, insufficient pre natal 

care, smoked tobacco, alcohol abuse and younger age of mo-

thers. Furthermore, hospital-acquired infections, pericar dial 

effusion associated with central lines and surgical compli ca-

tions for Hirschsprung disease were also correspond to pre-

ventable factors. Conclusively they mentioned that these factors 

suggest important targets for reducing mortality of infants. 

The most common principal failing organ system at death 

was the cardiopulmonary system (30.9%). Within respiratory 

A B 

Figure 3. Comparison of type of care provided to dying infants according to gestational age at birth 
(A) and between the two time periods (B). 

Table 5. Comparison of Characteristics of Infants Who Died 
in the Neonatal Intensive Care Unit According to End-of-Life 
Decisions

Maximal 
intensive care 

(n=63)

Redirection 
of  therapy 

(n=34)
P-value 

Weight at birth (g) 1,528±1,067 1,063±889 0.025* 

Gestational age at birth (wks) 30.5±6.4 27.1±5.2 0.005* 

Age at death (d) 20.3±45.6 18.8±39.7 0.868 

Maternal age (y) 31.7± 0.2 31.3±3.8 0.620 

Male, n (%) 31 (49.2) 19 (55.9) 0.671 

Outborn, n (%) 20 (31.7) 4 (11.8) 0.047* 

IVF pregnancy, n (%) 8 (13.1) 2 (5.9) 0.231 

*P<0.05.
Plus-minus values are mean±SD.
Abbreviations IVF, in vitro fertilization. 
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insufficiency, pulmonary hemorrhage, air leak syndrome, and 

RDS were common in infants at lower gestational ages, whereas 

persistent pulmonary hypertension of the newborn (PPHN) 

and meconium aspiration syndrome were common causes in 

term infants. CNS disorders included IVH, which was the most 

common CNS disorder in infants at lower gestational ages; and 

asphyxia, HIE, and meningitis, which were the most common 

causes of death in term infants. The most common single cause 

of death was sepsis (n=15, 15.4%). All 15 deaths caused by sep-

sis occurred related to preterm infants (all cases born at <33 

weeks gestation). Despite other studies showing declines in 

overall sepsis-related mortality among newborns13), infection 

remains an important cause of death, particularly for preterm 

infants25,27). We observed that almost all deaths caused by NEC 

(5 of 6 deaths, 83%) occurred among infants born at 25 to 28 

weeks’ gestation. This was consistent with previous reports that 

NEC mainly develops in preterm infants, who tend to develop 

more severe cases28,29). About 10% of deaths were caused by 

ex treme prematurity among all infants, making it one of the 

most important causes of death. Shankaran et al.30) explained 

that deaths due to extreme prematurity mostly occurred within 

12 hours after birth, and was commonly due to the extremely 

immature state of almost all of the organs of the body. To sum-

marize, we found that the leading causes of death in preterm 

infants was extreme prematurity, IVH, pulmonary hemorrhage, 

and sepsis, whereas term neonates died mainly because of as-

phyxia or HIE. These findings are consistent with other studies. 

In contrast, the proportions of deaths due to congenital ano -

malies (n=4, 4.1%) included tracheal stenosis, multiple dysmor-

phic feathures without definite diagnosis and cyanotic heart 

anomalies were relatively lower than those reported in other 

studies6,25,31), likely because infants who required cardiac or ab-

dominal surgery were transferred to other hospitals due to a 

lack of professional manpower in our unit. There were 99 cases 

who were transferred to other hospitals over the 13-year period 

studied, mainly because of abdominal operations for congenital 

gastrointestinal obstruction or NEC (n=43), and cardiac mana-

ge ment for suspected congenital heart defects (n=24). Three 

infants were transferred for management of inborn errors of 

metabolism, such as needing continuous renal replacement 

therapy.

Although many deaths of neonates are preceded by end-of-

life decisions, these practices vary widely from country to coun-

try. There are few reports regarding end-of-life decisions for 

neo nates in Korea; thus, there is lack of understanding about 

the types of death in this population. Berger and Hofer15) report-

ed that primary non-intervention and redirection of care are 

the main circumstances of death in neonates, and quality-of-

life considerations are an important part of decision-making in 

neonatology. Weiner et al.32) also referred to withdrawal of LST 

(61.6%) as the primary mode of death in a NICU over a 10-year 

period. In this study, cases who died after redirection of LST 

(35.1%) were fewer than those receiving CPR (64.9%). This find-

ing was distinguished from previous results in other countries. 

We found an increase in the redirection of care over the two 

epochs (2002-2007 vs. 2008-2014). Although the difference was 

not statistically significant, it is consistent with other data. There 

was only one case who died after withdrawal of LST in our 

study. In our country, withdrawing LST is a very sensitive deci-

sion, legally, ethically, and culturally. Thus, end-of-life decisions 

should be shared between the obstetric and neonatal staff and 

the parents. Furthermore, these decisions should take into con-

sideration the peaceful death of the infant, and the physi cian 

should support the parents during the pro cess, based on clear 

medical information.

There were several limitations to this study. First, as men-

tioned above, infants with congenital heart diseases and 

those in need of abdominal operations were referred to other 

hospi tals. In addition, patients who died in the delivery room 

were not included in this study; thus, those variable were 

underrepre sented in our study but may be an important cause 

of death in other studies. Because of the retrospective nature 

of this study, the primary cause of death was determined from 

patient re cords. Furthermore, it was difficult to decide the type 

of end-of-life care given and the participation of the parents in 

the deci sion-making process.

In conclusion, we analyzed the trends and circumstances of 

deaths in a NICU during a 13-year period. We found that the 

mortality of VLBWIs decreased in the two time periods but 

was consistent in overall mortality. Infection remains a most 

im portant cause of mortality. At lower gestation ages at birth, 

in fants died commonly because of early complications due to 

extreme prematurity, such as IVH and pulmonary hemorrhage. 

However, in term infants, the principal causes of death were 

HIE or asphyxia. Thus, to reduce mortality in the NICU, we 

should focus on the prevention and treatment of those causes 

according to gestational age at birth. In our study, maximal in-

tensive care was the most common end-of-life practice, but de-
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creased during the two time periods. We found that gestational 

age and birth weight were lower and smaller in infants who 

died after redirection of care compared to maximal intensive 

care given. Further discussions on the important topic of incor-

porating parents into the decision-making process for dying 

infants are needed. 
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