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Abstract

Objective: To identify neonatal death risk factors in NICUs and compare
these factors with current scoring systems.

Data source: This review was conducted using Web of Science,
PubMed/Medline, Scopus, and Cochrane library databases, considering
papers published between 2007 and 2018.

Study selection: Studies conducted on the neonatal mortality risk factors
in NICUs were included. We identified 3,642 unique citations; 69 full-text
articles were included in the final review.

Data extraction: Data elements such as the first author, published year,
country, purpose, data collection period, study design, sample size, and risk
factors were extracted.

Data synthesis: Ninety factors were identified in three categories: 25
maternal factors, 59 neonatal factors, and six organizational factors. In
total, delivery mode, non-use of steroid or corticosteroid, birth weight,
gestational age, Apgar score, hospital/NICU level, and outborn status are
the most cited risk factors for neonatal death. Well-known scoring systems
did not consider many of the identified factors.

Conclusions: Determination of risk factors in neonatal death can
help neonatologists identify sick neonates who are more likely to die in
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NICUs and provide on-time care at their bedsides.
Researchers interested in developing predictive
neonatal mortality models may also use the results
of this study to develop models for predicting
neonatal death.
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Introduction

The neonatal mortality rate, which refers to
death occurring in the first 28 days of life, is an
important indicator in evaluating public health
services [1]. In 2017, nearly 2.5 million neonates
died in their first month of life, of which about
36% died on the same day of birth and nearly
three-quarters of them died in the first week of life
[2, 3]. The neonatal death rate is 14 times lower in
developed countries than in developing countries,
mainly because of limited access to healthcare [4].

Early diagnosis and detection of at-risk neonates
provide the possibility of timely treatment [5].
Initially, birth weight (BW) and Apgar scores were
used in diagnosis, but they were not sufficiently
accurate. Therefore, scoring systems like Clinical
Risk Index for Babies (CRIB), Clinical Risk Index
for Babies II (CRIB-II), Score for Neonatal Acute
Physiology (SNAP), Score for Neonatal Acute
Physiology with Perinatal Extension (SNAPPE),
Score for Neonatal Acute Physiology II (SNAP-
II), and Score for Neonatal Acute Physiology
with Perinatal Extension II (SNAPPE-II) were
developed [6-8]. Each of these models has several
factors that are not necessarily common or
comprehensive. The identification of risk factors

2/15

Journal of Pediatric and Neonatal Individualized Medicine - vol. 9 - n. 2 - 2020

for neonatal death is helpful in updating scoring
systems or creating predicting models comprised
of variables according to current healthcare
systems and NICU equipment. Many studies have
been done in this respect, but they are limited to
a geographical area, a particular hospital, or a
limited number of neonates. Therefore, it seems
that no comprehensive study has been conducted
to identify and classify all risk factors. In the
only systematic review on predictive mortality
factors published in 2011, studies related to the
predictive performance of a model in terms of
mortality on very premature or low birth weight
(LBW) neonates were included and classified. In
this review, factors related to neonatal death in
Neonatal Intensive Care Units (NICUs) have not
been comprehensively reported [9].

The primary aim of this study was to
systematically review the literature to identify the
risk factors affecting neonatal death or decreased
survival rates among all live neonates in NICUs.
The secondary aim was to compare the identified
factors with current scoring systems dealing with
neonatal death. In spite of the Medlock et al. study
[9], we reviewed all the articles that determined
the mortality risk factors on all neonates in NICUs.

Materials and methods

This review was performed according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [10].
The main steps are discussed in the following
sections.

Inclusion and exclusion criteria

Papers with the following criteria were
included:

e publication date between 2007 and 2018, even
if the data collection period was before 2007;

e observational studies;

e papers published in English;

» articles related to neonates admitted to NICUs
or level 1, 2, or 3 Neonatal Units;

* studies examining the risk factors for neonatal
death or survival. Death/mortality or survival
should be explicitly mentioned as one of the
main outcomes of the study;

 the risk factors are related only to the neonatal
period. Studies for other age groups were
included only if results regarding the neonatal
period were presented separately.
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Papers with the following criteria were
excluded:

* interventional studies;

e case studies, letters to editor, protocols, and
papers published at conference proceedings
without the full text;

* because the study population was neonates
who had no anomalies or early diseases,
papers related to neonates who had anomalies
or early illnesses at the beginning of the study
(for example renal or gastrointestinal disease,
surgical history, heart surgery, or onset sepsis)
were excluded. Case-control studies were
included because a group of healthy neonates
was included in the study;

* studies related to genetic factors;

» studies related to perinatal death, fetal death, or
stillbirths based on the definitions: “perinatal
mortality refers to death around the time of
delivery and includes both fetal deaths and
early infant death” [11] and it does not just
include neonatal death; fetal death also refers
to any death occurring at least “at 20 weeks’
gestation” [12];

* studies that merely report mortality statistics.

Search strategy and information sources

The Web of Science, Scopus, Medline/PubMed
and Cochrane Library databases were searched for
articles published over the stated 11-year period.
The search strategy included four term categories:
“risk factor”, “NICU”, “neonate” and “mortality”,
along with synonyms, which were identified from
Mesh and Emtree. Retrieved articles were added
to EndNote.

Study selection

Two Authors (Sh, Kr) independently reviewed
titles and abstracts based on the inclusion and
exclusion criteria and removed any unrelated
studies. Subsequently, two Authors (Sh, Kr)
independently reviewed the full text of the
remaining articles. To resolve any controversy,
consensus was achieved in meetings.

Data extraction and synthesis
A data extraction form was developed to extract
data. The two Authors (Sh, Kr) independently

extracted the data, and cases of disagreement were
resolved with consensus. Due to the heterogeneity
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of the methods and findings, the results were
analyzed descriptively. It seems that in neonates
with different gestational ages (GAs)/BW or in
different countries, various factors are considered
more important; therefore, a subgroup analysis
was conducted based on different aspects, like
developed and developing countries, and mortality
risk factors were compared based on GA/BW
as inclusion criteria. Descriptive statistics and
frequency of risk factors were reported to analyze
the data.

Results
Study characteristics

Out of 3,642 retrieved articles, 69 articles [1, 5,
13-79] were ultimately reviewed. Fig. 1 presents
details on the article selection process.

Fig. 2 shows that most studies were conducted
in the US (8; 13%), followed by Canada and Brazil.
Only 28 studies were conducted in developed
nations [13, 15-18, 21, 26, 28, 30, 34-37, 42-45,
47, 53, 55, 56, 59, 61, 65, 69, 72, 78, 79] and 42
studies in developing countries [1, 5, 14, 19, 20,
22-25,27,29, 31-33, 38-41, 46-52, 54, 57, 58, 60,
62-64, 66-68, 70, 71, 73-77]. The average number
of samples in the included studies was 6,775.8;
the largest and smallest studies were conducted in
the US with 72,431 live births in the years 1999
to 2009 [56] and in Turkey with 63 very low birth
weight (VLBW) neonates [41]. The average data
collection period was 3.52 years; the highest (18
years) was in an Australian study [79].

The inclusion and exclusion criteria are
presented in Tab. 1. In addition to admission
to NICU, GA and BW were common inclusion
criteria (29 and 24 studies, respectively). The
highest frequency of exclusion criteria is related to
anomaly malformation (23 studies).

Results on risk factors

Risk factors were classified into three
categories: maternal, neonatal, and organizational
factors. Maternal factors reflect the characteristics
of a pregnant mother. Neonatal factors are inherent
factors and those present at birth. Organizational
factors refer to the conditions of the center,
hospital, or NICU where the neonate was born
or transferred and the referral situations. Overall,
90 factors, 25 maternal, 59 neonatal, and six
organizational factors were identified. Among the
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Records identified through database searching
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Figure 1. PRISMA flow diagram of study identification.

NICU: Neonatal Intensive Care Unit; PRISMA: Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.
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Figure 2. Distribution of papers by country.

maternal factors, delivery mode (n = 6) was the
most cited factor. Among the neonatal factors, BW
(n=35), GA (n=31), and Apgar score (n = 18) are
the most cited factors. Congenital anomaly, sepsis,
and respiratory distress syndrome (RDS) were
other important risk factors for neonatal death.

415

Among the organizational factors, the hospital/
NICU level was the most cited factor (Tab. 2).

In comparing developed and developing
nations, it was found that the most cited risk
factors in developed countries were BW (n = 14,
50%), GA/prematurity (n = 12, 42.8%), gender
(n =9, 32.1%), and delivery mode (n = 7, 25%)
and in developing countries were BW (n = 24,
57.1%), Apgar score (n = 17, 40.7%), GA (n =
16, 38%), RDS (n = 10, 23.8%), and sepsis (n
= 10, 23.8%). The comparison further indicated
that some factors are not the same in developed
and developing countries; for example, in
developing countries, factors such as RDS,
asphyxia, intubation, and congenital heart disease
(CHD) were considered risk factors, which were
not seen in the risk factors found in developed
countries. Furthermore, factors such as multiple
pregnancies, intrauterine growth restriction
(IUGR), and infection were among the risk factors

Kermani « Sheikhtaheri - Zarkesh - Tahmasebian



Journal of Pediatric and Neonatal Individualized Medicine - vol. 9 - n. 2 - 2020

www.jpnim.com Open Access

Table 1. Distribution of papers based on inclusion and exclusion criteria.

Inclusion criteria

Variables References Frequency (%)
oA 35,4851, 54,55, 01,62, 0468, 73.70] | 20142
BW "io,7,50. 51,53, 5050, 60,71 78) | 2447
Live born 2, 80, e o 20 o0 1409
Inborn [5, 14, 15, 30, 62, 72, 76, 79] 8 (11.6)
NICU stay/admit in the first 24 h [5, 13, 22, 30, 61, 63] 6 (8.7)
Singleton/multiple gestation [5, 21, 37, 45, 51] 5(7.2)
Death within 24 h/at delivery room [13, 30, 46] 3 (4.3)
Transfer to another NICU [18, 30] 2(2.9)
Data availability [33] 1(1.4)
Others? [5, 17, 34, 45, 63] 5(7.2)
Exclusion criteria

Variables References Frequency (%)
Anom_aly malformation (Ietpal anomaly, chron’:osomal abnormality, | [21, 22, 28, 32-36, 38, 40, 42, 43, 45, 49, 23 (33.3)
genetic syndrome, congenital anomaly, Down’s syndrome) 51, 56, 57, 62, 69, 71-73, 78]

Inadequate data [19, 25,29, 37, 4;5‘4%‘]"6' 56,6870, 74, | 45 (23.1)
Outborn [5, 14, 15, 30, 62, 72, 76, 79] 8(11.6)
BW [14, 37, 40, 41, 45, 56, 70, 78] 8(11.6)
Transfer to/from other institutions [5, 24, 50, 57, 67] 5(7.2)
Voluntary discharge/parents didn’t give consent [5, 23, 63, 77] 4 (5.8)
GA [30, 57, 70, 78] 4(5.8)
Death in the delivery room [50, 58, 72] 3(4.3)
Admission after 24 h of life [22, 63] 2(2.9)
Death in the first 12 h [38, 40] 2(2.9)
Death in the first 24 h [31] 1(1.4)
Death after 28 day [68] 1(1.4)
Death to discharge [64] 1(1.4)
Death within 7 days of life [71] 1(1.4)
Death before admission [26] 1(1.4)
Others® [16, 31, 51, 54] 4 (5.8)

a2Hospital with > 100 beds by obstetric and pediatrics services, congenital anomaly, ethnic (white), visible external malformation, obtained
parental consent; ® admission for convalescent or step-down care, transient thrombocytopenia, antepartum or intrapartum stillbirth in the

reference population, multiple births.

BW: birth weight; GA: gestational age; NICU: Neonatal Intensive Care Unit.

for neonatal death emphasized only in developed
countries.

The studies were classified into three groups
based on the inclusion criteria. In the first and second
groups, GA and BW < 1,500 g were considered as
an inclusion criterion, respectively, and the third
group included studies performed on all neonates
without GA/prematurity and BW as their inclusion
criteria. Among the first group of studies, five
important risk factors in neonatal death were GA
(prematurity), BW (SGA, z-score < 1), Apgar score,

Risk factors for neonatal mortality in NICUs

congenital anomaly, heart disease, and gender. In
the second group, these factors included BW, Apgar
score, GA, gender, and delivery mode. However, in
the third group of studies, GA, congenital anomaly,
sepsis, Apgar score, and RDS were the five most
cited risk factors. In other words, in both premature
neonates and neonates with BW < 1,500 g, BW
and GA are the most cited factors, but in studies
performed on all neonates without any inclusion
criterion, congenital anomaly, sepsis, RDS, and
asphyxia are also considered important.
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Table 2. Neonatal mortality risk factors in NICUs (continues on the next page).

Risk factors References Frequency (%)
Maternal factors
Preterm delivery/placental disorder/abruption/PROM/antepartum ) 10
hemorrhage/IUGR (14.49)
Antepartum hemorrhage [36, 40, 42] 3 (4.34)
Placental disorder/abruption [21, 40, 44] 3 (4.34)
Preterm delivery [21, 74] 2 (2.89)
IUGR [42] 1(1.44)
PROM [42] 1(1.44)
Delivery mode [15, 21, 40, 47, 59, 72] 6 (8.69)
Obstetric complications - 5(7.24)
Obstetric complications [66] 1(1.44)
Incompetent cervix [21] 1(1.44)
Pregnancy-induced hypertension [36] 1(1.44)
Maternal infection/choriamnionitis [42] 1(1.44)
Maternal pre-eclampsia [40] 1(1.44)
Absence of antenatal steroids/corticosteroid - 5(7.24)
Absence of antenatal corticosteroid [24, 43, 72] 3 (4.34)
Absence of antenatal steroids [14, 50] 2 (2.89)
Absence of antenatal/prenatal care [21, 32, 68, 76] 4 (5.79)
Ethnicity/race - 4 (5.79)
Ethnicity [13, 75] 2 (2.89)
Foreign mother [57] 1(1.44)
Geographic regions [46] 1(1.44)
Surfactant use [40, 43, 50, 77] 4 (5.79)
No prenatal maternal transfer [17] 1(1.44)
Non-use of a pain scale [50] 1(1.44)
Instrumental delivery [67] 1(1.44)
Polyhydramnios [21] 1(1.44)
Maternal age [73] 1(1.44)
Ultrasonography requirement [77] 1(1.44)
Stillbirth [29] 1(1.44)
Neonatal factors
Respiratory factor - 45 (65.21)
RDS [1,19, 21, 25, 27%‘:‘3‘8%2]0, 48, 60, 63, 70, 13 (18.84)
Perinatal asphyxia [1, 20, 27, 39, 47, 63, 67, 70, 74] 9 (13.04)
Pulmonary hemorrhage [1, 27, 40, 47] 4 (5.79)
Pulmonary malformation with hemorrhage [47, 52] 2 (2.89)
Persistent pulmonary hypertension/PFC [1, 47] 2 (2.89)
Pneumonia [25, 63] 2 (2.89)
CLD [26, 27, 40] 3(4.34)
Respiratory problems [42] 1(1.44)
Respiratory failure related to congenital myotonic dystrophy [27] 1(1.44)
NCPAP [40] 1(1.44)
Air leak syndrome [1, 25, 27, 47, 52, 70] 6 (8.69)
TTN [70] 1(1.44)
BW (modeled in multiple way including SGA, z-score) [5315347145(;7572159236224632%62%33;6?3 35 (50.72)
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Table 2. Neonatal mortality risk factors in NICUs (continues from the previous page and on the next page).

Risk factors References | Frequency (%)
Neonatal factors
GA/prema_turity (prematurity with SGA, prematurity [GA] with RDS, [;213% 147212 28 gg gi ggb?(? ’ :4373(? ’ 31 (44.92)
prermaturity with grade 3/4 IVH, late-preterm) 73, 76]
Apgar score [5, 14, 25% 252 2587 26% %22 :;igg] 38-40, 18 (26.08)
Infection - 17 (24.63)
Sepsis/blood culture positive sepsis (13,19, 22, 256'8?77’0?17’3:]33‘ 48,63, 67, 13 (18.84)
Septic shock [1, 25] 2 (2.89)
Infections [42] 1(1.44)
Positive CRP [60] 1(1.44)
Congenital abnormality - 16 (23.18)
Congenital anomalies [1, 14, 16, 20, 24, 39, 44, 63, 70, 74, 76] 11 (15.94)
CHD [26-28, 48, 64] 5 (7.24)
Blood factor - 13 (18.84)
Platelet transfusion [5, 31] 2 (2.89)
DIC [1, 25] 2(2.89)
Blood Gases [5] 1(1.44)
P(A-a) O, [5] 1(1.44)
PaO,/FiO, 5] 1(1.44)
Lactate [5] 1(1.44)
Base excess [38] 1(1.44)
RBC transfusion [71] 1(1.44)
Serum glucose [5] 1(1.44)
Hematological abnormality [40] 1(1.44)
Thrombocytopenia [31] 1(1.44)
Gender [17, 21, 30, 36,;3’, ;155], 47, 50, 57, 59, 12 (17.39)
Gastrointestinal disorder - 12 (17.39)
NEC [19, 22, 25, 44, 47, 70] 6 (8.69)
Gastrointestinal diseases [26, 40, 42, 77] 4 (5.79)
Intestinal malformations (severe defects of the abdominal wall) [47] 1(1.44)
Tracheoesophageal fistula [19] 1(1.44)
Oxygen treatment - 10 (14.49)
Mechanical ventilation [29, 40, 43, 52, 66, 77] 6 (8.69)
Intubation [14, 24, 40] 3 (4.34)
Oxygen treatment [39] 1(1.44)
Brain damage - 9 (13.04)
IVH [1,19, 25, 27, 42, 51, 63] 7 (10.14)
Hypoxic ischemic encephalopathy [19] 1(1.44)
Brain hemorrhage [44] 1(1.44)
Singleton or multiple births [17, 44, 50, 57, 61] 5(7.24)
Kidney disorder - 3(4.34)
AKI [53] 1 (1.44)
Acute renal failure with hyperkalemia [27, 78] 2 (2.89)
Body temperature - 3 (4.34)
Hypothermia [14, 49, 79] 3 (4.34)
Neonatal seizure [25, 40] 2 (2.89)
Risk factors for neonatal mortality in NICUs 715
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Table 2. Neonatal mortality risk factors in NICUs (continues from the previous page).

Risk factors References Frequency (%)
Neonatal factors

Surgical intervention [77] 1(1.44)
Administration inotropes [65] 1(1.44)
Resuscitation [57] 1(1.44)
Brusing at birth [15] 1(1.44)
Nosocomial infection [1] 1(1.44)
IEM (1] 1(1.44)
Multiple organ failure [47] 1(1.44)
Meconium aspiration [70] 1(1.44)
Hemodynamic instability [38] 1(1.44)
Management factors

Hospital level/NICU level/type of hospital [15, 21, 28, 34, 46, 56] 6 (8.69)
Outborn status [13, 42, 43, 57] 4 (5.79)
Hospital volume of VLBW [17, 21, 46] 3(4.34)
Admission from another NICU/transfer [16, 44, 74] 3 (4.34)

AKI: acute kidney injury; BW: birth weight; CHD: congenital heart disease; CLD: chronic lung disease; CRP: C-reactive protein; DIC:
disseminated intravascular coagulation; IEM: inborn errors of metabolism; IUGR: intrauterine growth restriction; IVH: intraventricular
hemorrhage; NCPAP: nasal continuous positive airway pressure; NEC: necrotizing enterocolitis; NICU: Neonatal Intensive Care Unit;
PFC: persistent fetal circulation; PROM: premature rupture of membranes; RDS: respiratory distress syndrome; TTN: transient tachypnea

of the newborn; VLBW: very low birth weight.

The factors included in five common neonatal
death scoring systems were compared with those
found in the reviewed studies (Tab. 3), and some
of the factors mentioned in this study are common
among the scoring systems. For example, BW is
also included in CRIB, CRIB-II, SNAPPE, and
SNAPPE-II. GA is also considered in CRIB,
SNAPPE, and SNAPPE-II. However, RDS,
sepsis, delivery mode, and hospital/NICU levels
were found to be important risk factors in the
current study, but they are not considered in any
of these scoring systems. Additionally, factors
such as apnea, blood urea nitrogen, calcium,
creatinine, urine output, direct bilirubin, etc.,
which are included in SNAP, SNAPPE, SNAP-II,
and SNAPPE-II, were not confirmed as important
factors in the current study (Tab. 3).

Discussion

Summary of results and comparison with other
studies

In this study, 69 articles about neonatal mortality
risk factors in NICUs were identified. In addition
to BW and GA, other factors such as low Apgar
score, sepsis, RDS, gender (male), congenital
anomaly, asphyxia, IVH, necrotizing enterocolitis

8/15

(NEC), ventilator need, antepartum hemorrhage,
delivery mode, and hospital/NICU level were the
most cited factors in neonatal death, respectively.

The studies reviewed herein were heterogeneous
in terms of population; 29 studies were conducted
on premature neonates (< 37 weeks) and 28 studies
on neonates with BW < 1,500 g. Factors such
as GA, BW, Apgar score, congenital anomaly,
and heart diseases were common neonatal
mortality risk factors among all three groups of
studies. However, gender was not mentioned as
an important factor in studies with GA or BW
restrictions, but it was important in studies without
these inclusion criteria. Furthermore, the hospital
level was considered a neonatal mortality risk
factor in LBW and premature neonates only.

This review found that congenital anomaly and
outborn status were considered as exclusion criteria
in some studies, while these two factors were
considered important in neonatal death. In other
words, management of the conditions of neonates
with a congenital anomaly or those born in a hospital
and referred to a NICU for more specialized care is
also important to decreasing neonatal deaths.

In 2011, a study was conducted on predictive
models for the death of premature neonates and
indicated that BW, GA, being average size for
GA, gender (female), non-white ethnicity, use of
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Table 3. Comparison of neonatal mortality risk factors in scoring systems and those in the current study (continues on the
next page).

Risk factors ‘:‘:{:;2‘ CRIB | CRIB-l | SNAP | SNAPPE | SNAP-Il | SNAPPE-I
Absence of antenatal corticosteroid v

Absence of antenatal steroids v

Absence of antenatal/prenatal care v

Absolute neutrophil count v v

Acute renal failure with hyperkalemia v

Administration inotropes v

Admission from another NICU/transfer v

Air leak syndrome v

AKI v

Antepartum hemorrhage v

Apgar score v 4 4

Apnea v 4

Base excess v v 4

Blood gases v

Blood urea nitrogen 4 v

Brain hemorrhage v

Brusing at birth v

BW (modeled in multiple way including

SGA, z-score) v v v
Calcium (ionized) v 4

Calcium (total) v 4

CHD v

CLD v

Congenital anomalies v 4

Creatinine, urine output v v

Delivery mode v

DIC v

Direct bilirubin 4 4

Ethnicity/race v

First temperature at NICU < 35.0°C v v 4 4 4 v
Foreign mother %4

GA/prematurity (prematurity with SGA,
prematurity [GA] with RDS, prematurity v v v v
with grade 3/4 IVH, late-preterm)

Gastrointestinal diseases v

AN
AN

Gender

<

Geographic regions
Heart rate 4 4

Hematological abnormality

Hemodynamic instability

Hospital level/NICU level/type of hospital

Hospital volume of VLBW

Hypothermia

Hypoxic ischemic encephalopathy
IEM
Immature total ratio v 4

ANAVNAYAYAYAYAN

<

Incompetent cervix

Risk factors for neonatal mortality in NICUs 9/15



www.jpnim.com Open Access Journal of Pediatric and Neonatal Individualized Medicine - vol. 9 < n. 2 - 2020

Table 3. Comparison of neonatal mortality risk factors in scoring systems and those in the current study (continues from
the previous page and on the next page).

Risk factors (;‘:t’:;:t CRIB | CRIB-l | SNAP | SNAPPE | SNAP-Il | SNAPPE-II

Indirect bilirubin (4 (4
Infections

Instrumental delivery

Intestinal malformations (severe defects
of the abdominal wall)

Intubation
IUGR
IVH

Lactate

Maternal age

Maternal infection/choriamnionitis

Maternal pre-eclampsia

Mechanical ventilation

AR NI NI N NI N G N N N B N N

Meconium aspiration

Min/max appropriate FiO, in the first 12 h v

Multiple organ failure
NCPAP

NEC

Neonatal seizure

No prenatal maternal transfer

Non-use of a pain scale

Nosocomial infection

Obstetric complications

Outborn status

RINISIN RS R]S|]R S

Oxygen treatment

Oxygenation index 4 4
P(A-a)0,
Packed cell volume 4 4
PaO,/FiO,
PCO, v v
Perinatal asphyxia

<

<

Persistent pulmonary hypertension/PFC

Placental disorder/abruption

Platelet transfusion

Pneumonia

Pneumothorax

Polyhydramnios
Positive CRP
Potassium v 4

ANANANAUANAGE NN

Pregnancy-induced hypertension

Preterm delivery
PROM

Pulmonary hemorrhage

Pulmonary malformation with hemorrhage

RBC transfusion
RDS

AN AN AYAVNAVNANAN
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Table 3. Comparison of neonatal mortality risk factors in scoring systems and those in the current study (continues from

the previous page).

Risk factors i‘:{l'::t CRIB | CRIB-ll | SNAP | SNAPPE | SNAP-l | SNAPPE-II
Respira.tory failure related to congenital v

myotonic dystrophy

Respiratory problems 4

Respiratory rate v v

Resuscitation v

Sepsis/blood culture positive sepsis v

Septic shock 4

Serum bicarbonate v v

Serum glucose v 4 4

Serum pH v v v v
Singleton or multiple birth 4

Sodium v v

Stillbirth v

Stool guaiac 4 v

Surfactant use v

Surgical intervention v

Thrombocytopenia v

Tracheoesophageal fistula v

TTN v

Ultrasonography requirement 4

Urine output (%4 v

AKI: acute kidney injury; BW: birth weight; CHD: congenital heart disease; CLD: chronic lung disease; CRP: C-reactive protein; DIC:
disseminated intravascular coagulation; GA: gestational age; IEM: inborn errors of metabolism; IUGR: intrauterine growth restriction; IVH:
intraventricular hemorrhage; NCPAP: nasal continuous positive airway pressure; NEC: necrotizing enterocolitis; NICU: Neonatal Intensive
Care Unit; PFC: persistent fetal circulation; PROM: premature rupture of membranes; RBC: red blood cells; RDS: respiratory distress
syndrome; SGA: small for gestational age; TTN: transient tachypnea of the newborn; VLBW: very low birth weight.

antenatal steroid, Apgar score > 5, normal body
temperature at admission, and stable respiratory
condition were the most important factors in
predicting survival [9]. In a 2014 study on
estimating the distribution of death causes of
neonates and children aged between 1-59 months in
2000-2013, with the aim of projecting the priorities
of the coming years after 2015, preterm birth
complication and intrapartum-related complication
such as birth asphyxia were introduced as the most
common reasons for neonatal death [80], which
supports the current findings.

Since 1993, various scoring systems have been
introduced, each of which has its own characteristics.
However, having a high number of variables and
being time-consuming are considered to be their
major disadvantages. Additionally, since different
treatments depend on the healthcare centers’ policies,
the use of this type of model and comparing the
results with other centers is not possible [8]. As
mentioned, some of the factors described in this study

Risk factors for neonatal mortality in NICUs

are common among other scoring systems; however,
factors such as RDS, sepsis, delivery mode, and
hospital/NICU level have not been considered in any
of the common scoring systems. Conversely, there
are factors (blood factors such as serum pH, calcium,
bilirubin, urine output) that have been included in
SNAP, SNAPPE, SNAP-II and SNAPPE-II [6] but
were not found in the current study. For each scoring
system, the conditions for developing the model
and determining the neonatal death risk factors to
be included are different; therefore, some scoring
systems focus mainly on laboratory factors [6], and
no scoring systems consider organizational factors,
while it was found in this review that organizational
factors can also have an impact on neonatal survival
or death rates.

Implication

The main audience of this review will be
physicians and neonatologists in NICUs. In
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addition, researchers who are willing to develop
predictive models for neonatal mortality may also
use the results of this study to develop models
for neonatal death prediction. It should be noted
that the risk factors for neonatal death in NICUs
differ from those for premature neonates, those for
infants with BW < 1,500 g, and those for normal
neonates, which highlights the need to develop
different systems based on the target group.

Strengths and weaknesses

This study’s principal strengths are the
systematic search strategy and the examination of
all keywords in this field. Another advantage is
that this review includes all effective parameters
mentioned as major factors for increasing mortality
or survival reduction in even just one article. Other
systematic studies [9] have reported only factors
that are repeated in at least 10 articles.

The inclusion of studies on neonates admitted
to NICUs is one of the issues that may result in
the loss of related studies conducted to identify
mortality risk factors in other infants. In addition,
the removal of studies that have examined factors
in perinatal death may be considered another
limitation of this study, because, according to
the definition [11], the 7-day interval overlaps
between perinatal and neonatal death, which may
lead to the loss of important effective parameters.
In addition, this study compared only the known
scoring systems, including CRIB, CRIB-II, SNAP,
SNAP-II, SNAPPE, and SNAPPE-II; the others
may be considered for future studies. Considering
only English papers and publication period
(2007-2018) are further limitations of this study.
Furthermore, the frequency of neonatal risk factors
should not be considered as the importance of each
factor.

Future work

To develop proper models for the prediction of
neonatal death, models must be designed based on
relevant risk factors identified for each GA or BW
group. Therefore, it may be necessary to re-assess
and/or re-design existing predictive models such as
CRIB, SNAP, etc., based on advances in medical
science, because in most cases these models were
introduced before the usage of surfactant and
prenatal steroids and may not consider mortality
risk factors based on current medical literature.
Moreover, these models may need to be updated
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to include organizational factors because of
the importance of outborn status, referrals and
transfers, and hospital/NICU levels in neonatal
deaths.

Considering the views of neonatologists as
experts in this area to determine the neonatal
mortality risk factors and the use of agreed-upon
factors for developing scoring or predictive models
seem to be useful. Studying physicians’ opinions
about existing scoring systems, determining their
views on reasons for using or not using these
systems, and considering these reasons in updating
or developing new and more usable scoring or
predictive models can be considered by future
researchers.

All of the included studies and predictive
models for neonatal death are based on routine
statistical methods and regression analysis. It
is suggested that artificial intelligence-based
methods (such as case-based reasoning and fuzzy
logic) and machine learning algorithms (such
as artificial neural networks) be used to develop
such models and systems, especially in the form
of decision support systems to help physicians and
neonatologists determine the conditions of at-risk
neonates.

Conclusion

This review study identified and classified
neonatal mortality risk factors in NICUs into three
categories. Among the maternal factors, delivery
mode, non-use of steroid or corticosteroid; among
neonatal factors, BW, GA, and Apgar score; and
among organizational factors, hospital/NICU level
and outborn status have been introduced as the
most prevalent risk factors for neonatal death in
NICUs. Furthermore, factors including BW, GA/
prematurity, gender, and delivery mode are more
common risk factors in developed countries;
however, BW, Apgar score, GA, RDS, and sepsis
are the most important neonatal mortality risk
factors in developing countries.
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