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Abstract

Background

Birth asphyxia is the second leading cause of neonatal death in Ethiopia, next to preterm-
associated infections. Understanding the causes of death in asphyxiated newborns will help
to design appropriate care. This study identifies predictors of neonatal mortality in asphyxi-
ated newborns in selected hospitals in Northwest Ethiopia.

Methods

An institution-based prospective cohort study of 480 newborns with birth asphyxia was con-
ducted at Debre Markos Comprehensive Specialized Hospital, Shegaw Motta District Hos-
pital, and Injibara General Hospital. All newborns with asphyxia admitted to the neonatal
critical care unit from the first of November 2018 to the first of November 2019 were
included. Data were obtained prospectively from mothers using an interviewer’s adminis-
tered questionnaire. The Kaplan-Meier survival curve was used to estimate survival time,
and Log rank test was used to compare the survival curves. Bivariable and multivariable
Cox proportional hazards models were fitted to identify the independent predictors of mortal-
ity in asphyxiated newborns. Adjusted hazard Ratios (AHRs) with 95% Cis (Confidence
Intervals) were used to measure the strength of association and test statistical significance.

Results

The overall cumulative incidence of mortality among asphyxiated newborns was 42.29%
(95% CI: 38%, 46). Asphyxiated neonates with other comorbidities (sepsis, neonatal
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hazard Ratio; NM, Neonatal mortality; TT, Tetanus
Toxoid; WHO, World Health Organization; SD,
Standard Deviation; IQR, Interquartile Range.

anemia) (AHR =2.63, 95% CI:1.69, 4.10), oxygen saturation of 50-69 (AHR = 4.62, 95%
Cl:2.55, 8.37), oxygen saturation of 70—89 (AHR = 2.82, 95% ClI: 1.80, 4.42), severe Apgar
score at one minute (AHR = 1.59, 95% CI:1.12, 2.25), neonates with Hypoxic Ischemic
Encephalopathy (HIE) (AHR = 6.12, 95% Cl:2.23, 16.75) were at higher risk of mortality.

Conclusions

The mortality rate among asphyxiated neonates remains high, and slightly higher than previ-
ous studies. Asphyxiated newborns with other comorbidities, severe Apgar score at one
minute, who develop HIE, and low oxygen saturation were at higher risk of death. Therefore,
designing appropriate interventions and prevention methods should be considered for iden-
tified variables.

Introduction

According to the World Health Organization (WHO), birth asphyxia is defined as a failure to
initiate and sustain breathing at birth [1, 2]. It can happen at any point during the pregnancy,
including antepartum, intrapartum, and postpartum periods. However, it most commonly
(70%) happened during the postpartum period [3].

Neonatal mortality (NM) is the occurrence of neonatal deaths within the first four weeks of
life and is expressed as neonatal deaths per 1000 live births. It can be classified as early (death
of neonates < seven days) and late (neonatal deaths between seven and 28 days). Early NM
refers to newborns who die within the first week of life, whereas late NM refers to newborns
death between seven and 28 days after birth [4, 5].

In 2016, 46% of all under-five mortality were among babies in their first 28 days of life.
More than three-fourths (75%) of NM occur in the early neonatal period (age < seven days)
[6]. The vast majority of NM occur in developing countries, where access to health care is lim-
ited [6]. According to the 2019 Mini Ethiopian Demographic and Health Survey, NM in Ethio-
pia was reported as 33 deaths per 1,000 live births [7].

Evidence suggests that more than three-fourths (75%) of NM in developing countries are
easily preventable with simple and low cost interventions, such as antibiotics for pneumonia
and sepsis, sterile blades to cut the umbilical cords using knit caps and kangaroo care to keep
babies warm [8, 9]. The United Nations adopted the Sustainable Development Goals (SDGs)
in 2015, with the goal of reducing NM to below 12 per 1,000 live births by 2030 [10].To achieve
this ambitious plan, the Ethiopian government has also implemented various strategies includ-
ing the expansion of emergency obstetric and newborn care services aiming to improve the
neonatal and maternal health [11, 12]. Despite remarkable progresses in reducing child mor-
tality, NM remains a significant public health concern.

Although birth asphyxia-related NM is a significant public health concern worldwide,
developing nations, including Ethiopia, are the most affected. As per previous studies, the
death rate among asphyxiated newborns ranged from 13.3% to 40.3% [13-19]. Different
maternal and neonatal sociodemographic features, such as obstetric and health-care-related
variables (home delivery, lack of ante natal follow up, spontaneous virginal delivery, premature
neonates, shock during admission, severe asphyxia) were associated with mortality of asphyxi-
ated neonates [14, 15, 17-20].

Recognizing the unacceptable maternal and child deaths, as well as the long-term neurolog-
ical consequences of prolonged labor, the World Health Organization issued
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recommendations in a document on how to prevent prolonged labor during deliveries. These
include training of birth attendants in resuscitation skills, risk factors identification, assessing
pelvic outlet, diagnosing presentation and position of the baby, assessing descent of the foetal
head, recognizing obstructed labor, and vacuum extraction when indicated [2, 21]. Thus, basic
resuscitation by birth attendants competent in resuscitation would substantially help reduce
deaths from perinatal asphyxia

Identifying predictors of mortality among asphyxiated newborns is vital to develop effective
interventions and taking essential measures in a timely manner. However, factors that influ-
ence mortality in asphyxiated newborns in Ethiopia are not well investigated. This prospective
cohort study was designed to identify predictors of mortality among newborns who suffered
from birth asphyxia in selected hospitals in Northwest Ethiopia. The findings of this study will
have implications for improving neonatal survival.

Methods
Study design, period, and setting

An institution-based prospective cohort study was conducted from the first of November
2018, to the first of November 2019 in selected hospitals in Northwest Ethiopia. The study was
conducted at Debre Markos Comprehensive Specialized Hospital, Shegaw Motta District Hos-
pital, and Injibara General Hospital. They are 300 kilometers, 371 kilometers, and 445 kilome-
ters apart from Addis Ababa, Ethiopia’s capital, respectively. The three hospitals serve for
more than 6.5 million people in the Amhara regional state and neighboring regions. Apart
from other services, all three hospitals offer neonatal intensive care for seriously ill newborns,
including those who suffered from asphyxia.

Study population, sample size and sampling procedures

All newborns with asphyxia admitted to the Neonatal Intensive Care Units (NICUs) of the
selected hospitals were the source population. Whereas all newborns with asphyxia admitted
to the NICUs between the first of November 2018, and the first of November 2019, were the
study population. Neonates with congenital abnormalities (congenital heart disease, hydrops
fetalis, structural abnormalities), as well as neonates weighing less than 1 kg at birth were
exclude from the study. These neonates were excluded for the following reason: this popula-
tion is at higher risk of mortality and including them could result in an overestimated NM
mortality and leads to biased estimation. Furthermore, neonates admitted without mothers or
mothers with psychiatric illnesses were excluded from the study.

The sample size of 441 neonates was calculated using STATA statistical software version
16.0. Based on the assumptions of a 2.04 hazard-ratio associated with hyaline membrane dis-
ease [22], with assumed variability of 0.5, a likelihood of death of 0.165 [22], 5% error probabil-
ity, 0.15 proportion of withdrawal, and 80% power. However, we included all of the newborns
(480) who were admitted to the hospitals with hypoxia during the study period. In terms of fol-
low-up, each neonate was followed for a maximum of 28 days. Asphyxiated babies who were
discharged before 28 days were contacted by phone to assess the outcome.

Variables of the study

Neonatal mortality among asphyxiated neonates was the outcome variable for this study.
Whereas sociodemographic variables (age of the neonate at admission, sex of the neonate,
marital status of the mother, residence, educational status of the mother and occupation of the
mother),obstetric and health service related variables (complications at birth, parity, gravidity,
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antenatal care, place of birth, medical disease during pregnancy), and neonatal related vari-
ables (gestational age, other co-morbidities, birth weight, birth type, presence of seizure, HIE,
1-min Apgar score, 5-min Apgar score, oxygen saturation,) were independent variable for this
study.

Operational definitions

Event: death of asphyxiated neonates at specific time (day) within the 28 days of follow-up as
evidenced by physician confirmation.

Censored: asphyxiated neonates who are still alive at the end of follow up, withdrawal and
lost-to-follow-up were considered as censored.

Comorbidities other than asphyxia includes sepsis, neonatal anemia, hypoglycemia, hypo-
thermia, and so on

Severe Apgar score: a one-minute Apgar score of 0 to 3 or the necessity at birth of positive
pressure ventilation.

Data collection and quality control

Data was collected prospectively using a pre-tested and structured interviewer administered
questionnaire. The questionnaire was developed from related literatures and WHO standard
verbal autopsy questionnaires [23]. The questionnaire was initially prepared in English and
then translated to Amharic language and back to English. Neonates were followed for a total of
28 days. The follow-up process was done in two ways: the first way, data collectors visit the
neonate daily, while he/she is in the hospital. The second way, if the neonate discharged from
the hospital before 28 days, the data collectors communicate the mother every 7-days using a
phone call. When death occurred within 28 days of birth, the date and cause of death had been
recorded.

To assure data quality, nurses from each hospital who had been trained on the basic care of
NICU and working in the NICU of each hospital were recruited as data collectors. The princi-
pal investigators and supervisors closely supervised the data collection procedure. Training
about the data collection tool and data collection process was given for data collectors and
supervisors for one day at each hospital.

Data processing and analysis

Data were entered using Epi-Data Version 4.2 and analyzed using STATA Version 16 statisti-
cal software. Descriptive statistics including mean, median, and standard deviation were used
to describe the neonate cohort characteristics. The Kaplan Meier survival curve, and log rank
tests were used to estimate the time to neonatal mortality and compare the categorical vari-
ables respectively. Bivariable Cox-proportional hazards regression model were fitted and then,
variables with p-value < 0.25 in bivariable analysis were fitted into multivariable analysis. Haz-
ard ratio with 95% confidence interval and p-values were used to measure the strength of asso-
ciation and to identify statistically significant predictors

The proportional hazard assumption was checked using log-log plot, and the plots are par-
allel which indicates there no violation of the proportionality assumption (Fig 1). In addition,
a global test based on Schoenfeld residuals found that all the covariates and the full model satis-
fied the proportional hazard assumption (Chi square = 25.85, p-value = 0.26).

The Cox-Snell residuals were used to assess the model’s quality. As illustrated in Fig 2, the
hazard function follows the 45-degree line very closely except for increased values of time. It is
very common for models with censored data to have some wiggling at increased values of time
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Fig 1. Plot of log (-log (survival probability)) Vs log (analysis time) by comorbidity (A), 1-minute Apgar score (B),
Hypoxic Ischemic Encephalopathy (HIE) (C), and level of Oxygen saturation (D).

https://doi.org/10.1371/journal.pone.0281656.g001
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Fig 2. Plot of Nelsen-Allen cumulative hazard function against Cox-Snell residual.

https://doi.org/10.1371/journal.pone.0281656.9002
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and it is not something, which should cause much concern. Overall, we would conclude that
the final model fits the data very well.

Ethical considerations

An institutional review committee of Debre Markos University College of Health Science
granted ethical approval. A permission letter from each hospital administration was also
obtained. Every mother gave verbal informed consent prior to data collection. Furthermore,
all collected data were coded and secured in a separate room before being entered into com-
puter to maintain confidentiality. All data were password-protected once entered into the
computer. Furthermore, the data-collection format did not include the names of the partici-
pants, and the data were not shared with anybody other than the lead investigators.

Results
Characteristics of newborn enrolled in the study

During the study period, there were 480 admissions of newborns with asphyxia of which 271
(56.5%) were male. Almost three-quarter (72.5%) of the mothers of asphyxiated neonates were
married (Table 1). The average gestational age was 38.4 weeks (SD = 2.2), and the mother’s
age at the time of the last delivery was 22.0 years (SD = 3.4).

Maternal and neonatal clinical characteristics

The majority (81.3%) babies were born at full-term. In terms of mode of delivery, 186 (38.8%)
were spontaneous vaginal deliveries, 169 (35.2%) were caesarean sections, and 125 (26.0%)
were instrumental deliveries. Four hundred twenty-five (88.5%) babies with birth asphyxia
were suffered from Hypoxic Ischemic Encephalopathy (HIE). In terms of HIE stages, 127
(29.9%) had stage I, 210 (49.4%) had stage II, and 88 (20.7%) had stage III hypoxia ischemic

Table 1. Newborns and maternal socio-demographic characteristics in selected hospitals of Northwest, Ethiopia.

Variables

Sex of the newborn

Religion of mother

Marital status of mother

Occupation of the mother

Maternal education level

Residence

https://doi.org/10.1371/journal.pone.0281656.t001

Categories Frequency Proportion (%)
Male 271 56.5
Female 209 43.5
Orthodox Christian 413 86.04
Muslim 62 12.92
Other 5 1.04
Married 348 72.5
Divorced 23 4.8
Single 104 21.7
Widowed 5 1.0
Housewife 126 26.2
Farmer 112 234
Government Employee 116 24.2
Private work 126 26.2
Not able to read and write 174 36.3
Primary 123 25.6
Secondary 116 24.1
Tertiary 67 14.0
Urban 342 71.25
Rural 138 28.75
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encephalopathy. Almost all of the mothers of asphyxiated neonates, 469 (97.7%) had prenatal
care follow-up. In terms of delivery location, 41 (8.54%) deliveries were home delivery
(Table 2).

Survival analysis and outcome of the follow up

A total of 480 neonates with asphyxia were observed for varying lengths of time, from one day
to 21 days, with a Median follow up duration of seven (IQR = 9) days. This follow-up time con-
tributed a total of 3514-person days of risk under observation. During the study period, 203
(42.3%) of neonate’s deaths were observed, with an incidence rate of 57.7 per 1000 (95% CI:
50.3, 66.3) person-days. Out of 203 total neonatal deaths, 193 (95.07%) died within seven days
of delivery. Approximately, 147 (72.4%) of the 203 neonatal deaths had a history of seizure
during admission. Mortality among preterm and term asphyxiated neonates was 53.33% and
39.48% respectively.

The overall estimated median survival period of asphyxiated neonates was 16 days (95% CI:
7,20 days) (Fig 3), and the cumulative survival probability of a newborn at the end of the
study was 49.68 percent (95 percent CI: 42.96, 56.03).

The Kaplan-Meier curve demonstrated that newborns with any comorbidity other than
asphyxia had a higher risk of mortality and had a shorter survival time (Fig 4).

Lower Apgar scores at one minute were significantly associated with a higher risk of new-
born mortality. As shown in Fig 5, neonates with a 1-minute Apgar score of 0-3 were at a
higher risk of death than asphyxiated newborns with a 1-minute Apgar score greater than
three.

Predictors of neonatal mortality among asphyxiated neonates

In the bi-variable cox regression analysis, age of mother, maternal education level, occupation
of mother, resuscitation, residence, HIE status, birth type, comorbidity other than asphyxia,
pregnancy related complication, history of still birth, Apgar score at one minute, Apgar score
at five-minute, parity, place of delivery, and oxygen saturation were significant predictors of
mortality among asphyxiated neonates with P-values less 0.25.

In the multivariable Cox regression, neonates with comorbidity other than asphyxia had
2.65 times higher risk of dying instantly compared to neonates without comorbidity
(AOR = 2.63, 95% CI:1.69-4.10). Neonates with oxygen saturation levels 50-69 had 4.62 times
higher risk of death compared to neonates with normal oxgen saturation level
(AOR =4.62,95% CI:2.55, 8.37); whereas neonates with oxygen saturation levels 70-89 had
2.82 times higher risk of death (AOR = 2.82, 95% CI:1.80, 4.42) compared to those neonates
with oxygen saturation levels >90. Asphyxiated babies with severe Apgar score at 1 minute are
more likely to die than those with a moderate Apgar score (AOR = 1.59, 95%CI: 1.12, 2.25)
(Table 3).

Discussion

Neonatal mortality rate remains unacceptably high in resource-limited countries including
Ethiopia. This study was designed to determine the birth asphyxia mortality rate and its predic-
tors in selected hospitals in Northwest Ethiopia. In this study, the overall cumulative incidence
of mortality among asphyxiated newborns was 42.29% (95% CI: 38%, 46). This finding is higher
than previous studies from developing and developed countries elsewhere [19, 24-27], and in
consistent with findings from Nigeria and Sri Lanka [28, 29]. The variation in neonatal mortal-
ity might be attributed to low quality resuscitation practice and inadequate thermal control. As
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Table 2. New-born and maternal clinical characteristics in Northwest Ethiopia selected hospitals from November 1, 2018, to November 1, 2019.

Variables Category Frequency Proportion (%)
Birth type Single 466 97.01
Multiple 24 2.90
Antenatal care Yes 469 97.70
No 11 2.30
Pregnancy related complication Yes 108 22.50
No 372 77.50
Ever family planning Yes 394 82.10
No 86 17.90
Parity Yes 253 52.71
No 227 47.29
Contraceptive type (394) Oral 79 20.0
Implant 67 17.0
Injection 248 63.0
Duration of pregnancy Term 390 81.25
Preterm 90 18.75
Mode of delivery Spontaneous delivery 186 38.8
cesarean section 169 35.2
Instrumental 125 26.0
Place of delivery Home 41 8.54
Health institution 439 91.46
RH status Positive 407 84.8
Negative 73 15.2
Mothers TT vaccine Yes 383 79.8
No 97 20.2
History of still birth Yes 48 10.0
No 432 90.0
Apgar score at one minute Severe (0-3) 89 18.5
Moderate (4-6) 299 62.3
Not documented 92 19.2
Apgar score at five minutes Sever (0-3) 23 4.8
Moderate (4-6) 263 75.4
Not documented 95 19.8
Newborn birth weight (g) <2500 163 34.0
> = 2500 317 66.0
Oxygen saturation 50-69 31 6.65
70-89 264 56.65
>90 171 36.70
Resuscitation Yes 342 71.25
No 138 28.75
Comorbidity other than asphyxia Yes 325 67.71
No 155 32.29
Seizure of the neonate during admission Present 248 51.67
Absent 232 48.33
HIE Yes 425 88.50
No 55 11.50

(Continued)
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Table 2. (Continued)

Variables Category Frequency Proportion (%)
Stages of HIE (425) Stage I 127 29.90

Stage 11 210 49.40

Stage IIT 88 20.70

RH: Rhesus factor, HIE: Hypoxic Ischemic Encephalopathy, TT: Tetanus Toxoid

https://doi.org/10.1371/journal.pone.0281656.t002

evidence suggested inadequate thermal control contributed to neonatal death in NICU despite
the provision of resuscitation [30].

The greater risk of infant mortality in our study may be justified by the fact that, despite the
seeming adequate quantity of care provided for resuscitation of asphyxiated neonates, the
quality might have been substandard. This finding implies, need to develop proper care and
monitoring systems during and immediately after birth by properly trained and qualified
healthcare personnel.

In agreement with previous literature [24, 31-33], this study found that asphyxiated babies
with a severe Apgar score at 1 minute were at higher risk of death than those with a moderate
Apgar score. This could be explained by the fact that a low Apgar score indicates fetal distress,
which appears to be a worsening clinical state and eventually death. As a result, neonates with
an Agar score of 0-3 in the first minute of life require pulmonary support and the most appro-
priate resuscitation strategy. In addition, this finding will be primarily explained by the fact that
tissue oxygenation, which is a function of respiratory rate, heart rate, and oxygen saturation, is a
key determinant of hypoxia and, as a result, hypoxic encephalopathy in perinatal asphyxia [20].
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Fig 3. Overall Kaplan-Meier curve of newborns with asphyxia in Northwest Ethiopia selected hospitals from
November 1, 2018, to November 1, 2019.
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https://doi.org/10.1371/journal.pone.0281656.g004

Kaplan-Meier survival estimates by Apgar scores at one minute
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Fig 5. Kaplan-Meier survival curve of newborns with asphyxia in Northwest Ethiopia selected hospitals from
November 1, 2018, to November 1, 2019, by 1-minute Apgar score.
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Table 3. Bivariable and multivariable Cox regression analysis of the risk of neonatal mortality among asphyxiated neonates in Northwest Ethiopia selected hospitals
from November 1, 2018, to November 1, 2019.

Variables Categories Survival status CHR [95%CI] AHR [95%CI]
Event, n [%] Censored (n, [%]
Age of mother <20 107 [52.20] 98 [48.80] 1.73 [1.25,2.40] 1.31[0.91, 1.88]
20-24 55 [35.54] 109 [66.46] 1.00 1.00
25-29 35 [37.63] 58 [62.37] 1.19[0.78, 1.82] 1.28 [0.80,2.04]
>30 6 (33.33] 12 [66.67] 0.96 [0.41, 2.23] 1.02 [0.41,2.49]
Maternal Education level Not able to read and write 85 [48.85] 89 [51.15] 1.56 [0.97, 2.49] 0.85[0.41,1.75]
Primary 60 [48.78] 63 [51.22] 1.65 [1.01,2.70] 1.22 [0.62,2.38]
Secondary 36 [31.03] 80 [68.97] 0.93 [0.55,1.59] 0.97 [0.54,1.75]
Tertiary 22 [32.84] 45 [67.16] 1.00 1.00
Occupation of mother Housewife 68 [53.97] 58 [46.03] 2.28 [1.50, 3.48] 1.27 [0.64,2.52]
Farmer 48 [42.86] 64 [57.14] 1.74 [1.11, 2.73] 1.10 [0.53,2.28]
Government employed 32 [27.59] 84 [72.41] 1,00 1.00
private work 55 [43.65] 71 [56.35] 1.71[1.11, 2.65] 1.02 [0.58,1.79]
Residence Urban 82 [35.19] 151 [64.81] 1.00
Rural 121 [48.99] 126 [51.01] 1.49 [1.13, 1.98] 1.12 [0.70,1.78]
Resuscitation yes 128 [37.43] 214 [62.57] 1.00 1.00
No 75 [54.35] 63 [45.65] 1.68 [1.26,2.24] 1.36 [0.97,1.90]
HIE Yes 199 [46.82] 226 [53.18] 8.90 [3.28,24.14] 6.12[2.23,16.7]*
No 41[7.27] 51 [92.73] 1.00 1.00
Birth type Single 189 [41.45] 267 [58.55] 1.00 1.00
Multiple 14 [58.33] 10 [41.67) 1.49 [0.87,2.58] 1.17[0.65,2.12]
Comorbidity Yes 178 [54.77] 147 [45.23] 4.17 [2.74, 6.35] 2.63[1.69,4.10] *
No 25[16.13] 130 [83.87] 1.00 1.00
Pregnancy complication Yes 56 [51.85] 52 [48.15] 1.39 [1.02, 1.89] 1.26 [0.90,1.76]
No 147 [39.52] 225 [60.48] 1.00 1.00
History of still birth Yes 30 [62.50] 18 [37.50] 1.75[1.19, 2.59] 0.85[0.54, 1.34]
No 173 [40.05] 259 [59.95] 1.00 1.00
1-minute Apgar score Severe 60 [67.42] 29 [32.58] 2.19[1.62,2.97] 1.59[1.12,2.25] *
Moderate 143 [36.57] 248 [63.43] 1.00 1.00
5-minute Apgar score Severe 15 [65.22] 8 [34.78] 1.95 [1.15, 3.31] 1.37 [0.75, 2.50]
Moderate 188 [41.14] 269 [58.86] 1.00 1.00
Parity Prim gravida 93 [36.76] 160 [63.24] 1.00 1.00
Multigravida 110[48.46] 117 [51.54] 1.40 [1.06, 1.85] 1.23 [0.88,1.72]
Place of delivery Home 23[56.10] 18 [43.90] 1.58 [1.02,2.44]
Health institution 180[41.00] 259 [59.00] 1.00 1.00
Oxygen saturation 50-69 23 [74.19] 8 [25.81] 8.11 [4.58, 14.34] 4.62[2.55,8.37] *
70-89 147 [55.68] 117 [44.32] 4.77 [3.12,7.31] 2.82[1.80,4.42] *
>90 25 [14.62] 146 [85.38] 1.00 1.00

*Statistically significant variables; HIE Hypoxic Ischemic Encephalopathy
CHR: Crude Hazard Ratio; AHR: Adjusted Hazard Ratio

https://doi.org/10.1371/journal.pone.0281656.t003

We found that asphyxiated babies with low oxygen saturation had a higher risk of death.
This finding was in support of existing literature [20, 34]. These increased chances of death
when oxygen saturation levels fall could be due to insufficient oxygen supply, which can cause

severe hypoxia ischemic organ damage resulting in a fatal outcome [35].
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This study found that asphyxiated neonates with Hypoxic Ischemic Encephalopathy (HIE)
were more likely to die than asphyxiated newborns without HIE. This finding was consistent
with earlier researches [13, 25, 29, 36]. This could be because HIE is usually associated with
either mild or severe organ damage in asphyxiated babies, resulting in an elevated neonatal
mortality rate. Moreover, birth asphyxia combined with other comorbidities was associated
with a higher mortality as supported by other studies [37].

Our research has limitations. Some cases throughout the study period were not followed
because they were lost to follow up, which could have an impact on the estimated newborn
mortality rate. The cause of death for the discharged neonate was not confirmed by the physi-
cian, which may have resulted in an overestimation of the parameter. Moreover, other neona-
tal treatments were not investigated as factors, which may preclude the true effect of other
variables.

Conclusions

According to the findings of this study, the overall mortality rate among asphyxiated infants
was high. Newborns with comorbidities other than asphyxia, a severe Apgar score at one min-
ute, neonates who develop HIE, and neonates with low oxygen saturation were identified as
having the highest risk of neonatal death. Therefore, designing appropriate care and preven-
tion methods should be considered for these identified variables.
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