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Background: Despite a declining neonatal mortality rate globally, Ethiopia has
scored 29-30 deaths per 1,000 live births. Birth asphyxia is a major contributor
to neonatal mortality, where 4-9 million newborns develop birth asphyxia each
year. This study aimed to assess the prevalence of birth asphyxia, its
determinants, and its management among neonates admitted to the NICU in
Harari and Dire Dawa public hospitals.

Methods: A facility-based cross-sectional study was conducted among 409
randomly selected neonates and their index mothers admitted to neonatal
intensive care units of public hospitals in Harari and Dire Dawa from June 20
to August 20, 2021. Data were collected through card review and
interviewer-administered questionnaires. The collected data were entered
into Epi data version 3.1 and exported to SPSS version 20 for analysis.
Logistic regression models were fitted to identify factors associated with
birth asphyxia. Adjusted odds ratios along with 95% Cls were estimated to
measure the strength of the association, and statistical significance was
declared at p-value <0.05.

Results: One-fifth of neonates [20.8% (95% Cl: 16.4, 24.6%)] had birth asphyxia.
Neonates born by instrumental delivery (AOR =2.29, 95% CI: 1.10, 4.76) and
neonates born to mother with PIH (AOR =3.49, 95% Cl: 1.47, 8.27), PROM
(AOR =2.23, 95% ClI: 1.17, 4.26), and chorioamnionitis (AOR = 3.26, 95% ClI:
110, 9.61) were more likely to have birth asphyxia compared to their
counterpart. Ventilation with a bag and mask 50(58.8), putting on free
oxygen 19(22.4), and endotracheal intubation 15(17.6) were taken as
management methods.

Conclusion: One out of five neonates had birth asphyxia. This urges care
providers to adhere to national guidelines of obstetrics and neonatal
continuum care. They also need to decrease instrumental delivery and treat
PIH, PROM, and chorioamnionitis.
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Introduction

Despite a declining neonatal mortality rate globally, striking
disparities exist across regions and countries (1). For instance,
neonatal mortality in sub-Saharan Africa was 10 times higher
than among high-income countries (2). Similarly, the neonatal
mortality rate in Ethiopia increased in the last 4 years from
29 to 30 deaths per 1,000 live births (3). Birth asphyxia is the
failure of neonates to initiate and sustain breathing at birth
resulting from antepartum, intrapartum, and/or postpartum
events (4). According to the World Health Organization
(WHO), birth asphyxia is a major contributor to 900,000
neonatal deaths each year (5).

Birth asphyxia is related to the reduced availability of skilled
care during pregnancy, delivery, and postpartum periods (5).
Women who received midwife-led continuity of care and
health information and were regulated to international
standards are 16% less likely to lose their baby and 24% less
likely to experience preterm birth (6). Moreover, birth
asphyxia results from fetomaternal and placental events such
as maternal hemorrhage, high blood pressure, cord accidents,
acute abruption, uterine rupture, intrapartum infection, and
long or difficult delivery (7, 8).

Birth asphyxia is preventable with strategies such as
increasing ANC coverage, skilled birth attendance, and
postnatal care (9). Guidelines endorsed by WHO and the
American Academy of Pediatrics for neonatal resuscitation
represent a standard practice that improves outcomes in
asphyxiated newborns (5). Even though the guidelines for
treating birth asphyxia are well established in Ethiopia, many
neonates are suffering complications (19%) (10, 11). To give
adequate and quick resuscitation measures for asphyxiated
neonates, understanding its determinants is vital. Also,
identifying birth asphyxia suitcases and determinants is vital
deaths by
developing contextual interventions. Therefore, this study

to controlling birth asphyxia and neonatal

aimed to assess the prevalence of birth asphyxia, its
determinants, and its management among neonates admitted
to the NICU in Harari and Dire Dawa public hospitals in
Eastern Ethiopia.

Methods
Study setting, design, and period

A facility-based cross-sectional study was conducted in
Harari and Dire Dawa public hospitals in Eastern Ethiopia
from June 20 to August 20, 2021. Dire Dawa is one of the
administrative cities of Ethiopia and is located at a distance of
515 km from Addis Ababa (12). Dire Dawa has a health
service coverage of 95%, with two public hospitals (Dilchora
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and Sabiyan) equipped with neonatal intensive care units
(NICUs) (13). Also, Harari is one of the 11 regions, located
526 km from Addis Ababa (14, 15). Harari has two public
hospitals (Hiwot Fana and Jugol) equipped with NICUs. The
study was conducted in the NICU. The unit is run by
consultants, pediatric and child health residents, and nurses.

Sample size determination

The sample size was determined using a single-population
proportion formula with assumptions; the prevalence of
neonatal sepsis among neonates admitted to NICU is 52.6%
according to the study conducted in Jimma (16), with 95%
level of confidence = 1.96 and a margin of error = 5% (d = 0.05):

(1.96)* % 0.526 * (1 — 0.526)

> = 383.12 ~ 383
(0.05)

n—=

Therefore, a sample size of 421 was used for this study with
a 10% nonrespondent rate.

Sampling techniques, study populations,
and eligibility criteria

All public hospitals equipped with NICUs from Harari and
Dire Dawa sites (Dilchora, Sabiyan, Hiwot Fana, and Jugol)
were included Accordingly, 968 neonates
admitted to NICU in the last 3 months in both Harari and
Dire Dawa public hospitals

conveniently.
were included. Systematic
sampling was used to obtain study subjects. The sampling
interval was calculated by dividing the number of neonates
admitted to the NICU (N =968) at each hospital by the total
sample size (n=421). The samples from each hospital were
allocated proportionally to the number of neonates admitted
to the NICU at those hospitals. All participants were obtained
every two intervals after the first participant (number 2) was
obtained by the lottery method (Figure 1). Neonates admitted
to the NICU of each hospital during the study period and
mothers who gave written informed consent were our study
Where with
conditions and who died were excluded (Figure 1).

population. mothers of neonates critical

Data collection tools, procedures,
and measurements

A structured questionnaire was adapted from different
literature works (17-19). The questionnaire was designed to
obtain  participants’  information

on sociodemographic

characteristics, obstetrics factors, birth asphyxia, and its
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FIGURE 1

2021

Schematic presentation of sampling procedures of mother—newborn admitted to NICUs of public hospitals in Harari and Dire Dawa, Eastern Ethiopia,

management. The questionnaire was initially developed in
English and translated into the local languages (Afan Oromo
and Ambharic) before being translated back to English. Data
were collected by eight midwives using card review and
interviewer-administered questionnaires. Birth asphyxia is a
medical diagnosis of neonates by midwives/physicians based
on the Apgar score at birth. Accordingly, an Apgar score of
greater than 7 at 1 min of age was classified as no birth
asphyxia, and an Apgar score of less than 7 at 1 min of age,
metabolic acidosis (pH < 7.0), or no breathing at 1 min of age
was recorded as mild/moderate to severe birth asphyxia (20).
Management modalities of birth asphyxia were extracted from
the neonates’ cards and records.

Data quality control

To ensure data quality, an appropriate data collection
instrument was developed. Trained data collectors were
regularly supervised by principal investigators and supervisors
to ensure proper data collection; all questionnaires were
checked daily for completeness and consistency. A pretest was
conducted on 5% of the sample size in a nearby public
hospital that was not one of the main study’s recruitment
sites, after which the questionnaire was revised and edited,
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and any questions found to be unclear or ambiguous were
removed or corrected accordingly.

Data processing and analysis

The data were coded, entered into Epi data version 3.1,
cleaned, and exported to SPSS version 20 for analysis. The
Omnibus test and Hosmer-Lemeshow goodness-of-fit test
(0.87) were used to determine the correlation between
independent variables, and the multi-colinearity test was used
to determine the correlation between independent variables
using variable inflation factors. Descriptive statistics such as
tables were used to present frequency distributions. Bivariable
analysis was employed to identify factors associated with birth
asphyxia. Variables with p-value <0.25 during bivariable
analysis were entered into the multivariable logistic regression
models to control for all possible confounders and to identify
factors associated with birth asphyxia. The direction and
strength of statistical association were measured by odds ratio
with a 95% confidence interval. The odds ratio along with
95% CI were estimated to measure the strength of the
association. The level of statistical significance was declared at
p-value < 0.05.
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Ethical considerations

Ethical approval was obtained from the Institutional Review
Board (IRB) of Haramaya University, College of Health and
(Ref. No. IHRERC/105/2021). Written
obtained from each of the hospital
administrative bodies and unit heads. The participants were

Medical Sciences
permission  was

informed that their participation was entirely voluntary.
Moreover, informed and written consent was obtained from
each study participant (mother of a neonate).

Results

Sociodemographic characteristics of
participants

A total of 409 neonates and their index mothers admitted to
NICUs were involved in the interview; this yields a response rate
of 97.1%. More than half of the mothers of neonates [225
(55.0%)] were found between the ages of 25 and 34 years.
The majority of mothers of neonates [373 (91.2%)] were
married, and 228 (55.7%) mothers were Oromo by ethnicity.
Six out of ten mothers [247 (60.4%)] were urban residents.
Regarding the educational status of mothers of neonates, 127
(31.1%) did not attend formal education and 181 (44.3%)
mothers of neonates were housewives by occupation.
Similarly, more than half [222 (54.3%)] were female neonates

(Table 1).

Obstetrics characteristics of participants

Eight out of ten mothers [325 (79.5%)] had ANC for a
recent pregnancy, and three-fifths of mothers [239 (58.4%)]
were multiparous. Regarding infections of the mother, 17
(4.2%) mothers had HIV infection, 94 (23%) had UTI, and 20
(4.9%) had chorioamnionitis. More than three-sevenths of
mothers [190 (46.5%)] had anemia during their recent
pregnancy, and 70 (17.1%) mothers had PROM. Also, 29
(7.1%) mothers had APH and 31 (7.6%) had PIH. Eight out
of ten mothers [331 (80.9%)] gave birth by SVD, and the
majority of neonates [284 (69.4%)] were born at term
gestational age (Table 2).

Prevalence of birth asphyxia and its
management
Of the total neonates who partook in the study, one-fifth

[20.8% (95% CI: 16.4, 24.6%)] had birth asphyxia. Ventilation
with a bag and mask 50(58.8), putting on free oxygen 19
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TABLE 1 Socio-demographic characteristics of mothers of neonates
admitted to NICUs of public Hospitals in Harari and Dire Dawa,
Eastern Ethiopia (n=409).

Characteristics Categories Frequency Percentage
Maternal age 15-24 years 153 37.4
25-34 years 225 55.0
35-49 years 31 7.6
Maternal religion Muslim 285 69.7
Orthodox 95 23.2
Protestant 29 7.1
Maternal residence Urban 247 60.4
Rural 162 39.6
Maternal education Informal 127 31.1
Formal 282 68.9
Maternal occupation Housewife 181 443
Civil servant 72 17.6
Merchant 11 28.8
Student 38 9.3
Maternal ethnicity Oromo 228 55.7
Ambhara 83 20.3
Somali 65 15.9
Harari 20 4.9
Others® 13 32
Marital status Single 13 32
Married 373 91.2
Divorced 23 5.6
Sex of the neonate Male 187 45.7
Female 222 54.3

2Gurage, Wolayita, Silte; ETB, Ethiopian total Birr.

(22.4), and endotracheal intubation 15(17.6) were utilized as
management methods (Table 3).

Factors associated with birth asphyxia

In bivariable logistic regression, maternal age, residence, sex
of the neonates, birth weight, prolonged labor, gestational age,
mothers with PROM, mode of delivery, maternal anemia
during pregnancy, chorioamnionitis, and PIH were factors
associated with perinatal asphyxia.

However, in multivariable logistic regression, neonates born
by instrumental delivery were twofold [AOR: 2.29, [95% CIL
(1.10, 4.76)]] asphyxia
compared to neonates born by spontaneous vaginal delivery.

more prone to have perinatal

The odds of perinatal asphyxia among neonates born to
mothers with chorioamnionitis during pregnancy were three
times [AOR = 3.26, [95% CI: (1.10, 9.61)]] higher compared to
neonates whose mothers did not have chorioamnionitis
during pregnancy.

Similarly, neonates who were born from a mother with
PROM were two and half times [AOR =2.23, [95% CI: (1.17,
4.26)]] more likely to develop perinatal asphyxia compared to
neonates who were born from a mother without PROM. The
odds of perinatal asphyxia were three times [AOR =3.49,
[95% CI: (1.47, 8.27)]] higher among neonates born from
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TABLE 2 Obstetrics characteristics of mothers of neonates admitted
to NICUs of public Hospitals in Harari and Dire Dawa, Eastern
Ethiopia, 2021 (n = 409).

Characteristics Categories Frequency Percentage
ANC visit Yes 325 79.5
No 84 20.5
Parity Primipara 170 41.6
Multipara 239 58.4
Maternal UTI Yes 94 23
No 315 77
Maternal HIV status Negative 375 91.7
Positive 17 42
Unknown 17 4.2
Anemia during pregnancy Yes 190 46.5
No 219 53.5
PROM Yes 70 17.1
No 339 82.9
APH Yes 29 7.1
No 380 92.9
PIH Yes 31 7.6
No 378 92.4
Chorioamnionitis Yes 20 49
No 389 95.1
Mode of delivery SVD 331 80.9
C/S 52 12.7
Instrumental 26 6.4
Prolonged labor Yes 390 95.4
No 19 4.6
Gestational age at birth Preterm 125 30.6
(weeks) Term 284 69.4
Birth weight (kg) Macrosomia 40 9.8
Normal 342 83.6
LBW 27 6.6

ANC, antenatal care; APH, antepartum hemorrhage; C/S, cesarean section;
LBW, low birth weight; PIH, pregnancy-induced hypertension; PROM,
premature rupture of the membrane; UTI, upper uterine infection; SVD,
spontaneous vaginal delivery.

mothers with pregnancy-induced hypertension compared to
their counterparts (Table 4).

Discussion

Birth asphyxia can lead to fatal outcomes or life-long
complications among neonates. Hence, information regarding
the prevalence of asphyxia and its determinants is needed to
develop contextual interventions that are crucial in reducing
the overall newborns’ morbidity and mortality. One-fifth of
neonates had birth asphyxia. Similarly, instrumental delivery,
PROM, PIH,
determinants of birth asphyxia.

In this study, nearly one-fifth of neonates (20.8%) admitted
to NICUs in Harari and Dire Dawa had birth asphyxia. This
finding was in line with the studies finding in Tigray (22.1%
and 18%) (21, 22), northwest Ethiopia (19.8%) (23), and

and chorioamnionitis were found to be
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TABLE 3 Prevalence of birth asphyxia and its management among
neonates admitted to NICU of public Hospitals in Harari and Dire
Dawa, Eastern Ethiopia, 2021 (n = 409).

Characteristics Categories Frequency Percentage
Birth asphyxia Yes 85 20.8

No 324 79.2
Management Oxygen 19 22.4
methods Ventilation with a bag 50 58.8

and mask

Endotracheal 15 17.6

intubation

Ghana (15.1%) (24). However, it was lower than the studies
found in Dilla (32.8%) (10) and Nigeria (30.1%) (25). The
disparity might be related to the difference in the level of
obstetrics quality care, maternal complications, and health
care coverage difference. Ventilation with a bag and mask,
administration of oxygen, and endotracheal intubation are the
treatments taken for birth asphyxia. This implies that those
health facilities are adhering to national guidelines for the
treatment of birth asphyxia.

Premature rupture of the membrane (PROM) was
significantly associated with birth asphyxia. This is supported
by a study conducted in Uganda (26) and Ghana (24). This
might be due to the low uteroplacental perfusion of the blood
as a consequence of cord prolapse and abruption placenta
following PROM. Also, there is a high chance of meconium
aspiration syndrome, leading to airway obstruction and
subsequent low APGAR score and hypoxia (21, 22).

The odds of birth asphyxia were higher among women
with pregnancy-induced hypertension (PIH) compared to
their counterparts. This is in agreement with the study in
Nigeria (27). Also, it is consistent with reports of
Gebregziabher et al. (22) and Dubie et al. (23). Neonates
born from hypertensive women are at a higher risk for low
uteroplacental perfusion of the blood as a result of
vasospasm of large arteries that can feed 600-800 ml/min to
the uterus. Moreover, anticonvulsive drugs have a depressive
effect on the respiratory system of the mothers, which in
turn leads to perinatal asphyxia (28, 29). Health providers
need to follow PIH treatment national guidelines to decrease
this adverse outcome.

Neonates born by instrumental delivery were twofold more
likely to have birth asphyxia compared to neonates born by
spontaneous vaginal delivery. This is consonant with reports
of Kune et al. (30) and Dubie et al. (23). The reason behind
this is that forceps and/or vacuum extractors may cause a
defective central nervous system, which makes it difficult to
initiate breathing and uterine rupture, resulting in decreased
blood flow to the fetus (31-34). The instrumental operators
can prevent this birth asphyxia by adhering to the indications
and prerequisites of instrumental delivery recommended by
national guidelines (34-36).
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TABLE 4 Determinants of birth asphyxia among neonates admitted to NICUs in Harari and Dire Dawa public hospitals, 2021.

Variables Categories Birth asphyxia
Yes No
n (%) n (%)
Maternal age 17-24 years 23 (27.1) 130 (40.1)
25-34 years 52 (61.2) 173 (53.4)
35-49 years 10 (11.8) 21 (6.5)
Sex of neonate Male 49 (57.6) 138 (42.6)
Female 36 (42.4) 186 (57.4)
Residence Urban 41 (48.2) 206 (63.6)
Rural 44 (51.8) 118 (36.4)
PROM Yes 26 (30.6) 44 (13.6)
No 59 (69.4) 280 (86.4)
Prolonged labor Yes 78 (91.8) 312 (96.3)
No 7 (8.2) 12 (3.7)
Birth weight Normal 11 (12.9) 29 (9.0)
Low 67 (78.8) 275 (84.9)
High 7 (8.2) 20 (6.2)
Gestational age at birth Preterm 37 (43.5) 88 (27.2)
Term 48 (56.5) 236 (72.8)
PIH Yes 13 (15.3) 18 (5.6)
No 72 (84.7) 306 (94.4)
Maternal anemia Yes 36 (42.4) 154 (47.5)
No 49 (57.6) 170 (52.5)
Mode of delivery C/S 18 (21.2) 34 (10.5)
Instrumental 11 (12.9) 15 (4.6)
SVD 56 (65.9) 275 (84.9)
Chorioamnionitis Yes 12 (14.1) 8 (2.5)
No 73 (85.9) 316 (97.5)

COR (95% CI) AOR (95% CI) p-Value

1

2.69 (1.12, 6.44) 2.12 (0.78, 5.75) 0.137

1.58 (0.70, 3.57) 1.17 (0.47, 2.94) 0.727

0.54 (0.33,0.88) 0.59 (0.34, 1.02) 0.063
1
1

1.87 (1.15, 3.03) 1.34 (0.77, 2.33) 0.287

2.80 (1.60, 4.91) 223 (1.17, 4.26) 0.015
1

233 (0.88, 6.12) 051 (0.17, 1.54) 0235
1

1.55 (0.74, 3.27) 1.35 (0.58, 3.15) 0.482

1.08 (0.35, 3.27) 1.57 (0.38, 6.45) 0.527

2.06 (1.26, 3.38) 1.69 (0.93, 3.05) 0.081
1

3.06 (1.43, 6.55) 349 (1.47, 827) 0.004
1

0.81 (0.50, 1.31) 1.51 (0.87, 2.61) 0.139
1

0.72 (0.27, 1.89) 0.65 (0.21, 1.97) 0.449

2.60 (1.37, 4.92) 229 (1.10, 4.76) 0.025
1

6.49 (2.56, 16.45) 326 (1.10, 9.61) 0.032

1

PROM, premature rupture of the membrane; SVD, spontaneous vaginal delivery; C/S, cesarean section; PIH, pregnancy-induced hypertension; COR, crude Odds

Ratio; AOR, adjusted odds ratio.

The odds of birth asphyxia were three times more among

mothers  encountering  chorioamnionitis ~ during  their
pregnancy, similar to what was reported in southwest Ethiopia
(37), India (38), and Pakistan (39). Possibly, the presence of
chorioamnionitis may cause aspiration of meconium-stained
amniotic fluid to occur, which can block small airways,
deactivate surfactants, and may also inhibit surfactant

synthesis, resulting in birth asphyxia (40, 41).

Strengths and limitations of the study

The strength of this study was that it was representative
because it covered a larger geographical area. Moreover, this
study tried to identify almost all determinants of birth
asphyxia, which were modifiable with quality prenatal,
intrapartum, and postpartum care, and by adhering to
national guidelines of obstetrics and neonatal care. On the
other hand, since this study was cross-sectional, it could not
identify causation, and the sampling method included only
neonates admitted to NICUs. This study did not elaborate on
the management and clinical outcomes of these asphyxia
neonates.
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Conclusion

In this study, one in every five neonates was affected by
birth asphyxia. Instrumental delivery, PIH, PROM, and
chorioamnionitis were identified as determinants of perinatal
asphyxia. In this study, almost all determinants of birth
asphyxia were modifiable with quality prenatal, intrapartum,
and postpartum care and by adhering to national guidelines
of obstetrics and neonatal care.

Data availability statement

The datasets used for analysis are available from the
corresponding author on reasonable request.

Ethics statement

The studies involving human participants were reviewed,
and ethical approval for this study was obtained from the
Institutional Review Board (IRB) of Haramaya University,

frontiersin.org


https://doi.org/10.3389/fped.2022.966630
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Amsalu et al.

College of Health and Medical Sciences (Ref. No. IHRERC/105/
2021). Written informed consent to participate in this study was
provided by the participants’ legal guardian/next of kin.

Author contributions

SA:
methodology, data curation, formal analysis, and writing—

Conceptualization, supervision, investigation,

review and editing. MD: Conceptualization, methodology,

supervision, writing—original draft, writing—review and

editing, and read and approved the final manuscript. YD:
Conceptualization, methodology, supervision, writing—original
draft, and writing—review and editing. BE: Conceptualization,
methodology, writing—original draft, and writing—review and
editing. BB: Conceptualization, methodology, writing—original
draft, writing—review and editing, and read and approved the
final manuscript. All authors contributed to the article and
approved the submitted version.

Acknowledgments

The authors express their gratitude to Haramaya University
for permitting them to conduct this study. The authors express

References

1. UNICEF. Neonatal mortality (2021). Available at: https://data.unicef.org/
topic/child-survival/neonatal-mortality/ (Accessed December 20, 2021).

2. WHO. Newborn mortality (2021). Available at: https://www.who.int/news-
room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021 (Accessed
May 10, 2021).

3. EDHS M. Mini demographic and health survey (2019). Available at: https://
www.dhsprogram.com/pubs/pdf/FR363/FR363.pdf (Accessed December 20, 2021).

4. UNICEF. Levels and trends in child mortality. United Nations Inter-Agency
Group for Child Mortality Estimation (UN IGME), Report 2021 (2021). Available
at: https://data.unicef.org/resources/levels-and-trends-in-child-mortality/
(Accessed May 20, 2022).

5. WHO. Perinatal asphyxia (2021). Available at: https://www.who.int/teams/
maternal-newborn-child-adolescent-health-and-ageing/newborn-health/perinatal-
asphyxia (Accessed May 10, 2022).

6. Fernandez Turienzo C, Bick D, Briley AL, Bollard M, Coxon K, Cross P, et al.
Midwifery continuity of care versus standard maternity care for women at
increased risk of preterm birth: a hybrid implementation—effectiveness,
randomised controlled pilot trial in the UK. PLoS Med. (2020) 17(10):e1003350.
doi: 10.1371/journal.pmed.1003350

7. Collins KA, Popek E. Birth injury: birth asphyxia and birth trauma. Acad
Forensic Pathol. (2018) 8(4):788-864. doi: 10.1177/1925362118821468

8. Goldenberg RL, McClure EM, Belizan JM. Translating research evidence into
practice: a report from the 2nd international conference on maternal and
Newborn Health from KLE University-Belagavi, India. Reprod Health. (2018) 15
(1):1-5. doi: 10.1186/s12978-017-0439-6

9. Velaphi S, Pattinson R. Avoidable factors and causes of neonatal deaths from
perinatal asphyxia-hypoxia in South Africa: national perinatal survey. Ann Trop
Paediatr. (2007) 27(2):99-106. doi: 10.1179/146532807X192462

10. Alemu A, Melaku G, Abera GB, Damte A. Prevalence and associated factors
of perinatal asphyxia among newborns in Dilla University referral hospital,
Southern Ethiopia-2017. Pediatric Health Med Ther. (2019) 10:69. doi: 10.2147/
PHMT.S196265

Frontiers in Pediatrics

07

10.3389/fped.2022.966630

their gratitude to our data collectors for their invaluable efforts;
without them, this study would not have been completed. In
addition, the authors are grateful to the study subjects, who
volunteered and took the time to provide them with all of the
necessary information for the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

11. Ahmed R, Mosa H, Sultan M, Helill SE, Assefa B, Abdu M, et al. Prevalence
and risk factors associated with birth asphyxia among neonates delivered in
Ethiopia: a systematic review and meta-analysis. PloS One. (2021) 16(8):
€0255488. doi: 10.1371/journal.pone.0255488

12. CSA. Ethiopian demographic and health survey 2016. Addis Ababa, Ethiopia:
Federal Democratic Republic of Ethiopia (2016). 551.

13. FMOH. Ethiopian Services Availability and Readiness Assessment
(SARA). Addis Ababa, Ethiopia: Ethiopian Public Health Institute (EPHI)
(2018). 119.

14. Yifru GT, Haileyesus MT, Regassa BT. Determinants of modern
contraceptive methods discontinuation among women within reproductive age
in Dire Dawa City, Eastern Ethiopia. Int ] Reprod Med. (2020) 2020. doi: 10.
1155/2020/3059435

15. Hussen FM, Adem HA, Roba HS, Mengistie B, Assefa N. Self-care practice
and associated factors among hypertensive patients in public health facilities in
Harar Town, Eastern Ethiopia: a cross-sectional study. SAGE Open Med. (2020)
8:2050312120974145. doi: 10.1177/2050312120974145

16. Bayana E, Endale K, Olani A, Biratu Y, Tegenu K. Neonatal sepsis among
neonates at public hospitals in Jimma, Ethiopia. Int ] Pediatr. (2020) 8
(9):12011-21. doi: 10.22038/ijp.2020.44435.3681

17. Agnche Z, Yeshita HY, Gonete KA. Neonatal sepsis and its associated factors
among neonates admitted to neonatal intensive care units in primary hospitals in
central Gondar zone, Northwest Ethiopia, 2019. Infect Drug Resist. (2020) 13:3957.
doi: 10.2147/IDR.S276678

18. Alemayehu A, Alemayehu M, Arba A, Abebe H, Goa A, Paulos K, et al.
Predictors of neonatal sepsis in hospitals at Wolaita Sodo Town, Southern
Ethiopia: institution-based unmatched case-control study, 2019. Int ] Pediatr.
(2020) 2020. doi: 10.1155/2020/3709672

19. Hadgu FB, Gebretsadik LG, Mihretu HG, Berhe AH. Prevalence and factors
associated with neonatal mortality at Ayder Comprehensive Specialized Hospital,
Northern Ethiopia. A cross-sectional study. Pediatric Health Med Ther. (2020)
11:29. doi: 10.2147/PHMT.S235591

frontiersin.org


https://data.unicef.org/topic/child-survival/neonatal-mortality/
https://data.unicef.org/topic/child-survival/neonatal-mortality/
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://www.dhsprogram.com/pubs/pdf/FR363/FR363.pdf
https://www.dhsprogram.com/pubs/pdf/FR363/FR363.pdf
https://data.unicef.org/resources/levels-and-trends-in-child-mortality/
https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/newborn-health/perinatal-asphyxia
https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/newborn-health/perinatal-asphyxia
https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/newborn-health/perinatal-asphyxia
https://doi.org/10.1371/journal.pmed.1003350
https://doi.org/10.1177/1925362118821468
https://doi.org/10.1186/s12978-017-0439-6
https://doi.org/10.1179/146532807X192462
https://doi.org/10.2147/PHMT.S196265
https://doi.org/10.2147/PHMT.S196265
https://doi.org/10.1371/journal.pone.0255488
https://doi.org/10.1155/2020/3059435
https://doi.org/10.1155/2020/3059435
https://doi.org/10.1177/2050312120974145
https://doi.org/10.22038/ijp.2020.44435.3681
https://doi.org/10.2147/IDR.S276678
https://doi.org/10.1155/2020/3709672
https://doi.org/10.2147/PHMT.S235591
https://doi.org/10.3389/fped.2022.966630
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Amsalu et al.

20. Locatelli A, Lambicchi L, Incerti M, Bonati F, Ferdico M, Malguzzi S, et al. Is
perinatal asphyxia predictable? BMC Pregnancy Childbirth. (2020) 20(1):1-8.
doi: 10.1186/512884-020-02876-1

21. Gebreheat G, Tsegay T, Kiros D, Teame H, Etsay N, Welu G, et al.
Prevalence and associated factors of perinatal asphyxia among neonates in
general hospitals of Tigray, Ethiopia, 2018. BioMed Res Int. (2018) 2018.
doi: 10.1155/2018/5351010

22. Gebregziabher GT, Hadgu FB, Abebe HT. Prevalence and associated factors
of perinatal asphyxia in neonates admitted to Ayder Comprehensive Specialized
Hospital, Northern Ethiopia: a cross-sectional study. Int ] Pediatr. (2020) 2020.
doi: 10.1155/2020/4367248

23. Dubie AG, Kokeb M, Mersha AT, Agegnehu CD. Prevalence and
associated factors of perinatal asphyxia in newborns admitted to neonatal
intensive care unit at the University of Gondar Comprehensive Specialized
Hospital, Northwest Ethiopia, Ethiopia. BMC Pediatr. (2021) 21(1):1-8. doi: 10.
1186/512887-021-03019-x

24. Abdo RA, Halil HM, Kebede BA, Anshebo AA, Gejo NG. Prevalence and
contributing factors of birth asphyxia among the neonates delivered at Nigist
Eleni Mohammed Memorial Teaching Hospital, Southern Ethiopia: a cross-
sectional study. BMC Pregnancy Childbirth. (2019) 19(1):1-7. doi: 10.1186/
512884-018-2145-y

25. Ilah BG, Aminu MS, Musa A, Adelakun MB, Adeniji AO, Kolawole T.
Prevalence and risk factors for perinatal asphyxia as seen at a specialist hospital in
Gusau, Nigeria. Sub-Saharan Afr ] Med. (2015) 2(2):64. doi: 10.4103/2384-5147.157421

26. Kaye D. Antenatal and intrapartum risk factors for birth asphyxia among
emergency obstetric referrals in Mulago Hospital, Kampala, Uganda. East Afr
Med ]. (2003) 80(3):140-3. doi: 10.4314/eam;j.v80i3.8683

27. Aliyu I, Lawal T, Onankpa B. Prevalence and outcome of perinatal asphyxia:
our experience in a semi-urban setting. Trop ] Med Res. (2017) 20(2):161. doi: 10.
4103/tjmr.tjmr_42_16

28. Wagnew M, Dessalegn M, Worku A, Nyagero J. Trends of preeclampsia/
eclampsia and maternal and neonatal outcomes among women delivering in
Addis Ababa selected government hospitals, Ethiopia: a retrospective cross-
sectional study. Pan Afr Med ]. (2016) 25(Suppl 2). doi: 10.11604/pamj.supp.
2016.25.2.97

29. Tlaye KG, Endalfer ML, Kassaw MW, Gebremedhin MM, Aynalem YA.
Preeclampsia management modalities and perinatal death: a retrospective study
in Woldia general hospital. BMC Pregnancy Childbirth. (2020) 20(1):205.
doi: 10.1186/s12884-020-02909-9

Frontiers in Pediatrics

08

10.3389/fped.2022.966630

30. Kune G, Oljira H, Wakgari N, Zerihun E, Aboma M. Determinants of birth
asphyxia among newborns delivered in public hospitals of West Shoa Zone,
Central Ethiopia: a case-control study. PloS One. (2021) 16(3):e0248504. doi: 10.
1371/journal.pone.0248504

31. Bago B. Prevalence and its associated factors among women undergone
operative delivery at Hawassa University comprehensive specialized hospital,
southern Ethiopia, 2017. Gynecol Obstet. (2018) 8(461):2161-0932.

32. Gebre S, Hailu A. Complications of instrumental vaginal deliveries and
associated factors in Suhul general hospital, Shire, North-West Tigray, Ethiopia.
J Gen Pract (Los Angel). (2017) 5:300. doi: 10.4172/2329-9126.1000300

33. Hubena Z, Workneh A, Siraneh Y. Prevalence and outcome of operative
vaginal delivery among mothers who gave birth at Jimma University Medical
Center, Southwest Ethiopia. J Pregnancy. (2018) 2018:7423475. doi: 10.1155/2018/
7423475

34. Shaka MF, Lubduno A, Abebe RK. Assessment of neonatal outcome of
operative vaginal delivery and its determinants at Dilla University Referral
Hospital, south Ethiopia. Ethiop ] Health Sci. (2019) 11(3):8.

35. Abebaw Y, Kebede E. Trends in operative delivery in Tikur Anbessa
specialized hospital, Addis Ababa, Ethiopia: a 5 years’ retrospective review.
Ethiop ] Health Sci. (2021) 31(6):1199-206. doi: 10.4314/ejhs.v31i6.15

36. Weldamanuel T, Mohammed A, Leta M. Outcomes of operative vaginal
delivery and associated factors at Aksum Saint Mary Hospital, Tigray, Northern
Ethiopia. East Afr ] Health Biomed Sci. (2020) 4(1):25-34.

37. Belachew T, Joseph J. Birth asphyxia and associated factors among newborns
delivered in Jimma zone public hospitals, Southwest Ethiopia: a cross-sectional
study. | Midwifery Reprod Health. (2018) 6(2):1289-95. doi: 10.22038/JMRH.
2018.10483

38. Prasad P, Shruti S. Antenatal and intrapartum risk factors for perinatal
asphyxia: A case-control study.

39. Solayman M, Hoque S, Akber T, Islam MI, Islam MA. Prevalence of
perinatal asphyxia with evaluation of associated risk factors in a rural tertiary
level hospital. KYAMC J. (2017) 8(1):43-8. doi: 10.3329/kyamcj.v8i1.33873

40. Ochs M, Schiittler M, Stichtenoth G, Herting E. Morphological alterations of
exogenous surfactant inhibited by meconium can be prevented by dextran. Respir
Res. (2006) 7(1):1-8. doi: 10.1186/1465-9921-7-86

41. Herting E, Rauprich P, Stichtenoth G, Walter G, Johansson J, Robertson B.
Resistance of different surfactant preparations to inactivation by meconium.
Pediatr Res. (2001) 50(1):44-9. doi: 10.1203/00006450-200107000-00010

frontiersin.org


https://doi.org/10.1186/s12884-020-02876-1
https://doi.org/10.1155/2018/5351010
https://doi.org/10.1155/2020/4367248
https://doi.org/10.1186/s12887-021-03019-x
https://doi.org/10.1186/s12887-021-03019-x
https://doi.org/10.1186/s12884-018-2145-y
https://doi.org/10.1186/s12884-018-2145-y
https://doi.org/10.4103/2384-5147.157421
https://doi.org/10.4314/eamj.v80i3.8683
https://doi.org/10.4103/tjmr.tjmr_42_16
https://doi.org/10.4103/tjmr.tjmr_42_16
https://doi.org/10.11604/pamj.supp.2016.25.2.97
https://doi.org/10.11604/pamj.supp.2016.25.2.97
https://doi.org/10.1186/s12884-020-02909-9
https://doi.org/10.1371/journal.pone.0248504
https://doi.org/10.1371/journal.pone.0248504
https://doi.org/10.4172/2329-9126.1000300
https://doi.org/10.1155/2018/7423475
https://doi.org/10.1155/2018/7423475
https://doi.org/10.4314/ejhs.v31i6.15
https://doi.org/10.22038/JMRH.2018.10483
https://doi.org/10.22038/JMRH.2018.10483
https://doi.org/10.3329/kyamcj.v8i1.33873
https://doi.org/10.1186/1465-9921-7-86
https://doi.org/10.1203/00006450-200107000-00010
https://doi.org/10.3389/fped.2022.966630
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Birth asphyxia, determinants, and its management among neonates admitted to NICU in Harari and Dire Dawa Public Hospitals, eastern Ethiopia
	Introduction
	Methods
	Study setting, design, and period
	Sample size determination
	Sampling techniques, study populations, and eligibility criteria
	Data collection tools, procedures, and measurements
	Data quality control
	Data processing and analysis
	Ethical considerations

	Results
	Sociodemographic characteristics of participants
	Obstetrics characteristics of participants
	Prevalence of birth asphyxia and its management
	Factors associated with birth asphyxia

	Discussion
	Strengths and limitations of the study

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


