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Background: Seizure is an occurrence of sudden, paroxysmal, abnormal alteration in electrographic activity at any point from birth to 
the end of the neonatal period. However, little is known about the number of seizures and the associated factors in the study area. 
Therefore, this study aimed to estimate the number of seizures and associated factors in neonates admitted with birth asphyxia to the 
neonatal intensive care unit in the Northwest Amhara Region Comprehensive Specialized Hospitals, Northwest Ethiopia, in 2023.
Methods: A multicenter institution-based retrospective follow-up study was conducted among 423 neonates who had a follow-up visit at 
Comprehensive Specialized Hospitals of Northwest Ethiopia from October 1, 2019, to January 30, 2023. by reviewing the charts of neonates 
with asphyxia registered from October 01, 2019, to January 30, 2023. A simple random sampling technique was used to select the study 
participants. Data were extracted using an abstraction sheet, entered into EPidata version 4.6.0.0, and exported to STATA version 14 for 
analysis. A negative binomial Poisson regression model was best fitted for both bi-variable and multivariable analyses.
Results: The mean number of seizures was 5.4515 (95% CI], 5.164–5.738) per 28-day follow-up period. Hypoglycemia 
(AIRR = 1.17, 95% CI = (1.06 1.28), intraventricular hemorrhage (AIRR = 1.16, 95% CI = 1.16 (1.06 1.26), stage two 
hypoxic-ischemic injury (AIRR=11,49, 95% CI =5.9 22.23), stage three hypoxic-ischemic injury (AIRR = 13.22, 95% 
CI = (6.80 25.68) were significant.
Conclusions and Recommendations: The current study showed that the mean number of seizures in newborns with perinatal 
asphyxia was higher than that in newborns without perinatal asphyxia: Hypoglycemia, intraventricular hemorrhage, and hypoxic- 
ischemic injury in the second and third stages were significant factors in the occurrence of seizures.
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Introduction
Perinatal asphyxia (PNA) is a significant global health problem that affects newborns during the perinatal period.1,2 

Perinatal asphyxia causes not only mortality but also seizures and short- and long-term neurological development 
implications, including cognitive and motor impairments, which are almost untreatable events.3

Neonatal seizures are common neurological disorders that affect newborn infants.4 Neonatal seizures are a common and 
possibly life-threatening medical condition that can cause brain damage and long-term neurological impairment in newborns.5

Globally, the incidence of seizures is 1.5–3/1000 live births.6 In Iran prevalence of 2.4%-9%,7 and 5.5% in India8 in 
the Netherlands 1.8–2.8 per 1000).9 In Italy, 5.0/1000, 54.9/1000, and 85.6/1000 neonates in the 31st-36th, 28th-30th, 
and <28 weeks of pregnancy, respectively, experience seizures.10

Previous studies have identified several risk factors for seizures in neonates with PNAs. Accordingly, metabolic 
disorders, especially hypoglycemia, and hypocalcemia, often reflect brain injury such as ischemia (hypoxic-ischemic 
injury and/or perinatal ischemic stroke), intracranial infection, intracranial hemorrhage, hypomagnesemia, and 
infection.11,12 Low APGAR in the 5th minute, the occurrence of infections and seizures within the first day, hypothermia, 
hypoglycemia, hypoxemia, stages II and III of HIE, acute kidney injury thrombocytopenia and electrolyte imbalance are 
all factors that represent a major risk for neonatal seizures.13–16

Currently, in underdeveloped countries, particularly Ethiopia, there is no successful or launched approach to therapeutic 
hypothermia to protect the brain and combat immune cells in the developing brain.17 The primary goal of treating patients with 
epilepsy is to keep them seizure-free; however, in low-income countries, approximately three-quarters of patients with 
epilepsy do not receive treatment. In addition, the availability of antiseizure medications is low.18

There are significant barriers to the implementation of this program in developing countries due to lack of resources, lack 
of information on the epidemiology and determinants of seizures in our countries, especially in the Amhara region, lack of 
resources for the diagnosis and treatment of seizures with EEG, lack of prevention materials for seizures, such as therapeutic 
hypothermia rooms, and lack of adequate cardiotocography (CTG) on the labor side. Despite these findings, the mechanisms 
underlying neonatal seizures remain poorly understood, and further research is needed to identify new risk factors and the 
interplay between different risk factors. Therefore, this study aimed to determine the number of seizures and factors associated 
with neonatal birth asphyxia the comprehensive specialized hospitals of the northwest Amhara region in 2023.

Methods
Study Design and Period
A multicenter institution-based retrospective follow-up study was conducted from October 1, 2019, to January 30, 2023. 
(The data were retrospectively extracted from February/ 2023 to July 2023.

Study Setting
This study was conducted in four specialized hospitals (CSH) in the northwestern Amhara region. These were Felege Hiwot 
CSH, Tibebe Ghion CSH, Debre Tabor CSH, and Debreberhan CSH. Approximately 8516 newborns were admitted annually 
at all hospitals and 2045 were neonates with perinatal asphyxia. The average annual numbers of newborns admitted at the 
FCSH, TGCSH, DTCSH, and DBCSH were 1836, 1920, 1560, and 3200 respectively. These hospitals are the last referral 
option for other healthcare facilities. These hospitals had neonatal units with mixed medical staff (neonatal nurses, nurses, 
general practitioners, pediatricians, and other staff). This team, working in collaboration, provides a diagnosis of the neonate’s 
problem and holistic care, including documentation. The main services provided for neonates with PNA in the neonatal unit 
include general neonatal care, blood and exchange transfusions, phototherapy, and ventilatory support, such as continuous 
positive air pressure and the only medications phenobarbitone and phenytoin.11

Population
Source population
Neonates with perinatal asphyxia admitted to the neonatal intensive care units of the Northwest Amhara Region 
Comprehensive Specialized Hospitals in Northwest Ethiopia.
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Study Population
All perinatal asphyxia neonates were admitted to the NICU in selected comprehensive specialized hospitals in the 
Amhara region in northwest Ethiopia from October 1, 2019, to January 30, 2023.

Inclusion Criteria and Exclusion Criteria
All perinatal asphyxia neonates were admitted to the NICU in comprehensive specialized hospitals in northwest Ethiopia 
from October 01, 2019, to January 30, 2023. Newborns with incomplete information in their medical charts and lost 
medical cards were excluded.

Sample Size Determination
The sample size was calculated by using a single population formula by assuming a 95% confidence interval and 5% 
margin of error, number of seizures, and factors associated with perinatal asphyxia among neonates. Applying the 
formula n= (z (α/2)) 2 p (1-p)/d2 Where, n= the minimum sample size, z (α/2) is the desired level of confidence interval 
95% (1.96). sample size become, n = 383+10% non-respondent rate=423.

A maximum sample (423) was used in this study.

Sampling Technique and Procedure
Four comprehensive specialized hospitals were considered for the study: FHCSH, TGCSH and DBCSH for 550, 360, 480, and 
655 per year, respectively. A total of 8180 newborns were admitted to the hospital between October 01, 2019, and January 30, 2023.

In total, 423 samples were selected from 2045 neonates. Proportional allocation was performed for each hospital 
based on the final sample size. The sampling frame was prepared by collecting the number of admitted patients from the 

By proportional allocation formula

n=nf    N (each hospital)

N

All PNA patients from October 01, 2019 to January 30, 2023 (n=423)

114 134
100

75

All PNA patients from October , 2019, to july  2023 

(N=1098) 

Debre tabor 
CSH

480

Felegehiwo
t CSH

550

TibebeGhio
n CSH

360

Debrebrhan
CSH 

655

Simple Random Sampling

Figure 1 Diagram of sampling procedure number of seizure and factors associated among neonates with birth asphyxia admitted to NICU of Northwest Amhara regional 
state comprehensive and specialized hospitals, Northwest Ethiopia, 2023.
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registration book. After identifying patients who fulfilled the inclusion criteria, study subjects were selected using 
a simple random sampling technique with lottery methods (Figure 1).

Variables of the Study
Dependent Variables
Number of Seizure.

Independent Variables
Socio-Demographic Maternal and Neonatal
Sex of the neonate, gestational age, and age of the mother; birth weight; place of delivery.

Maternally Related Factors
Placental hemorrhage, current pregnancy, mode of delivery, prolonged rupture of membranes (PROM), ANC, oligohy-
dramnios, preeclampsia, eclampsia, gestational hypertension, DM, Prolonged labor, and parity.

Clinical Factors
MAS, RDS, IVH, hypoxic-ischemic encephalopathy (HIE), meningitis, and hypoglycemia.

Operational definition

Number of Seizures
The number of seizures was counted based on the physician’s diagnosis on the follow-up sheet.

Perinatal Asphyxia
Inability to initiate and maintain breathing at birth and a 5-minute APGAR score of 7.19

Prolonged Labor is Defined
As the combined duration of the first stage of labor being more than 12 hours in primiparas.20

Prolonged Rupture of Membrane
Duration of rupture of the membrane of the amniotic sac and chorion >18 h till delivery.21

Meconium Stained Amniotic (MAS)
Based on the physician’s diagnosis in the neonatal medical chart with MAS.

Data Collection Tool and Procedure
Data were gathered through a record review using a structured checklist, which was adapted and modified based on 
various studies. This paper is divided into four sections. Four health professionals with BSC neonatal nurses and three 
supervisors with MSc from health professionals from other hospitals outside the study units were recruited as data 
collectors and supervisors, respectively. Charts were retrieved using the patient registration number found in the lottery 
method, and four data clerks in each hospital supported them by identifying the charts.

Data Quality Assurance
The questionnaire was preliminarily reviewed at the four hospitals to identify important variables, and the quality of the 
data was further assured through careful planning of the questionnaire to maintain the validity of the tool, which was 
reviewed by a subject expert. Based on this, modifications were made to the method. These modified variables were 
neonatal seizures diagnosed by EEG, and the drugs used when neonates developed seizures were modified variables 
because EEG and pyridoxine were not available in the study settings. A half-day training was delivered to the data 
collectors and the supervisor aimed at briefing the objective of the study, and what was expected from them. The 
principal investigator and supervisor checked the collected data daily for its completeness, and corrective measures were 
taken accordingly.
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Data Management and Statistical Analysis
Data were checked, coded, and analyzed using STATA version 14. Descriptive statistics were calculated and presented in 
tables, graphs, and text (percentages, means, and standard deviations). The assumption was a Poisson distribution 
regarding the independence of variation, and the mean and variance of the model were checked identically. 
Multicollinearity was checked using the Variance Inflation Factor (VIF), and the model adequacy was tested by plotting 
the residuals against the fitted values and an extension of the Poisson family. The negative binomial Poisson regression 
was selected as the best-fitted model because of the over-dispersion variance of 9.02, which is greater than the mean of 
5.45. The best-fit negative binomial regression model was selected. Variables with a p-value of < 0.2 in the bi-variable 
Poisson regression analysis, were candidates for multivariable analysis. Finally, in the multivariable negative binomial 
regression analysis, an adjusted incident rate ratio (AIRR) with a 95% CI) was reported to indicate an association 
between the number of seizures and the associated factors at a P-value of 0.05.

Patient and Public Involvement in This Study
The study participants/public were not directly involved in the design, conduct, reporting, or dissemination of this study.

Result
A total of 423 neonatal charts from February 2023 to January 2023 were included in selected Amhara comprehensive 
specialized hospitals according to sample size determination; 423 medical charts were included.

Socio-Demographic Characteristics
A total of 423 PNA neonates’ charts were reviewed, and 423 (100%) met the enrollment criteria. In this study, out of 423 
neonates, 264 (62.41%) were male. The majority of the neonates, 366 (82.52%) were born in hospitals. The mean 
(standard deviation) maternal age of the neonates was 29.69 (6.74) years, with 271 (64.07) being between the ages of 20 
and 34 (Table 1).

Obstetrical History of Mother’s and Complications of the Mother
A total of 400 mothers (94.56%) had ANC follow-ups; and of these, 277 (65.48%) had regular ANC follow-ups 
throughout their pregnancies. The majority of the mothers in the total sample were multipara 246 (58.16%). Among 
the 423 mothers, 333 (78.12%) had singleton birth In terms of maternal complications, more than one-third of the 

Table 1 Socio-Demographic Characteristics of Mothers and 
Neonates at NICU in Northwest Amhara, Ethiopia, 2023 
(n=423)

Variables Frequency(n) Percentage (%)

Age_ group of the mother

<20 41 9.69
20–34 271 64.07

≥35 111 26.24

Residency

Urban 198 46.81
Rural 225 53.19

Sex of the newborn
Male 264 62.41

Female 159 37.59

Place of delivery

Hospital 366 86.52

Health center 57 13.48
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Table 2 Obstetric History and Complications Characteristics of 
Mothers Whose Neonates Were Admitted at NICU in Northwest 
Amhara, Ethiopia, 2023 (n=423)

Variables Frequency (n) Percentage (%)

ANC visit

Yes 400 94.56
No 23 5.44

Number of ANC visit(n=400)
1–3 123 29.08

≥4 277 65.48

Mode of delivery

C/S 112 26.48
SVD 179 42.32

Instrumental assisted delivery 132 31.21

Parity

Primi para 177 41.84

Multi-para 246 58.16

Current pregnancy

Multiple 90 21.28
Single 333 78.72

Placental |hemorrhage
Yes 34 8.04

No 389 91.96

Pre-eclampsia

Yes 77 18.20

No1 346 81.80

Eclampsia

Yes 61 14.42
No 362 85.58

Prolonged labor
Yes 71 16.78

NO 352 83.22

PROM

Yes 151 35.70

NO 272 64.30

Oligohydramnios

Yes 71 16.78
No 352 83.22

Chronic DM
Yes 12 2.84

No 411 97.16

Chronic hypertension

Yes 15 3.59
No 408 96.45

Notes: 1(ANC Antenatal Care C/S Cesarean Cession SVD Spontaneous Vaginal 
Delivery PROM Prolonged Rupture Of Membrane DM Diabetic Miletus.)
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mothers experienced obstetric complications during the index pregnancy. PROM, eclampsia, preeclampsia, chorioam-
nionitis, and maternal anemia accounted for 42 (9.93%), 37 (8.75%), 73 (17.26%), 77 (18.20%), and 55 (13.000%) of 
have maternal obstetric complications in the current pregnancy, respectively (Table 2).

Neonatal-Related Factors and Clinical Co-Morbidities
Three fourth of the 337 (79.67%) newborns had a birth weight of more than 2500 g, as can be seen from the 423 newborn 
records examined. The mean (±SD) birth weight was 3099.53 (±546.24) grams. Regarding gestational age, majority of 
the babies (349; 82.51%) were born after 37 weeks of gestation. In terms of comorbidities, neonates admitted to the 
NICU had neonatal MAS, 86 (20.33%) had meningitis, and 126 (29.86%) 202 (47.75%) had jaundice, according to 
a review of 423 charts (Table 3).

The mean number of seizures among neonates with birth asphyxia was 5.4515 (95% CI: 5.164–5.738) per 28-day 
follow-up period. The minimum and maximum values are 0 and 9, respectively. About three hundred forty-eight 
(82.27%) of PNA patients during follow-up had developed recurrent seizures Figure 2.

Table 3 Neonatal Related and Clinical Co-Morbidities 
of the Neonates in Northwest Amhara, Ethiopia, 2023 
(n=423)

Variables Frequency Percentage (%)

MAS
Yes 100 23.64

No 323 76.36

Weight

NBW 337 79.67

LBW 53 12.53
Macrocosmic 33 7.80

GA
Term 349 82.51

Late preterm 41 9.69

Post term 33 7.80

Hypoglycemia

Yes 31 7.33
No 392 92.67

IVH
Yes 28 6.62

No 395 93.38

RDS

Yes 93 21.99

No 330 78.01

HIE
Stage 1 84 19.86

Stage 2 195 46.10

Stage 3 144 34.04

Meningitis

Yes 125 29.55
No 298 70.45

Abbreviations: MAS, Meconium Aspiration Syndrome LBW, 
Low Birth Weight NBW, Normal Birth Weight IVH, 
Intraventricular Hemorrhage RDS, respiratory distress syndrome 
HIE, Hypoxic Ischemic Encephalopathy.
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Factors Associated with Seizure Among PNA
All independent variables were regressed with the dependent variable in bivariate negative binomial regression analysis. 
In Bivariable negative binomial regression analysis mode of delivery, prolonged labor, gestational DM, Eclampsia, 
hypoglycemia, meconium aspiration syndrome, IVH, HIE, and neonatal birth weight due to the number of seizures 
among PNA were fitted and eligible (p< 0.2) for multivariable analysis (Table 4).

The negative binomial regression analysis showed that hypoglycemia, intraventricular hemorrhage, and hypoxic- 
ischemic injury stage two and stage three variables were significantly associated with the number of seizure recurrences.

The number of seizures was 17% greater among neonates who developed hypoglycemia as compared to not develop 
hypoglycemia (AIRR = 1.17, 95% CI = (1.06 1.28).Neonates with intraventricular hemorrhage and increases the number 
of seizures by 16% as compared with the patients without intraventricular hemorrhage (AIRR = 1.16, 95% CI = (1.06 
1.26). Besides, patients who had stage 2 hypoxic-ischemic injury increased number of seizures by 49%) compared to 

Table 4 Bi-Variable and Multivariable Logistic Regression for the Number of 
Seizures Among PNA Neonates Admitted to the NICU of Selected Northwest 
Amhara Comprehensive Specialized Hospitals, Amhara, Ethiopia, 2023. (n=423)

Variable Category CIRR (95% CI) AIRR (95% CI) P- value

MOD SVD 1

C/S 1.09 (0.97 1.24 1.04 (0.97 1.11) 0.225

Instrumental VD 1.05 (0.93 1.21) 1.06 (0.98 1.13) 0.137

Prolonged labor Yes 1.09 (0.97 1.21) 1.03 (0.97 1.09) 0.343

No 1

GDM Yes 1.13 (1.01 1.26) 1.01 (0.946 1.082) 0.732

No 1

Eclampsia Yes 1.15 (0.96 1.37) 1.00 (0.92 1.09) 0.928

No 1

Hypoglycemia YES 1.32 (1.16 1.51) 1.17 (1.06 1.28) 0.002**

NO 1

MAS Yes 1.21 (1.14 1.27) 1.033 (0.96 1.11) 0.372

No 1

IVH Yes 1.23 (1.07 1.41) 1.16 (1.06 1.26) 0.001**

No 1

HIE Stage 1 1

Stage 2 11.55 (5.96 22.37) 11.49 (5.9 22.23) 0.000***

Stage 3 13.66 (7.05 26.45) 13.22 (6.80 25.68) 0.000***

Neonate weight NBW 1

LBW 0.84 (0.69 1.04) 1.00 (0.91 1.09) 0.976

Macrosomia 1.23 (1.08 1.41) 1.06 (0.96 1.16) 0.247

Notes: ***= statistically significant by (P-value < 0.001), ** significant (p-value<0.005). 
Abbreviations: MOD, Mode Of Delivery; GDM, Gestational Diabetic Mellitus; MAS, Meconium Aspiration 
Syndrome; LBW, Low Birth Weight; NBW, Normal Birth Weight; IVH, Intraventricular Hemorrhage; RDS, 
respiratory distress syndrome; HIE, Hypoxic Ischemic Encephalopathy.
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those stage 1 hypoxic ischemic injury (AIRR=11.49, 95% CI =5.9 22.23). Moreover, the frequency of seizure rate was 
22% times greater in those patients with stage 3 hypoxic-ischemic injury as compared to those with stage 1 hypoxic- 
ischemic injury (AIRR = 13.22, 95% CI = (6.80 25.68) (Table 4).

Discussion
This study aimed to estimate the number of seizures and associated factors among neonates admitted with perinatal 
asphyxia at comprehensive specialized hospitals in northwest Ethiopia. The results of the current study showed that the 
mean number of seizures in neonates with perinatal asphyxia patients during the follow-up period was 5.4515 per person 
for 28 days follow-up (AIRR=5.4515, 95% CI: 5.164–5.738).

The study was lower than that in the previous study, which was conducted in Ireland 28,22 and in the USA greater than 7 
and 11,18,23 possibly because all studies were conducted with a prospective study design and the use of EEG is a simple way to 
determine the number of seizures and risks with the help of imaging.24 However, premature infants were recruited from 
a different population due to immature brain development, the main seizures occurring early compared to mature infants.23

This study revealed neonates who have been developing hypoglycemia increased the number of recurrences of 
seizures by 17% as compared with neonates who did not develop hypoglycemia, which is supported by a study conducted 
in Iran7 and China.25 A possible explanation for this is that hypoglycemia increases the main excitatory neurotransmitters 
(Glutamate, Glycine), which increases the probability of developing seizures.26 Another possible explanation is that as 
the blood glucose level drops, there is inadequate glucose delivery to the neural tissue and brain, leading to loss of 
consciousness or seizures.27

This study showed that patients with intraventricular hemorrhage, increased the number of seizures by 16% in 
patients without intraventricular hemorrhage, which is supported by a study conducted in Italy,10,28 Finland,29 possibly 
due to a severe form of bleeding in the brain that carries a high risk of injury to brain tissue30 which leads to Internal 
bleeding and swelling are also characterized by an increased amount of fluid in the brain enlargement of the ventricles 
and blood clotting in the brain, then the brain signals or electrical impulses are compressed, which can lead to brain cell 
damage, which in turn triggers seizure.31–33

Neonate stage 2 and stage 3 hypoxic-ischemic injuries increased the number of seizures compared to Stage 1 hypoxic- 
ischemic injuries by 49% and 22%, respectively. This study was supported by the USA,34 New Zealand,35 the USA,12 and the 
United Kingdom.36 The possible reason for When hypoxia and ischemia occur, a series of events occur that lead to a decrease 
in energy production in the brain, which can lead to an increase in glutamate, an excitatory neurotransmitter, and/or a brain 
messenger that causes excessive activity in the cerebral cortex; in conjunction with an increase in glutamate, there is a lack of 
reduced neurotransmitters and changes in cell membranes that affect energy production, which leads to hypoxia and ischemia, 
and can reduce energy production in the brain impulses and seizures.12,34,35

0
5

1
0

1
5

2
0

0 2 4 6 8
n u m b e r  of  seizure

Figure 2 Number of seizures among neonates with PNA during the follow-up period in the Comprehensive Specialized Hospitals, Northwest Ethiopia from 2019–2023.
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Strengths and Limitations of This Study
This study was conducted in multi-institutions in Amhara Ethiopia (4 hospitals), and it covers a diverse population, 
which enhances the external validity. However, this study has some limitations such as using a chart review or secondary 
data source make difficult to assess the number of different types of neonatal seizure. The hospital’s service context and 
supplies were assessed. Moreover, there is uncertainty regarding the actual number of seizures during the neonatal period 
due to the lack of facility-based studies with EEG confirmation. In addition,the fact that therapeutic hypothermia is not 
universally used in all specialized hospitals.

Conclusion
The current study indicated that the mean number of seizures in newborns with birth asphyxia was higher than that 
reported in other studies conducted on different populations of newborns. Hypoglycemia, intraventricular hemorrhage, 
and hypoxic-ischemic injury in the second and third stages are significant factors in the occurrence of seizures, and 
hypoglycemia should be prevented through appropriate nutritional therapy in asphyxiated neonates. Perinatal asphyxia 
among HIE stages 2 and 3 and intraventricular hemorrhage were strictly followed indoors to reduce the number of 
seizures. Therapeutic hypothermia is better management for the treatment of birth asphyxia; therefore, all hospitals 
should use therapeutic hypothermia.
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