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ARTICLE INFO ABSTRACT

Keywords: Neonatal seizures can lead to long-term neurodevelopmental problems. This study aims to identify predictors of
Neonates poor developmental outcomes in neonates with seizures to aid in early intervention and referral for follow-up
Seizures

and rehabilitation.

This observational study was conducted in the Department of Neonatology and Institute of Paediatric Neu-
rodisorder and Autism, Bangabandhu Sheikh Mujib Medical University. Among 75 study cases of neonatal
seizure, 23 died, and 46 were followed-up at 6 and 9 months after discharge. EEGs were performed on every
patient. A comprehensive neurological examination and developmental evaluation were performed using Bayley
Scales of Infant and Toddler Development, Third Edition (Bayley III).

Three-fourths of neonates were born at term (76.1 %), and over half were male (56.5 %). The majority were
appropriate for gestational age (79.7 %) and had an average birth weight of 2607 + 696 g (+SD). Over half of the
neonates (52.2 %) had adverse neurodevelopmental outcomes, with global developmental delay being the most
common. Recurrent seizures, the number of anticonvulsants needed to control seizures, and abnormal Electro-
encephalograms were identified as independent predictors of adverse neurodevelopmental outcomes.

The study highlights the need for early referral for follow-up and rehabilitation of neonates with seizures
having abnormal electroencephalograms, recurrent seizures and requiring more anticonvulsants to control
seizures.

Adverse neurodevelopmental outcome
Perinatal asphyxia
EEG

1. Introduction and the lack of evidence-based management protocols. The etiology of

newborn seizures can be attributed to various factors, with hypoxic-

Neonatal seizures are a prevalent and distinctive clinical manifes- ischemic encephalopathy, hemorrhage, intracranial infection, and
tation of neurologic dysfunction in the neonatal period, occurring be- metabolic abnormalities accounting for 80-85 % of all cases [4].

tween 1 and 5.5 per 1000 live births [1-3]. However, neonatal seizures In the past, the mortality rate among infants who experienced sei-

continue to pose a clinical challenge due to their complex manifestations zures was as high as 40 %. However, with enhanced prenatal treatment,

Abbreviations: BSMMU, Bangabandhu Sheikh Mujib Medical University; CP, Cerebral Palsy; CPAP, Continuous Positive Airway Pressure; CSF, Cerebrospinal Fluid;
EEG, Electroencephalography; GDD, Global Developmental Delay; ILAE, Internatinoal League Against Epilepsy; IPNA, Institute for Pediatric Neurodisorder and
Autism.

* Corresponding author.
E-mail address: dr.jahid61@gmail.com (M.J. Hasan).

https://doi.org/10.1016/j.ebr.2024.100665

Received 27 August 2023; Received in revised form 30 March 2024; Accepted 31 March 2024

Available online 1 April 2024

2589-9864/© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-
nc/4.0/).


mailto:dr.jahid61@gmail.com
www.sciencedirect.com/science/journal/25899864
https://www.elsevier.com/locate/ebcr
https://doi.org/10.1016/j.ebr.2024.100665
https://doi.org/10.1016/j.ebr.2024.100665
https://doi.org/10.1016/j.ebr.2024.100665
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebr.2024.100665&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

H. Akter et al.

improved obstetric care, and intensive neonatal care, the mortality rate
has decreased to 20 % in subsequent reports [5]. Nonetheless, the
prevalence of long-term neurodevelopmental sequelae among survivors
remains steady at 30 % [5], with newborns experiencing seizures having
a higher risk of cerebral palsy, global developmental delay, and epilepsy
[6].

Numerous studies have been conducted on the risk factors, causa-
tion, identification, treatment, and outcomes of neonates with seizures.
The etiology of a newborn’s seizure has been commonly acknowledged
as playing a significant role in determining the outcome [7]. However,
other markers, including brain maturity, neonatal electroencephalog-
raphy (EEG) background patterns, Apgar score, and prolonged seizures,
are also associated with neurodevelopmental consequences [8]. There-
fore, it is crucial for neonatologists to have early and precise prognostic
markers of the outcome of neonatal seizures to identify children at high
risk for sequelae and intervene during the period when the central
nervous system is characterized by significant plasticity [9].

Identifying risk factors that may predict the prognosis of neonates
with seizures would aid in the provision of advanced care and the
planning of early referrals for long-term follow-up and rehabilitation.
Hence, the purpose of this study was to identify the predictors of unfa-
vorable developmental outcomes of neonatal seizures to recommend
early intervention and contribute to the current literature.

2. Methods
2.1. Study population, settings, and period

This prospective observational study was conducted in the Depart-
ment of Neonatology and Institute for Pediatric Neurodisorders and
Autism (IPNA) at Bangabandhu Sheikh Mujib Medical University
(BSMMU) in Dhaka, Bangladesh, over a period of sixteen months be-
tween June 2018 and September 2019. BSMMU is the highest-level
referral center and an apex postgraduate medical institute located in
the capital city of Bangladesh, Dhaka. The Department of Neonatology

Total admitted patients, n=592

.
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receives and treats patients from all around Bangladesh. However, the
department lacks facilities for routine and video EEG monitoring at the
bedside. Hence, management of patients is mostly based on clinical
assessment. All neonates (age < 28 days) with a diagnosis of seizures
after birth were considered for inclusion. Neonates with clinically
observable seizures were enrolled, while those with major congenital
anomalies, those receiving cooling therapy, and those whose parents or
guardians were unwilling to participate were excluded. During the
enrollment period, a total of 592 neonates were admitted to the study
area. Of these, 87 neonates with complaints of seizures (14.6 %), based
on clinical observation and a correct description of seizure type docu-
mented in the medical records, were assessed for eligibility. Among
them, six neonates were excluded because they received cooling therapy
for perinatal asphyxia under the HELIX trial[10], five were excluded due
to major congenital anomalies, and one patient declined to participate in
the study. Finally, 75 neonates were included. Among them, 23 (30.6 %)
died (18 during the hospital stay and 5 after discharge). Among the
remaining neonates, 46 came for follow-up at six months, and 36 came
for follow-up at nine months after delivery (Fig. 1).

2.2. Data collection tool

Data were collected using a semi-structured questionnaire. The
questionnaire requested information on the sociodemographic profile
and perinatal characteristics of neonates, maternal characteristics,
clinical features, and investigation profile.

The first part included the age of the neonate at admission, sex, mode
and place of delivery, gestational age at birth, birth weight, perinatal
history including fetal growth, distress, delayed initial crying, need for
resuscitation in the labor room, prolonged labor course, perinatal insult,
meconium staining, and Apgar score at the 1st and 5th minute after
birth.

Maternal characteristics encompassed age, education, parity, ante-
natal visits, presence of hypertension and/or diabetes mellitus, ante-
natal use of steroids or antibiotics, antepartum hemorrhage, and TORCH

Patients with neonatal seizure, n=87 (14.6%)

Total Included (n = 75)

A\ 4

Excluded (n = 12)

Received cooling therapy (n = 6)
Major congenital anomalies (n = 5)
No consent (n=1)

In-hospital death (n=18)
Death after discharge (n=5)
Loss to 1t follow up (n=6)

First follow up at 6 months (n=46)
(Neurological examination and BSID-III)

Loss to 2™ follow up (n=10)

Second follow up at 9 months (n=36)
(Neurological examination and BSID-IIT)

Fig. 1. Flow chart of patient enrollment and follow-up. (BSID-III: Bayley Scales of Infant and Toddler Development version III).
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(Toxoplasma gondii, Rubella, Cytomegalovirus, Herpes simplex, and
HIV) screening.

The clinical characteristic section recorded alertness, tone, reflexes,
and occipitofrontal circumference as part of comprehensive neurolog-
ical assessment, and the presence and type of seizure from medical re-
cords or direct observation.

Laboratory tests included complete blood count, cerebrospinal fluid
(CSF) studies, serum glucose, electrolyte levels, blood gas analysis,
Toxoplasma gondii, Rubella, Cytomegalovirus, Herpes simplex, and HIV
(TORCH) screening for congenital infection or work-up for inborn errors
of metabolism, cranial ultrasonography, and EEG.

2.3. Study procedure

2.3.1. At baseline

A face-to-face interview with the mother or caregivers was con-
ducted for all enrolled newborns. The diagnosis of neonatal seizures was
based on clinical observation and accurate description of seizure types
documented in the medical records. It included subtle, clonic, tonic,
myoclonic, and mixed-type seizures. Laboratory investigations and
cranial ultrasonography were carried out as indicated to determine the
primary cause of seizures. According to etiology, infants were divided
into nine groups: (1) perinatal asphyxia, (2) metabolic disturbances (e.
g., hypoglycemia, hypocalcemia, hyponatremia, and hypomagnesemia),
(3) meningitis, (4) congenital TORCH infection, (5) intracranial hem-
orrhage, (6) bilirubin encephalopathy, (7) developmental cerebral
defect, (8) inborn error of metabolism, and (9) unknown. When a
thorough diagnostic investigation failed to identify an etiology, infants
were classified as having an unknown etiology.

All patients were treated according to the standard protocol for the
management of neonatal seizures. After ensuring thermal care, breath-
ing, respiration, and circulatory support, any metabolic derangement
was corrected, followed by seizure control with anticonvulsants (such as
phenobarbitone, fosphenytoin, and others), and treatment of the un-
derlying cause. Relevant data from the patient’s history, physical ex-
amination, and investigations were entered into the questionnaire. Once
clinically stable, an EEG was performed on every patient. EEGs were
conducted in the Pediatric Neurology department of BSMMU. EEG re-
ports were interpreted by the faculty of the Pediatric Neurology
department and other neurologists when performed outside of BSMMU.

2.3.2. At follow-up

Neonates who were discharged from the hospital were followed up at
6 months and 9 months of age. All infants who attended the follow-up
underwent a comprehensive neurological examination and develop-
mental evaluation. The Bayley Scales of Infant and Toddler Develop-
ment, Third Edition (Bayley III) [11], were utilized to assess
development. Clinical psychologists, unaware of the patient’s diagnosis,
conducted this evaluation at BSMMU’s Institute of Pediatric Neurodis-
order and Autism (IPNA). The assessment covered cognitive develop-
ment, expressive and receptive language, and fine and gross motor
development using the Bayley III. A developmental delay was classified
as “delayed” if any Bayley III subscale score was below 70. The outcome
at follow-up was recorded as favorable (normal neurologic develop-
ment) or adverse (cerebral palsy [CP], global developmental delay
[GDD], and epilepsy).

2.4. Statistical analysis

Data were analyzed using Stata (version 17). Quantitative data are
expressed as the mean + SD, and categorical data are presented as
proportions. All quantitative variables (between the groups of favorable
and adverse outcomes) were compared using unpaired t-tests and
Mann-Whitney U tests where appropriate. Categorical variables were
compared using the chi-square test or Fisher’s exact test. For statistical
analysis, adverse outcome was defined as the development of CP, GDD,
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or epilepsy at six or nine months after discharge, whichever is shorter.

To determine independent predictors of adverse outcomes, multi-
variate logistic regression analysis was performed using variables found
to be significant in univariate analysis. As the binary outcome variable
showed complete separation across some predictor variables, traditional
maximum likelihood would not converge. Therefore, we utilized Firth
logistic regression (using the ‘firthlogit’ command in Stata) to mitigate
small sample bias and eliminate the problem of complete separation. A
p-value < 0.05 was considered significant.

2.5. Ethical measures

The study was approved by the Institutional Review Board of
BSMMU (BSMMU/2018/5971). Signed informed consent was obtained
from parents or caregivers before inclusion, and confidentiality was
preserved. All procedures were conducted in accordance with the
Declaration of Helsinki.

3. Results

The baseline characteristics of the studied neonates are presented in
Table 1. A total of 23 children died during the follow-up period (33.3 %).
Three-fourths of babies were born at term (76.1 %), and the majority
were male (56.5 %). The mean birth weight was 2652 + 696 g, with
20.83 % having a low birth weight. Of all, 35 (50.7 %) neonates were
born by lower uterine cesarean section (LUCS). Nearly one-third of ba-
bies were delivered at home (33.3 %), and the remaining two-thirds
(66.7 %) were born at the hospital. Most of them were appropriate for
gestational age (AGA) (79.7 %), followed by small for gestational age
(SGA) (26.1 %) and large for gestational age (LGA) (4.3 %). None of the
characteristics differed significantly between those who were alive and
those who were dead.

Among the 46 infants whose outcomes could be analyzed at the first
follow-up, 24 (52.2 %) had adverse neurodevelopmental outcomes, and
22 (47.8 %) had normal neurological development (favorable outcome)

Table 1
Baseline characteristics of the neonates with seizure (n = 69).
Characteristics Total Alive Died p-
n (%) n (%) n (%) value
n (%) 69 (100) 46 (66.7) 23(33.3)

Gestational age, n (%)

Term (>37 weeks) 55 (79.7) 35 (76.1) 20 (87.0) 0.356

Preterm (<37 weeks) 14 (20.3) 11 (23.9) 3(13.0)

Birth weight (gram), Mean 2607 + 2652 + 2490 + 0.369
+ SD 696 770 548

Sex

Male 40 (58.0) 26 (56.5) 14 (60.9) 0.730

Female 29 (42.0) 20 (43.5) 9(39.1)

Mode of delivery

Hospital 46 (66.7) 31 (67.4) 15 (65.2) 0.857

Home 23(33.3) 15 (32.6) 8(34.8)

Place of birth

Inborn 22 (31.9) 16 (34.80 6(26.1) 0.465

Outborn 47 (68.1) 30 (65.2) 17 (73.9)

Fetal growth at birth

SGA 11 (15.9) 5(10.9) 6 (26.1) 0.224

AGA 55 (79.7) 39 (84.8) 16 (69.6)

LGA 3(4.3) 2(4.3) 1(4.3)

LUCS: Lower Uterine Caesarean section, NVD: Normal Vaginal Delivery,
SGA: Small for gestational age, AGA: Appropriate for gestational age, LGA: Large
for Gestational Age.
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Table 2

Overall outcome of the patients with neonatal seizure (n = 46).
Type of outcome* n (%)
Favorable outcome 22 (52.2)
Adverse neurodevelopmental outcome 22 (47.8)
CP + GDD + Epilepsy 7 (29.2)
Epilepsy only 6 (25.0)
GDD only 5 (20.8)
CP + GDD 3(12.5)
Epilepsy + GDD 2(8.3)
CP only 14.2)

CP: Cerebral Palsy.
GDD: Global Developmental Delay.

(Table 2). Among the children with adverse outcomes, GDD (n = 19)
was the most observed outcome. However, the most common outcome
was the co-occurrence of CP, GDD, and epilepsy (29.2 %), followed by
only epilepsy (25.0 %), only GDD (20.8 %), CP + GDD (12.5 %), epi-
lepsy + GDD (8.3 %), and only CP (4.2 %).

When neonatal characteristics were compared between the adverse
and favorable outcome groups (Table 3), home delivery (p = 0.046) and
maternal prolonged labor (p = 0.018) were significantly more common
among neonates with adverse outcomes. However, pregnancy-induced
hypertension was significantly less common among those with adverse
outcomes (p = 0.028). Other characteristics were statistically similar in
relation to outcomes. Repeated episodes of seizure were significantly
more common in the adverse outcome group (p = 0.001). Neonates in
the adverse outcome group required additional anticonvulsants signifi-
cantly more frequently than those in the favorable outcome group (p <
0.001). The median duration of injectable AEDs required was signifi-
cantly longer in the adverse outcome group (p = 0.001). A significantly
higher proportion of neonates with adverse outcomes had abnormal EEG
findings (p < 0.001) and abnormal neurological examination at
discharge (p = 0.037). However, other factors including 1st and 5th
minute Apgar scores and the requirement of ventilators and continuous
positive airway pressure (CPAP) were similar between the adverse and
favorable outcome groups.

The independent predictors of adverse neurodevelopmental out-
comes, determined by multivariate logistic regression analysis, were
recurrent seizures (adjusted odds ratio [aOR]: 23.32; 95 % confidence
interval [CI]: 1.31 — 416.17), the number of antiepileptic drugs (AEDs)
required (aOR: 209.7; 95 % CL: 1.99 — 22061.94), and abnormal EEG
findings (aOR: 67.50; 95 % CI: 1.31 — 3473.92) (Table 4).

4. Discussion

Seizures remain the most significant clinical manifestation of
neurological disorders in the neonatal period. Recent advancements in
newborn care are associated with a promising decline in the infant
mortality rate due to neonatal seizures. We found that 33.3 % (n = 23) of
newborns died at the hospital or after discharge. However, among those
who survived, 52.2 % had adverse neurological outcomes at follow-up.
Pisani et al. in Italy reported that a high proportion of survivors of
neonatal seizures may develop long-term neurological disorders [6].
This trend may be because neonates are now surviving the acute illness,
only to develop neurological complications later.

In this study, seizures were more commonly observed in males, at
term, and appropriate for gestational age. However, none of these
baseline parameters were significantly associated with mortality or
long-term outcome. Similar to our study, male preponderance, term
birth, and a high proportion of neonates appropriate for gestational age
among those with seizures were reported by previous studies conducted
in Bangladesh [12,13], India [14,15], and Nepal [16]. The sex difference
may be attributed to male-child preference in South Asian countries, as
male infants are often better cared for, and treatment for any health
problems is promptly sought in many families. Neonatal seizures
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Table 3
Comparison of neonatal and maternal characteristics between adverse and
favorable outcome groups of neonates with seizure (n = 46).

Neonatal Characteristics Outcome p- Total
Adverse (n Favorable (n value n (%)
=24) =22)

Gestational age, n (%)

Term (>37 weeks) 20 (57.1) 15 (42.9) 0.229 35

(76.1)
Preterm (<37 weeks) 4 (36.4) 7 (63.6) 11
(23.9)

Sex, n (%)

Male 12 (46.2) 14 (53.8) 0.351 26
(56.5)

Female 12 (60.0) 8 (40.0) 20
(43.5)

Birth weight category

(gram),
n (%)

> 2500 19 (79.17) 13 (59.09) 0.139 32
(69.57)

< 2500 5 (20.83) 9 (40.91) 14
(30.43)

Place of delivery, n (%)

Home 11 (45.83) 4(18.18) 0.046 15
(32.61)

Hospital 13 (54.17) 18 (81.82) 31
(67.39)

Mode of delivery

LUCS 10 (40.0) 15 (60.0) 0.071 25
(54.3)

NVD 14 (66.7) 7 (33.3) 21
(45.7)

Fetal growth, n (%)

SGA & LGA 3(42.9) 4 (57.1) 0.694 7 (15.2)

AGA 21 (53.8) 18 (46.2) 39

(84.8)

Maternal Characteristics

Parity, n (%)

Primi 14 (66.7) 7 (33.3) 0.071 21

(45.7)

Multi 10 (40.0) 15 (60.0) 25

(54.3)
Number of ANC visits, n
(%)
<4 7 (63.6) 4 (36.49) 0.383 11
(23.9)
>4 17 (48.6) 18 (81.8) 35
(76.1)

PROM > 18 h, n (%)

Yes 3 (60.0) 2 (40.0) 1.000 5 (10.9)

No 21 (51.2) 20 (48.8) 41

(89.1)

Antepartum hemorrhage,

n (%)
Yes 1(33.3) 2 (66.7) 0.600 3(6.5)
No 23 (53.5) 20 (46.5) 43
(93.5)
Intrapartum Infection, n
(%)
Yes 4 (66.7) 2(33.3) 0.667 6 (13.0)
No 21 (55.3) 17 (44.7) 38
(82.6)

(continued on next page)



H. Akter et al. Epilepsy & Behavior Reports 26 (2024) 100665

Table 3 (continued) Table 3 (continued)

Neonatal Characteristics Outcome p- Total Neonatal Characteristics Outcome p- Total
Adverse (n Favorable (n value n (%) Adverse (n Favorable (n value n (%)
=24) =22) =24) =22)

AED on discharge, n (%)

TORCH infection, n (%) Yes 13 (92.9) 1((7.1) <0.001 14

Yes 1 (20.0) 0.349 5(10.9) (30.4)

No/Unknown 20 (48.8) 21 (51.2) 41 No 11 (34.4) 21 (65.6) 32

(89.1) (69.6)

Prolonged labor, n (%) 1 min Apgar, n (%)*

Yes 11 (78.6) 3(21.4) 0.018 14 <3 3(60.0) 2 (40.0) 0.326 5(20.8)

(30.4) >3 6 (31.6) 13 (68.4) 19
No 13 (40.6) 19 (59.4) 32 (79.2)
(69.6)
5 min Apgar, n (%)*
Gestational Diabetes, n <3 3 (75.0) 1(25.0) 0.090 4 (16.7)
(%) >3 6 (30.0) 14 (70.0) 20
Yes 2(33.3) 4 (66.7) 0.405 6 (13.0) (83.3)
No 22 (91.7) 18 (81.8) 40
(87.0) .
EEG findings, n (%)
Abnormal 12 (92.3) 1(7.7) <0.001 13

Pregnancy Induced (28.3)

Hypertension, n (%) Normal 12 (36.4) 21 (63.6) 33

Yes 3(25.0) 9 (75.0) 0.028 12 (71.7)

(26.1)
No 21 (61.8) 13 (38.2) 34 .
(73.9) Neurolo.glczfl
Examination at
discharge, n (%)
Etiology of seizure, n (%) Abnormal 17 (68.0) 8 (32.0) 0.037 25
PNA 16 (59.3) 11 (40.7) 0.465 27 (54.3)
(58.7) Normal 7 (33.3) 14 (66.7) 21
Metabolic disturbance, n 3 (42.9) 4 (57.1) 7 (15.2) (45.7)
(%)

Meningitis 1(25.0) 3 (75.0) 4 (8.7) .

Others 2(66.7) 1(33.3) 3(6.5) Ventilator, n (%)

Unknown 2 (40.0) 3 (60.0) 5 (10.9) Yes 2 (66.7) 1(33.3) 1.000  3(6.5)

No 22 (51.2) 21 (48.8) 43
(93.5)
Seizure type, n (%)
Mixed 17 (58.6) 12 (41.4) 0.298 29
(63.0) CPAP, n (%)

Tonic 1016.7) 5(83.3) 6 (13.0) Yes 5(71.4) 2(28.6) 0.418 7 (15.2)

Subtle 4(50.0) 4(50.0) 8(17.4) No L@ 20613 39

Clonic 2 (66.7) 1(33.3) 3(6.5) (84.8)

Statistical test: Independent t-test, Mann-Whitney U test, Chi square test &

Repeated episodes of Fisher’s Exact test as appropriate.

seizure, n (%) AED: Anti-epileptic Drug; AGA: Appropriate for Gestational Age; CPAP:
Yes 20 (74.1) 7 (25.9) 0.001 27 Continuous Positive Airway Pressure; EEG: Electroencephalogram; LGA: Large
(58.7) for Gestational Age; PNA: Perinatal asphyxia; SD: Standard Deviation; SGA:

No 4@2LD 15 (78.9) (1491 2 Small for Gestational Age; *Based on available data.
frequently occur in premature infants [17]. However, this study

Refractory Seizure, n (%) b d domi f term newborns with birth weights appro-

Yes 4(1000) o 0110 4(87) o .serve a pre .ornmance o . gl pp

No 20 (47.6) 22 (52.4) 42 priate for gestational age who had seizures. These results agreed with a

(91.3) previous cohort from Bangladesh and other studies from neighboring
countries [14,17,18].

Seizure Duration, n (%) On bivariate analysis, we found that home-born neonates were

>30 min 3 (100.0) 0 0.235  3(6.5) significantly more likely to have adverse neurodevelopmental outcomes,

< 30 min 21 (48.8) 22 (51.2) 43 indicating a lack of skilled birth attendant at home. This is similar to the
(93:5) findings of a large study conducted in the United States [19]. However,
we noted that delivery place became nonsignificant after adjustment for

Anticonvulsants other factors, especially seizure-related factors, associated with adverse

required, n (%) outcomes, highlighting the importance of the severity of seizures in

Phenobarbitone only 13 (38.2) 21 (61.8) <0.001 34 - o o

77.3) developing long-term complications. Similarly, prolonged labor, found

Phenobarbitone plus 10 (43.5) 0 10 to be significant on bivariate analysis, became nonsignificant in multi-

additional AEDs (22.7) variable regression. However, different causes of prolonged labor have

Duration of injectable AED 9 (3-15) ~ 1(1-3) 0.001 50 - been reported to be associated with cerebral palsy [20] and neuro-

in days, median (IQR) 9.75)

developmental delay [21]. Prolonged labor might predispose patients to
seizures by causing birth asphyxia [22]. In line with this evidence, we
found that perinatal asphyxia was the most common cause of neonatal
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Table 4
Predictors associated with adverse neurodevelopmental outcome by multivar-
iate logistic regression analysis.

Predictors Reference Adverse
Category neurodevelopmental
outcome
OR (95 % CI) p-
value
Place of delivery (Home) Hospital 3.48 (0.30 — 39.93) 0.315
Prolonged labor (Yes) No 0.03 (0.00 - 4.65) 0.175
Maternal HTN (Present) Absent 0.69 (0.06 - 8.26) 0.768
Recurrent Seizure (Yes) No 23.32 (1.31 - 416.17) 0.032
AED required to control Phenobarbitone 209.7 (1.99 -22061.94)  0.024
seizure only
(Phenobarbitone +
Additional)
Duration of injectable 0.94 (0.76 — 1.15) 0.525
AED (Days)
Neurological Normal 0.58 (0.04 - 8.24) 0.687
examination at
discharge (Abnormal)
EEG (Abnormal) Normal 67.50 (1.31 - 3473.92) 0.036

AED required at No
discharge (Yes)

1.20 (0.08 - 17.05) 0.893

AED: Antiepileptic drugs; HTN: Hypertension; EEG: Electroencephalogram.
Statistical test: Binary logistic regression
OR: Odd ratio, CI: Confidence Interval.

seizures, which is in agreement with other studies [14-16,23,24].
Additionally, concordant with the findings of Das et al. in India [23] and
Singh et al. in Nepal [16], meningitis was the second most common
cause of seizures found in this study. Some studies have suggested that
the etiology of neonatal seizures is the most important factor influencing
outcome [8,25]. However, we did not find a statistical relationship be-
tween seizure etiology and outcome, a finding reported previously by
Pisani et al. [8] and Lai et al. [26]. Similarly, in concordance with Tekgul
et al. [5], we did not find any association between seizure type and
outcome.

In this study, the predominant type of seizure was mixed type,
whereas studies by Lai et al. in Taiwan [26], Bagla et al. in India [14],
and Amare & Amare in Ethiopia [27] reported that subtle seizures were
the main type in their study. There are two possible explanations for
these differences. One, these studies could have reported the non-
overlapping frequencies of different types of seizures, while we re-
ported combined frequency, making the isolated incidence of subtle type
lower in this study. Two, as subtle seizures are often missed clinically
due to their mimicry with normal behavior and can only be clearly
captured using video EEG [27], our study might have missed the subtle
types due to the absence of continuous video EEG monitoring in the
context of low-resource settings.

This study found no significant relationship between the predomi-
nant clinical seizure type and outcome, which was consistent with the
finding of Tekgul et al. [5]. However, on multivariable analysis, we
found that the frequency of seizures, severity of seizures (as determined
by the number of antiepileptic drugs required to control), and presence
of abnormal electrical activity in the EEG were significant predictors of
adverse neurodevelopmental outcomes among our sample.

Repeated seizures have been documented as a predictor of adverse
outcomes in other studies [6]. Studies in rats have shown that repeated
neonatal seizures result in reduced spike frequency adaptation and long-
term selective impairment in GABAergic neurotransmission of the hip-
pocampus [28], probably contributing to enhanced long-term seizure
susceptibility [29]. The present study supports the evidence that
repeated seizure episodes during the neonatal period may act on an
epileptogenic substrate and are responsible for subsequent adverse
neurodevelopmental outcomes. EEG background findings were docu-
mented as predictors in neonatal seizures by different studies
[5,15,17,26], which is compatible with our findings.
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Our study did not find any association of neonatal seizure outcomes
with the Apgar score at 1st or 5th minute after delivery, which is
discordant with previous studies [6,24]. The most likely cause might be
that Apgar score documentation was not present in less than half of the
cases. Particularly, in countries with a high percentage of home delivery,
the Apgar score might be unavailable and, hence, cannot be used as a
predictor of outcome.

4.1. Limitations and strengths

The limitations of this study included the small sample size and a lack
of long-term follow-up. Additionally, the diagnosis of seizures relied
primarily on clinical history and examination rather than video EEG due
to resource limitations. The International League Against Epilepsy
(ILAE) 2021 classification of neonatal seizures emphasizes the role of
EEG in diagnosing and classifying seizures. In a low-resource setting
where EEG monitoring is not available, this classification is not possible.
Hence, for our patients, it was not feasible to classify seizures according
to ILAE guidelines. However, this study is one of the few that explored
long-term outcomes in infants with neonatal seizures in the context of
low-resource settings, thus contributing to the existing knowledge base.

4.2. Conclusions

Repeated episodes of seizures, abnormal EEG, and the requirement
for more than one antiepileptic drug to control seizures are significant
predictors of adverse neurodevelopmental outcomes in patients with
neonatal seizures. Clinicians should consider these factors during
discharge and ensure regular follow-up and drug compliance in infants
at higher risk of adverse neurodevelopmental outcomes.

4.3. Recommendations

Based on the study findings, we have the following recommendations
regarding the management and follow-up of neonatal seizures:

1. In low-resource settings where continuous EEG monitoring is not
possible, an EEG should be performed for all neonates with seizures
before discharge to predict adverse outcomes early.

2. Neonates with a history of repeated seizures and requiring more than
one anticonvulsant to control seizures should be referred early for
long-term neurodevelopmental follow-up and rehabilitation.
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