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ABSTRACT 

Research Question: What are the etiologies of neonatal seizures and their immediate 

outcomes? 

Setting: Tertiary care level neonatal intensive care units of SSG hospital, Vadodara 

Study Design: Prospective observational study. 

Participants: 172 newborns having seizures within first 28 days of life 

Methodology: Baseline data of the study participants was collected including antenatal 

history, perinatal history, and evidence of hypoxic ischemic encephalopathy. Description of 

seizures, a complete examination and investigations including blood sugar, serum calcium, 

magnesium, electrolytes; and treatment were also included.  

Results: The incidence of seizures was 0.77% among term newborns and 1.1% among 

preterm newborns. HIE (hypoxic-ischemic encephalopathy) was the most common etiology 

(77%), while  multifocal seizures(51%) were the most common  presentation. 65.9% had 

easy to control seizures while 34% had difficult  to control seizures requiring more than one 

drug for seizure control.  
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INTRODUCTION 

Clinical seizures are defined as paroxysmal alteration in the neurological function i.e. 

behavioral, motor and/or autonomic function.
(1)

 The incidence of seizures is highest during 

the neonatal period, but clinical diagnosis is often difficult, thereby making it difficult to 

estimate the true incidence of neonatal seizures. Seizures are often the first sign of 

neurological dysfunction in the newborn, but their clinical presentation is quite variable 

often presenting only as subtle seizures in the form of chewing, lip smacking, fluttering of 

eyelids, staring look etc.
(2)

 Volpe has classified seizures into five clinical types, viz. subtle, 

multifocal clonic, focal  

clonic, generalized tonic and myoclonic. Moreover neonatal seizures are difficult to 

investigate and consequently determination of etiology and initiation of therapy may be 

delayed which results in poor neurological outcome.  Neonatal seizures can be caused by 

various causes such as hypoxic- ischemic encephalopathy, intracranial hemorrhage, 

meningitis, hypoglycemia, hypocalcemia, congenital malformation,etc. The mortality rate 

for neonatal seizures has decreased to approximately 15% in the recent years, with mental 

retardation and motor deficits being common sequelae in 15-20% of surviving infants.
(3)

 

Etiology of the seizure determines the prognosis and outcome and guides therapeutic 

strategies. Patients with hypoxic-ischemic encephalopathy (HIE), intraventricular 

hemorrhage (IVH), and neuronal migration disorders have the worst outcome. As such, 

seizures may indicate the presence of a potentially treatable etiology, and should prompt an 

immediate evaluation to determine cause and to institute etiology specific therapy. In 

addition, seizures may themselves require emergent therapy, since they may adversely 

affect the infant’s homeostasis and can contribute to further brain injury. Hence a study was 

carried out in the neonatal intensive care unit of SSGH, Baroda, to evaluate various 

etiologies of neonatal seizures and their immediate outcomes. 

 

Materials and Methods 

The study was conducted at the tertiary care level neonatal intensive care units of the 

department of Pediatrics, SSG hospital, Vadodara. The cohort consisted of Neonates 

admitted in the Neonatal Intensive Care Unit- (intramural and extramural) from September 

2008 to November 2009. A total of 172 neonates who either had seizures during the NICU 

stay or had seizures which were noticed by other doctors and referred from outside, were 

included in the study. 

Details of each baby with a complete antenatal and perinatal history including APGAR scores 

for intramural deliveries and history suggestive of birth asphyxia or examination revealing 

signs of HIE, were noted. History of seizures associated with poor feeding, prolonged 

lethargy, recurrent vomiting, with f/h/o consanguinity and/or neonatal seizure with early 

fetal and neonatal death was taken to rule out inborn errors of metabolism. A complete 

description of the seizure, time of onset, duration and frequency was noted and classified 

according to Volpe. Vital signs, congenital malformation & cutaneous markers, were 

examined. Both systemic and neurological examinations were done. Sarnat and Sarnat score 

was considered for HIE grading. 
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Investigations done included: S. CRP, RBS, PCV, S. Ca., S. Mg, S. Na, Blood urea, S. creatinine, 

S. Bilirubin, Blood C/S, CSF examination, USG head, CT scan, MRI  (wherever feasible and 

indicated).  All babies were treated using standard treatment protocol.  

Statistical Analysis: Data was recorded using a predesigned semistructured Proforma and 

entered in Microsoft Excel worksheet. Appropriate tests were applied for analysis. 

 

RESULTS 

During the study period a total of 4412 babies were admitted in the intramural NICU, and 

1900 in the extramural NICU. 172 newborns satisfying the inclusion criteria were enrolled in 

the study. The incidence of seizures was found to be 0.77% with 0.7% among term 

newborns and 1.1% among preterm newborns. 121 males and 51 females were enrolled in 

the study. The incidence of seizures was found to be 2.8% among low birth weight and 

0.88% among very low birth weight infants. 22% of the newborns with neonatal seizures 

were found to be small for date (SFD).  81% of the neonatal seizures were found to be early 

onset (<48hours of life) with 90% of them attributable to HIE. The rest 19% were late onset 

(>48 hours of life) with pyogenic meningitis contributing to 31% of them. 

Table I: Comparison of incidence of neonatal seizures 

Studies Our study NNPD 2002-
03

 
Ajay Kumar et 

al
 

Eghbalian et 
al

 
Scher et al

 

Incidence of 
neonatal 
seizures 

0.77% 1% 1.17% 2.62% 2.3% 

 

Table II: Distribution of incidence of seizures (n=172) 

 TERM PRETERM TOTAL 

1. Intramural 29/3920(0.7%) 5/492(1.1%) 34/4412(0.77%) 

2. Extramural 133/1180(11.3%) 5/720(0.7%) 138/1900(7.3%) 

Total 162/5100(3.17%) 10/1212(0.83%) 172/6312(2.72%) 

 

A total of 352 seizure episodes were noted in the 172 newborns, with a median onset of 

38.5 hours for the first episode. Multifocal seizures (51%) were found to be the most 

common seizure type followed by subtle seizures (43%), tonic seizures (4.6%) and clonic 

seizures (0.65). HIE(77.9%) was found to be the most common etiology of seizures, followed 

by hypocalcemia(8.7%), pyogenic meningitis(8.1%), mixed causes(8.7%), electrolyte 

imbalance(5.2%), hypoglycemia(4.65%), ICH(3.5%) and bilirubin encephalopathy(1.74%). In 

about 34% newborns, it was difficult to control seizures requiring more than one drug for 

seizure control. Cranial ultrasound was done in 39 patients out of which 12(31%) were 

found to be abnormal. 7 CUS showed dilatation of ventricles and 3 showed ICH.  CT head 

could be done in 4 patients, out of which 2 patients had IVH with hydrocephalus, one had 

bilateral cerebral infarcts and one had changes suggestive of HIE. 
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Figure 1: Distribution of incidence of seizures 

 

 

Table III: Etiological profile of neonatal seizures 

Etiology Early onset Late onset Total 

HIE 130(82.8%) 4(8.8%) 134 

Hypocalcemia 8(5%) 7(15.5%) 15 

Hypoglycemia 4(2.54%) 4(8.8%) 8 

ICH 1(0.63%) 5(11.11%) 6 

Pyogenic meningitis - 14(31.11%) 14 

Bilirubin encephalopathy - 3(6.6%) 3 

Electrolyte imbalance 6(3.8%) 2(4.4%) 8 

 Mixed causes
*
 8(5%) 6(13.33%) 14 

Total 157(100%) 45(100%) 202 
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Fig 2 Distribution of various etiologies of neonatal seizures 

 

 

Discussion 

Seizures in the newborns are mostly identified by clinical observation. However some of the 

clinically identified seizures are not accompanied by an EEG correlate and vice versa leading 

to an overestimation as well as underestimation of neonatal seizures respectively. NNPD 

(National Neonatal Perinatal Database) data reports the incidence of neonatal seizures as 

1% in intramural deliveries and 18% in the extramural neonates.
(4)

 In comparison our study 

reported an incidence of 0.77% (Table I) amongst intramural admissions and 7.3% amongst 

extramural admissions respectively. The present study has found an incidence of 0.7% in 

term babies and 1.1% in preterm babies (Table II and Figure 1) which is comparable to a 

previous study at SSG hospital in 2000, which showed an incidence of 2% among preterms 

and 1.1% among term babies.
 

Comparable results were shown by Eghbalian et al.
  

with a ratio of 3:1.
(5) 

Though NNPD 

2002-2003 reported a ratio of 1.1:1 for intramural and 2.01:1 for extramural admissions.
(4) 

Low birth weight is an important risk factor, as clinical seizures in them often indicate severe 

brain injury and are associated with serious morbidity and a high mortality risk.  

The risk of neonatal seizures varies inversely with birth weight. In the present study the 

incidence of seizures in low birth weight babies was 2.8% as compared to 1.5% as reported 

by Ajay Kumar et al.
(6) 

and 6% by Eghbalian et al.
(5)

 The median age of onset of seizures in 

the present study was 38.5 hrs in term babies and 19.5 hrs in preterm babies; with an 

average of 2.03 seizure episodes per baby in the first 28 days of life. Early onset seizures 

were the commonest and contributed to 81% of the total seizures. Similar findings were 

observed by Hasan Tekgul et al. wherein 64% of neonatal seizures occurred within first 24 

hrs of life.
(3)

 Of the total 139 babies with early onset seizures, 98 had onset within first 12 

hours of life. Therefore vigilant monitoring and early recognition of seizures could 
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contribute to decreasing morbidity and mortality in this group. Moreover unlike older 

infants, neonates rarely have well organized generalized tonic clonic seizures. Premature 

infants have even less well organized spells than full term babies. In the present study 

multifocal clonic seizures (51%) were the most common seizure type followed by subtle 

(43%), generalized tonic (4.6%) and focal clonic (0.6%). Ajay et al reported similar findings, 

with multifocal seizures being the the most common presentation (42.4%).
(6)

 However, 

Mizrahi and Kellaway and Scher have reported subtle seizures as the most common type of 

neonatal seizures in their studies.
(7,8) 

HIE is the most frequent cause of neonatal seizures. In various studies reported incidence is 

15-35%.
(9,10) 

But reports of higher incidence have been reported by Ajay et al
(6)

(49%) and 

Magda et al
(11)

 (51%).In the present study, HIE was major contributing factor of neonatal 

seizures, contributing to 77.9% of the total seizures. (Table 3 and Figure 2) Hypocalcemia 

(8.7%) formed the next most common cause of neonatal seizures in the present study. In 

comparison Ajay Kumar et al
(6) 

(24.7%) and Eghbalian et al
(5)

 (35.3%) have reported higher 

incidence. Hypocalcemia occurs more commonly in infants with trauma, hemolytic disease 

or asphyxia and may co-exist with HIE, hypoglycemia and hypomagnesia.
(12)

 Early onset 

hypocalcemia occurs in first 2-3 days of life.  

Hypoglycemia is most frequent in low birth weight babies, most of them being small for 

gestational age and in infants of diabetic mothers. Incidence of hypoglycemia as reported in 

literature varies from 2% to 32.4%.
(10,13)

 Hypoglycemia contributed 4.65% of the total 

seizures in our present study was. Seizures due to hypoglycemia typically occur on 2
nd 

postnatal day.
(2)

 

Limitations of the study 

In the extramural patients, non availability of the APGAR scores led to a retrospective 

diagnosis of HIE based on history, clinical features and resuscitation details, if available. 

Many investigations were not possible in all the patients due to initial non-availability of 

ABG, serum electrolytes in the hospital and non affordability. CUS and CT head could be 

done only once the patient was hemodynamically stable due to non-availability of portable 

USG machines and facility of CT head in our hospital.  
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