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ABSTRACT
Objective: The aim of this study was to analyze prognostic indicators for mortality in neo-
nates with seizures in a level III Neonatal Intensive Care Unit (NICU). Patients and methods: 
A cohort of 100 neonates with clinically manifested seizures hospitalized in the NICU during 
4 years period was prospectively monitored for the first year of life. The cohort consisted of 
33 preterm and 67 full-term babies with 60 male and 40 female infants. Results: The mor-
tality rate in the first year of life of infants with seizures in the neonatal period was 23%. The 
most common cause of seizures was birth asphyxia for full-term infants and intra-periven-
tricular hemorrhage for preterm infants. Death was more common in pre-term than term 
infants ( p <0,005). Simple regression demonstrated statistically significant associations 
between death in the first year of life and a cluster of highly associated variables: resus-
citation (p<0, 01), mechanical ventilation (p<0,01) and asphyxia (p<0,05). This cluster of 
variables significantly correlates with: gestational age (p<0, 05), birth weight (p<0, 05) and 
intracranial hemorrhage (p<0, 05). Conclusion: In this cohort of neonates with seizures 
asphyxia requiring neonatal resuscitation was the primary risk factor for death.
Key words: neonatal seizures, death, NICU, preterm infants, full-term infants.

1. INTRODUCTION
Seizures are the most common 

and distinctive clinical manifesta-
tion of neurologic dysfunction in the 
newborn infant. Neonatal seizures 
by definition occur within the first 4 
weeks of life in a full-term infant and 
up to 44 weeks from conception for 
premature infants. Seizures are most 
frequent during the first week of life 
(1-3).

Seizures in neonates are relative-
ly common, with variable clinical 
manifestations.  Overall incidence is 
approximately 3 per 1000 live births; 
in a neonatal intensive care unit the 
incidence is as high as 8-15% (4). 
Their presence is often the first sign 
of neurologic dysfunction, and they 
are powerful predictors of long-term 
cognitive and developmental im-
pairment. Newborns with seizures 
are at risk for neonatal death, neu-
rologic impairment, developmental 
delay and later epilepsy (1-3). Caus-
es of neonatal seizures include birth 

asphyxia, intracranial hemorrhage, 
metabolic disorders, infections, con-
genital malformations, benign fa-
milial seizures. The objective of this 
study was to describe the etiologic 
profile and prognostic indicators of 
mortality for infants with neonatal 
seizures in a level III NICU.

2. PATIENTS AND METHODS
During four years period a cohort 

of 100 neonates with clinical seizures 
was established with the intent to 
follow these infants until they reach 
age 3 years. This study is focused on 
infant mortality i.e. death prior to 
one year of age. Initial assessment 
was performed during their hospi-
talization in the NICU, further fol-
low-up was done through regular 
visits to the outpatient facilities of 
the Department of Child Neurology. 
The inclusion criteria for the cohort 
were: Term neonates of <28 days 
age with manifested seizures and 
preterm babies with seizures prior to 
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44 weeks postconceptional age, EEG and neuroimaging 
(UZ, CT or MRI) performed during the neonatal period.

Investigation: A uniform protocol for diagnosis and 
management of neonatal seizures was used. Prenatal, 
perinatal and postnatal data were reviewed in detail 
from the medical records of the mothers and infants. An 
EEG was analyzed by a pediatric neurologist, for each 
infant in the cohort. Neuroimaging studies: Ultrasound 
was performed in all investigated infants. For term in-
fants an MRI scan was generally performed after the 
acute period; if a more rapid scan in an acutely ill term 
infant was needed, CT scan was performed. The follow-
ing laboratory investigations were performed routinely: 
glucose, calcium, magnesium, sodium, urea and creat-
inine, arterial pH, blood culture; lumbar puncture was 
performed if clinically indicated. Second line laboratory 
investigations were done if needed (virology, congenital 
infections screen, chromosomal analysis, blood ammo-
nia, urine for maternal drugs, etc).

Diagnosis of seizures was based on observation by ex-
perienced NICU staff and confirmed by the neurologist, 
using conventional EEG registration (Silicon Biomedical 
Instruments BV). All babies were under rigorous physi-
ological monitoring during the time of clinical seizures.

Diagnosis of asphyxia was based on metabolic param-
eters including severe metabolic acidosis (pH below 7,0, 
BE below -12), Apgar score ≤3 after 5 minutes, need for 
prolonged resuscitation and neurological assessment 
demonstrating moderate or severe encephalopathy 
based on the Sarnat scale (5).

Diagnosis of CNS inflammation was based on clinical 
manifestations, blood/liquor culture and neuroimaging 
studies. Diagnosis of intracranial hemorrhage was based 
on brain ultrasonography, and other neuroimaging tech-
niques, if needed, using the anatomic classification of in-
tra-periventricular hemorrhage by Papile (6).

For this study standard statistical analyses were used, 
using program SPSS version 14.0.

3. AIM
The aim of this study was to analyze: a) prognostic in-

dicators for mortality in neonates with seizures in a level 
III Neonatal Intensive Care Unit (NICU), and b) mortal-
ity rate of those infants during first year of life.

4. RESULTS
The study included 100 infants with registered seizures 

during their hospitalization in the NICU. The investigat-
ed group consisted of 33 preterm and 67 full-term in-
fants; 60 of them were male and 40 were female. Among 
60 male patients 17 were born prematurely; among 40 
female infants 16 were born prematurely. The majority of 
preterm infants (20/33) with seizures were born before 
32 gestational weeks; 11 infants were post-term. Average 
gestational age of preterm infants was 30.47±3.22 GW; 
average gestational age of term infants was 39,51±1.22 
weeks. Causative factors for seizures when apparent are 
summarized in Tables 1 and 2; at least one factor was 
present in 97 of the 100 infants. HIE was the most com-

mon cause of seizures in term infants; IVH-PVH was the 
most frequent cause in preterm infants.

Asphyxia
None
Antepartum 
Postpartum 

48 
49
3

Intracranial hem-
orrhage 

No
Yes 

70 
30

Transient meta-
bolic disturbance

No
Hypocalcaemia+ hypomagne-
siemia
Hypoglycaemia Hypocalcae-
mia+hypoglycaemia
Other 

77
14
6
1
1

Infection/inflam-
mation

No
Sepsis
Meningitis
Sepsis + meningitis 

65
27
6
2

CNS abnormal-
ities

No
Yes

95
5

Other causes (or 
unknown) No Yes 97 3

Table 1. Etiologies of seizures in the entire cohort (n=100)

Term infants n= 67 Total (%)

 HIE 34 (51)

Brain infarctions 4 (5,9) 

Intracranial hemor-
rhage 

Intraparenchymal 3

9 (13)Extraparenchymal 4

Combined 2

Preterm infants (n=33) Total (%)
IVH-PVH gr. I/II  7 (21)
IVH gr. III/IV 9 (27)
PVL (cystic) 9 (27)
PVL + IVH gr III/IV 5 (15)

Table 2. Results of brain imaging for term and preterm infants 
(n=100)

Term infants Preterm infants Total

Survived 

55 (82.1%) 22 (67.7%)

Male Female Male Female

77 (77%)
32 23 12 10

Died

12 (17.9%) 11 (33.3%)

23 (23%)
Male Female Male Female

11 1 5 6

Total 67 (100%) 33 (100%) 100 

Table 3. Mortality rates by gestational age and sex

Table 3 summarizes mortality by gestational age and 
gender. Death was more common in this cohort among 
premature infants than term infants ( X2 = 29,160; df. = 1; 
p <0,005) and among male term infants than female term 
infants (X2= 27,597 df=1 p<0,001).

Risk factors for mortality
We used simple logistic regression to examine cor-

relations for the entire cohort between 12 potential risk 
factors and the primary outcome of death before age 12 
months (Table 4). All of the risk factors were dichoto-
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mous variables. The table also includes correlations 
between the risk factors examined. Due to the small 
number of cases, we excluded multiple pregnancy and 
developmental abnormalities of the brain from this anal-
ysis. Factors included in the analysis included: death (yes 
23; no 77); prenatal complications (including chorioam-
nionitis or other maternal infection, chronic maternal 
disease, and prolonged rupture of membranes, positive 
22; no 78); medications during pregnancy (yes 38; no 52); 
manner of delivery (cesarean section 36; vaginal delivery 
64); sex (60 male; 40 female); preterm/term (preterm 33; 
full term 67); birth weight (<2500g yes 36, >2500g no 64); 
resuscitation (defined as a positive pressure ventilation 
yes 56; no 44); mechanical ventilation during hospitaliza-
tion (yes 54; no 46); asphyxia (yes 52; no 48); infection/
inflammation (yes 35; no 65); intracranial hemorrhage 
(yes 30; no 70) and transient metabolic disorders (yes 23; 
no 77).

5. DISCUSSION
Mortality rates for neonates with clinical seizures have 

declined over time, from approximately 40% in hospital 
based studies reported from the 1960s to more recent 
figures of 7-16% for term infants (7, 8). Mortality in our 
cohort is consistent with other cohort studies (e.g. 16% 
among term infants and 42% among premature infants in 
Ontario Canada) (9). In our study 20 (20%) infants died 
during their hospitalization in NICU and 3 after neo-
natal period, during first year of life. Despite improved 
survival, the risk of long term neurodevelopmental delay 
remains high with studies reporting a range from 28% to 
46% (7-9).

Our cohort is similar to other reports in the follow-
ing: increased risk of neonatal seizures among males (13, 
14); increased risk of mortality in preterm infants (9, 
15); increased risk of seizures among infants born post-
term(16); and increased risk of seizures among neonates 
with perinatal asphyxia (1-3, 16-18).

Diagnosis of HIE depends primarily on recognition of 
the clinical syndrome using the Sarnat scale but also on 
a variety of neurodiagnostic techniques, including MRI 
and CT brain scans. In our study HIE was diagnosed by 
neuroimaging studies in 34/67 (50,7%) of full term in-

fants. Similar results have been reported in other stud-
ies (7, 8). These seizures usually occur within the first 72 
hours of life, may be seen in term and premature infants, 
and often remit after a few days. Other cerebrovascular 
insults including arterial and venous stroke, intracere-
bral hemorrhage and subarachnoid hemorrhage in term 
infants also frequently present clinically with seizures. In 
our study 13 full term infants had manifestation of such 
events. Therapeutic hypothermia has been demonstrat-
ed to decrease mortality and improve neurodevelop-
mental outcomes in term and late preterm infants with 
moderate and severe HIE (19, 20). In our cohort, 7/34 
of the term infants with HIE received therapeutic hypo-
thermia.

In this cohort IVH-PVH was the most common cause 
of neonatal seizures among preterm infants. In our study 
the majority of preterm infants (23/33) had IVH-PVH or 
combination of hemorrhage with PVL , which is consis-
tent with the literature (21).

Infection/inflammation during the neonatal period is a 
common cause of neonatal seizures and has a significant 
impact on neurodevelopmental outcome, regardless of 
etiology (22-24). In this cohort, sepsis and meningitis 
were diagnosed in 35% and 8% of infants with neonatal 
seizures respectively. Sepsis and meningitis are common 
causes of mortality in neonates (24). In this cohort 7% 
of infants died of sepsis and meningitis (20% of septic 
infants). 

Metabolic disturbances responsible for neonatal sei-
zures include hypoglycemia, hypocalcaemia, hypomag-
nesemia, and abnormalities of other electrolytes and 
amino acids. Many metabolic causes are readily treat-
able, and when such metabolic disturbances are the pri-
mary cause of neonatal seizures, they are rarely associ-
ated with significant long-term consequences. Analysis 
of metabolic disturbances in neonates with seizures: 
hypocalcemia / hypomagnesemia (14%), hypoglycemia 
(6%) and both – hypocalcemia and hypoglycemia (2%) 
are similar (8) to literature data. Symptomatic neonatal 
hypoglycemia is frequently associated with impaired 
neurodevelopmental (8).

Malformations of cortical development that frequent-
ly present with early life seizures include lissencephaly, 

1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Death 1 0,17 0,11 0,05 0,11 0,17 0,23 0,32 0,36 0,24 0,00 0,17 -0,02 

2. Prenatal  history 1 0,58 0,07 -0,11 0,19 0,21 0,21 0,15 0,17 0,02 0,20 -0,12 

3. Medications 1 0,01 -0,29 0,06 0,10 0,04 0,02 0,01 -0,10 0,12 -0,04 

4. Manner of delivery 1 -0,14 -0,08 -0,17 0,10 0,00 0,15 -0,29 0,06 -0,10 

5. Sex 1 -0,12 -0,07 0,17 0,11 0,20 0,13 -0,04 0,11 

6. GA 1 0,85 0,24 0,31 0,25 0,29 0,65 -0,03 

7. BW 1 0,21 0,27 0,26 0,32 0,54 0,04 

8. Resuscitation 1 0,70 0,78 0,10 0,21 -0,20 

9. MV 1 0,64 0,17 0,23 -0,12 

10. Asphyxia 1 0,08 0,23 -0,19 

11. Infection 1 0,18 -0,10 

12. ICH 1 -0,11 

13.Metabolic disord. 1 

Table 4. Correlation between potential risk factors and death. **P<0,01 (yelow) *P<0,05 (green)
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polymicrogyria, focal cortical dysplasia etc. Develop-
mental abnormalities of the brain in our study were 
found in 5 infants: microcephalia in two cases (togeth-
er with lissencephaly and Dandy Walker malformation) 
and in 3 cases of hemimegalencephaly. Unilateral mac-
rencephaly–hemimegalencephaly, isolated or as a part of 
a syndrome is associated with severe refractory seizures 
in the neonatal period and often results in severe neuro-
developmental delay (25).

6. CONCLUSION
In this cohort of 100 infants with neonatal seizures, 

the mortality rate was high, consistent with previous 
reports. Seizures are the most prominent signals of a 
broad spectrum of neonatal neurological disorders most 
commonly related to brain injury associated with HIE in 
term infants and PVH-IVH in premature infants. Future 
studies of this cohort are planned including evaluation of 
neurodevelopment and prevalence of epilepsy and cere-
bral palsy at age 3, at entrance to primary school and at 
entrance to high school.
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