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Abstract

Objectives
This study aimed to determine the frequency of different types, causes, 
and abnormal findings of brain computed tomography scan (CT scan) 
and ultrasonography (US) and multichannel- electroencephalography 
(EEG) in neonates with seizure. The ability of brain CT scan was 
also compared with US in terms of detecting the underlying causes of 
neonatal seizures.

Materials & Methods
In this cross-sectional retrospective study, the medical records of 90 
neonates younger than 28 days with the definite diagnosis of seizure 
were reviewed. The data were analyzed using SPSS 22 through 
descriptive and Exact fisher tests.

Results
Totally, 90 newborns (M: F = 1.5:1) with mean age of 63.11 ± 32.8 
days were enrolled. 35.5% of newborns were born before the 37th 
week of pregnancy. In this study, 45.6% of EEG findings, 22% of 
brain CT scan findings, and 12.5% of US findings were abnormal. The 
automatisms (38.9%) and benign idiopathic neonatal seizure (70.7%) 
were the most common seizure type and cause respectively. The 
hypoxic Ischemic encephalopathy was the most common abnormal 
finding (30%) in brain CT scan.

Conclusions
Given the accuracy of EEG in detection of brain pathologies, where 
available, all neonatal seizures should be initially confirmed using 
EEG. Radiologic investigations (CT scan, US) off the head/ cranium 
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Introduction 
Seizure is defined as a transient occurrence of signs 
or/and symptoms as a result of aberrant synchronous 
or excessive activity of the brain neurons. Seizure 
is the most prevalent neurological emergency in 
neonates that occurs in 1 - 5 per 1000 live births. 
The neonatal seizures often are symptomatic of a 
disease with a suspected or documented underlying 
etiology (1, 2). Common etiologies in neonatal 
seizure are hypoxic-ischemic encephalopathy 
(HIE), genetic disorders, metabolic disorders 
(hypocalcemia/ hypoglycemia), infection, and 
stroke. In addition, sometimes they are idiopathic 
(benign idiopathic neonatal seizure) (3, 4). 
The gold standard test for seizure diagnosis is 
multichannel – electroencephalography (EEG) (5). 
Indeed, EEG helps us to avoid both overdiagnosis 

and underdiagnosis of neonatal seizures (6). In 
addition, it is notable that this tool is not limited 
to the mere seizure diagnosis; it provides the 
data required for a detailed investigation of the 
background activities and some special features 
and patterns/waves indicative of the nervous 
system development (7). Moreover, radiologic 
investigations like ultrasonography (US) and 
computed tomography (CT) scan of the brain have 
a central role in neonatal seizure assessment (8-
10). The US may be a helpful initial imaging tool 
for the term and preterm-born neonatal brain. The 
ease and portability of US makes it a fast initial 
assessment tool of neonates with seizures (11, 12). It 
allows detection of hydrocephalus, intraventricular 
hemorrhage, and white matter disease like cystic 
periventricular leukomalacia, particularly in very 
preterm patients with a gestation age of < 32 weeks 
(13). The CT scan has a specific but limited role in 
the assessment of neonatal seizures (14, 15). It is 
quick and does not need sedation; it can provide 
better assessment of the brain in comparison with 
US in cases in which acute stroke or hemorrhage is 
suspected (16). The World Health Organization’s 
(WHO) guideline on neonatal seizures declared that 
despite the great clinical significance of this disease, 
many aspects of its diagnosis and management 
are not well established by evidence-based 
studies (17). This project provides a significant 
opportunity to advance the understanding of 
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neonatal seizures by investigating the frequency of 
different types, causes, and findings of brain CT 
Scans, US, and EEG in neonates with seizures. In 
addition, the capability of brain CT scan and US 
to detect underlying causes of neonatal seizures 
was compared. The study was carried out at 
Farmanfarmayan Hospital, Tabriz, Iran.

Materials & Methods
In this retrospective cross-sectional study, we 
reviewed the medical records of all neonates 
aged one 1 - 28 days with a diagnosis of seizure. 
The subjects had been admitted to the Neonatal 
Intensive Care Unit (NICU) of Farmanfarmayan 
Children’s Hospital (Tabriz, Iran), a tertiary care 
center. The study was carried out in two years’ 
period from April 2017 to March 2019.
The inclusion criterion was newborns with a definite 
diagnosis of seizure by a pediatric neurologist. The 
exclusion criteria were as follows: (i) seizure-like 
syndromes (ii) neonates who underwent neither 
brain imaging nor EEG. 
Totally, 90 patients were selected. A structured 
questionnaire was designed to record sex, age, birth 
weight, birth length, birth head circumference, 
gestational age, delivery details (C-section or 
normal vaginal delivery and hypoxia during 
delivery), seizure type (clonic, tonic, myoclonic, 
automatisms), causes of the seizure (hemorrhage, 
hypocalcemia, hypoglycemia, benign idiopathic 
neonatal seizure, HIE), history of neonatal jaundice, 
family history of epilepsy, CT scan findings (brain 
hemorrhage, hypoxemic-ischemic lesions, brain 
edema, other findings) US findings(normal or 
abnormal) according to a certified radiologist 
report and EEG findings (normal or abnormal). 
Hypocalcemia was defined as serum calcium level 
< 7.5 mg/dL. Blood sugar levels < 35 mg/dL or 1.9 

mmol/L during 1 to 3 hours of life; < 40 mg/dL or 
2.2mmol/L during 3 to 24 hours of life; and < 45 
mg/dL or 2.5 mmol/L after 24 hours of life were 
considered as low.
To make sure of consistency in data collection, the 
data were collected by a medical student (H.E.) 
who was completely trained and audited by the 
principal researcher (M.M.). 
Neonatal seizures were defined as the presence of 
automatisms, myoclonic, clonic and tonic attacks 
according to Kellaway and Mizrahi criteria (12) 
in 1 to 28 day-old patients. Neonatal seizures 
were diagnosed clinically by a neonatologist 
(M.M.). All neonates underwent brain C.T. scan, 
U.S. and multichannel-EEG. Spiral brain C.T. 
scan without IV contrast was performed using 
16-slice C.T. scan Siemens. Ultrasonography was 
performed using a 3.5 - 5 MHz curved probe. All 
ultrasonographic examinations were performed 
from the anterior fontanelle by a single radiologist 
without any knowledge of other findings. All 
patients underwent 12 channel 20-min standard 
clinical surface EEG. The EEG signals were 
filtered by a second-order band-pass Butterworth 
filter with 0.1 to 30 Hz cut-off frequencies and a 
sensitivity of 10. Brain oscillatory activity was 
determined through inspection of EEG tracings by 
one practiced neurologist (S.S.), initially blinded 
to CT scan and U.S. findings. As a part of routine 
examinations, glucose and electrolyte testing were 
also performed.

Statistical Analyzes
The data were analyzed using the SPSS version 
22.0 for Windows. Continuous variables were 
expressed as mean ± standard deviation (S.D.) and 
categorical variables as number (percentage).
The Fisher Exact test was used to determine 
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the correlation between C.T. scan findings and 
demographic data of the patients
A P-value < 0.05 was considered statistically 
significant. 
Our study was approved by the Ethical Committee, 
Tabriz University of Medical Sciences (ethical 
code of I.R.TBZMED.REC.1398.869).

Results
The medical records of 90 infants with seizures 
who met the inclusion criteria were reviewed. Mean 
age, birth length, and birth head circumference 
were 63.11 ± 32.8 days, 50.15 ± 21.30 cm, and 
35.90 ± 23.70 cm respectively. The mean birth 
weight was 3161.30 ± 620.72 gram, and 13 cases 
(14.4%) were low birth weight (LBW) with mean 
birth weight of ˂ 2500 gram. Totally, 54 cases 
(60%) were male, and the male: female ratio was 
1.5:1. The mean gestational age was 37.6 weeks, 
and 32 cases (35.5%) were preterm (gestational 
age < 37 weeks). In addition, 36 neonates (40%) 
were born through normal vaginal deliveries and 
54 neonates (60%) through C-sections. Positive 
history of hypoxia during delivery was found in six 
cases (6.7%), a history of neonatal jaundice was 
found in five cases (5.6%), and a family history of 
seizure was found in six cases (6.7%).
3.1. Types of Seizures
Totally, 35 cases (38.9%) had automatisms, 26 cases 
(28.9%) had clonic seizure, 23 cases (25.6%) had 

tonic seizure and six cases (6.7%) had myoclonic 
seizure.
3.2. Causes of Seizures
Totally, 63 seizures (70%) were due to benign 
idiopathic neonatal seizure, 19 cases (21.1%) were 
due to hypoxemic-ischemic encephalopathy (HIE), 
four cases (4.4%) were due to brain hemorrhage, 
two cases (2.2%) were due to hypoglycemia, 
and two cases (2.2%) were due to hypocalcemia. 
Therefore, the benign idiopathic neonatal seizure 
was the most common cause of neonatal seizures.
3.3. Abnormal EEG/CT/US Findings
Figure 1 shows the rate of abnormal findings in 
CT, EEG, and US in neonatal seizure. The US 
was abnormal in 12.5%. In 41 (45.6%) neonates, 
multichannel-EEG had abnormal findings 
including abnormal background activities in 
29 (32.2 %) cases and epileptiform activities 
in 12 (13.2 %) cases. The CT scan results were 
abnormal in 20 cases (22.2%), including six 
cases (6.7%) of hypoxemic-ischemic lesions, 
five cases (5.6%) of brain hemorrhage, four cases 
(4.4%) of brain edema, and five cases (5.6%) 
of other findings (cephalohematoma, vascular 
ectasia, encephalomalacia, caput Succedaneum, 
ventriculomegaly). There was not any statistically 
significant correlation between CT scan findings 
and demographic variables (Table 1). All neonates 
with abnormalities in US had an abnormal CT 
scan, too.
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Table 1. Correlation Between CT Scan Findings and Demographic Variables in Neonatal Seizure a, b

Variable   Age (days) Gestational Age (mo) Birth Weight (gr) Family History of Seizure

CT Scan ≤ 3 > 3 < 37 ≥ 37 < 2500 ≥ 2500 Positive Negative

Normal 18 (20.0) 52 (57.8) 23 (25.6) 47 (52.2) 8 (8.8) 62 (68.9) 5 (5.6) 64 (71.1)

Abnormal 8 (8.8) 12 (13.4) 9 (10.0) 11 (12.2) 5 (5.6) 15 (16.7) 1 (1.1) 19 (21.1)

Total 26 (28.8) 64 (71.2) 32 (35.6) 58 (64.4) 13 (14.4) 77 (85.6) 6 (6.7) 84 (93.3)

P-value NS NS NS NS

a Abbreviation: NS, non-significant.
b Data are presented as No. (%).

Figure 1. Rate of abnormal findings in CT, EEG and US in neonatal seizure

Discussion
Similar to the findings of previous studies (8, 18) 
The current study has shown that the majority of 
patients were male. Indeed, the male gender is 
considered a risk factor for seizures during the 
neonatal period (18). Consistent with Vanikim 
(19), 85.6 % of patients weighed  > 2500 grams 
in our study. Another study in Iran revealed that 
76% of neonates weighed > 2500 grams (8). This 
result showed that seizures could be more common 

in heavier neonates.
4.1. Causes of Seizures
Similar to Salehiomran et al. (20) and 
notwithstanding laboratory radiological and 
clinical examinations, the majority of seizures 
in our study were idiopathic. This is inconsistent 
with previous studies reporting HIE as the most 
common cause of neonatal seizures (8, 21). The 
HIE was the second cause (21.1%) of neonatal 
seizures in our study. It may be due to the study 
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population characteristics. It has been shown that 
the age of onset of HIE in neonates was within the 
first 24 hours of birth, while in our study, the mean 
age of neonates was 63.11 ± 32.8 days. With regard 
to the study population age, it is not surprising that 
HIE was seen in the fewer percentage of neonates 
in our study than that of other studies. 
 In this study, both metabolic disorders and brain 
hemorrhage were considered as the third reason 
for seizures with four cases (4.4%) in the both 
groups. In a similar study conducted in Iran on 
141 neonates with seizures, metabolic disorders 
were the second cause with 31 neonates (22%), 
and brain hemorrhage was the fourth cause with 11 
neonates (7.8%) in neonatal seizure (8). 
4.2. Types of Seizures
In the present study, the most common type of 
seizure was automatism (38.9%), followed by 
clonic (28.9%), tonic (25.6%), and myoclonic 
(6.7%). Similar results were reported by Alyasiri 
(22) and Marzoki (23), but this was different from 
Najeeb et al. (24) and Ahmadabadi et al. (9) studies 
in which clonic seizures were the most prevalent 
cause. This difference in the type of seizures 
in several studies could be due to the statistical 
population. 
4.3. Abnormal EEG/CT/US Findings
With respect to the brain CT scan examinations, 
it was found that 22.2% of patients had abnormal 
findings. A comparison of our results to the 
findings of previous studies revealed that all 
studies reported that HIE was the most prevalent 
abnormality in CT scan results. In Ahmadabadi 
et al. study, CT findings in 41.4% of the neonates 
showed abnormalities, of which 44.8%% were HIE 
(9). In another study conducted in Iran, CT findings 
in 33.3% of the neonates showed abnormalities, 
of which 47% were HIE (8). HIE occurs in one 

to three per 1000 live full-term births. Of affected 
newborns, 15%–20% of affected newborns will die 
in the postnatal period, and an additional 25% will 
develop severe and permanent neuropsychological 
sequelae, including mental retardation, visual 
motor or visual perceptive dysfunction, increased 
hyperactivity, cerebral palsy, and epilepsy. It has 
been shown that the outcomes of HIE are permanent 
and devastating; so it is a noticeable burden for the 
neonate, the parents, and society (25, 26).
Accordingly, using CT scan tests, HIE can be 
diagnosed earlier; and by following a suitable 
treatment, the survival rate of neonates can be 
improved.
In a study by Nabavi et al. conducted from 2010 
to 2011 to assess brain US findings in neonatal 
seizure, 48.5% of the US examinations had 
abnormal findings. They introduced US as an 
appropriate non-invasive tool for timely detection 
of cerebral causes of neonatal seizures (12). In our 
study, although the number of US examinations 
with abnormal findings was lower than the figure 
shown in the mentioned study, 12.5% prevalence 
of abnormal US findings was also noticeable.  In 
a study by Mercuri et al., 69% of neonates with 
seizure had abnormal lesions in their head US 
results (27). Although the number of CT scans and 
EEG examinations with abnormal findings was 
higher than the figure reported by US, these tests 
are not available everywhere, especially in third 
world societies, and require specific conditions 
like immobilization. Therefore, it seems that 
US is an available, affordable, safe, and bedside 
screening technique that can be of significant help 
for medical doctors (12, 28).
In our study, 45.6% of patients had abnormal 
EEG. The rate of abnormal EEGs in Salehiomran 
et al. (20) was 14.3%. Therefore, the number of 
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EEGs with abnormal findings was higher than the 
figure reported in US and CT scan. That is, EEG 
is the most accurate tool for confirming a sign or 
symptom is of epileptic origin. On the other hand, 
while performing EEG, special conditions need to 
be considered, including an interpretation of EEG 
trace by a trained expert, minimal skills training 
of EEG technicians, and minimum acceptable 
standards for the facility and equipment. In addition, 
our study showed that EEG in some neonates with 
seizures was normal. Therefore, it seems that the 
standard and proper method of diagnosing neonatal 
seizures is clinical checks (17). 
Several limitations of our study need to be 
considered. First, the small sample size and 
retrospective method are notable as methodological 
shortcomings. Second, video-EEG polygraphy and 
MRI findings were not included in this study. In 
conclusion, given the accuracy of EEG to detect 
brain pathologies, where available, all neonatal 
seizures should be initially confirmed by EEG. 
Radiologic investigations (US, CT scan) of the 
head/ cranium are not recommended for evaluating 
the absence or presence of clinical seizures in 
neonates. These tools are recommended mostly to 
detect the cause of neonatal seizure.
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