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OVERVIEW

Seizures are a common clinical problem at all ages, including in children. In the USA, it is estimated that
10% of the population will experience at least one attack of seizures in their lifetime. The role of imaging
in children presenting with seizures has evolved in the last two decades due to the increasing availability
of Magnetic Resonance Imaging (MRI) and a recognition of the importance of reducing the use of CT in
children due to radiation risks. CT is also known to have reduced sensitivity for many conditions
responsible for childhood seizures such as mesial temporal sclerosis, cortical dysplasias and small

neoplasms.

At our institution, CT is still used extensively in the emergency setting for children presenting with
seizures. It is important to investigate this practice to ensure the benefits outweigh the risks. American
Academy of Radiology guidelines recommend the use of emergent neuroimaging for any child at any age
who exhibits a post-ictal deficit (Todd’s paresis) that does not resolve quickly or who has not returned to
baseline within several hours. A study done by Sadeq and Karim in Kuwait in 2015 demonstrated no
usefulness in evaluating paediatric patients who present with first attack of unprovoked afebrile seizures

therefore recommending that neuroimaging should not be performed for these patients.
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LITERATURE REVIEW

INTRODUCTION

Seizures are an emergency in paediatrics. A seizure in children is a common presentation in the
Emergency Department as it is quite distressing to the caregivers(1). The caregiver must get information
about the cause, management, and prognosis of the seizure. Almost 10% of children in the United States
of America will experience a seizure in their lifetime with about 1,5-5.0% experiencing an afebrile
seizure. The primary goal of emergency care is to abort the seizure and to identify potentially life-

threatening aetiology(2).

The brain consists of nerve cells that communicate with each other through electrical activity. A seizure is
defined as an abnormal paroxysmal neuronal discharge that is clinically manifested by motor, sensory,
autonomic or behavioural disturbances. Anything that interrupts the connections between nerve cells in

the brain can cause a seizure(3).

Seizures are classified into two types, focal(partial) and primary generalised seizures. Focal seizures
originate from a localised area in the cerebral hemisphere. Focal seizures are designated as simple or
complex. Complex partial seizures are associated with loss of consciousness and simple focal seizures are
not. Simple focal seizures are less disabling and are confined to the neocortical structures within the

limbic system and brainstem(4).

Focal seizures can disseminate and develop into a secondarily generalised seizure. Primarily generalised
seizures originate from both cerebral hemispheres. These occur at an early age and are mostly associated
with a family history of seizure disorders but are less likely to be associated with focal cerebral lesions.
Some seizures are considered unclassified because the underlying mechanism of their origin or
propagation is unknown. Because focal seizures can be subtle and unrecognised and may develop into

secondary generalised seizures, the most common presentation is a generalised seizure.

The International League Against Epilepsy (ILAE) further categorizes seizures according to the aetiology.
Acute symptomatic seizures occur during an acute illness in which there is a known neurological insult or
systemic metabolic dysfunction in a previously neurologically intact child. Remote symptomatic seizures

occur without an identified insult but with a history of a pre-existing neurological abnormality more than
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1 week before. Idiopathic(cryptogenic) seizures occur with no clear cause in otherwise normal people

with normal neurological examination and are usually asymptomatic(3, 5).

Seizures can be categorised into convulsive and non-convulsive seizures. Convulsive seizures have a
motor component such as tonic-clonic, clonic or tonic. Non-convulsive seizures have impaired
consciousness without a motor component(5). A provoked seizure is characterized by a specific trigger
such as fever, central nervous system infection, head injury or intoxication. Unprovoked seizures are a
type of seizure with no obvious precipitating cause and may be related to epilepsy(3, 6). Febrile seizures

occur within 24 hours of having developed a fever. Afebrile seizures are not associated with fever.

Status epilepticus is a single seizure lasting for more than five minutes or two or more seizures within five
minutes without the person returning to normal between the seizures(2, 7, 8). Status epilepticus is a life-
threatening medical emergency associated with high morbidity or mortality, particularly if treatment is
delayed. The primary goal of emergency care is to abort the seizure and to identify potentially life-
threatening or reversible aetiology. Epilepsy is a type of chronic seizure disorder characterized by two or

more unprovoked seizures at least 24 hours apart.

Computed Tomography (CT) is a medical imaging procedure that uses X-rays to build cross-sectional
images of the body. The cross-sections are reconstructed from the measurement of attenuation
coefficients of X-ray beams in the volume of the subject studied. Magnetic Resonance Imaging (MRI)is
another medical imaging modality that uses non-ionizing radiation to send and create useful diagnostic
imaging. MRI uses a radio wave antenna to send signals to the body and then a radiofrequency receiver

detects the emitted signal which is converted into images by the computer.

MRI is the best method to avoid radiation exposure while providing more detailed diagnostic
information(4, 5, 9, 10). However, Computed Tomography has a shorter scanning time, is cheaper and is
more readily available in emergency care. Computed tomography is superior in detecting large structural
abnormalities, acute vascular lesions and oedema. MRI is superior in demonstrating elusive brain

developmental abnormality.

The role of imaging is to detect an underlying cerebral lesion (s) that may be the underlying cause of the
child’s seizure and to provide appropriate medical or surgical care(8). The purpose of performing
neuroimaging in a child with unprovoked new-onset seizures is to look for intracranial pathology that
may require immediate intervention. The purpose of elective neuroimaging is to detect abnormalities that

may affect prognosis and therefore have an impact on long-term treatment and management (5, 8).

7



u

&

UNIVERSITY OF o~
KWAZULU-NATAL

A
y

YA I(WPI:;‘CIJI:’Lffll’\IATALI
Student number: 219098891
However, which patients with unprovoked seizures require neuroimaging and when imaging should be

obtained is often debated.

It remains controversial whether neuroimaging is required in children with unprovoked afebrile new-onset
seizures. The American Academy of Neurology (AAN) guidelines published in 2000 recommend the use
of emergency neuroimaging for any child at any age who exhibits post-ictal deficits (Todd’s palsy) that
do not resolve quickly or who has not returned to baseline within several hours. “Todd’s palsy is focal

weakness in a part or all of the body after a seizure and usually subsides after 48 hours”.

The International League against Epilepsy published in 2009 recommends that new-onset
seizures/epilepsy with a medical emergency such as status epilepticus always merit emergency
neuroimaging. American College of Radiology (ACR) recommends that afebrile seizures in
neurologically intact children below 2 years of age without prior medical illness or documented trauma

should be considered for an emergency CT scan. This may be a presentation for non-accidental injury.

Different research studies have concluded different results to support the role of neuroimaging in
unprovoked first-onset seizures. A study done in Cairo demonstrated that about 20.6% of children from 6-
12 years were found to have prevalent abnormalities on neuroimaging which mostly were brain atrophic
changes that did not require urgent intervention. This study then concluded that there is a yield in

neuroimaging in that age group as it detects structural abnormalities(9).

Another study demonstrated that only 11% of children had clinically significant abnormal findings on
neuroimaging thus, together with the majority of research, concluding that neuroimaging studies are not
useful in evaluating paediatric patients who present with a first attack of unprovoked non-febrile seizure.
Emergent or urgent abnormalities occurred in less than 1%, suggesting that neuroimaging should not be
routinely performed in the Emergency Department unless there is evidence of focal neurological deficits

which is by AAN guidelines(2, 3, 6, 10,11).

A study that was done by Mohhamdi et al demonstrated that 27.1% of patients had abnormal findings of
whom 9.2% were in the brain MRI group and 14.3% were in the CT scan group. This study demonstrated
a lot of lesions to be in the white matter and that the location of the lesions was related to the type of
seizure. They recommend brain imaging in all patients with new-onset unprovoked seizures and apart

from some exceptions, brain MRI is superior to a CT scan(4).
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Another study done by Haysma et al study demonstrated a significant abnormality in afebrile new-onset
seizures in children less than 2 years with intracranial haemorrhage and suspected non-incidental injuries
who required emergent intervention either surgically or medically(12). Therefore they recommend
emergency neuroimaging for all children under 24 months presenting in the emergency department,

which concurs with ACR guidelines(10, 13).

A study on status epilepticus suggested that longer seizure duration and older age were associated with
urgent or emergent intracranial pathology. They then concluded that a substantial minority of children
with unprovoked afebrile first-onset seizures presenting with status epilepticus have intracranial
pathology requiring urgent or emergent neuroimaging. Therefore, they recommend that clinicians should

strongly consider emergent neuroimaging for these patients(7, 13, 14).

Most studies concur with the AAN guidelines and have shown that neuroimaging in paediatric patients
with new-onset seizures and no abnormal neurological deficit, status epilepticus or Todd’s palsy do not
require neuroimaging. However, some studies have shown that neuroimaging in all paediatric patients

presenting with a seizure may be beneficial.

The most common conditions encountered from the studies, that require urgent medical or surgical
treatment include; subdural haematoma, Arterio-Venous malformation, ischaemic stroke, cerebral
oedema, hydrocephalus and meningitis (14, 15). The most common conditions encountered from the
studies, that do not require emergency management include; gliotic lesions, multiple demyelinating
lesions, congenital abnormalities like corpus callosum dysgenesis and periventricular leukomalacia(15,

16, 17, 18).

Many international studies have evaluated the role of neuroimaging in the paediatric population with first-
time non-febrile convulsions, however, there has been little research conducted in South Africa. This gap
in research is concerning as international guidelines from developed countries do not always apply to the
patient population and disease profile of developing countries. The potential for this gap is to develop

guidelines which would be suitable for a resource-limited country such as South Africa.

In conclusion; The role of imaging in unprovoked new-onset seizures remains debated. MRI is superior to
a CT scan in detecting structural brain abnormalities. However, a CT scan is more readily available after
hours and is easier for most clinicians to read. Obtaining adequate history in this patient group can be

challenging, thus adequate clinical exam remains paramount in the decision to perform neuroimaging.
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Title: Brain Computed Tomography (CT) Findings in Paediatric Patients Who Present with New Onset
Unprovoked Afebrile Seizures to the Emergency Department.

Abstract

Background: Seizures are a common clinical presentation in the paediatric emergency setting.
Neuroimaging is crucial to the initial workup. CT scan is more widely available than Magnetic Resonance
Imaging. Many international studies have evaluated the role of neuroimaging in the paediatric population

with first-time non-febrile convulsions, however, there has been little research conducted in South Africa.

Objectives: The study evaluated the yield of computed tomography (CT) brain in non-febrile paediatric

patients presenting with new-onset seizures in a resource-limited setting.

Methods: A retrospective audit of paediatric patients who presented with new-onset afebrile seizures and

underwent a CT brain scan carried out at Grey's Hospital, a tertiary hospital in Kwa-Zulu Natal.

Result:153 children with new onset afebrile seizures were included in the study. A total of 39/153(26 %)
had recorded neurological abnormalities of whom 24/39 (61%) had abnormal CT scans. Among the
patients with recorded neurological findings 15/153(17%) had normal CT scan findings and 24(36%) had
abnormal CT scan findings. The majority of patients had normal CT scan findings 86/153(56%) with
abnormal CT findings demonstrated in 67/153 (44%) cases. Among the abnormal CT findings,

42/67(28%) potentially required medical or surgical intervention.

Conclusion: Neuroimaging plays an important role in the investigation of children with first-onset
afebrile convulsions in our setting since more than a quarter (42/153, 27%) of our cohort demonstrated

CT abnormalities requiring some form of intervention

Keywords: paediatric; seizure; new-onset; afebrile seizures; CT scan findings; neuroimaging; resource

limited setting;
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INTRODUCTION

Seizures are a common clinical problem at all ages with a broad range of underlying pathologies. Seizures
in children are often a benign symptom of febrile illness however, they may be a sign of a serious
intracranial abnormality such as infection, haemorrhage or neoplasia. Seizures are a medical emergency,
especially in the paediatric population and account for one of the most common presentations to the
Emergency Department (ED)(1). The primary goal of emergency care is to abort the seizure and to
identify a potentially life-threatening aetiology(4). Almost 10% of children in the United States of
America will experience a seizure in their lifetime with about 1.5-5.0% experiencing afebrile seizures(5).
A seizure is defined as abnormal paroxysmal neuronal discharge which is clinically manifested by motor,
sensory, autonomic or behavioural disturbances(6). Any pathology that interrupts the connections
between nerve cells in the brain can result in a seizure (3). Seizures are briefly classified into
focal(partial) and primary generalised seizures where focal seizures originate from a localized area in the
cerebral hemisphere and primarily generalised seizures originate from both cerebral hemispheres. Focal

seizures can become secondarily generalized(7).

Neuroimaging plays an integral role in the evaluation, management and treatment of patients presenting
with seizures and its role in children has evolved in the last two decades due to the increasing availability
of Magnetic Resonance Imaging (MRI), which is considered the imaging modality of choice, and a
recognition of the importance of reducing the use of Computed Tomography (CT) in children due to the
radiation risk. However, CT scan is more widely available than MRI due to its affordability, especially in
a developing middle-income country such as South Africa. The International League Against Epilepsy
(ILAE) published imaging guidelines for new-onset epilepsy in 2009, affording a five-point scale
classification (described in the results) on neuroimaging findings which are not specific to new-onset
seizures but is relevant in assessing the outcome of emergent imaging(8,9). Additionally, the American
Academy of Neurology (AAN), the Child Neurology Society (CNS), American Academy of Paediatrics
(AAP) and the American Epilepsy Society (AES) published guidelines regarding neuroimaging for the
assessment of a child with new-onset afebrile seizures which advise emergent neuroimaging for children
with persistent post-ictal neurological deficit and children who fail to return to baseline after within a few

hours (8). Thus, there seems to be a consensus that a child is allowed at least one simple seizure in their
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lifetime without any further investigation provided the child was well prior, there are no recurrent

seizures, no associated abnormal neurology and no status epilepticus.

However, the precise role of neuroimaging in paediatric patients who present with new-onset seizures in a
country such as South Africa with limited resources, differing disease profiles such as a high burden of
infectious diseases like Human Immunodeficiency Virus (HIV) and Tuberculosis (TB), delayed hospital
presentation as well as delayed referral to a tertiary institution is still to be clarified. The study evaluated
the yield of computed tomography (CT) brain in non-febrile paediatric patients presenting with new-onset
seizures, identified the most common emergency radiological findings as well as the radiological findings
that will alter the acute medical and surgical management and determined the factors associated with

positive radiological findings in patients presenting with this type of seizure in a resource-limited setting.

METHODS
Study design and participants

This was a retrospective study carried out at Grey’s Hospital using data from 01* January 2011 to 31
December 2020. Patients from 29 days to 12 years of age with a history of new-onset afebrile seizures for

which the patients had not been medically evaluated were included in the study.

Children younger than 29 days were excluded because they have neonatal seizures which is considered a
different clinical entity with different actiology from seizures in older children. Patients with provoked
seizures including documented febrile seizure in the previous 24 hours with a temperature > 38.0 °C were
excluded as these patients have a presumed non-structural case for seizures. Those whose radiology report
had not been reviewed by a specialist radiologist were excluded as the radiology report findings were
more likely to be invalid. Those with a recent history of trauma and blocked ventriculoperitoneal (VP)
shunt, a history of previous neuroimaging or medical/surgical treatment for a seizure were excluded from

the study as the cause for seizures in these patients was known or presumed.
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Setting

Grey’s Hospital is a referral tertiary academic Hospital located in Pietermaritzburg, South Africa, which
falls in the Umgungundlovu health district. It offers tertiary services to the Western half of KwaZulu-
Natal which includes 5 health districts with a total population of 4,5 million.

Data Collection

Although the setting was Grey's Hospital, a tertiary institution in Kwa-Zulu Nata, data from Ladysmith
Provincial Hospital was included. Ladysmith Provincial Hospital is a 458-bed regional and district
Hospital situated at Ladysmith in the Uthukela health district, South Africa. At the time this research was

conducted, images were faxed to Grey's Hospital for reporting.

A folder with all paediatric patients (0-12 years) who had undergone computed tomography (CT) of the
brain during the study period was created on the Picture Archiving System (PACS) by the IT specialist.
Patients who were eligible for this study were identified by searching electronic records of all paediatric
CT reports and images on the PACS. This was correlated with the history provided on the Radiology
Information System (RIS) for the history of “convulsions”, “seizures” or “epilepsy”. All CT scan reports
were reviewed by several specialist radiologists with differing levels of experience, most of whom had

been specialist radiologists for at least 2 years.

Computed Tomographic Scanning Methodology

The scans were performed using a Siemens Somatom Sensation Cardiac 64 slice scanner (Siemens
Medical Solutions SW, Erlangen) with 0.5s gantry rotation speed and tube voltage of 120KV. The tube
current was determined using an automated current modulator. Scans were performed using a slice

thickness of 5Smm, pitch of 1.15 and image reconstruction of 1 mm.

For contrast-enhanced scans, 1mg/kg Omnipaque 300 contrast was manually injected intravenously. The
predominant scanning technique included only post-IV contrast scans to mitigate the risk of radiation
exposure, a few patients had both pre-IV and post-IV contrast scans and a small number of patients had

only a pre-IV contrast scan performed. Our paediatric department follows the aforementioned guidelines
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when assessing the need for neuroimaging in these patients, requesting imaging for patients with

localizing signs and patients presenting with status epilepticus.

Statistical analysis

Descriptive statistics (frequencies and percentages) were used to summarise the data by neurological and
CT findings. Risk factors associated with abnormal neurological findings and CT abnormalities were
determined using the Chi-Square test. Stata V17 statistical software was used for the analysis. A p-value

lower than 0.05 was considered statistically significant.

Ethical Consideration

Ethics approval for this study was granted by the Biomedical Research Ethics Committee (BREC) of the
University of KwaZulu-Natal (00002514.2021). There was no physical contact with the patients during
the study. Privacy and anonymity were maintained by allocating a patient a study number and thus the

patient's name was concealed and only identifiable to the primary researcher.

RESULTS

A total of 153 children with new-onset afebrile seizures were included in the study. Of these patients,
58/153(37.9%) were under 2 years and 92/153(60%) were males with a male-to-female ratio of 1.5:1. The
median age of presentation was 6 years. A summary of the CT findings about demographics is presented

in Table 1.

A total of 39/153(26%) had recorded neurological abnormalities of whom 24/39(62%) had abnormal CT
findings. Using a Chi-square test a statistically significant association between the presence of abnormal

neurological findings and an abnormal CT scan was found (p=0.01) as presented in Table 2.

The majority (n=86; 56%) had normal CT scans, while 67/153(44%) had abnormal findings, of whom

almost two-thirds s 42/67 (63%) had CT features potentially requiring medical or surgical intervention.
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No statistically significant difference between males and females was found as presented in Table 3. The
findings were classified into emergent(acute process requiring immediate, urgent intervention), focal
(focal lesions responsible for seizure but not requiring immediate intervention) subacute or chronic
(process responsible for seizure that does not require immediate intervention but has important
therapeutic or prognostic implications), static-remote(non-progressive lesions of the central nervous
system that occurred remotely in time) and non-specific (lesions not requiring immediate intervention that
may be responsible for a seizure) findings with emergent, focal and subacute were further grouped into
major findings that require urgent or elective management and static remote and nonspecific findings
grouped into minor findings which require no immediate management, or no treatment at all. A total of
49/153 (32%) patients had major findings including meningitis, cerebral oedema, stroke, pineoblastoma
and hydrocephalus. The major white matter diseases were HIV encephalopathy and acute disseminated
encephalopathy (ADEM). A total of 18/153 (12%) had minor findings including cerebral atrophy, old
infarctions and gliosis. Table 3 shows the CT scan categories in children with new-onset afebrile seizures

as well as the description of abnormal findings in children with new-onset afebrile seizures.

Cerebrovascular pathology was the most common emergent finding evident in 13/153(8.5%) cases 1 with
intraventricular haemorrhage, 4 with Dural venous sinus thrombosis, 1 with subdural haemorrhage, 7 with
ischemic infarction and 1 with acute peripheral haemorrhage in the temporal horn with no definite cause.

Figure 1 shows selected images of some of the cases of cerebrovascular accidents.

CT imaging features suggestive of meningitis were the second most common emergent finding noted in
11/153 (7.2%) cases of which 3 cases were associated with cerebral oedema and 4 were associated with

hydrocephalus. Figure 2 shows selected images of some of the cases thought to represent meningitis.

Features of hypoxic-ischemic injury were seen in 4/153 (2.6%) cases with selected images demonstrated

in Figure 3.

Focal lesions were seen in 8/153 (5.2%) of cases with rim-enhancing lesions being the most common seen
in 3 patients followed by arachnoid cysts and calcified granulomas seen in 2 patients each and a pineal
mass was seen in | patient. Figure 4 shows selected images of the cases with multifocal ring-enhancing

mass lesions and a pineal mass.
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DISCUSSION

More patients in the sample had normal CT scan findings (56%) compared to abnormal findings (44%).
This concurs with most of the existing data such as the study by Joson-Sanglay et al (1). In our study, 49
cases had major CT abnormalities and 18 cases had minor CT abnormalities (examples explained below).
In studies conducted in developing countries, there is a variable positivity rate of CT scan ranging from
21.0% to 41.7% in developing countries which has been suggested could be due to selection bias or the

high prevalence of neurocysticercosis, especially in the Indian subcontinent (2).

Our study found more males 91(59.9%) had presented with new-onset afebrile seizures than females
61(40.1%). However, there is no relationship demonstrated between gender and the likelihood of
abnormal CT scan findings (p=0.24) as noted in previous studies (1,3,4,5,6,7,8). A study done by Poudel
et al in Nepal also found male patients accounting for 61.7% and a study done by Mabaso et al in the

adult population in South Africa consisted of more male patients accounting for 53.7% (2,3).

HIV is known to increase vulnerability to CNS infections, especially in patients who have a low CD4
count in the general population. Seizures in this population may also be related to brain injury from HIV
vasculopathy and encephalopathy due to the direct effect of chronic HIV infection. The prevalence of
HIV infection in the pediatric population has reduced over the years due to the increased use of
antiretroviral therapy in HIV-positive mothers. In our study, only 10 patients were documented to be HIV
positive with 5 of them having major findings. This does appear high but unfortunately due to the small

number of patients, the association did not reach statistical significance (p=0.55).

About the clinical findings, 53 (43%) patients had an unclassified seizure type with focal seizures
occurring in 61 (40.1%) when the seizure type was documented, out of these patients 17 cases had major
findings and 7 had minor findings. In contrast to the adult population, a study done by Smith et al(9) in
South Africa demonstrated generalized seizures as more common than focal seizures accounting for
86.7%. This difference is attributed to the fact that most pediatric patients with just generalized seizures

for the first time are not sent for imaging and also because there was a significant number of patients
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whose type of seizure was not documented. A total of 24(39%) patients out of 61 (40.1%) patients with
documented focal seizures had abnormal CT brain findings thus there was no statistically significant
association between seizure type and the presence of abnormal findings. These findings contrast that of
Besli et al which show that patients with focal seizures are more likely to have abnormal imaging
findings(10). The difference to thought to be secondary to the small study population as well as missing
data from clinical information. There was no relationship between the side of the seizure and abnormal
findings. Previous studies have suggested that patients presenting with status epilepticus and those who
have not yet returned to baseline require neuroimaging (11,12). In our study, 3 patients presented with

status epilepticus and all of them had abnormal neurological finding on CT scan.

A total of 39(26%) cases had recorded abnormal neurological findings, 10 cases had Todd’s paralysis (a
brief period of temporary paralysis following any type of seizure) and 29 patients had other neurological
findings including low Glasgow Coma Scale (GCS) (15 cases) as well as a few cases with poor balance
and opisthotonos. Out of the 39 cases with abnormal findings, 16 of them were emergent findings
requiring urgent medical/ surgical intervention. Our study demonstrated that patients with abnormal
neurological findings were likely to have any abnormal CT findings(p=0.01). This concurs with previous
studies such as the one done by Joson-Sanglay et al(1,2,9,13). She emphasized that these results show the
importance of CT Brain imaging for patients with abnormal neurological findings and emphasized the
need for the clear communication of the neurological examination findings from clinician to radiologist.

This was not consistently found in the referral letters we reviewed during this study.

Emergent pathology accounted for the most common major findings seen in 32(20.9%) cases including
cerebrovascular accidents and meningitis. In our study, cerebrovascular accident was the most common
emergent finding accounting for 13(8.5%) cases with the most common out of these being arterial
cerebral infarction followed by dural venous thrombosis. This differs from the results of the studies done
by Joson-Sanglay et al and Poudel et al which both found cerebral atrophy to be the most common
abnormality and it contrasts the previous South African study done in adult patients by Mabaso et al who

attributed age as the major risk factor to cerebrovascular accidents.
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Focal lesions were present in 7(4.6%) cases with ring-enhancing lesions secondary to infection and mass
lesions such as pineal mass being the most common findings. Focal pathology is globally thought to be

common in patients who present with focal seizures as well as abnormal neurology.

Non-specific pathology contributed 11.1% to the abnormal CT findings with cerebral atrophy being the
most common finding seen in 14 patients. Most data have shown cerebral atrophy to be the most common
abnormal CT finding in the pediatric population (1,2) Joson-Sanglay et al suggested that this observation
helps the clinician identify the cause of atrophy which is commonly syndromic thus helping in the
diagnosis and prognostication of the patient. In our study population, the appearance of cerebral atrophy
is commonly attributed to Benign Enlargement of Subarachnoid Spaces (BESS) in infants as well as the
result of previous cerebral ischemia/hypoxia in the perinatal period. Static-remote pathology was seen in

1 (0.7%) patient who presented with a subdural hygroma.

LIMITATIONS

The retrospective nature of the study is in itself limiting. The methodology requires a pre-imaging
diagnosis of a seizure which may systematically underrepresent patients with atypical or subtle seizure
types. The study relied on medical records which were incomplete for most of the patients such as
information regarding the type of the seizure, the HIV status and concise neurological examination
findings. As a result, p-values were calculated on smaller sample sizes and likely underestimated the
power of our findings and the ability to investigate predictors of abnormal CTB findings. Due to this, the
study findings cannot confidently be generalised, however, they highlight the importance of emergent CT
Brain neuroimaging in this study population. Future research using a similar methodology but with larger
sample sizes would address some of these limitations. Inadequate assessment or documentation of the

presence of fever could not be ruled out and may be a cause of selection bias.
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CONCLUSION

Neuroimaging plays an important role in the investigation of children with first-onset afebrile convulsions
in our setting since more than a quarter (42/153, 27%) of our cohort demonstrated CT abnormalities
requiring some form of intervention. The results of our study recommend neuroimaging in paediatric

patients presenting with new-onset afebrile seizures.
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ACRONYMS

Acronyms

CT- Computed Tomography

MRI- Magnetic Resonance Imaging
ILAE- International League Against Epilepsy
AAN- American Academy of Neurology
CNS- Child Neurology Society

AAP- American Academy of Paediatrics
AES- American Epilepsy Society
PACS- Picture Archiving System

RIS- Radiology Information System
HIV- Human Immunodeficiency Virus
CNS- Central Nervous System

TB- Tuberculosis

CVA- Cerebrovascular Accident

GCS Glasgow Coma Scale
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TABLE 1: CT abnormalities about demographics.

Student number: 219098891

Normal
findings Abnormal findings
Number of (Percentage in  (Percentage in
cases subgroups) subgroups)
n % n % n %
Age <2 58 37.9 31 53 28 48
Age>2 95 62.1 55 57.9 30 31.6
Generalized seizure 38 25 20 52.6 18 47.6
Focal seizure 61 40 37 60.6 25 40
Unclassified seizure
type 54 35 29 57.7 25 46.3
Neurological findings 39 25.5 15 38.5 24 61.5
HIV positive 10 6.5 3 30 7 70

HIV; Human Immunodeficiency Virus
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Table 2: Correlation between sex and neurological findings with abnormal CT scan findings

Student number: 219098891

Number of negative CT scan

Number of abnormal CT scan

findings findings p-value
Sex
Female 39(63.9%) 22(36.1%) 0.23
Male 47(51.1%) 45(48.9%)
Neurologic findings
No abnormal neurologic findings 71(82,6%) 15(17.4%) 0.01
With abnormal neurologic
findings 43(64.2%) 24(35.8%)

Chi-squared test
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Table 3: Classification of abnormal neurological results and description of abnormal CT scan findings

in children with new-onset afebrile seizures

Number  Percentage of

total sample

(n=153)
Classification of abnormal neurological results
Emergent 32 20.9
Focal 7 4.6
Subacute/chronic 10 6.5
Static-remote 1 0.7
Non-specific 17 11.1
Description of abnormal CT findings
Atrophy 14 9.2
Non-specific calcifications 2 1.3
Meningitis 11 7.2
Hydrocephalus 5 33
CVA 13 8.5
Focal Lesion 8 5.2
Subdural effusion/hygroma 1 0.7
White matter disease 6 3.9
Hypoxia 4 2.6
Gliosis 3 2
Total 67 43.8

CVA; Cerebrovascular accident
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FIGURES

a b c d

Figure 1: Cerebrovascular pathology as a cause of new-onset seizures in the paediatric population. (a)
Intraventricular haemorrhage in a 2-month-old female. Axial nonenhanced CT brain: Hyperdense material
is present in the septum pellucidum as well as in the body of the lateral ventricles bilaterally with
associated hydrocephalus and periventricular hypodensities suggestive of subependymal oedema. (b)
Subdural hematoma in an 11-year-old female. Axial enhanced CT brain: Hypodense biconcave isodense
extra-axial collection in the left cerebral hemisphere involving the frontal, parietal and occipital regions
consistent with chronic subdural hematoma. There is associated localized cerebral oedema. Additionally,
there is a filling defect present in the posterior superior sagittal sinus in keeping with Dural venous sinus
thrombosis. (¢ and d) Ischemia in a 1-year-old baby male. Axial enhanced CT brain: Image (¢)
demonstrates bifrontal-parietal subdural hygromas and image (d) demonstrates a non-enhancing wedge-
shaped grey white matter hypodensity in the left temporal lobe extending into the internal capsule (image
not included). The supra-clinoid left internal carotid artery demonstrates a narrow caliber when compared
to the right suggestive of chronic middle cerebral artery territory infarction.

Source: Grey’s Hospital PACS
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a b c d e

Figure 2: Suspected meningitis as a cause of new-onset seizures in the paediatric population. (a and b)
Axial enhanced CT brain of a 1-year-old male: Basal and leptomeningeal enhancement with a ring-
enhancing lesion apparent in the left cerebellar peduncle complicated by cerebral oedema with raised
intracranial pressure demonstrated by splaying of the sutures (image not included) as well as
communicating hydrocephalus with subependymal oedema. Tuberculous meningitis (TBM) with a
tuberculoma was thought to be the most likely diagnosis. There was opacification of the mastoid air cells
and middle ear cavities bilaterally (image not included) consistent with otomastoiditis. (c, d and e) Axial
enhanced CT brain images in a 2-month-old female: Basal enhancement with multiple hypodensities
involving the occipital lobes, thalami and basal ganglia bilaterally, left temporal lobe and left pons with
associated hydrocephalus with ependymal oedema. A diagnosis of suspected complicated TBM was
given.

Source: Grey’s Hospital PACS
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a b c

Figure 3: Hypoxia as a cause of new-onset seizures in the paediatric population. (a) Axial enhanced CT
brain of a 9-month-old male presenting with status epilepticus admitted with acute gastroenteritis and
shock: Diffuse poor grey-white matter differentiation throughout both cerebral hemispheres. (b) Axial
enhanced CT brain of a 4-year-old male with a depressed level of consciousness post seizures: Global
hypodensity with poor grey-white matter differentiation present in both cerebral hemispheres. (c) Axial
enhanced CT brain of a 9-month-old male presenting with status epilepticus post enema: Diffuse
hypodense cerebral hemispheres with loss of grey white matter differentiation.

Source: Grey’s Hospital PACS

a b c d

Figure 4: Focal lesions as a cause of new-onset seizures in a paediatric population. (a and b) Ring-
enhancing lesions in a 5-month-old male presenting with low GCS and new-onset seizures. Axial
enhanced CT brain: Diffuse hypodense bilateral cerebral hemispheres with rim-enhancing lesions in the
right thalamus, left occipital lobes and right temporal lobe and communicating hydrocephalus with
subependymal seepage. (c and d) Pinal mass lesion. Axial(c) and sagittal(d) enhanced CT brain Images:
Well-defined round heterogenously enhancing mass lesion with no calcifications apparent, centred in the
pineal gland thought to represent a pineoblastoma.

Source: Grey’s Hospital PACS
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. Tae roenarch wropoaal tized ‘Brain Compuled Tomography (CT) findings in Paediatric
patlents who present with new onsat unprovoked siebrile sclzurcs 1o the emergency
departmant’ was raw pwend by the KwaZulu-Nartal Departren: of Heal (KZM-DoH},

The preposal is hatsky approved tor nescarch lis be uocherdaien: al Srey's Hospital

2. You are requested to take rote of the following:

a AN research conducied in fwaZulu-Nata! must comply with gow
in Cowitd- 13, These ncivde hot are nol linited to; reguiations o

g of personal profective ecupmem. and fmdatons en m
gatharings.

& Hindy daise vl the facility cwsomger REFDRE your rosearsh peging it oroer to 6nsLie that
CONGiNiong 1 the faciily ars conduove 1o e condunt of yoe rsearsh. These includs, Bt
are not fimited 1o, an asswarico that the imaolives of palients aitenaing the fachy are
sufficlent o suopoR your sampie sZe roguierenls, and Mol the spant and physica!
rastrecturs of the faciity can accommedate the research foairt il sy ecfivions!
sl rEgered for ihe researsh,

o Plasea ongun that yoo provide vour fetier of stnice re-cetificaton tz this vmd, wina
strent aopre vl cxgwi.

d. Provide aim witarie jrograes ropord and fnal repont (electronic sna hard copies] vinsn your
ressaich & woiGiele U MEALTH RESEARCH AND KNOWLEDGE MANAGEMENT, 10
102, PRIVATE BAE X8051, PIETERMARITZBURG, 3200 ano »./nail an slecivenic cony to
hrkmi@kznhzakh.oov.za

2. Flease rote trat the Deparment of Hsaith shail not B bt latihs fur ey infeey tnat oecurs
aw & result of this study

annn g kions e fEhing
i sneil o Cing,
sefings s i

it e

Ini

For any addilional irunne e please comtact We X Xaba o ©33-395 2304,

lzaln Rezearch Commitze

Fhiting Ciswasg, Fightion Pooeny, G Wirg Hopo
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4. Grey’s Hospital Permission

KWATLLLNATAL PROVINCE

W
nErIlE o T 1A,

GREY’'S HOSPIT.
QFFICE OF THE CEQ

Dr, N, Mahlati
Rt_:gislnlr = _Th,-glL af Radinlogy

Itr, K, R, Rilengr:

CEA - Greys Lnkpilal

4 November 2020

Reguest for pernission to conduoet rescarch at Grey's Hospitnl: Brain Computed
Tomngraphy (€1) findings in Paediafric patients who present widh new onset enprovedoed
afcbrile seizuros to the Emergency Departinent

Frrim:

Thate:

Tiear )i, Malati

o request Wcondoct reseanch at Creed’s [Ioapical reters.
I*ermission to conduct the above study is bereby pranted under the fullewing condifions:

+  Final cthics approval 3s & prereqoisite for conducing your study al our hospital. Ones
bl e, plesse submin s cony ol the Tull anl Gnal ethics aogreneval;

* Vi oee also required Lo obtain appeoval for yous study teom the Provineisl Department of
Healll KZN Healh Roscarch Unit prioy fo commencement, ¥ ou will fird more information
at: st e il grov s k. e

»  Confidensiality of hospital information, meluding st 07w puient medical andfo. canlact
infiserrialican, mst T kept al alb timess Motien /S0 T veecrd 8 ave nat to be removed from the
hospitul premigses aoe ace you allowod o photocops’ photegraph them.

*  Youare o enswre that youwr data collection process will not interferc with the routing
services at the hospital;

* Youars o ensure that haspilal cesnurces are nol wsed to oanage your data colle siom e,
hospital staff collecting andsor collating data; photocopying; telephons; nesimile, oe;

»  Informcd consent iz 0 b ebtgined from sl paricipamis inovone sody, iCapplicalle;

a  Palieics, pondelines and prloealy af The Tepartment ol ] lealth ad Geev’s |lospital must be
adlieied Lo al all tines;

+  Protzssionsl atitode aod brhaviour whids! desling with reseaneh parlicipnis mest be
cxhibited;

»  The Deperiment of Hualth, haspila] anc ils stalT will ncd he el responstbiz for any ncgative
ineidents andfor shsequences, includiay iyjuies and illnesses ihat may be contrack:d oo siwe,
Litipacion matiers, cie. that may acisc 25 a zcsult of your study ar ¥ouT presence on sile;

*  You sre regquined (o submit to this office s summary oF sluely lindings upan eompletian of
your rescarch.

Yo ans seguedted wmake conlcl with e U T, Reite el - Dep of Radiology at Groy's
Hospital onze you are ready to comunence data colloction.

+  Pleasc keep o oopy of this approval on your persen at all fimes whilsl in the laciily,

4 Approved by:

DoLoNRdeo kK, 1lenpe
Sesvior Manaper: Medical Servlees Hosplial CEQ
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