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Abstract
Infants aged 1–24 months with new onset epilepsy frequently present with struc-
tural brain abnormalities, yet no updated evidence-based magnetic resonance 
imaging (MRI) guidelines exist for this population. The International League 
Against Epilepsy (ILAE) Neuroimaging Task Force developed evidence-based 
recommendations for structural brain MRI in infants with a first afebrile seizure 
or new onset epilepsy. A multidisciplinary panel defined three PICO (patients, 
intervention, comparison group, outcome under consideration) questions, con-
ducted a systematic review (PROSPERO [Prospective Register of Systematic 
Reviews] CRD42024592653), and reported the results in line with PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 
guidelines. Risk of bias was evaluated using the JBI (Joanna Briggs Institute) 
checklist. GRADE (Grading of Recommendations, Assessment, Development, 
and Evaluation) methodology was used to assess certainty of evidence and for-
mulate recommendations for the following: (1) the effectiveness of MRI in iden-
tifying underlying etiologies, (2) clinical predictors of MRI abnormalities, and (3) 
MRI protocols. Seventeen studies (n = 1209) were included. Among 753 infants 
who underwent MRI, 438 (58.2%) had abnormal findings. Despite heterogeneity 
in MRI protocols and reporting, the evidence supports the utility of MRI in this 
population. Specific clinical features (focal seizure semiology, abnormal neu-
rological examination, seizure duration > 5 min, focal electroencephalographic 
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1   |   INTRODUCTION

The incidence of epilepsy is highest in infancy,1 where it 
is often associated with structural brain abnormalities, 
making neuroimaging studies crucial for diagnosis and 
treatment. Despite differences in brain myelination that 
affect the choice of magnetic resonance imaging (MRI) se-
quences, no recent evidence-based guidelines specifically 
address this age group.

The International League Against Epilepsy (ILAE) has 
issued several neuroimaging recommendations. In 1997, 
MRI was endorsed over computed tomography (CT) in 
most nonacute situations.2 Reflecting significant advances 
in MRI technology over recent decades, the HARNESS-
MRI (Harmonized Neuroimaging of Epilepsy Structural 
Sequences) minimum recommended protocol was intro-
duced, comprising high-resolution three-dimensional 
(3D) T1-weighted and T2 fluid-attenuated inversion re-
covery (FLAIR) images and a high in-plane resolution 2D 
coronal T2-weighted image.3

This protocol was conceived to be primarily applicable 
to adults, although the overall principles are generalizable 
to children older than 24 months. Children younger than 
24 months require special sequences, as immature myelin-
ation affects the ability to identify common causes of epi-
lepsy. T1-weighted and T2 FLAIR images may be less useful 
in infants younger than 24 months due to incomplete my-
elination, whereas high-resolution T2-weighted sequences 
obtained in 2–3 axes are more important to identify abnor-
malities including malformations of cortical development/
cortical dysplasia. No specific recommendations have been 
proposed for a population aged less than 24 months.

In 2009, the ILAE Subcommittee for Pediatric 
Neuroimaging recommended neuroimaging for the eval-
uation of all children with newly diagnosed epilepsy,4 
concentrating on CT and 1.5-T MRI. Indications included 
focal seizures (based on semiology, examination, or elec-
troencephalography [EEG]), developmental regression, or 
age less than 24 months. A consensus protocol was sug-
gested with specific recommendations for those younger 
than 24 months, including a high-resolution 3D T1-
weighted sequence, T2-weighted and FLAIR imaging in 
axial/coronal planes, and oblique coronal T2-weighted fast 
spin echo imaging of the hippocampus. High-resolution 
T2-weighted scans in at least two directions were consid-
ered particularly important in the first year of life to detect 
focal cortical dysplasia. Higher field MRI (e.g., 3T) was not 

abnormalities, developmental delay, and perinatal complications) were associ-
ated with abnormal MRI findings, although methodological limitations reduce 
certainty. Only six studies provided data on MRI sequences; however, none 
reported findings specifically in relation to the diagnostic accuracy or yield of 
individual protocols, precluding the development of evidence-based recommen-
dations on MRI protocol selection. MRI is conditionally recommended in all in-
fants with a first afebrile seizure or new onset epilepsy. MRI could be prioritized 
in those with specific clinical features indicative of higher likelihood of abnor-
mal findings. Recommendations are based on very low certainty of evidence. 
These are the first ILAE-endorsed, evidence-based recommendations for MRI 
in infants with first afebrile seizure or new onset epilepsy. Further prospective 
studies with standardized protocols are needed to refine MRI indications and 
optimize diagnostic yield in this age group.

K E Y W O R D S

afebrile seizure, epilepsy, infants, MRI, neuroimaging

Key points

•	 First afebrile seizures or new onset epilepsy in 
infants are frequently associated with structural 
brain abnormalities.

•	 MRI is recommended for infants with first afe-
brile seizure or new onset epilepsy, as 58% of 
patients have abnormal findings.

•	 Clinical features such as focal seizures or EEG 
abnormalities, abnormal examination, and 
seizures lasting >5 min increase risk of MRI 
abnormality.

•	 Insufficient data exist to provide evidence-based 
recommendations on optimal MRI protocol.
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addressed. The ILAE Commission on Pediatrics presented 
a level A recommendation in 2015 for neuroimaging in all 
infants with epilepsy, ideally MRI, but did not discuss the 
protocol.5

To fill these gaps, the ILAE Neuroimaging Task Force 
was thus tasked with developing recommendations for the 
use of structural MRI in infants with unprovoked first sei-
zure or new onset epilepsy focusing on the following: (1) 
the effectiveness of brain MRI in emergency and nonur-
gent settings in identifying the etiology; (2) the clinical 
features associated with presence of MRI-detected abnor-
malities; and (3) specifying a minimum recommended 
MRI protocol tailored to infants. Excluded were infants 
with provoked seizures (i.e., by fever, infections, trauma, 
and electrolyte disturbances, transient metabolic or endo-
crine disorders) and those with seizures confined to the 
neonatal period (<4 weeks corrected gestational age).

These recommendations focus specifically on the role 
of MRI and are not intended to compare MRI with other 
imaging modalities such as CT. They aim to guide clini-
cians—including pediatric neurologists, epileptologists, 
neuroradiologists, pediatricians, and emergency care pro-
viders—in the diagnostic evaluation of infants with un-
provoked seizures across diverse health care settings.

2   |   MATERIALS AND METHODS

2.1  |  Panel composition and consensus 
process

In September 2022, the ILAE Neuroimaging Task Force 
convened a dedicated panel composed of seven members 
from the Neuroimaging Taskforce. The panel included 
adult epileptologists, pediatric epileptologists, and neuro-
radiologists from North America, Europe, Latin America, 
and Africa, representing a diverse range of ILAE regions. 
To ensure broader expertise and methodological rigor, 
eight external experts were invited to join the panel from 
different regions (ILAE North America, ILAE Europe, 
ILAE Asia, and ILAE Oceania). These included three 
pediatric epileptologists, three neuroradiologists with spe-
cialized knowledge in pediatric neuroimaging, and two 
methodologists with experience in guideline development 
and evidence synthesis. All panel members disclosed 
potential conflicts of interest, which were reviewed and 
managed in accordance with international best practices. 
The project was overseen in its main stages by the ILAE 
Standards and Best Practice Council and followed the re-
porting guidance outlined in the ILAE-endorsed toolkit for 
guideline development and reporting.6 Although no for-
mal patient or caregiver representatives were included in 
the panel, values and preferences were considered based 

on clinical experience and literature regarding sedation-
related risks, accessibility of pediatric neuroimaging, and 
family-centered care in early epilepsy management.

2.2  |  Priority questions

The working group developed a set of priority questions 
to address in these evidence-based recommendations. 
These were drafted using the PICO format (patients, in-
tervention, comparison group, and outcome under con-
sideration) for each question.7 These questions and their 
associated outcomes of interest were used as the basis for 
a subsequent systematic literature review.

The following PICO questions were formulated:

•	 PICO 1: What is the effectiveness of brain MRI per-
formed in both emergency and nonurgent settings 
in identifying the underlying cause of seizures in in-
fants experiencing a first afebrile seizure or new onset 
epilepsy?

•	 PICO 2: Which clinical features in infants with a first 
afebrile seizure or new onset epilepsy are associated 
with MRI-detected abnormalities that explain the cause 
of seizures?

•	 PICO 3: Which MRI protocols and sequences are most 
effective in detecting brain abnormalities in infants 
with a first afebrile seizure or new onset epilepsy?

These questions were developed and refined by a multi-
disciplinary expert panel comprising pediatric neurologists, 
epileptologists, neuroradiologists, and methodologists.

2.3  |  Systematic review

We conducted a systematic review, the results of which 
were reported in accordance with Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2020 guidelines.8 The review protocol was reg-
istered in the Prospective Register of Systematic Reviews 
(PROSPERO) database (CRD42024592653) under the title 
“MRI Essentials in Infants With Epilepsy.” We included 
original studies involving infants (aged 1–24 months) with 
a first afebrile seizure or new onset epilepsy who under-
went brain MRI. Eligible studies had to report at least one 
of the following: (1) the proportion of patients undergo-
ing MRI, (2) the prevalence and types of MRI abnormali-
ties, and (3) the association between clinical features and 
MRI findings. Exclusion criteria were studies focusing ex-
clusively on febrile seizures, neonates (<28 days old), or 
children with a known diagnosis of genetic, metabolic, or 
structural brain disorders prior to seizure onset. During 
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review, case reports of fewer than five infants and confer-
ence abstracts were excluded.

We systematically searched the MEDLINE, Embase, and 
Web of Science databases from inception to April 13, 2023, 
using predefined combinations of keywords related to ep-
ilepsy, seizures, infants, and MRI. The search strategy was 
developed in collaboration with a health sciences librarian 
(A.K.P.). Review articles were collated only to ensure that 
no key references were missed. The complete search strat-
egy is reported in Tables S1–S3 and corresponds to the strat-
egy preregistered in the PROSPERO protocol.

All titles and abstracts were independently screened in 
duplicate by pairs of reviewers using Covidence system-
atic review software. Full-text articles deemed potentially 
eligible were then assessed against predefined inclusion 
criteria. Discrepancies were resolved through discussion 
or, when necessary, by consulting a third independent re-
viewer (G.P.W.). A PRISMA flow diagram summarizing 

the selection process is available in Figure  1. Data ex-
traction forms for all priority questions were drafted using 
Covidence software (S.S.) and pilot-tested by selected 
members of the working group (G.P.W., A.E.V.).

Extracted variables included the following: (1) general 
study characteristics (e.g., design, country, sample size, 
setting), (2) population details (age, sex distribution, in-
clusion/exclusion criteria), (3) clinical features (seizure 
semiology, neurological exam, EEG findings, perinatal 
complications, developmental delay), (4) MRI parame-
ters (protocol, sequences, timing, scanner type), (5) MRI 
outcomes (proportion and type of abnormalities), and (6) 
predictors of abnormal MRI. When available, (7) thera-
peutic outcomes related to MRI findings, such as changes 
in medical or surgical management, were also collected. 
Evidence synthesis tables were developed for each PICO 
question, summarizing study characteristics, key find-
ings, and quality assessments (see Tables S4–S6).

F I G U R E  1   PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for new systematic 
reviews that included searches of databases and registers only. Source: Page et al.8 This work is licensed under CC BY 4.0. To view a copy of 
this license, visit https://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/​.
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2.4  |  Risk of bias and certainty of 
evidence assessment

Studies meeting inclusion criteria and considered rel-
evant to a priority question were evaluated. Risk of bias 
was independently assessed by a member of the work-
ing group (S.S.) using the JBI (Joanna Briggs Institute) 
Critical Appraisal Checklist for Analytical Cross-Sectional 
Studies.9 This tool was chosen in place of the originally 
planned ROBINS-I10 due to the predominance of cross-
sectional observational designs among the included 
studies. In parallel, studies were also classified accord-
ing to the Classification of Evidence framework from the 
2017 American Academy of Neurology Clinical Practice 
Guideline Process Manual.11

2.5  |  Formulation of recommendations

Grading of Recommendations, Assessment, Development, 
and Evaluation (GRADE) was applied following inter-
nationally accepted standards for the development of 
evidence-based recommendations.12 For each PICO ques-
tion, the certainty of the body of evidence was assessed 
across the five GRADE domains: (1) risk of bias, (2) in-
consistency, (3) indirectness, (4) imprecision, and (5) 
publication bias. Each domain was rated as “not serious,” 
“serious,” or “very serious.” The rationale for each rat-
ing is presented in the evidence profiles and Summary of 
Findings tables, developed separately for each PICO ques-
tion (see Tables S7 and S8).

The recommendation process was conducted through 
virtual meetings held between September 2022 and 
September 2024, over five sessions. Consensus on judg-
ments and recommendations was reached through 
structured discussion, without the need for formal vot-
ing procedures. When differing views emerged, further 
dialogue was facilitated by the methodological team to 
achieve agreement.

Recommendations were developed through a struc-
tured process that considered the following: (1) the 
balance between desirable and undesirable effects; (2) 
the certainty of evidence; (3) stakeholder values and 
preferences; and (4) feasibility and resource implica-
tions, such as MRI availability and the need for seda-
tion in infants. Each recommendation was classified 
as (1) strong, if the panel judged that benefits clearly 
outweighed harms (or vice versa) for most patients; or 
(2) conditional, if there was uncertainty or variability 
in the balance of effects, values, or resource use, or if 
evidence was limited. GRADE Evidence-to-Decision 
frameworks were used to guide judgments in a trans-
parent and systematic way.

3   |   RESULTS

3.1  |  Study selection

The literature search yielded a total of 1867 records. After re-
moving duplicates, 1270 titles and abstracts were screened. 
Of these, 152 full-text articles were assessed for eligibility, and 
17 studies were included in the final analysis. The selection 
process is illustrated in the PRISMA flow diagram (Figure 1).

3.2  |  Study characteristics

The included studies comprised a total of 1209 infants 
aged 1–24 months with a first afebrile seizure or new onset 
epilepsy. Of these, 753 infants (62.3%) underwent brain 
MRI. The studies were heterogeneous in terms of study 
design, clinical setting, MRI protocols, and population 
characteristics. MRI utilization rates varied substantially, 
from 49.1%13 to 100%.14–17 Notably, most studies enrolled 
pediatric populations extending beyond infancy; in these 
cases, only data pertaining to children under 24 months 
were extracted and analyzed as far as possible (Table 1).

Incompleteness in reporting was common; four studies 
did not report the total number of infants evaluated,18–21 
nine studies lacked data on MRI utilization,14,19–26 and 
eight studies did not specify the number of abnormal MRI 
findings.19–24,26,27

These gaps limit the precision of aggregated estimates 
and may contribute to the underestimation of diagnostic 
yield. A detailed overview of study characteristics is pro-
vided in Tables S1 and S5. A quantitative synthesis (meta-
analysis) was not performed due to substantial clinical 
and methodological heterogeneity, including variability 
in populations, definitions of clinical features, MRI pro-
tocols, and outcome measures. No patient-reported out-
comes were reported in any of the included studies.

3.3  |  Recommendation #1: Diagnostic 
yield of brain MRI

3.3.1  |  Evidence synthesis

Among the infants undergoing MRI, 438 (58.2%) were re-
ported to have abnormal neuroimaging findings. The pro-
portion of abnormal scans ranged from 48.5%15 to 72.5%,28 
reflecting heterogeneity in case selection, MRI timing, and 
neuroimaging protocols. Whereas some studies reported a 
high diagnostic yield,16,28,29 others lacked clarity regarding 
the clinical relevance of MRI findings. A detailed overview of 
study characteristics is provided in Table S4, and a summary 
of findings with certainty assessment is provided in Table S7.
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3.3.2  |  GRADE assessment

GRADE 
domain Evaluation Rationale

Risk of bias Not serious Several studies have incomplete 
reporting on infant numbers, 
MRI use, and detected 
abnormalities. However, no 
major methodological flaws are 
suspected, and the data remain a 
reasonable basis for assessing MRI 
effectiveness.

Inconsistency Not serious Although the proportion of 
infants undergoing MRI and 
the rate of detected abnormalities 
vary widely—indicating 
heterogeneity in study populations, 
imaging protocols, and reporting 
practices—this variability is 
likely attributable to differences 
in inclusion/exclusion criteria, 
clinical settings, and technical MRI 
parameters.

GRADE 
domain Evaluation Rationale

Indirectness Very serious Variability in MRI protocols, 
inclusion criteria, and the 
classification of abnormalities limits 
the direct applicability of findings to 
all clinical settings. Some studies do 
not distinguish between clinically 
relevant and incidental findings.

Imprecision Serious Confidence in effect estimates 
is limited by incomplete data 
reporting, wide variability in 
diagnostic yield across studies, and 
differences in neuroradiologists' 
expertise. Although some findings 
are based on small sample sizes, 
substantial variability is also 
observed within these cohorts.

Publication bias Not serious The presence of unpublished 
negative studies cannot be ruled 
out, but no strong indication of 
publication bias is evident from the 
data provided.

T A B L E  1   Included studies.

Study ID Country Inclusion criteria Infants total, n

Al-Shami 2016 QAT Age: <14 years; first afebrile seizure 26 (<2 years)

Ali 2022 PAK Age: 1 month–18 years; new onset afebrile seizures 83 (<1 year)

Aprahamian 2014 USA Age: 1 month–18 years; first time nonfebrile seizure with focal manifestations 72 (<18 months)

Berg 2000 USA Age: 1 month–15 years; new diagnosis of epilepsy N.R.

Berg 2009 USA Age: 1 month–16 years; new diagnosis of epilepsy N.R.

Cornelius 2023 IND Age: <12 years; new onset seizures (due to inherited metabolic disorder) 32 (<1 year)

Coryell 2018 USA Newly diagnosed early life epilepsy; first seizures <3 year; established 
epilepsy diagnosis at <42 months

N.R.

Dirik 2018 TUR Age: 1–18 years; new diagnosis of epilepsy N.R.

Eltze 2013 GBR Age: 1–24 months; new diagnosis of epilepsy 57

Gattamaneni 2022 IND Age: 1 month–5 years; new onset seizuresa 46

Gowda 2019 IND Age: 1 month–1 year; first afebrile seizure 121

Hourani 2021 LBN Age: 6 months–18 years; new onset unprovoked seizure(s) 169 (<2 years)

Hsieh 2010 USA Age: 1–24 months; new onset afebrile seizures 317

Kasap 2023 TUR Age: 1 month–18 years; first focal seizurea 15 (<1 year)

Stödberg 2020 SWE New diagnosis of epilepsy with first seizure at <2 years 116

Trowbridge 2019 USA Down syndrome + infantile spasms who had MRI 36

Vecchi 2016 ITA Age: 1 month–13 years; diagnosis of symptomatic epilepsy due to acquired 
and developmental etiologies and presumed symptomatic focal epilepsy

119 (<3 years)

Note: Country codes refer to the country of origin of each study, based on ISO 3166-1 alpha-3 codes.
Abbreviations: GBR, United Kingdom; IND, India; ITA, Italy; LBN, Lebanon; MRI, magnetic resonance imaging; N.R., not reported; PAK, Pakistan; QAT, Qatar; 

TUR, Turkey; SWE, Sweden; USA, United States.
aA proportion of the infants in this study had a febrile seizure etiology; however, the study was retained as it also includes infants within the target population 
of interest (first afebrile seizure or new-onset epilepsy).
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      |  7WINSTON et al.

Despite multiple limitations, the evidence consistently 
suggests that brain MRI can identify potentially relevant 
structural abnormalities in a substantial proportion of in-
fants with new onset seizures.

3.3.3  |  Evidence-based recommendation

Recommendation
In infants presenting with a first afebrile seizure or new onset 
epilepsy, brain MRI is conditionally recommended, in either 
an emergency or nonurgent setting, to identify underlying 
structural causes.
Quality of evidence: Very low
Strength of recommendation: Conditional

Rationale
The GRADE assessment rated the overall certainty of evi-
dence as very low. Despite these limitations, the evidence 
consistently suggests that brain MRI can identify potentially 
relevant structural abnormalities in a substantial proportion 
of infants with new onset seizures. This recommendation is 
conditional, and clinical decision-making should be guided by 
local resource availability, patient risk stratification, and the 
potential impact of MRI findings on management. Clinicians 
should also consider the risks of imaging, need for sedation, 
and availability of pediatric imaging expertise. In acute pres-
entations, particularly where MRI is not immediately availa-
ble or sedation is not feasible, head CT may be used to exclude 
urgent symptomatic causes that require intervention such as 
subdural hemorrhage or acute hydrocephalus. However, it 
should not replace MRI when indicated and available, espe-
cially if structural etiology remains suspected.

Implications for research
The working panel recommends that future studies focus 
specifically on infants less than 24 months of age and di-
rectly compare the diagnostic yield and clinical impact of 
brain MRI in this population. Well-designed comparative 
effectiveness or prospective studies are warranted to as-
sess whether early MRI influences acute management and 
long-term prognosis in this age group.

3.4  |  Recommendation #2: Clinical 
predictors of MRI abnormalities

3.4.1  |  Evidence synthesis

Among the 1209 infants included across studies, 371 of 
935 infants (39.7%, or 30.7% of total sample) for whom 
information was available had an abnormal neurological 

examination, with prevalence ranging from 10.7%29 to 
100%16; 318 of 434 infants (73.3%, or 26.3% of total sam-
ple) had abnormal EEG findings, all described as focal, 
although the nature and localization of EEG alterations 
were often poorly specified; 94 of 554 infants (17.0%, or 
7.8% of total sample) had a history of abnormal preg-
nancy or delivery or perinatal complications, as reported 
in the few studies that included this information.13,25,29 A 
detailed overview of study characteristics is provided in 
Table S5, and a summary of findings with certainty assess-
ment is provided in Table S8.

The most frequently identified clinical features associ-
ated with an increased likelihood of abnormal MRI find-
ings included (1) focal seizure semiology, (2) prolonged 
seizure duration (>5 min), (3) abnormal neurological 
examination, (4) focal EEG abnormalities, (5) develop-
mental delay, and (6) history of perinatal complications. 
However, the strength of these associations is limited by 
incomplete adjustment for confounding variables and in-
consistency in how predictors were defined, measured, 
and reported across studies.

3.4.2  |  GRADE assessment

GRADE domain Evaluation Rationale

Risk of bias Serious Many studies lack 
complete reporting on the 
total number of infants 
evaluated, the presence 
of abnormal neurological 
examinations, EEG 
findings, and perinatal 
complications. This 
increases the risk of 
selection and reporting 
bias, potentially skewing 
the associations between 
clinical features and MRI 
abnormalities.

Inconsistency Not serious The prevalence of 
abnormal neurological 
exams, EEG findings, and 
perinatal complications 
varies widely, reflecting 
relevant heterogeneity in 
study populations, clinical 
assessments, and reporting 
practices. However, despite 
these limitations, no major 
methodological flaws are 
suspected, and the findings 
consistently trend in the 
same direction, reinforcing 
their overall validity.

 15281167, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epi.70205 by U

niversity M
odena, W

iley O
nline L

ibrary on [31/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8  |      WINSTON et al.

GRADE domain Evaluation Rationale

Indirectness Very serious Variability in the 
definitions of clinical 
features (e.g., focal vs. 
generalized seizures, 
abnormal neurological 
exams), inconsistencies 
in reporting of EEG 
interpretations and 
abnormal neurological 
examination, and the lack 
of standardized population 
descriptions limit the direct 
applicability of findings. 
Additionally, some 
studies do not account 
for confounders that may 
influence MRI findings, 
further reducing the 
strength of the associations 
observed.

Imprecision Serious The limited sample sizes, 
along with missing, 
nonstandardized data 
on clinical features and 
reporting inconsistencies, 
reduce confidence in 
the precision of effect 
estimates.

Publication bias Not serious The presence of 
unpublished negative 
studies cannot be ruled out, 
but no strong indication of 
publication bias is evident 
from the data provided.

Although trends across studies suggest certain clinical 
features may be associated with abnormal MRI findings, 
methodological limitations undermine the strength and 
applicability of these associations.

3.4.3  |  Evidence-based recommendation

Recommendation
For infants less than 24 months of age with a first afebrile 
seizure or new onset epilepsy, those exhibiting focal seizure 
semiology, abnormal neurological examination, prolonged 
seizure duration (>5 min), focal EEG abnormalities, a history 
of developmental delay, and perinatal complications could 
be prioritized for brain MRI, as these may indicate a higher 
likelihood of detecting an underlying cause.
Quality of evidence: Very low
Strength of recommendation: Conditional

Rationale
The GRADE assessment rated the overall certainty of evi-
dence as very low. The most frequently identified features 
associated with abnormal MRI findings included focal 
seizure semiology, prolonged seizure duration, abnormal 
neurological examination, focal EEG abnormalities, de-
velopmental delay, and perinatal complications. Although 
the trends across studies suggest that these clinical fea-
tures may predict abnormal MRI findings, the strength of 
the association is limited by methodological variability. 
This recommendation is conditional and should be ap-
plied within the context of local imaging availability, diag-
nostic resources, and clinical judgment.

Implications for research
Future studies should implement prospective designs 
with standardized and comprehensive data collection 
protocols, including systematic recording of neurological 
examination findings, detailed seizure semiology, EEG 
abnormalities, family history, developmental delay, and 
relevant perinatal or pregnancy complications. Additional 
research should investigate the impact of MRI timing in 
relation to dynamic clinical features, such as seizure evo-
lution, postictal findings, and progression of neurologi-
cal abnormalities. Standardizing the assessment of when 
MRI is performed relative to these factors may improve 
understanding of its diagnostic yield and clinical utility.

3.5  |  MRI protocols or sequences 
associated with detection of abnormalities

Only six studies15,16,18,20,21,29 provided partial or complete 
information on the MRI protocols or sequences used in 
infants with a first afebrile seizure or new onset epilepsy. 
However, the reporting was highly heterogeneous, and 
most studies did not allow for a direct comparison be-
tween protocols or for quantification of diagnostic yield 
stratified by sequence type. Due to the lack of standard-
ized reporting and absence of comparisons, it was not pos-
sible to conduct a GRADE assessment or to formulate an 
evidence-based recommendation.

Consensus-based recommendations informed by a sys-
tematic synthesis of the available evidence are needed to 
determine which MRI protocols or sequences are most ef-
fective in detecting clinically relevant brain abnormalities 
in this population. Such recommendations will be devel-
oped following a modified Delphi process and provided in 
a later report.
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4   |   DISCUSSION

Epilepsy with onset in the first 2 years of life presents 
a distinct diagnostic and therapeutic challenge.13 Early 
life seizures are frequently associated with underlying 
structural abnormalities,13 and timely identification of 
these abnormalities has direct implications for clinical 
management, prognosis, and, in some cases, treatment 
selection.14,20,29 In those infants with a single afebrile 
seizure, detection of a lesion associated with high risk 
of recurrence can lead to a diagnosis of epilepsy, which 
impacts clinical management. In this context, structural 
brain imaging—particularly MRI—plays a crucial role in 
etiological evaluation.

However, prior to this effort, there were no infant-
specific, evidence-based recommendations to guide cli-
nicians on when and how brain MRI should be used in 
infants presenting with a first afebrile seizure or new onset 
epilepsy. This work addresses that gap by formulating rec-
ommendations grounded in a systematic synthesis of the 
best available evidence, following the GRADE methodol-
ogy, and refined through expert consensus.

4.1  |  Need for infant-specific 
recommendations

Although neuroimaging is widely accepted as an essen-
tial part of epilepsy evaluation, infants present unique 
physiological and developmental characteristics that 
complicate both image acquisition and interpretation. 
Existing imaging guidelines are typically developed for 
broader pediatric and/or adult populations and do not 
specifically account for the unique considerations in 
children younger than 24 months. For example, the 
widely endorsed HARNESS-MRI protocol3 has led to im-
proved detection of epileptogenic lesions in older chil-
dren and adults with focal epilepsy.30–32 However, it was 
developed for adults and thus may not be suitable for 
infants due to developmental differences such as incom-
plete myelination.

In neonates and young infants, certain sequences key 
to this protocol such as volumetric T1-weighted and T2 
FLAIR may have limited utility, whereas high-resolution 
T2-weighted imaging is better suited for identifying focal 
cortical dysplasia and migrational anomalies.4,33 Optimal 
early imaging is critical, as focal cortical dysplasia lesions 
may become less conspicuous with maturation of my-
elination.34 These age-specific considerations underscore 
the need for clinical guidelines, including tailored imag-
ing protocols specifically designed for this developmental 
window.

4.2  |  Diagnostic utility of MRI in infants

Whether MRI should be performed in all infants present-
ing with a first afebrile seizure or new onset epilepsy has 
been a matter of clinical debate. On one hand, early sei-
zures in this age group may reflect underlying structural 
abnormalities, and timely identification through MRI can 
accelerate diagnosis, prompt additional investigations 
(e.g., genetic or metabolic testing), inform prognosis, and 
even lead to early surgical consideration when appropri-
ate. On the other hand, the universal application of MRI 
in this population carries significant costs, logistical de-
mands, and potential risks, particularly those associated 
with sedation in infants.

In this context, the findings of this systematic review 
and expert consensus offer strong support for the diagnos-
tic utility of MRI in this population of interest. Among the 
753 infants who underwent MRI across the 17 included 
studies, 58.2% were reported to have abnormal neuroim-
aging findings. This diagnostic yield is higher than that 
typically reported in older pediatric epilepsy cohorts, rein-
forcing the value of MRI in early onset cases. However, the 
range of abnormality rates across studies was wide—from 
48.5% to 72.5%—highlighting the underlying heterogene-
ity in patient selection, MRI protocols, and interpretation 
criteria.

A major contributor to this heterogeneity is the scarcity 
of studies focused exclusively on infants. In most cases, 
data were extracted from broader pediatric cohorts that 
included children well beyond infancy (e.g., up to 18 years 
old), with infant-specific results often not stratified or 
clearly reported. In some cases, data could only be ex-
tracted for those younger than 12 months,23,27 18 months,22 
or 36 months,17 rather than our target population of less 
than 24 months of age. Although we extracted age-relevant 
data where possible, the lack of dedicated infant-focused 
studies remains a significant gap in the literature and lim-
its the precision and generalizability of the findings.

Equally important is the limited distinction made in 
many studies between clinically significant abnormal-
ities—such as malformations of cortical development, 
hypoxic–ischemic injury, or tumors—and incidental find-
ings of unclear relevance. Studies undertaken in the emer-
gency setting typically refer only to findings resulting in 
immediate changes in clinical management,14,22,26,27 in-
cluding hemorrhage, infarcts, and tumors, which are typ-
ically identified on CT.

Studies outside the emergency setting refer only to 
findings of etiological relevance,13,15,18,19 separately re-
port clinically relevant and incidental findings,16,20,23,28,29 
or combine both clinically relevant and incidental find-
ings.17,21 Common findings include malformations of 
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cortical development, tuberous sclerosis, hypoxic–isch-
emic injury, tumors, and metabolic disorders. However, 
the inclusion of incidental findings such as brain atrophy 
or ventricular dilatation may inflate some of the estimates 
for the prevalence of abnormalities. Overall, this hampers 
the interpretability of the data and reduces confidence in 
the impact of MRI results on clinical management.

Despite these limitations, the consensus panel recom-
mends MRI in all infants with afebrile first seizure or new 
onset seizures. This recommendation is grounded in the 
high likelihood of detecting structural pathology, even in 
the absence of focal neurological signs or clear etiological 
indicators. However, it is classified as conditional given 
the very low certainty of evidence, reflecting methodolog-
ical heterogeneity, incomplete reporting, and a lack of out-
come standardization. Clinical decision-making should 
weigh the expected diagnostic yield against factors such as 
the need for sedation, institutional imaging capacity, and 
availability of pediatric neuroradiological expertise.

It is important to distinguish between infants present-
ing after a single unprovoked seizure and those with es-
tablished epilepsy. Although both groups are included in 
the target population, their clinical trajectories, risk pro-
files, and imaging priorities may differ. In particular, early 
MRI may be prioritized in infants with epilepsy, focal neu-
rological signs, or developmental delay.

4.3  |  Feasibility of access to MRI

MRI in infants younger than 2 years often requires se-
dation or general anesthesia to ensure adequate image 
quality. Although procedural sedation is generally con-
sidered safe when performed by trained personnel under 
appropriate monitoring, its safety and feasibility may 
vary depending on the clinical setting, patient age, and 
comorbidities. These factors should be carefully consid-
ered when determining the timing and setting of MRI ac-
quisition. This consideration was, however, not formally 
addressed in the papers forming our evidence base.

Furthermore, these recommendations are based on 
evidence specifically for the use of MRI rather than CT 
and are derived predominantly from studies conducted 
in high-resource settings, where MRI access and pediat-
ric radiology expertise are generally available. However, 
in low-resource settings, limited access to MRI and seda-
tion may restrict feasibility. In such contexts, head CT—
despite its lower sensitivity for cortical malformations 
or subtle abnormalities—may serve as a complementary 
tool, particularly in acute settings where rapid exclusion 
of symptomatic causes is necessary. Decisions regarding 
neuroimaging should be adapted to clinical urgency and 
local resource availability.

4.4  |  Clinical features predictive of MRI 
abnormalities

Another critical question addressed by this review con-
cerns the ability of clinical features to predict which in-
fants are most likely to have abnormal MRI findings. In 
the emergency setting, clinically significant imaging ab-
normalities are more common in younger age groups, 
including less than 18 months,22 less than 24 months,14 
or 1–5 years.27 Other predictors include seizure duration 
greater than 5 min,14,27 focal seizures,27 focal neurological 
deficit,22,27 or recurrent seizures,26 but these were assessed 
across the whole cohorts, not specifically in infants.

Outside the emergency setting, the strong methodolog-
ical study designed to address the lack of evidence to guide 
prior American Academy of Neurology, Child Neurology 
Society, and American Epilepsy Society guidelines on 
evaluating a first nonfebrile seizure in children35 was a 
prospective study of 1000 children with new onset un-
provoked seizure undergoing MRI.15 This confirmed the 
strong age dependence, with the prevalence of epilepto-
genic abnormalities being 48.5% in the less than 24-month 
age group, which falls to 13.5% by the age of 15–18 years. 
Imaging abnormalities were more common in association 
with developmental delay (65% vs. 23% specifically in the 
less than 24-month age group), recurrent seizures (across 
all ages), and seizure type (66% in spasms/tonic/atonic 
seizures, and 31% in focal seizures across all ages).

Other studies in this setting report associations with 
developmental delay of cognitive impairment,17,18,20,29 
abnormal EEG,19,29 abnormal examination,18,19 spasms20 
or focal seizures,19,20 pharmacoresistance16,18 or polyther-
apy16,17 and younger age,20 but these are across all age 
groups addressed in the individual studies.

Overall, these features may assist in stratifying patients 
by imaging priority, especially in resource-limited settings 
where routine MRI for all infants may not be feasible. 
However, the strength and specificity of these predictors 
in infants remain uncertain due to methodological lim-
itations in the literature. Although many studies describe 
some clinical characteristics of the cohort, few studies 
address whether they are predictive of or associated with 
MRI abnormalities. When assessed, the predictors are de-
scribed across the whole cohort of children being studied 
and are not specific to infants.

Furthermore, definitions of clinical features varied 
widely across studies. For example, the criteria for “ab-
normal neurological examination” were inconsistently 
applied and often conflated with developmental disabil-
ity; EEG findings were often poorly described in terms of 
localization, pattern, or timing; and the definition of preg-
nancy/birth complications ranged from significant history 
of prenatal insult25 to premature birth29 to premature or 
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low birthweight.13 Finally, few studies adjusted for poten-
tial confounders such as seizure type, family history, or 
timing of MRI relative to seizure onset.

Despite these challenges, the consistency of associa-
tions across multiple studies supports the utility of these 
features in guiding imaging decisions. Accordingly, the 
panel conditionally recommends prioritizing MRI for in-
fants with these clinical features, even when immediate 
imaging for all patients is not feasible.

Future research should aim to clarify the predictive 
value of these features using standardized definitions and 
prospective data collection. Large, multicenter studies in-
corporating detailed clinical phenotyping, EEG analysis, 
and standardized MRI protocols are especially needed to 
refine risk stratification tools and imaging guidelines in 
this vulnerable population.

4.5  |  Gaps in evidence and research 
priorities

Perhaps the most striking finding of this review is not what 
was present in the literature, but what was absent. There is 
striking heterogeneity between the included studies in terms 
of the populations, setting, and data reported. Of the 17 stud-
ies, only five focus solely on infants,13,20,25,28,29 and subgroup 
analyses in the other studies and relevant clinical factors such 
as neurological examination, EEG findings, seizure type, and 
pregnancy complications are rarely reported. Although the 
largest study15 did provide some subgroup analyses of those 
aged less than 24 months, only two studies specifically ad-
dress clinical predictors in this age group alone.13,20

The outcome of imaging and definition of abnormal-
ity vary, as some studies include both CT and MRI, and 
whether incidental findings are included is variable. The 
clinical impact is rarely assessed apart from studies in the 
emergency department setting. None of the studies con-
ducted formal comparative analyses of MRI protocols. This 
lack of standardization precluded analysis of which MRI 
techniques offer the greatest diagnostic yield in infants, an 
important gap given that the utility of specific sequences 
(e.g., T2 FLAIR vs. high-resolution T2-weighted) differs 
markedly in this age group due to the ongoing process of 
myelination.

Thus, although the present recommendations pro-
vide a foundation for clinical practice, they also highlight 
substantial areas in need of further research. There is 
an especially great need for well-conducted prospective 
studies specifically looking at the younger than 24-month 
age group with systematically collected data and assess-
ment of imaging outcomes and clinical decision-making. 
Given the limited and heterogeneous nature of the avail-
able evidence, clinicians are encouraged to apply these 

recommendations flexibly, considering local diagnostic 
pathways, imaging access, and system-level constraints.

5   |   CONCLUSIONS

This work delivers the first comprehensive, evidence-
based recommendations for brain MRI in the context of 
first afebrile seizure and new onset epilepsy specifically 
addressing infants aged less than 24 months.

The data demonstrate a high prevalence of action-
able structural abnormalities, but significant heteroge-
neity and imprecision in studies lead to a conditional 
recommendation for MRI in this population. However, 
the data are insufficient to recommend an optimal MRI 
protocol.

Patients with high-risk clinical features including focal 
seizure semiology, abnormal neurological examination, 
prolonged seizure duration (>5 min), focal EEG abnor-
malities, a history of developmental delay, and perinatal 
complications could be prioritized, as these are associated 
with higher risk of MRI abnormalities.

These recommendations are based on very low cer-
tainty evidence and are intended to support, rather than 
dictate, clinical decision-making. Implementation should 
consider the local health care context, resource avail-
ability, and diagnostic infrastructure. As new evidence 
emerges, these recommendations should be updated to 
reflect evolving best practices.
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