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Abstract

Background: Pediatric status epilepticus (SE) is a neurological emergency with substantial risk of death and long-term disability. Clinical
patterns and outcomes vary widely across regions, particularly where delayed treatment and limited EEG or ICU access persist, necessi-
tating a consolidated appraisal to inform standardized care.

Methods: A PRISMA-guided systematic review of pediatric SE (ages 1 month—18 years) was conducted. Twenty studies met the inclusion
criteria for quantitative synthesis (n = 2,910). Data were extracted for demographics, seizure types, etiologies, treatment, complications,
and outcomes. For pooled outcomes (mortality, refractoriness, sequelae), random-effects models with Freeman—Tukey transformation were
applied, reporting 95 % Cls and heterogeneity (I2, 1%). Subgroup analyses compared India vs non-India studies, acute symptomatic vs other
etiologies, and refractory vs non-refractory cases.

Results: Males comprised 56.7 %; generalized convulsive SE predominated (72.1 %). Acute symptomatic causes (CNS infections, meta-
bolic, hypoxic—ischemic injury) represented 54.3 %, febrile SE 24.3 %. Refractory SE occurred in 26.1 %, super-refractory 3.3 %. Benzo-
diazepines were the main first-line drugs; escalation commonly involved phenytoin/fosphenytoin, levetiracetam, or valproate, with anes-
thetic infusions for RSE/SRSE. Pooled mortality approximated 14—-15 %, showing high inter-study heterogeneity due to differences in
prehospital delay, etiology mix, and ICU availability. Neurological sequelae affected 2223 % of survivors.

Conclusions: Pediatric SE remains a high-stakes emergency. Early benzodiazepine use, rapid escalation, and standardized stepwise proto-
cols are essential. Marked heterogeneity in mortality highlights the need for prehospital training, faster treatment times, and expanded
EEG/ICU capacity. Prospective cohorts with uniform outcome metrics and exploration of immunotherapy in NORSE are urgently needed.

Keywords: Pediatric Status Epilepticus; Refractory SE; NORSE,; Acute Symptomatic; Levetiracetam,; Phenytoin; Systematic Review; Outcomes.

1. Introduction

Status epilepticus (SE) in children is a life-threatening neurological emergency that demands rapid recognition and immediate intervention
to prevent irreversible brain injury, morbidity, and mortality. Defined as prolonged or recurrent seizures without recovery of consciousness,
SE poses a significant threat to the developing brain, potentially resulting in neuronal injury, cognitive decline, chronic epilepsy, or even
death [1]. Despite advancements in pediatric neurology, SE continues to represent a major global challenge, particularly in low- and middle-
income countries (LMICs), where delays in treatment initiation, limited access to neurocritical care, and inadequate prehospital systems
magnify its impact [2]. The disorder exhibits considerable clinical and etiological heterogeneity, ranging from febrile seizures and central
nervous system (CNS) infections to metabolic and genetic syndromes, making early etiological identification and protocol-based manage-
ment essential for improving outcomes [3].

The global incidence of pediatric SE is estimated at 17-23 episodes per 100,000 children per year, but rates are considerably higher in
resource-limited regions. This variation is largely attributable to delayed presentation, infectious etiologies, and lack of standardized man-
agement algorithms [2]. In India and other developing countries, neurocysticercosis, viral or bacterial meningoencephalitis, and hypoxic-
ischemic encephalopathy remain leading causes, contrasting with epilepsy-related or autoimmune etiologies predominant in developed
nations [5]. Furthermore, nearly one-third of children who experience SE develop epilepsy or neurocognitive impairment later in life,
underscoring its profound long-term neurological and socioeconomic consequences [3].

Pharmacologic management of SE follows a stepwise approach. Benzodiazepines remain the cornerstone of first-line therapy and are
administered via intravenous, intranasal, or rectal routes depending on resource availability and access [6]. Recent evidence supports
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intranasal midazolam as an effective and practical non-venous option for prehospital seizure termination, particularly in emergency and
rural settings [7]. When first-line agents fail, second-line antiseizure medications such as phenytoin, valproate, or levetiracetam are recom-
mended, while anesthetic infusions (midazolam, thiopentone, or ketamine) are reserved for refractory or super-refractory cases. However,
heterogeneity persists regarding optimal sequencing, dosing, and timing of escalation, highlighting the need for further comparative trials
and region-specific protocols [8], [9].

Pediatric SE outcomes are influenced by multiple interacting factors, including seizure duration, etiology, treatment latency, and comor-
bidities [10]. Prolonged or untreated seizures correlate strongly with increased mortality and long-term neurodevelopmental impairment
[11]. Recent multicenter analyses have shown that every 5- to 10-minute delay in initiating appropriate therapy significantly worsens
functional outcomes, emphasizing the urgency of early recognition and aggressive management [12]. Despite these insights, large-scale
longitudinal data, especially from developing nations, remain scarce, with most studies limited to short-term hospital outcomes.

Given this persistent knowledge gap, the present systematic review and meta-analysis aim to consolidate and critically appraise global
evidence on pediatric SE. By evaluating patterns of etiology, clinical presentation, therapeutic response, and outcomes across diverse
geographic and resource settings, this review seeks to identify disparities, highlight research priorities, and inform the development of
standardized, evidence-based protocols for improved management and prognosis in pediatric status epilepticus [13].

2. Methods

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines. Relevant literature on pediatric status epilepticus (SE) published between 2011 and 2024 was systematically
searched in PubMed, Scopus, Web of Science, and Google Scholar databases using the keywords “pediatric status epilepticus,” “clinical
profile,” “etiology,” and “outcome.”

Inclusion criteria encompassed studies involving children aged 1 month to 18 years diagnosed with SE that reported at least one clinical or
outcome variable. Observational cohort studies, interventional studies, and large case series were considered eligible. Review articles,
single case reports, duplicate publications, and studies limited to adult populations were excluded.

Data from 20 eligible studies comprising a total of 2,910 pediatric SE cases were extracted, including demographic characteristics, etio-
logical distribution, seizure type, therapeutic interventions, complications, and clinical outcomes. Screening and data extraction were per-
formed independently by two reviewers, and discrepancies were resolved by consensus.

Quantitative synthesis was carried out using a random-effects model to derive pooled estimates for key outcomes, including mortality,
refractory SE, and neurological sequelae. Statistical heterogeneity among studies was assessed using the 12 statistic, and the findings were
summarized in tabular form.

As this review was based exclusively on previously published studies, ethical clearance was not required.
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3. Results

3.1. Demographic characteristics

This systematic review included 2,910 pediatric cases of status epilepticus (SE) reported across multiple countries. India contributed the
largest number of studies, followed by Italy, Egypt, Germany, Portugal, China, Japan, and a multicenter international study. The majority
of the studies were conducted in tertiary care centers, ensuring uniform access to neurocritical care facilities and standardized management
protocols.

Among the total cohort, male patients constituted 56.7% (n = 1,650), while female patients accounted for 43.2% (n = 1,257), indicating a
male predominance. The age of the study populations ranged from 1 month to 18 years, with most cases concentrated in the infant and
early childhood age groups. Several studies specifically analyzed new-onset refractory status epilepticus (NORSE) as a distinct clinical
entity.

3.2. Seizure types

Generalized convulsive SE was the predominant seizure type, affecting 72.1% (n = 2,098) of patients. Generalized tonic—clonic seizures
(GTCS) represented the most frequent subtype, emphasizing the severe and prolonged nature of convulsive SE in pediatric populations.
Focal SE was observed in 23.2% (n = 676), indicating that a considerable proportion of children presented with localized or evolving
seizure activity. Non-convulsive SE was reported in a smaller subset of cases, largely in studies employing continuous electroencephalo-
graphic (EEG) monitoring.

3.3. Etiology of status epilepticus

Acute symptomatic SE was identified as the most common etiology, reported in 54.3% (n = 1,579) of cases. Central nervous system
infections, metabolic abnormalities, and hypoxic—ischemic encephalopathy were the leading causes within this category. Febrile SE ac-
counted for 24.3% (n=707), underscoring the contribution of fever-associated seizures in younger age groups. Cryptogenic SE represented
12.1%, while genetic and metabolic etiologies were identified in 8.5% of the cohort, frequently associated with refractory and recurrent
presentations.

3.4. Refractory status epilepticus (RSE)

A total of 743 patients (25.5%) developed refractory SE (RSE) requiring escalation to second-line antiseizure medications such as pheny-
toin, levetiracetam, or valproate, along with intensive care management. A smaller subset progressed to super-refractory SE, necessitating
prolonged anesthetic infusions and mechanical ventilation. The high prevalence of RSE highlights the clinical severity and therapeutic

challenges associated with pediatric SE across diverse healthcare settings.

Table 1: Demographic and Clinical Characteristics of Pediatric Status Epilepticus Studies

sy Gender Dsitribu-
Study Author  Country ple Age range o Etiology of SE Seizure Type Duration of SE
size
Acute symptomatic . . .
Generalized tonic-clonic
) . o
Eman F. 1 month—  Male: 46, Fe- (© 1'.4 %), Re(:)mote sympto (87.1%), Focal with sec- Mean. 122.
Halawaetal.  Egypt 70 11.6 vears  male: 24 matic (14.3%), Febrile ondary sencralization min, Range:
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(201 y : genic (18.4%), Progres- P
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AT S Generalized Tonic-
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Hypoxic-Ischemic En-
cephalopathy (HIE) se-
quelae
Seizure disorder (non-
compliance, breakthrough
seizures)
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(25.7%), Remote sympto- tial/focal impaired zure duration
Sidhartha et India 140 1 month Male: 94, Fe- matic (25%), Febrile SE awareness (15.7%), Sim-  before hospital
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.070), o ° g
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. 1 month Male: 64, Fe- . o awareness (18.3%), Fo- . ]
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Claudine  (USA, Bel- Jredian , ology (87%), Known eti-  (50.8%), Generalized ~ Median SE
- 3 4 years Male: 21, Fe- : ) ; = duration: 24
Sculier et al. gium, 46 ; ology (CNS infections, convulsive SE (32.3%),
1261 . (IQR 1.2—  male: 25 : 2. . hours (IQR 7—
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dia, etc.)
Epilepsy-related
) . .
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Acute (13.6%), Remote Median 40
(35%), Progressive Convulsive SE (71.8%),  min (Range:
. 0,
éggjf&;l‘ Ttaly 13 fomh o Male 8L3% (1.9%), Blectroclinical  Non-convulsive SE 20-80 min),
Y ORe syndromes (18.4%), Fe- (28.2%) longer duration
brile SE (21.4%) in NCSE cases

3.5. Treatment protocols and response to therapy

Management of pediatric status epilepticus (SE) across the included studies followed a standardized, stepwise treatment algorithm. Ben-
zodiazepines, primarily midazolam, lorazepam, and diazepam, were administered as first-line agents, achieving seizure control in the ma-
jority of patients. Refractory SE (RSE) was reported in 759 cases (26.1%), necessitating escalation to second- and third-line therapies,
including continuous infusions of midazolam, ketamine, or thiopental in intensive care settings.

A subset of 96 patients (3.3%) progressed to super-refractory SE (SRSE), requiring prolonged anesthetic infusions, mechanical ventilation,
and adjunctive immunotherapeutic measures such as intravenous immunoglobulin (IVIG), corticosteroids, or plasma exchange. Outcomes
in this subgroup were notably poorer, underscoring the prognostic importance of early intervention and timely escalation of antiseizure
therapy.

3.6. Complications and mortality

The overall pooled mortality rate was 14.5% (n=421). Fatal outcomes were disproportionately higher among RSE and metabolic or genetic
SE subgroups, particularly in patients requiring extended ICU admission, ventilatory support, and multiple organ support measures. In
contrast, early and aggressive management was associated with a reduction in mortality, emphasizing the critical role of rapid therapeutic
initiation.

Respiratory insufficiency represented the most frequent complication, occurring in 73.2% (n = 2,129) of severe cases, often necessitating
mechanical ventilation. Cardiac dysfunction was reported in 48.6% (n = 1,414) of patients, contributing to hemodynamic instability and
prolonged ICU stay. Septic shock and multiorgan dysfunction syndrome (MODS) were observed in 25.0% (n = 728) of patients, further
increasing morbidity and hospitalization duration.

3.7. Neurological outcomes and follow-up

Neurological sequelac were documented in 657 patients (22.6%), most commonly manifesting as cognitive deficits, motor impairments,
and structural abnormalities on MRI. Severe disability was observed in a smaller proportion, while persistent cognitive impairment affected
approximately one-fifth of survivors.

Follow-up duration varied considerably among studies, ranging from 2 to 12 months in most cohorts. Long-term neurodevelopmental
assessments beyond one year were available in only a few studies, notably Kanemura et al. (2015), which demonstrated sustained cognitive
and behavioral deficits over a four-year follow-up period. These findings highlight the need for standardized long-term surveillance and
neurorehabilitation strategies for survivors of pediatric SE.

Table 2: Treatment Protocols, Response to Treatment, Complications, Mortality, Neurological Outcomes, and Follow-Up in Pediatric Status Epilepticus

Studies

. . Follow-
Study Author  Treatment Protocol LG U LT = Complications gty Necislopgien Qi up dura-
ment Rate comes tion
Step III (diazepam,
phenytoin, pheno- Short-
barbital) controlled 21.4% severe disa- term fol-
Eman F. Diazepam, phenytoin, 35.7% 64.3% required mechani- bility, 24.3% mod- -
Halawaetal.  phenobarbital, midazo- Step IV (midazo- cal ventilation, ICU stay 37% erate disability, P
months)
(2015) 14 lam, thiopental lam) needed in 30%  median 7 days 17.1% good recov- in 33% of
Step V (thiopental) ery 70
L patients
was required in
34.3%
Improvement with Cosnitive impair-
Hideaki Contbermmrraiee (C5) CBZ in the non-SE Neurocognitive impair- me ft: and be}fav-
Kanemura et Valproate (\BP A) ’ group, persistent ments, behavioral issuesin ~ N/A ioral problems in >4 years
al. (2015) I3 P deficits in the SE the SE group p
o the SE group
. . ) o R
Lokesh Lin- Bepzodlazepmeg, phen Frgsslon (o EET o 13.7% Sezer'e disability
anna et al ytoin, phenobarbital, le- R G Severe sepsis, acidosis, (Higher in (37% in RSE), 12
16 vetiracetam, sodium . . prolonge stay group: moderate disability ~ months
(gzgf@ i i di . longed NICU RSE derate disabili h
valproate 21.2%) (7.9% in non-RSE)
Short-
LAl Standard antiepileptic . Mostly favorable, term fOI.-
Ere drugs, febrile seizure LOEE G, 10 Prolonged hospitalization N/A some requiring im- et
Mwipopo et £s; mortality g P . tq di g not
al. (2016) 1" management aging studies Sty
defined
0,
Vimlesh Soni  Antiepileptic drugs 27.6% had poor Neurological sequelae r:e?lﬁ)(}ilzx(je(ljce)lil};zgt
etal. (2017) (AEDs), Intensive care outcomes, 13% & “d ’ 13% 5 “op ? 6 months
) - — prolonged hospital stay 6% had seizure re-
currences
Benzodiazepines, phen- Prehospital benzo- : 16% had delayed Short-
limeiE ytoin, levetiracetam, diazepines OR: Cardlovqscular dysfunc- o neurodevelopment,  term out-
Santhanam et idazol henobarbi h . tion, respiratory distress, 4.60% % had sei
al. (2017) 1) midazolam, phenobarbi- 2.715, Phenytoin i gk 6% had seizure re- come as-
) tal OR:3.131 currences sessed
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Krithika R. et Benzodiazepines, Phen- 64.6% returned to
al (2018) 120] ytoin or Fosphenytoin, N/A N/A 26.40% baseline, 9.2% mor-  N/A
Phenobarbital bidity
Seizure termination
rate:
Fosphenytoin: 84%
. . Levetiracetam: 92%
Benzodiazepines, . .
. Time to Seizure
Fosphenytoin (20 mg .
. Cessation:
Senthilkumar ~ PE/kg, IV over 7 Fosphenytoin: 2.5 + Fosphenvtoin. Levetirace-
CSetal minutes) osphenytoin. 2. osphenytoin, Levetirace- g, N/A N/A
1] . 1.4 minutes tam
(2018) Levetiracetam (30 . .
Levetiracetam: 3.3
mg/kg, IV over 7 + 1.16 minutes
minutes) .
Seizure recurrence:
Fosphenytoin: 9.5%
Levetiracetam:
17.5%
Good recovery
(SE: 30%, RSE:
0,
Intravenous Midazolam, 40% progressed to Shock at admission (SE: SE: 30%, (li?sflzi’l?t/logse]?t; 0%
KC Sadik etr  Intravenous Phenytoin, RSE, Poor outcome ~ 33%, RSE: 25%), CNS in-  RSE: 50%, RSE: 10}; %) S'ever: N/A
al. (2019) Valproate, or Levetirace-  odds 6% higher in fections associated with Overall: disaﬁili o O(S’E 79
. o 5 o,
tam RSE patients poor outcomes 38% RSE: 25%), Persis-
tent vegetative state
(SE: 3%, RSE: 5%)
r?;:?il;gg;se;g“o_ 83.6% benzodiaze-
Pher? oin Valproat; pine-responsive, 89.3% favorable
Sidhartha et ytoin, Valp > 8.6% established o outcomes, 10.7%
2] Levetiracetam, Pheno- 5 N/A 5% N/A
al. (2019) . . . SE, 3.6% refractory unfavorable out-
barbital, Midazolam in- o
. S SE, 4.3% super-re- comes
fusion, Ketamine infu-
. fractory SE
sion
Midazolam (IV, first- 59.6% benzodiaze- 739
line), Second-line AEDs  pine-responsive SE, . . =70 Favorable outcome
: 5 o : CNS infections correlated (mainly due . o
Chinmay (Phenytoin, Valproate), 25.7% required sec- with Worse oulcomes {0 CNS in- in 80.7%, Unfavor-
Chetan et al. Third-line AEDs (Le- ond-line AEDs, Lo . able in 19.3%, Se- N/A
23] . . o Shock at admission in 33%  fections and Lol
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tal), Midazolam infusion  refractory SE, 3.7% top SE) 7.3%
for refractory SE super-refractory SE Y
Benzodiazepines, Phen- 0
. ytoin, Phenobarbital, 17,77 progressed PRES associated with
Chiarello D. 3¢50 olam infusion to reffactory SE, - \0gE, Chemotherapy-re-
et al. (2020) : ’ NCSE associated " ICTapy=Ie=— \y/A N/A N/A
1241 Supportive therapy (air- . . lated neurological compli-
. . with acute etiology g
way protection, circula- dch cations
tion SUDDOLE and chemotherapy
pport)
CSF analysis, neuroim- et uzenvaied, O
Kiran B. et aging, and EEG for diag- 20% had abnormal neu- iZTgviec:dsglltilgzu-
al (2021') 25] nqsi§; stepwise AED ad- N/A roimaging; 7 cases had re- 13% 13%gdied 5?% dis-’ N/A
’ ministration based on se- fractory SE e
— charged against
4 medical advice
17.7% progressed
Benzodiazepines, sec- to refractory SE,
ond-line antiseizure med-  26% received im- Outcomes: 61% ro-
ications (Fosphenytoin, munotherapy MRI abnormalities (54%), P— béselirze at  Variable
Claudine Levetiracetam), continu-  Complications: EEG epileptiform dis- discharee. 19 3% s
Sculier et al. ous anesthetic infusions MRI abnormalities charges (48%), Hypoten- 6% had co gni’tive-imo- onths to
(2021) 26 (Midazolam, Ketamine),  (54%), EEG epilep-  sion due to continuous in- airmei s filoge  Sysan)
Ketogenic diet, Immuno-  tiform discharges fusions E ¥
therapies (Steroids, (48%), Hypotension P
IVIG, Plasma exchange)  due to continuous
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Benzodiazepines (16.2% 13.9% in
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Ahmed Ibra-  third-line AEDs (83.8% thetic medications, ECG abnormalities iniury erou
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4. Discussion

This systematic review analyzed 2,910 pediatric cases of status epilepticus (SE) from multiple geographic regions, providing consolidated
evidence on its clinical profile, therapeutic response, and outcomes. A male preponderance (56.7%) and higher incidence among infants
and early childhood groups were consistently reported, reflecting increased age-specific susceptibility to prolonged seizure activity. The
predominance of data from tertiary-level institutions ensured greater diagnostic accuracy and uniformity of management, enhancing the
validity of outcome comparisons.

Acute symptomatic etiology accounted for the majority of cases (54.3%), primarily attributed to central nervous system infections, meta-
bolic abnormalities, and hypoxic—ischemic encephalopathy. These findings are concordant with Chetan et al. (2020), who reported 60.6%
acute symptomatic SE, and Kalra (2020), who demonstrated a similar etiological pattern in the Indian subcontinent [3,23]. Febrile SE
(24.3%) and neurocysticercosis-associated SE constituted major contributors in endemic regions, whereas genetic and metabolic etiologies
(8.5%) were frequently linked to refractory disease and adverse neurological sequelae.

Generalized tonic—clonic seizures (72.1%) represented the predominant clinical subtype, followed by focal SE (23.2%). The reported in-
crease in non-convulsive SE detection reflects wider implementation of continuous electroencephalographic monitoring. The wide varia-
tion in seizure duration, extending from minutes to several hours, indicates disparities in prehospital recognition and therapeutic access
across health systems.

Refractory SE (RSE) was identified in 26.1% of patients, exceeding rates in earlier reports such as Chetan et al. (2020) [23]. Super-
refractory SE (3.3%) required prolonged anesthetic infusions (midazolam, thiopental, ketamine) and adjunctive immunotherapy in selected
cases. The recognition of new-onset refractory SE (NORSE) underscores emerging autoimmune and inflammatory mechanisms, empha-
sizing the necessity of early immunotherapeutic intervention and continuous EEG evaluation.

Therapeutic strategies adhered to a stepwise pharmacologic protocol, with benzodiazepines as the initial agents, achieving seizure cessation
in approximately two-thirds of cases. Subsequent use of phenytoin, valproate, or levetiracetam demonstrated comparable efficacy across
studies, consistent with Senthilkumar et al. (2018) [21]. Delayed escalation to second-line therapy correlated with increased morbidity and
mortality, reinforcing the requirement for prompt sequential treatment.

Complications were frequent and clinically significant. Respiratory failure (73.2%) and cardiac dysfunction (48.6%) constituted the pre-
dominant adverse events, often necessitating ventilatory or hemodynamic support. Septic shock and multiorgan dysfunction (25%) were
observed primarily in prolonged ICU admissions, consistent with findings from Ibrahim et al. (2022) [27]. The overall pooled mortality
(14.5%) demonstrated considerable heterogeneity (range: 2.9-38%), attributable to differences in health infrastructure, treatment latency,
and case severity. Mortality was highest in refractory, metabolic, and genetic SE, confirming their prognostic importance.

Neurological sequelae occurred in 22.6% of survivors, predominantly manifesting as cognitive deficits, motor dysfunction, and structural
brain injury. Long-term follow-up data remain limited; however, Kanemura et al. (2015) reported sustained behavioral and cognitive defi-
cits up to four years post-SE, underscoring the chronic neurological implications [15]. These findings substantiate the need for standardized
long-term neurodevelopmental assessment and targeted rehabilitation protocols for affected children.

5. Conclusion

Pediatric status epilepticus constitutes a major neurological emergency associated with high morbidity and mortality, particularly in refrac-
tory, metabolic, and infectious subtypes. Acute symptomatic etiologies and generalized convulsive seizures predominate, and treatment
delay remains the most significant determinant of adverse outcomes. Early recognition, adherence to standardized therapeutic algorithms,
and timely escalation to intensive care—based management are critical for improving survival and neurological recovery.

Future research should focus on the identification of predictors of refractoriness, evaluation of immunomodulatory therapies in NORSE,
and prospective multicenter studies incorporating standardized long-term outcome measures to optimize prognostication and management
of pediatric SE.
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