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Abstract
Objective: Status epilepticus (SE) is a neurological emergency in childhood, 
often leading to neuronal damage and long- term outcomes. The study aims to 
identify barriers in the pre- hospital and in- hospital management of community- 
onset pediatric SE and to evaluate the effectiveness of pediatric scores on out-
comes prediction.
Methods: This monocentric observational retrospective cohort study included 
patients treated for community- onset pediatric SE in a tertiary care hospital be-
tween 2010 and 2021. Data were extracted following Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) guidelines. Inclusion cri-
teria were community- onset SE (according to the International League Against 
Epilepsy [ILAE] Task Force on SE Classification), admission to the pediatric 
emergency department (PED), age: 1 month to 18 years. Pre- hospital, in- hospital 
management and outcomes were analyzed. Pediatric scores for prediction of clin-
ical worsening (Pediatric Early Warning Score -  PEWS) and SE outcome (Status 
Epilepticus in Pediatric patients Severity Score -  STEPSS; Pre- status Epilepticus 
PCPCS, background Electroencephalographic abnormalities, Drug refractoriness, 
Semiology and critical Sickness Score -  PEDSS) were retrospectively assessed for 
their accuracy in predicting short- term and long- term outcomes.
Results: A total of 103 consecutive episodes of SE were included. Out- of- hospital 
rescue medications administration occurred in 54.4% of cases and was associated 
with higher SE resolution rate before PED admission (48.2% vs 27.6%, p = .033). 
Longer in- PED time to treatment was observed in case of delay to PED referral 
(r = 0.268, p = .048) or non- red triage labels (12 vs 5 min, p = 0.032), and was asso-
ciated with longer in- PED duration of SE (r = 0.645, p < .001). Longer SE duration 
was observed in episodes leading to hospitalization compared to those discharged 
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1  |  INTRODUCTION

Status epilepticus (SE) is the most common neurological 
emergency in childhood, resulting either from the failure 
of the mechanisms of seizure termination or from the 
initiation of mechanisms leading to abnormally prolonged 
seizures.1 The estimated incidence is up to 49.1 per 100 000 
children per year in northern Italy, and epidemiological 
data worldwide report 10–73 cases per 100 000 children 
per year depending on different study settings. A peak 
of 135–156 per 100 000 is observed among infants and 
children younger than 2 years, especially within the first 
year of life.2–7

As a result of the prolonged epileptic activity, SE can 
lead to neuronal death, neuronal injury, and alteration of 
neuronal networks. Consequently, patients can experi-
ence a spectrum of brief and long- term outcomes, such 
as neurological, cognitive, and behavioral impairment. 
Death occurs in 5%–9% of patients of pediatric age.1,8,9 
Several factors can determine the outcome of SE, such as 
its etiology, age at onset, and duration.9–12 Acknowledging 
the influence of duration on the outcome of SE points out 
the pivotal role of its early detection and management. 
Several gaps are possible in terms of acute seizure treat-
ment in the pre- hospital or in- hospital chain of care, such 
as seizure- onset recognition, availability of rescue medi-
cation and proper administration, and staff delays in the 
emergency room.13,14 Therefore, assessing the barriers to 
care in the SE care pathway is paramount to bridge these 
care gaps and eventually improve outcomes.15 The aim of 
the study was first to describe pre- hospital and in- hospital 
management of community- onset childhood SE to iden-
tify any possible barriers to care; and second, to assess the 
real- world accuracy of different proposed pediatric scores 
in predicting brief and long- term outcomes of SE.

2  |  METHODS

The Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines were followed.16

2.1 | Study design and participants

This monocentric observational retrospective cohort 
study enrolled all patients consecutively referred to 
our center's pediatric emergency department (PED) 
for community- onset SE between 2010 and 2021. 
More specifically, the inclusion criteria were: (1) the 
occurrence of SE, defined as a continuous seizure 
activity according to the operational dimension t1 
from the International League Against Epilepsy (ILAE) 
Task Force on Classification of Status Epilepticus1; (2) 

(50 vs 16 min, p < .001). In- PED electroencephalography (EEG) recordings were 
available in 39.8% of events. Predictive scores varied in accuracy, with PEWS ≥5 
showing high sensitivity for intensive care unit (ICU) admission but low specific-
ity. No patients died, 6.3% of SE was refractory.
Significance: Effective pre- hospital administration of rescue medications and 
prompt PED management are crucial to reduce SE duration and improve out-
comes. Predictive scores can aid in assessment of the severity and prognosis of 
SE; their utility is still not defined. Identifying and addressing actionable care 
barriers in SE management pathways is essential to enhance patient outcomes in 
pediatric SE.

K E Y W O R D S

childhood, management, outcomes, seizures, treatment

Key points

• Barriers to care limit or prevent people from 
receiving adequate care for specific conditions, 
including community- onset pediatric status 
epilepticus (SE).

• Barriers to care for community- onset SE 
include underuse of rescue medications, 
delayed assistance, and missed diagnosis of 
nonconvulsive SE.

• Longer SE duration and higher hospitalization 
rate occur in the aftermath of barriers to care in 
the care pathway for pediatric SE.

• The use of predictive scores may be helpful to 
assess the risk of poor outcomes.
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SE onset outside the hospital setting; (3) admission 
to the PED for SE; (4) SE occurring from January 1, 
2010, to December 31, 2021; (5) age at onset: 1 month 
to 18 years; and (6) enduring (E- SE) or solved (S- SE) 
events on arrival at the PED. The exclusion criteria were 
(1) inconsistency with the definition of SE; (2) seizure 
clusters; and (3) incomplete or unavailable information 
about SE management from medical records. We 
confirm that we have read the Journal's position on 
issues involved in ethical publication and affirm that 
this report is consistent with those guidelines.

2.2 | Assessment methods

Clinical data were extracted from medical reports, and 
Figure S1 shows the events selection process. First, 
all electronic medical records with a final diagnosis of 
“status epilepticus” were checked for compliance with the 
inclusion criteria by two independent investigators (L.B. 
and A.F.). Medical records with a diagnosis of “epilepsy” 
or “seizure” were also checked to look for possible missed 
SE diagnoses. Second, ineligible records (n = 39) were 
excluded from an initial pool due to lack of information. 
Demographic data, patients' history, and SE features 
(semiology, etiology, age at onset) were anonymized 
and collected. SE semiology and etiology were classified 
according to the ILAE Task Force criteria for SE.1 In the 
case of E- SE on arrival at the PED, the semiology was 
classified according to description of the event supplied 
by witnesses and pre- hospital emergency care staff. The 
etiology of SE was classified by analyzing medical records 
and diagnostic procedure results (i.e., neuroimaging, 
genetics, and laboratory tests).

2.2.1 | Pre- hospital and in- hospital 
management

Pre- hospital data, including SE onset time, availability of 
rescue medications, and timing of their administration 
were obtained from PED medical records, relying on 
information gathered from caregivers and/or emergency 
medical services (EMS).

Data about the timing for PED referral, time to treat-
ment in the PED, and details about diagnostic procedures 
(e.g., electroencephalography [EEG]) were collected. 
Accessibility to EEG recordings in the PED was assessed 
by considering the time at PED admission and machine 
availability according to scheduled shifts (full availability: 
Monday–Friday 7.30 am–5 pm; Saturday 7.30 am–1 pm; 
limited availability: on- call EEG during the remaining 
hours in case of suspected non- convulsive SE [NCSE]). 

The categorization into triage color tags on arrival in the 
PED was also assessed by analyzing a four- tier color chro-
matic gradation system that classifies the condition's acu-
ity according to the Manchester Protocol and global triage 
guidelines.17,18 Depending on anamnestic information, 
vital signs, and physical findings, red codes were applied 
to emergencies and critical conditions requiring immedi-
ate evaluation and care; yellow was used for urgent con-
ditions requiring quick evaluation; green symbolized less 
urgent conditions; and white was given to non- urgent 
conditions (Figure S2).

2.2.2 | Outcomes

The brief- term outcomes of SE were described considering 
refractoriness, admission to the pediatric intensive care 
unit (PICU), and death. Refractory SE was defined as 
SE persisting despite the administration of at least two 
appropriately selected and dosed parenteral medications 
including a benzodiazepine (BZD), with no specific 
seizure duration required.19 In- hospital death was defined 
as death during hospitalization, regardless of the cause.20

The long- term outcomes of SE were evaluated consid-
ering the occurrence of neurological sequelae during the 
follow- up. To identify changes in patients' neurological 
status, the modified Rankin Scale for Children (mRSC)21 
and the Pediatric Cerebral Performance Category Scale 
(PCPCS),22 were retrospectively calculated from medi-
cal records before SE; at discharge; and over a 1, 3, and 
12 month period follow- up. A worsening of the scores was 
identified as a “poor outcome.”

2.2.3 | Predictive scores

Three scores were retrospectively calculated by two 
independent researchers (A.B. and R.R.), blinded to the 
outcome, using the information available during the PED 
stay: (1) the Pediatric Early Warning Score (PEWS), usually 
used to assess the risk of clinical deterioration or intensive 
care unit (ICU) admission using physiological parameters 
such as heart rate, respiratory rate, temperature, blood 
pressure, and level of consciousness23; (2) the SE in 
Pediatric patients Severity Score (STEPSS), a recent 
pediatric suggested version of the SE Severity Score (STESS) 
for predicting unfavorable outcome including four clinical 
variables (age of the patient, level of consciousness, past 
history of seizures, and type of SE)24; (3) the Pre- status 
Epilepticus PCPCS, background Electroencephalographic 
abnormalities, Drug refractoriness, Semiology, and critical 
Sickness (PEDSS) score, a 6- point score recently proposed 
as a predictor of mortality and poor outcome.25
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Second, we calculated the scores' accuracy in predict-
ing brief- term outcomes (PEWS, PEDSS) and long- term 
outcomes (PEWS, PEDSS, STEPSS).

The following scores were considered as cutoff: ≥5 for 
PEWS, >3 for STEPSS, and ≥3 for PEDSS, as suggested 
previously by the authors.24–26

2.3 | Statistical analysis

Descriptive statistics were provided for the study 
population through mean and standard deviation (SD) 
or median and interquartile range (IQR) for continuous 
variables, and absolute (n) and relative (%) frequency for 
categorical ones. The normality of continuous variables 
distribution was checked using the Skewness- Kurtosis 
test. Continuous variables were compared by the Mann–
Whitney U test or Student's t test, whereas categorical 
variables by the chi- square test or Fisher's exact test, as 
appropriate. Linear association between continuous 
variables was expressed by correlation coefficients 
(Pearson's or Spearman's, depending on data distribution). 
P- values were corrected for multiple testing using the 
Simes method to control the false discovery rate (FDR).

Univariate and multivariate logistic regressions were 
performed to identify the factors most associated with 
the decision about triage color tagging, quantifying the 
strength of the association through odds ratios (ORs) with 
confidence intervals (95% CIs). To assess changes in ther-
apeutic approaches over time, we established 3- year inter-
vals: 2010–2013, 2014–2017, and 2018–2021. Sensitivity, 
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), accuracy, and area under the curve 
(AUC) were used to assess the diagnostic ability of the 
tests (PEWS, PEDSS score, and STEPSS), using as refer-
ence standard each of the following outcomes: ICU ad-
mission, refractory status epilepticus, PCPCS worsening 
at 1 year, and mRSC worsening at 1 year.

3  |  RESULTS

We screened 674 eligible records and eventually included 
103 consecutive SE episodes. These occurred  in 75 
patients,the median age at SE was 4 years (IQR 1.7–7.4, 
range 0–16 years); 58.7% patients were assigned female at 
birth. The relevant clinical features are listed in Table 1.

Overall, 38.8% of SE (n = 40) were solved before admis-
sion to the PED (S- SE): 26.2% were efficaciously treated 
with pre- PED rescue medications (n = 27) and 12.6% re-
solved spontaneously (n = 13). Conversely, enduring SE (E- 
SE) was observed in 61.2% of cases (n = 63) at the time of 
PED admission: in 28.2% of cases (n = 29) pre- PED rescue 

medications were ineffective, and in 33% of cases (n = 34) 
pre- PED rescue medications were not administered.

3.1 | Management before arrival 
in the PED

Caregivers or EMS administered pre- PED rescue medi-
cations in 54.4% of events (n = 56). Factors associated 
with less frequent administration of rescue medications 
were no history of epilepsy (new- onset SE: 39.1%, SE 
in people with epilepsy [PWE] 66.6%, p = .005), no his-
tory of SE (first SE: 44.6%, previous SE: 65.9%, p = .031), 
and non- prominent motor features (NCSE: 27.6%, CSE: 

T A B L E  1  Status epilepticus features and patients' history.

Characteristics N (%)

SE semiology

CSE 74/103 (71.8%)

NCSE 29/103 (28.2%)

SE etiology

Acute 14/103 (13.6%)

Remote 36/103 (35%)

Progressive 2/103 (1.9%)

SE in defined electroclinical syndromes 19/103 (18.4%)

Febrile SE 22/103 (21.4%)

Unknown 10/103 (9.7%)

SE history

SE in PWE 57/103 (55%)

New- onset SE 46/103 (45%)

Previous SE 47/103 (45.6%)

Previous FSE 7/103 (6.8%)

Repeated SE

Two SE episodes 11/75 (14.7%)

Three SE episodes 5/75 (6.7%)

Four SE episodes 1/75 (1.3%

Five SE episodes 1/75 (1.3%)

Epilepsy history

Epilepsy classification in PWE

Focal epilepsy 50/57 (87.7%)

Generalized epilepsy 2/57 (3.5%)

Combined 5/57 (8.8%)

Epilepsy etiology in PWE

Structural 29/57 (51%)

Genetic 28/57 (49%)

Concurring treatment with ASMs 49/57 (47.6%)

Abbreviations: ASMs, anti- seizure medications; CSE, convulsive status 
epilepticus; NCSE, non- convulsive status epilepticus; PWE, people with 
epilepsy; SE, status epilepticus.
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64.9%, p < .001). Over the 12- year study period, the per-
centage of patients receiving pre- PED BZD increased 
from 48.0% (2010–2013) to 52.8% (2014–2017) and 59.5% 
(2018–2021), but this trend was not statistically signifi-
cant (OR = 1.061, 95% CI 0.940–1.199, p = .333). The use 
of rescue medications led to more- frequent pre- PED SE 
resolution (treated: 48.2%, untreated: 27.6%, p = 0.033). 
Of note, rescue medications were prescribed to 87.7% of 
PWE (n = 50/57), and the frequency of administration in 
this group did not differ significantly in history of SE or 
not (71.4% vs 53.3%, p = .202).

The median latency for PED admission from SE onset 
was 49 min (IQR 31–88). This was significantly long in 
PWE (63 vs 39 min, p < .001), administration of pre- PED 
rescue medications (52 vs 44 min, p = .037), and solved 
SE (63 vs 39 min, p < .001). Moreover, we observed a ten-
dency toward longer time for PED admission in higher 
age at onset (time for admission–age correlation: r = .339, 
p < .001). No significant difference was observed in terms 
of median time to admission depending on the time of 
onset of SE (48 min for admission in case of onset during 
the day vs 50 min during the night, respectively; p = 0.722).

3.2 | Triage in the PED

E- SE was more frequently tagged as red code than S- SE 
(65.1%, n = 41/63, vs 10%, n = 4/40, p < 0.001). However, 
yellow and green codes accounted for 31.7% (n = 20/63) 
and 3.1% (n = 2/63; one NCSE and one myoclonic SE) of 
E- SE, respectively. Among S- SE, yellow and green codes 
were 62.5% (n = 25/40) and 27.5%, (n = 11/40), respectively. 
No white codes were recorded either for E- SE or S- SE. 
Table 2 shows the influence of demographic and clinical 
variables on triage tags.

Taking into account E- SE episodes, the following con-
ditions were significantly associated with a higher risk of 
non- red codes on admission: non- febrile SE (OR 7.1, 95% 
CI 1.4–34.4, p = .015), PEWS <5 (OR 4.6, 95% CI 1.5–14.3, 
p = .008), age ≥4 years (OR 4.5, 95% CI 1.5–13.6, p = .008), 
concurrent treatment with ASMs (OR 3.7, 95% CI 1.2–
11.2, p = .019), and time from onset to admission on PED 
≥90 min (OR 2.6, 95% CI 1.1–6.2, p = .024). Multivariable 
analysis identified the following independent factors: 
non- febrile SE (OR 8.4, 95% CI 1.6–44.4, p = 0.012) and 
PEWS <5 (OR 4.8, 95% CI 1.4–16.4, p = .011).

3.3 | In- PED management

Only the management of E- SE will be described from now 
on. The median time to treatment from triage was 6 min 
(IQR 4–13.5); later treatment was provided in case of 

non- red codes (median time to treatment: 12 min vs 5 min, 
p = .032) and NCSE (12 min vs 5 min, p = .0401).

A tendency for a longer time to treatment was observed 
in older age at onset (time to treatment–age correlation: 
r = .330, p = .013), and longer latency to admission (time 
to admission–time to treatment correlation: r = .268, 
p = .048). Treatment delays longer than 15 min occurred 
more frequently in PWE than in new- onset SE (40.9% vs 
11.7%, p = .012).

In the PED, SE was treated with BZDs alone (89%, 
n = 49), BZDs and anti- seizure medications (ASMs; 9%, 
n = 5), or ASMs alone (1%, n = 1). Overall, second- line 
treatment with ASMs was required in 10.9% of E- SE 
(n = 6). Over the 12- year study period, there was no signifi-
cant difference in the type of therapy administered (BZDs, 
BZDs and ASM, or ASMs alone, p = 0.279) or in the num-
ber of BDZ doses given (p = .289).

Oral or rectal BZDs instead of intravenous (IV) BZDs 
were more frequently administered as the first treatment 
to patients with a lower median time to referral (33 vs. 
57 min, p < .001), who did not receive pre- PED rescue 
medications (51.1% vs 14.8%, p < .001), to those with no 
previous epilepsy diagnosis (46% vs 20%, p = .006), and 
no concomitant chronic treatment with ASMs (40.7% vs 
21.2%, p = .036). At the time of PED admission, in- PED 
EEG recording was accessible in 39.8% of total events 
(n = 41/103): 30% of S- SE (n = 12/40) and 46% of E- SE 
(n = 29/63), depending on the machine and technician 
availability at the time of the event.

The median time to EEG was 23 min (IQR 11–46.5) 
in the case of E- SE occurring during full EEG availabil-
ity daytime, and it increased to 11 h (IQR 5–16) in the 
case of E- SE during limited EEG availability (e.g., night) 
(p < .001). Seventeen children with NCSE arrived in the 
PED at a time with limited EEG availability. The PED did 
not seek for on- call neurophysiology during times with 
on- site EEG unavailability (i.e. during the night): 13 pa-
tients underwent EEG at the earliest time of full availabil-
ity (e.g., the morning after); 4 PWE were diagnosed with 
possible NCSE considering their history of recurrent non- 
motor seizure and NCSE, and they underwent EEG in the 
pediatrics or neurology ward. Of interest, at the time of 
EEG recording, 22% of S- SE (n = 9/40) showed electroclin-
ical uncoupling and required treatment.

3.4 | Post- PED management

The median length of stay in the PED was 1 h and 30 min 
(IQR 1–3.3 h). Overall, SE led to hospitalization in 77.7% 
of cases (n = 80), of which 12.5% (n = 10) were admitted to 
the PICU, and the remaining entered the neuropediatric 
ward (NPW). Episodes leading to hospitalization had a 
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significantly longer total duration compared to those dis-
charged from the PED (50 min vs 16 min, p < .001). CSE 
was more frequent than NCSE among cases requiring hos-
pitalization (66.3% vs 33.7%, p = .019), and new- onset SE 
was less frequently discharged than SE in PWE (21.7% vs 
78.3%, p = .012). No significant difference was observed in 
hospitalization rates depending on SE etiology.

3.5 | Outcomes

Resolution of E- SE was observed in the PED (88.9%, 
n = 56/63), in the (4.8%, n = 3/63) or the PICU (6.3%, 
n = 4/63), the latter accounting for the rate of refractory 
SE; no deaths were observed. The median duration of E- SE 
from onset and from PED admission was 40 min (IQR 
20–80) and 23 min (IQR 10–50), respectively. A strong 
positive correlation was found between the latency to PED 
admission and the total duration of SE (r = .811, p < .001), 
and between the duration of SE from triage and the time 

to treatment (r = .645, p < .001). NCSE lasted longer than 
CSE considering both the median duration from onset 
(72 vs 30 min, p < .001), and the median duration from 
PED admission (37 vs 18 min, p = .044). Table 3 shows the 
association of SE duration with demographic, clinical, and 
management variables.

Figure  1 shows the mean scores in the mRSC and 
PCPCS scale before SE, at discharge, and during the fol-
low- up. No significant association was found between 
functional scales changes and the clinical, demographic, 
or management variables examined. A diagnosis of epi-
lepsy was provided to 36.9% of new- onset SE (n = 17/46) 
during follow- up.

3.6 | Accuracy of predicting scores

Retrospective calculation revealed PEWS ≥5 in 37% of SE, 
PEDSS score ≥3 in 21% of SE, and STEPSS ≥3 in 21.4% of 
SE when arrived in PED.

T A B L E  2  Influence of demographic and clinical variables on triage color code.

Variables n (%)

Enduring status epilepticus (n = 63)

Red (n = 41) Yellow (n = 19) Green (n = 3) p- value*

Sex .898

Female 25 (61) 13 (68.4) 2 (66.7)

Male 16 (39) 6 (31.6) 1 (33.3)

Age (median; IQR) 2.3 (1.1–3.9) 4.6 (1.1–9.7) 6.6 (5.7–9.1) .038

Semiology .801

CSE 28 (68.3) 11 (57.9) 2 (66.7)

NCSE 13 (31.7) 8 (42.1) 1 (33.3)

SE Etiology .001

Acute 5 (12.2) 3 (15.8) 0 (0)

Remote 4 (9.8) 12 (63.2) 1 (33.3)

Progressive 2 (4.9) 0 (0) 0 (0)

SE in defined electroclinical syndromes 9 (21.9) 1 (5.3) 1 (33.3)

Febrile SE 17 (41.5) 1 (5.3) 1 (33.3)

Unknown 4 (9.8) 2 (10.5) 0 (0)

Previous epilepsy diagnosis 12 (29.3) 11 (57.9) 2 (66.7) .056

Concurring treatment with ASMs 10 (24.4) 10 (52.6) 2 (66.7) .044

Previous SE 14 (34.1) 9 (47.4) 1 (33.3) .730

Previous FS 3 (7.3) 0 (0) 1 (33.3) .109

RM before the PED 20 (48.8) 9 (47.4) 0 (0) .402

Time from onset to admission on PED 
(median; IQR)

38 (17.1–51.1) 39.2 (29.9–63.9) 136.6 (104.3–224.8) .039

PEWS (median; IQR) 6 (3–8) 3 (2–6) 0 (0–1) .001

Note: The table describes the demographic and clinical variables associated with different color codes on triage in the subgroup of patients with enduring status 
epilepticus (E- SE). *statistically significant P- values (<.05)are reported in bold.
Abbreviations: ASMs, anti- seizure medications; CSE, convulsive epilepticus status; FS, febrile status epilepticus; RM: rescue medications; NCSE, non- 
convulsive status epilepticus; PEWS, Pediatric Early Warning Score.
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T A B L E  3  Influence of demographic and clinical variables on SE duration and in- hospital admission.

Categorical variables

SE duration from onset Admission either to NPW or ICU

Median (IQR) p- value* n° (%) p- value*

Sex .072 .287

Male 28.5 (19–70) 30 (71.4)

Female 45 (27.5–92.5) 50 (82)

Semiology .002 .038

CSE 30 (20–65) 53 (71.6)

NCSE 72 (43–184) 27 (93.1)

SE Etiology .552 .642

Acute 28.5 (20–70) 11 (78.6)

Remote 30 (11–80.5) 26 (72.2)

Progressive 54 (39–69) 2 (100)

SE in defined electroclinical syndromes 42.5 (30–107.5) 16 (84.2)

Febrile SE 49 (36–75) 19 (86.4)

Unknown 36.5 (15–70) 6 (60)

Previous epilepsy diagnosis .077 .031

Yes 30 (15–85) 39 (68.4)

No 50 (36–75) 41 (89.1)

Concurring treatment with ASM .089 .038

Yes 27 (15–81) 33 (67.3)

No 50 (30–80) 47 (87)

Previous SE .532 .858

Yes 32.5 (18–90) 36 (76.6)

No 47.5 (25–75) 44 (78.6)

Rescue therapy before PED .375 .615

BZDs 39 (18–80) 42 (75)

No 45 (23–80) 38 (80.8)

Triage .044 <.001

Red 47.5 (33–77.5) 43 (95.6)

Yellow 40 (20–98) 33 (73.3)

Green 15 (10–30) 4 (30.8)

Type of therapy in PED .103 .999

BZD 58.5 (40–80) 48 (96)

BZD + ASM 162.5 (115–210) 5 (100)

ASM 180 (180–180) 1 (100)

RSE .642

Yes 4 (100)

No 74 (76.3)

Continuous/ordinal variables
Correlation 
coefficient

Admission either to NPW or ICU—
median (IQR)

No admission

p- value* Median (IQR) p- value*

Age −0.0369 .727 3.1 (1.6–6) 6.3 (4.7–9.5) .005

Latency from onset to admission in PED 0.1963 .089 45 (29–86) 52.5 (46–107) .128

TTT from admission in PED 0.6075 <.001 6 (4–14) 130.9 (7.8–254) .228

TTT from the beginning of SE 0.8685 <.001 47 (26.2–78.6) 177 (59–295) .228

SE duration 50 (30–90) 16 (10–25) .001

Note: The table describes the association of demographic and clinical variables on SE duration and pre- hospital admission; the upper table describes the 
categorical variables, and the lower table describes continuous or ordinal variables. Only patients with enduring SE on PED admission are considered. *P- value 
adjusted for false discovery rate (FDR); statistically significant P- values (<.05) are reported in bold.
Abbreviations: BZD, benzodiazepine; ICU: intensive care unit; NPW, neuropediatric ward; PED, pediatric emergency department; RSE, refractory status 
epilepticus; TTT, time to treatment.
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The accuracy in predicting short- term and long- term 
outcomes is reported in Figure 2.

4  |  DISCUSSION

Although several authors previously explored barriers 
in the SE care pathway,12,14,27 this is, to the best of our 
knowledge, the first research addressing these challenges 
in a real- world setting by describing the community- onset 
childhood SE care pathway and the related outcomes in a 
Western European tertiary care pediatric hospital.

Timely and proper management of SE is critical in 
contemporary health care to prevent sequelae such as 
neurological, cognitive, and behavioral impairment, and, 
ultimately, death. In this study, the administration of out- 
of- hospital rescue medications was associated with more 
frequent SE resolution before PED admission; moreover, 
longer latency to the PED and non- red codes on triage 
were associated with longer time to treatment, leading to 
longer duration of SE and more frequent hospitalization.

4.1 | Demographic and clinical features

Overall, this cohort's demographic and clinical features 
are consistent with literature reports for community- onset 
SE in the pediatric age group.

The median age at admission was 4 years, consistent 
with other studies with a higher occurrence of community- 
onset pediatric SE in the 1–5 year age range.4,10,20,28–30 In 
our study, nearly half of the episodes were classified as 
new- onset SE. There is substantial variability in the rate 

of new- onset SE in the published cohorts of pediatric SE 
(17.2%–50.5%), probably depending on different study 
settings.31–33

Published data about SE cohorts mainly regard CSE, 
given that the majority of SE in children is convul-
sive.20,28,34 As a matter of fact, most events were classified 
as CSE in this cohort as well, but NCSE was included.

Remote etiology due to underlying genetic or struc-
tural conditions was the most frequent cause of SE. 
Febrile SE accounted for the second most frequent 
cause, and acute SE occurred in the minority compared 
to other reports about pediatric SE.20 This may be due 
to a variety of factors. First, this cohort gathered more 
childhood- onset SE than neonatal and infantile epi-
sodes, in which acute symptomatic etiology prevails, 
probably reflecting differences in the maturation of 
the developing brain.11 Indeed, half of the acute SE 
occurred in infants (i.e., younger than 2 years of age) 
in this study. Another possible explanation could be 
the different spread of pathogens targeting the central 
nervous system (CNS) in different geographical areas. 
Ultimately, different SE etiologies among pediatric co-
horts may depend on the different age groups and differ-
ent geographical areas involved in the studies.11 Missing 
data due to the retrospective nature of this study cannot 
be excluded, as well.

Febrile SE was the second most frequent etiology in 
this study, and it occurred mainly with concurrent re-
spiratory infections. Febrile SE was classified and an-
alyzed separately in this study according to previous 
approaches in large pediatric populations with SE,35 
given the probable lack of direct CNS involvement in 
febrile seizures.11

F I G U R E  1  Pediatric performance scale variation before and after status epilepticus. At discharge, no cognitive outcome deterioration 
was observed via the PCPCS, with one data point missing. One child briefly experienced a 1- point decrease in the mRSC score (from 3 to 
4), which normalized within a month. After 1 year, 7 of 77 available cases showed declines in PCPCS, whereas 1 of 88 had a drop in mRSC 
scores. mRSC, modified Rankin Scale for Children; PCPCS, Pediatric Cerebral Performance Category Scale; SE, status epilepticus; n/a, not 
available.
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4.2 | Barriers to care

The focus of acute treatment in community- onset SE is 
rescue therapy and safety; therefore bridging the gap 
between seizure onset and first treatment in the outpa-
tient setting is crucial.36 Nearly half of the patients with 
community- onset SE did not receive rescue medications 
from caregivers or EMS before arriving at the PED, albeit 
spending a median time of 49 min in the pre- hospital set-
ting. Missing this first- line treatment represents a relevant 
barrier to care for SE; indeed timely administration of res-
cue medications was associated with higher chances of SE 

resolution before the admission to the PED in this study. 
This is consistent with other literature reports, underscor-
ing that a prompt administration of rescue medications is 
associated with a higher chance of SE resolution and re-
duction of access to the PED.37,38 Moreover, earlier admin-
istration of rescue medications is likely associated with a 
shorter time for seizure termination and overall seizure 
duration.39 Despite their crucial role, rescue medications 
are often underutilized in community- onset SE,14,40,41 
particularly in the case of new- onset SE, but also in a mi-
nority of PWE. Indeed, one third of PWE in this cohort 
did not receive out- of- hospital treatment despite rescue 

F I G U R E  2  Accuracy of scores in predicting status epilepticus outcomes. (A) Intensive Care Unit (ICU) admission: The Pediatric Early 
Warning Score (PEWS) ≥5 had 100% sensitivity (SEN) and 69% specificity (SPE) in predicting ICU admission. Positive predictive value (PPV) 
was 24% and negative predictive value (NPV) was 100% Accuracy (ACC) = 72%; area under the curve (AUC) = 0.85. Pre- status Epilepticus 
PCPCS, background Electroencephalographic abnormalities, Drug refractoriness, Semiology, and critical Sickness (PEDSS) score ≥3 had 60% 
SEN and 85% SPE in predicting ICU admission. PPV was 37% and NPV was 93%; ACC = 82%; AUC = 0.72. (B) Refractory status epilepticus: 
PEWSS ≥5 had 100% SEN and 65% SPE in predicting RSE. PPV was 8% and NPV was 100%. ACC = 66%; AUC = 0.83. SE in Pediatric patients 
Severity Score (STEPSS) >3 had 50% SEN and 79% SPE in predicting RSE. PPV was 9% and NPV was 97%; ACC = 78%; AUC = 0.65. (C) 
Pediatric Cerebral Performance Category Scale (PCPCS worsening at 1 year): PEWS ≥5 had 43% SEN and 64% SPE in predicting PCPCS 
worsening at 1 year. PPV was 10% and NPV was 92%; ACC = 62%; AUC = 0.53. PEDSS ≥3 had 20% SEN and 76% SPE in predicting PCPS 
worsening (≥1) at 1 year. PPV was 14% and NPV was 83%; ACC = 67%; AUC = 0.48. STEPSS >3 had 28% SEN and 80% SPE in predicting PCPS 
worsening (≥1) at 1 year with a 12% PPV and 93% NPV. ACC = 76%; AUC = 0.55. (D) modified Rankin Scale for Children (mRSC) worsening 
(≥1) at 1 year: PEDSS ≥3 had 100% SEN and 81% SPE in predicting mRSC worsening (≥1) at 1 year. PPV 14%; NPV 100%; ACC = 81%; 
AUC = 0.90. STEPSS >3 had 0% SENS and 82% SPE in predicting mRSC worsening (≥1) at 1 year. PPV 0%, NPV 99%. ACC = 82%; AUC = 0.41.
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medication prescriptions. This may be due to a variety of 
causes including insufficient training or discomfort about 
rescue medication administration, which is often a multi- 
step, error- prone process.41–45

Guidelines recommend the use of BZDs as first- line 
treatment for SE, however the choice of which BZD to 
use and its route of administration in the real- world set-
ting is often based on the  accessibility and approval of 
these drugs in different countries. For instance, buccal 
midazolam was approved for the treatment of prolonged 
seizures in children and adolescents in 2011 by the 
European Medicines Agency, and in 2017 in the United 
Kingdom; intranasal midazolam was approved in 2019 
by the United States Food and Drug Administration 
(FDA).46–48 Before these, rectal diazepam was often the 
only formulation approved for treatment in community- 
onset SE.48

Of interest, studies found that most caregivers make at 
least one error when handling rescue medications, with 
rectal administration being more prone to mistakes.49 To 
prevent the underuse of rescue medications, their man-
agement should be discussed and encouraged during 
health care visits. Considering the best treatment options 
depending on caregivers' confidence in its administration, 
as well as providing targeted training, could be helpful to 
overcome such barriers.41,45,50 It is relevant to note that 
there was no significant difference in terms of rescue med-
ication administration depending on history of SE within 
the group of PWE. This might reflect a higher confidence 
in identifying seizures requiring treatment by caregivers 
or EMS in PWE. The lack of treatment in this group may 
be related to parental discomfort in managing the acute 
condition, or drug administration.

The administration of rescue medications was also as-
sociated with longer latency to PED admission in the case 
of E- SE. This latency was mostly related to the unsuccess-
ful attempt to provide out- of- hospital management for SE 
in PWE. However, a timely referral is crucial in case of 
rescue medication failure or when non- prominent motor 
symptoms occur (e.g., electroclinical uncoupling), given 
the risk of subsequent clinical deterioration.41,42 Therefore, 
delayed PED referral could be overcome by providing pa-
tients and caregivers with easily accessible, individualized 
(acute) seizure action plans (SAPs) including a guide to 
identify escalation strategies in cases requiring further as-
sistance after rescue medication administration.36,51–54

Eventually, the organization of EMS on a “scoop and 
run” or “stay and play” basis is relevant in terms of timing 
for rescue medication administration and escalation to the 
PED.40,55

Rapid administration of rescue medications and ASMs 
is associated with shorter seizure duration and more fa-
vorable outcomes both in out- of- hospital and in- hospital 

settings.9,27 In this study, we found a good positive correla-
tion between time to treatment in the PED and SE duration, 
and events leading to hospitalization had a significantly 
longer median duration compared to those discharged. 
This confirms that in- hospital treatment delays are ac-
tionable barriers to care. Longer time to treatment was 
observed in the case of longer latency to PED admission, 
older age, SE in PWE, and triage yellow/green codes. This 
evidence may be confounded by factors such as the need to 
stabilize more critically ill patients before admission, or the 
fact that red triage flags may be a proxy for the recognition 
of SE rather than an independent predictor of outcomes. 
In- hospital treatment delays in PWE could be explained by 
early pitfalls in the chain of care. Relevant details about 
treatments (e.g., dose, timing and proper absorption) can 
be blurred in the out- of- hospital first- line administration 
of rescue medications. This can hamper the handover be-
tween out-  and in- hospital care and, ultimately, cause delay 
in the ideal treatment workflow. Indeed, untimely out- of- 
hospital first- line therapy was found to correlate with the 
timing of in- hospital second-  and third- line treatments in a 
multicenter prospective cohort study, possibly causing fur-
ther delay in the chain of care.9

The use of seizure- oriented tools, such as seizure 
codes,27 could help to prioritize the goal of timely treat-
ment administration, even in case of conditions not la-
beled as red codes according to standard triage. This could 
positively influence outcomes associated with longer SE 
duration. Moreover, investigating the efficacy of new 
ASMs or other treatment options (e.g., ketamine) after 
BZD failure in large populations could ultimately stream-
line time- saving treatment approaches for community- 
onset SE in the PED.56

The study confirms the importance of performing EEG 
recordings in the PED. One- third of S- SE plus nearly half 
of E- SE underwent EEG in the PED. The EEG recording 
was paramount to diagnose NCSE in acute consciousness, 
behavioral, and autonomic changes from baseline, with or 
without subtle motor signs. Moreover, one- fifth of CSE that 
were labeled as S- SE due to the resolution of motor symp-
toms showed electroclinical uncoupling and required treat-
ment. Although EEG is not mandatory to diagnose and treat 
CSE, its use should be considered for several reasons.57 First, 
persistent or recurrent seizures are common in the first 24 h 
after CSE, and up to 75% of patients can show evidence of 
seizures on EEG with no associated clinical findings.58,59 
Second, specific EEG patterns after CSE can correlate sig-
nificantly with prognosis.60 However, the optimal duration 
of EEG recordings in such circumstances is still debated.57,61 
Although continuous EEG is a cheap, non- invasive, accu-
rate diagnostic technique, it is often not routinely used in 
the emergency setting, where short, “emergency” EEG is 
usually preferred.57 A variety of algorithms and scores exist 
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to guide the decision about the optimal EEG duration in 
critically ill patients (e.g., 2HELPS2B score).59,62,63 In any 
case, the limited availability of EEG recordings accounts for 
another barrier to care for SE in the PED.

4.3 | Outcomes of status epilepticus and 
accuracy of predicting scores

The duration of SE was mainly influenced by longer la-
tency to PED admission and time to treatment in the PED, 
and longer duration was associated with more frequent 
hospitalization after SE. By influencing SE duration, these 
barriers to care showed an impact on outcomes related 
to hospitalization. Moreover, hospitalization rates were 
higher in cases of longer SE duration, CSE, and new- onset 
SE. Figure 3 shows the main barriers to care, outcomes, 
and possible interventions.

SE etiology and low rates of refractory SE may account 
for the low mortality and the overall good long- term out-
comes in this cohort. Indeed, mortality rates for unpro-
voked and febrile SE are lower (down to 0.2%) than acute 
symptomatic CSE (up to 12.5%–16%) in a variety of dif-
ferent populations around the world.28,31,38,64,65 Moreover, 
super- refractory SE was shown to be a risk factor for in- 
hospital mortality and short- term neurological dysfunc-
tion in a large population- based study.20

The differing long- term variation rates between mRSC 
and PCPCS may reflect their distinct focuses: PCPCS on 
neurological function and mRSC on overall function and 
independence.21,22

The examined predicting scoring systems showed dif-
ferent utilities and limitations. PEWS confirmed its role 
as a useful tool for predicting ICU admission in the PED 
setting,23 when rapid assessment is needed, and high sen-
sitivity is prioritized over specificity for the early identifi-
cation of patients at risk of deterioration. Surprisingly, it 
also had good sensitivity in predicting RSE. Otherwise, as 
expected, it showed low specificity and poor strength in 
predicting long- term consequences.

Both PEDSS and STEPSS are intended to predict poor 
outcomes and mortality for pediatric SE. They demon-
strated low sensitivity in predicting PCPCS worsening, 
with significantly lower AUC values compared to the ex-
isting literature data.25

PEDSS calculation is based on a variety of informa-
tion (e.g., drug refractoriness, critical illness, and EEG 
abnormalities) and it had excellent sensitivity and NPV 
in predicting mRSC worsening in this study. Its use may 
be particularly helpful in clinical settings where neuro-
logical and neurophysiological monitoring are available. 
STEPSS is a quicker bedside tool; nonetheless it showed 
lower accuracy and sensitivity than reported in the litera-
ture in our analysis.24,66 Therefore, it may play a role as an 
adjunctive tool for risk stratification in such settings when 
more comprehensive information is not quickly available.

4.4 | Limits and perspectives

This study has several limitations. First, its retrospective 
design sometimes hampered data collection (for instance, 
with regard to the time of SE onset and predictive score 
calculation). Second, data were gathered from a sin-
gle university hospital located in a high- income setting; 
therefore SE management and outcomes may not be rep-
resentative of middle or low- income countries. Further 
larger, prospective, multicenter studies are needed to ex-
plore community- onset pediatric SE barriers to care and 
the related long- term outcomes, as well as the impact on 
patients' and families' quality of life. Future studies should 
prioritize the development of interventions to overcome 
these barriers, especially with regard to the areas where 
access to first- line rescue medications is challenging.

5  |  CONCLUSION

The study identified a variety of barriers in the care path-
way for community- onset pediatric SE in a high- income, 

F I G U R E  3  Barriers to care in 
pediatric status epilepticus management. 
The figure shows the main barriers to care 
that emerged in the study and the main 
influencing factors; arrows link those that 
showed direct correlation with each other 
and with short- term outcomes (in orange). 
Possible interventions to overcome each 
of these are suggested in the green box.

 15281167, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.18216 by C

ochraneItalia, W
iley O

nline L
ibrary on [22/01/2025]. 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



12 |   FETTA et al.

real- world setting. The main barriers were missed admin-
istration of pre- hospital rescue medications, longer time 
to PED referral, non- red triage, longer time to treatment, 
and EEG unavailability. Possible actions to overcome 
these barriers, to promote timely treatment, to reduce 
SE duration and the risk of hospitalization are the use of 
seizure action plans, triage seizure codes, cEEG monitor-
ing in the PED, training of caregivers and emergency ser-
vices, and adherence to treatment algorithms for SE. The 
combined use of PEWS, PEDSS, and STEPSS systems can 
be helpful to stratify the risk of clinical deterioration and 
poor outcome during SE.
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