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between January 2010 and June 2022. Variables analyzed included age at CSE

Results: We included 1374 CSE episodes in 1071 patients (median age = 3.3 years);
46% occurred in the first 3years of life. The prominent etiology was remote
symptomatic (32%). Resolution was obtained only with benzodiazepine
administration in 19.2% of SE episodes. Phenytoin, phenobarbital, and midazolam
by infusion were the drugs most frequently used. Maximum therapeutic response

occurred with low-dose (<.2mg/kg/h) midazolam infusion administered at an
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early stage, following a single dose of benzodiazepine or an antiseizure medication
(ASM; 59%). Midazolam effectiveness decreased to 37% when it was used after
multiple ASMs, even at high doses. CSE was refractory in 39% of cases. Predictors
of refractoriness included nonadherence to current guidelines, type of CSE, and
etiology.

Significance: This study emphasizes that low-dose midazolam infusion, not
requiring endotracheal intubation and administered at an early phase, appears
to be effective in permanently stopping seizure and preventing the evolution
toward a refractory CSE. Given its proven efficacy and widespread use in many
hospitals, early midazolam infusion could be considered in the management of
pediatric CSE. Adherence to treatment protocols, specific etiologies, and type
of CSE are correlated with refractoriness; thus, when facing SE in infants, these
factors should guide treatment protocol selection, including medication choice

and timing.

KEYWORDS

1 | INTRODUCTION

Convulsive status epilepticus (CSE) is one of the most
critical neurological emergencies, particularly in the
pediatric population. The traditional definition of status
epilepticus (SE) is a single seizure or series of seizures
without intervening recovery of consciousness lasting
>30min. A widely accepted, operational definition of SE
reduces the duration to 5min, which recognizes the need
for rapid treatment to prevent long-term neurological
damage and decrease the risk of mortality."

The challenges in managing pediatric CSE are numer-
ous and multifaceted. In addition to the need for rapid
treatment, factors such as the underlying etiology, pa-
tient age, and response to first-line and second-line treat-
ments can significantly influence the progression and
outcome of the condition.® SE not responding to first-
line and second-line antiseizure medications (ASMs)
is defined as refractory (refractory CSE [RCSE]) and
requires intensive care unit treatment.* The transition
from non-RCSE to RCSE presents additional therapeu-
tic challenges and is associated with poorer outcomes,
including increased rates of morbidity and mortality.>®

There is a consensus over the first- and second-line treat-
ments of CSE,”” whereas there is currently neither evidence
nor consensus to guide either the optimal choice of therapy
or treatment goals for RCSE, which is generally treated with
coma induction using anesthetics (third-line therapy)."

Despite well-established guidelines for the manage-
ment of CSE, significant variation in their implementation

guideline adherence, midazolam infusion, pediatric status epilepticus, refractory status
epilepticus, status epilepticus etiology

Key points

« SE is confirmed as a frequent neurological
emergency in children requiring immediate
and appropriate diagnosis and treatment.

« In our study, approximately 40% of pediatric SE
episodes are refractory to first- and second-line
treatments.

« Refractoriness correlates with the poor step-
by-step application of current clinical practice
guidelines during the acute phase of an SE
episode.

« Refractoriness is also related to etiology and
type of SE.

« Based on our descriptive data, MDZ infusion,
administered at an early stage, might be
effective for treatment of pediatric SE episodes.

persists across health care institutions.'*™ This inconsis-
tency can negatively impact patient outcomes, highlight-
ing the need for a deeper understanding of how CSE is
managed in real-world settings.''**

Despite these risks, adherence to CSE treatment guide-
lines is not always consistent. A review of the current
literature suggests that deviations from recommended
protocols are common and may result in prolonged seizure
duration, increased drug administration, and a greater
need for more invasive interventions such as intubation.'
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The reasons for this nonadherence are variable, rang-
ing from logistical challenges to differences in clinical
judgment. This variability underscores the importance
of examining real-world data to better understand the
factors that contribute to successful or unsuccessful CSE
management.u’14

Although randomized controlled trials (RCTs) are con-
sidered the gold standard for evaluating medical interven-
tions, conducting such studies in the context of CSE poses
significant ethical challenges."” The urgency of the con-
dition makes it difficult to withhold or randomize treat-
ment, as delayed intervention could lead to irreversible
harm.'® Consequently, the analysis of real-world data has
emerged as a valuable alternative for studying CSE. By ex-
amining data from actual clinical practice, researchers can
gain insights into how CSE is managed in diverse health
care settings and identify the key factors that influence
treatment success.'*™*

This study focuses on the real-world application of
currently available CSE treatment guidelines”™ across 11
Italian tertiary pediatric hospitals.

The aim is to explore the relationship between guide-
line adherence and the resolution of CSE, thus prevent-
ing refractoriness. By analyzing data from a large cohort
of pediatric CSE patients, this study seeks to provide a
comprehensive understanding of how current treatment
protocols7"9 are applied in practice and what factors con-
tribute to successful management. In doing so, it hopes to
inform future guidelines and improve the standardization
of care for pediatric CSE, ultimately leading to better pa-
tient outcomes.

2 | MATERIALS AND METHODS

2.1 | Study design

This is a multicenter retrospective observational cohort
study involving epileptologists and intensivists from
11 Italian tertiary pediatric hospitals that, in June 2021,
formally joined to launch a nonprofit association: the
Italian Pediatric Status Epilepticus (IPSE) group. The
research protocol was approved by the institutional review
boards of all 11 participating institutions: Salesi Children's
Hospital (Ancona), IRCCS AOU (Bologna), IRCCS Meyer
Children's Hospital (Florence), IRCCS Gaslini (Genoa),
Buzzi-Sacco Hospital (Milan), University Hospital
(Padua), IRCCS Bambino Gesu (Rome), IRCCS Gemelli
(Rome), Regina Margherita Hospital (Turin), IRCCS Burlo
Garofolo (Trieste), and University Hospital (Verona). The
Tuscan Pediatric Ethics Committee (Coordinating Center)
approved this study on April 15, 2020 (105/2020), and it
was approved by the Italian Medicine Agency on May
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5, 2020. For patients from whom consent could not be
obtained, due to the retrospective and anonymous nature
of the data, the local ethics committee approved a waiver
of consent. All personal data were handled confidentially
and anonymously, in accordance with the Declaration of
Helsinki and local data protection regulations.

2.2 | Specific and detailed
aims of the study

Aims of the study were as follows:

1. To describe a cohort of pediatric patients with CSE
sourced from main Italian tertiary children's hospi-
tals with pediatric intensive care units over the past
11years;

2. To describe the variability of pediatric CSE treatment
protocols at each participating center and the efficacy
of first-, second-, and third-line treatments;

3. To compare the subgroup of patients whose treatment
adhered to currently used guidelines’® with the
subgroup in which treatment was not adherent to such
recommendations; and

4. To explore potential predictors of CSE refractoriness.

2.3 | Patients

Patients aged from 1month to 18years, admitted for CSE
to one of the 11 hospitals from January 1, 2010 to June 30,
2022, were identified using different search methods, in-
cluding the International Classification of Diseases, 9th
Revision system, local databases, discharge letters, and elec-
troencephalographic (EEG) recording databases. Patient
selection could be biased by the modifications of definition
of SE over time. Only individuals in whom CSE episodes
had been clinically and/or EEG documented were included
in the study. Patients referred from other hospitals were in-
cluded in the study only if CSE was still ongoing.

2.4 | Data collection

An electronic case report form was developed ad hoc
using Research Electronic Data Capture. The variables
analyzed in the present work include the following: sex,
age, type of CSE,” etiology of CSE,” type of epilepsy,"’
type of syndrome,'® administered drugs, route of ad-
ministration, maximum dosage, order of administra-
tion, CSE onset setting, duration of CSE, CSE without
previous epilepsy diagnosis, presence of mechanical
ventilation, type of ventilation, duration of mechanical
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ventilation, adverse events, pediatric intensive care unit
(PICU) admission, reason for PICU admission, duration
of stay in PICU, total length of hospital stay, adherence
to therapy, and refractoriness. Genetic etiology was con-
sidered as presumed when a genetic predisposition was
supposed but could not be proved. Genetic etiologies
whether known or presumed, with or without structural
brain abnormalities, were considered as a remote cause
of CSE.

2.5 | Definitions

We adopted the definition of SE proposed by the
International League Against Epilepsy (ILAE) classifica-
tion, which considers all tonic-clonic seizures lasting longer
than 5min as SE and focal motor seizures with impaired
consciousness lasting longer than 10min as focal SE.”

We adopted the previous ILAE classification of sei-
zures and epilepsy by Berg et al.'® for the definition of
electroclinical syndromes, as the data were collected be-
fore the latest ILAE classification of epilepsies and epilep-
tic syndromes.'**

Refractoriness has been defined as failure to stop sei-
zures despite the administration of appropriately dosed
benzodiazepines (BDZs) and at least one second-line
ASM.*

In cases where the order of drug administration was
not as indicated by the currently available guidelines,”
we defined refractory episodes of CSE as lasting longer
than 60 min or requiring more than three drugs regardless
of the sequence.

The term adherence was adopted to define the treat-
ment of CSE according to currently used guidelines.”™

We also considered as adherent the use of midazolam
(MDZ) infusion at dosages applicable in neurological
wards (<.2mg/kg/h). To help avoid complications of re-
fractory SE (RSE) clinicians often use infusions of MDZ,
this procedure is also commonly used in Italian hospi-
tals and was widely represented in the reviewed medical
records.

We defined early MDZ infusion at a dose lower
than .2mg/kg/h, specifically to distinguish it from high-
dose MDZ at anesthetic levels.*! This term applies also to
patients who received MDZ infusion immediately after a
single dose of first-line treatment (BDZs), following an
initial bolus of MDZ, or in cases where MDZ was admin-
istered after the failure of a single dose of a second-line
ASM. The threshold dose of .2mg/kg/h and the timing of
administration reflect a long-standing practice adopted in
several of the participating centers, based on more than
20years of clinical experience in pediatric CSE manage-
ment in Italy.

Treatment was considered to be effective when lead-
ing to seizure termination; according to clinical practice,
the time scale for seizure termination was considered to
be approximately 5min; the end of the CSE was clin-
ically defined with the integration of EEG data when
available.

2.6 | Statistical analysis

For the first aim, concerning the description of a cohort of
pediatric patients with CSE in Italy over the past decade,
continuous variables were summarized using median and
interquartile range (IQR) for the continuous variables,
whereas categorical variables were presented as frequency
and percentage (relative frequency). Because this was a
purely descriptive analysis, no inferential statistical tests
were applied.

For the second aim, focusing on describing the variability
among protocols used at participating centers, the efficacy
of first-, second-, and third-line treatments was compared
using descriptive statistics. Data from all CSE events were
summarized in a table presenting absolute and relative fre-
quencies. Percentages within this table were calculated by
row (within each drug), in contrast to other tables where col-
umn percentages were used. Additionally, temporal trends
were plotted and evaluated using the Mann-Kendall test.

For the third aim, comparing patients based on ad-
herence to guidelines at the first observed CSE episode,
continuous variables were analyzed using the Mann-
Whitney U-test, whereas categorical variables were
compared using the chi-squared test or Fisher exact test,
as appropriate.

Furthermore, Benjamini-Hochberg correction of the
p-values (g-values) was performed to control the false dis-
covery rate.?

For the fourth aim, univariable and multivariable logis-
tic regression analyses were performed for the prediction
of refractoriness. According to clinical judgment, the fol-
lowing variables were considered as predictor of refractori-
ness: adherence to therapy, type of CSE, CSE etiology, age,
gender, and new onset CSE without preceding epilepsy.
Because the few cases of epilepsia partialis continua (nine
in total) were all refractory to treatment, these cases were
excluded from regression analyses to avoid the quasicom-
plete separation issue.”> Moreover, as multiple events were
recorded for approximately 14% of the patients, special
consideration was required in estimating the variance of re-
gression coefficients. To address the issue of repeated data,
Huber-White's robust sandwich variance with clusters of
patients was employed to estimate covariance.?* The results
were provided as odds ratio (OR) and 95% confidence in-
terval (CI). For all analyses, a p-value and a g-value of <.05
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were significant. Statistical analyses were performed using
the R System version 4.3.3 and package rms.*

3 | RESULTS

3.1 | Aim 1: Cohort and CSE episodes
description

3.1.1 | Patients

Atotal of 1374 CSE episodesin 1071 patients were included,
with a median age at SE occurrence of 3.3 (IQR=1.3-7.4)
years; 591 (55%) were males. A significant portion of the
CSE episodes (640/1374, 46%) occurred within the first
3years of life, with 40% (252/640) during the first year and
60% (388/640) between 1 and 3 years of age. Convulsive SE
occurred more than once in 14% (151/1071) of patients,
with 38% (57/151) having between two and 18 CSE
episodes. Convulsive SE first occurred in children without
prior epilepsy in 27% (285/1071) of cases (new onset SE
without preceding epilepsy). The median age of new onset
cases was 23months (IQR=1.4-6.3). Demographics and
clinical features are summarized in Table 1.

3.1.2 | CSE etiology

Remote symptomatic etiology, the most observed in the
entire cohort, was documented in 32% (341/1071) of pa-
tients, including genetic factors (148/341, 43%), sequelae
of acute brain injuries (83/341, 24%), cortical malforma-
tions (81/341, 24%), metabolic disorders (8/341, 2.3%), and
brain tumors (7/341, 2.1%). Etiology was acute symptomatic
in 25% (267/1071) of patients, including central nervous
system infections (111/267, 46%), inflammatory/autoim-
mune conditions (28/267, 12%), including new onset RSE
(NORSE; 10 patients) and febrile infection-related epi-
lepsy syndrome (FIRES; 12 patients), and cerebrovascular
diseases (50/267, 21%), including ischemic stroke (24/50),
hypoxic—ischemic encephalopathy (10/50), hemorrhagic
stroke (10/50), and posterior reversible encephalopathy syn-
drome (6/50). In 19% (207/1071) of patients, the first CSE
episode observed occurred in the context of electroclinical
syndromes. Among these, 32% (66/207) of cases had a ge-
netic origin. CSE occurred in the context of a febrile con-
dition in 12.7% (135/1071) of patients. In 5.6% (60/1071)
of patients, CSE was associated with a progressive disease,
including metabolic conditions (39/60, 65%), tumor-related
conditions (11/60, 18%), and progressive myoclonic epilepsy
(5/60, 8.3%). Underlying CSE etiology could not be identi-
fied in 5.7% (61/1071) of patients. Between 1 and 3years, fe-
brile and acute causes prevailed (Figure 1).

Patient characteristic

Sex
Male
Female
CSE without preceding epilepsy
No
Yes
CSE etiology
Remote
Acute
Electroclinical syndrome
Febrile
Progressive

Unknown etiology

o o ® 5
Epilepsia
TABLE 1 Demographic and clinical characteristics of patients
and CSE episodes.

Value (N=1071)*

591 (55%)
480 (45%)

786 (73%)
285 (27%)

341 (32%)
267 (25%)
207 (19%)
135 (12.7%)
60 (5.6%)
61 (5.7%)

CSE episode characteristic

Age at CSE, years

CSE onset setting
Prehospital CSE onset
In-hospital CSE onset
Other hospital

Type of CSE
Focal

Focal onset evolving into bilateral
convulsive

Generalized convulsive
Generalized myoclonic
Generalized tonic
Epilepsia partialis continua
Duration of CSE
<30 min
30-60 min
1-24h
>24h
Duration of hospital stay, days
Adverse events
Yes
No
PICU admission
Yes
No
Duration of PICU stay, days
Reason for PICU admission
Seizure treatment
Respiratory failure
Other

Value (N=1374)*
3.3(1.3-7.4)

799 (62%)
225 (17%)
277 (21%)

447 (33%)
454 (33%)

337 (24%)
85 (6.2%)
42 (3.1%)

9 (.7%)

274 (20%)
245 (18%)
328 (24%)
527 (38%)
8 (4-19)

63 (5%)
1311 (95%)

694 (51%)
680 (49%)
3(1-8)

400 (58%)
179 (26%)
115 (16%)

(Continues)
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TABLE 1 (Continued)

CSE episode characteristic Value (N=1374)*

Mechanical ventilation

Yes 459 (66%)

No 233 (34%)
Type of ventilation

Invasive mechanical 421 (92%)

Noninvasive 38 (8%)

Abbreviations: CSE, convulsive status epilepticus; PICU, pediatric intensive
care unit.

n (%) or median (interquartile range).

3.2 | Aim 2: Variability of pediatric CSE
treatment protocols at each participating
center and the efficacy of first-,

second-, and third-line treatments

3.2.1 | CSE treatment

Treatment protocols differed among the 11 hospitals in
terms of dosage, type, and order of medication adminis-
tration. In Table 2 are summarized all the drugs admin-

istered to patients during the course of each CSE event
that was documented during the study period. Rectal

Remote [l Electro-clinical syndrome

Etiology

diazepam and buccal MDZ were the most administered
early treatments. Phenytoin (PHT), phenobarbital, and
MDZ were the most frequently used compared with le-
vetiracetam, lacosamide, and valproic acid. Specifically,
PHT was the ASM of first choice in the treatment of 137
episodes of focal SE, 117 episodes of focal to bilateral
tonic—clonic SE, and 76 episodes of generalized tonic-
clonic SE, being effective in 65 (47%), 58 (50%), and 37
(49%) cases, respectively. Phenobarbital was the ASM
of first choice in 37 generalized myoclonic SE and 13
generalized tonic SE cases, being effective in 14 (38%)
and five (38%) cases, respectively. MDZ was the drug
most frequently used. Continuous intravenous infusion
of MDZ < .2mg/kg/h was effective in 59% (200/339) of
cases when used following the failure of a first-line ther-
apy in 127 CSE episodes and after a single dose of ASM
in 73. However, its efficacy, even at a dosage of >.2mg/
kg/h, dropped to 37% (58/158) when administered after
the failure of more than one ASM or another anesthetic
(Table 2). Third-line therapy was required in 370 of 1374
episodes of CSE (27%). In 51% (190/370) of CSE episodes,
only one anesthetic was effective in stopping SE, whereas
more than two anesthetics were needed in 13% (47/370)
of cases. Among third-line therapies, propofol (PR) was
the most effective anesthetic (112/198, 57%) and even the
earliest administered, being the anesthetic of first choice

Progressive

Acute Febrile I unknown etiology
37%
34%
751 25%
24%
32%32% 23%
25%
2 24%
c
.g 50~ 1?’0};‘0 210/0
1]
o [+
s 40% 18%
by
£ 17%
2 13%
27% ’
251 1%
6% 18% 7% 7%
6% 4% 5% 6%
7% 7% 3%
2% 4
0,
ol | 1% l
1-12 months | 1-3 years 3-6 years 6-12 years 12-18 years

Age

FIGURE 1 Etiology and age at first convulsive status epilepticus (CSE) episode. Distribution of patients at the first observed episode of

CSE is shown by etiology and age group.
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TABLE 2 Efficacy of second- and third-line therapy.

Drug Efficacy, n (%)*
Antiseizure medications
Phenytoin 171 (46%)
Phenobarbital 116 (39%)
Levetiracetam 81 (37%)
Lacosamide 9(21%)
Valproic acid 19 (28%)
Midazolam, <.2mg/kg/h 200 (59%)
Anesthetics
Midazolam, >.2mg/kg/h 58 (37%)
Propofol 112 (56%)
Thiopental 50 (45%)
Ketamine 43 (41%)

Epilepsia-

Nonefficacy, n (%)* Total, n (%)*

199 (54%) 370 (100%)
184 (61%) 300 (100%)
140 (63%) 221 (100%)
33(79%) 42 (100%)
49 (72%) 68 (100%)
139 (41%) 339 (100%)
100 (63%) 158 (100%)
88 (44%) 200 (100%)
62 (55%) 112 (100%)
63 (59%) 106 (100%)

*Percentages in this table were calculated by row (within each drug), unlike other tables where percentages are by column.

in most cases. Over the 12 years of observation, MDZ and
PR were the most frequently used third-line drugs, al-
though ketamine use increased (p=.007; Figure 2).

3.3 | Aim 3: Comparison of
treatment guideline-adherent group
versus nonadherent group

3.3.1 | Adherence to treatment guidelines
The treatment was adherent in 65% (895/1374) CSE epi-
sodes and nonadherent in the remaining 35% (479/1374).
As shown in Table 3, age groups, context of onset, type, eti-
ology, duration of CSE, length of hospital stay, admission
to the PICU, reason for PICU admission, length of PICU
stay, and use of mechanical ventilation were statistically
significantly different between the adherent and nonad-
herent groups. Nonadherence to treatment guidelines was
more commonly observed in patients referred from other
hospitals, and it was associated with the administration
of a third-line medication before ASM in 111 of 277 (40%)
CSE episodes. Furthermore, nonadherence to guidelines
was associated with a significant increase in the duration
of CSE, length of hospital stays, admission to PICU, me-
chanical ventilation, and length of PICU stay (Table 3).

3.4 | Aim 4: Potential predictors of CSE
refractoriness
Refractoriness

3.4.1 |

CSE was not refractory in 61% (845/1374) and refractory
in 39% (529/1374) of the cases. The management of

51% (694/1374) of CSE episodes required admission
to the PICU; however, only 58% (400/694) of these
admissions were for treatment of CSE. The remaining
hospitalizations were necessary to manage complications
such as respiratory failure or to improve general medical
management of the patients’ conditions (Table 1).

3.4.2 | Predictors of refractoriness

The results of the univariable and multivariable logistic
regression analyses aiming at identifying the predictors
of refractoriness are reported in Table 4. In the univari-
able analysis, adherence to therapy, CSE etiology, CSE
semiology, age, and CSE without preceding epilepsy
were significantly associated with refractoriness. The
role of these factors, except for CSE without previous
epilepsy and age at onset, was confirmed by the multi-
variable analysis (Table 4). In the multivariable analy-
sis, a significant reduction in the risk of refractoriness
of approximately 75% was observed in patients treated
according to guidelines (OR=.25, 95% CI=.19-.32,
p<.001).””? Moreover, compared to CSE episodes with
focal to bilateral seizures, those with generalized myo-
clonus and generalized tonic-clonic seizures showed a
significant association with refractoriness (p=.002 and
p=.0036, respectively). Specifically, an increased risk
of refractoriness was observed in the former (OR =2.37,
95% CI=1.38-4.06), whereas a reduced risk was ob-
served in the latter (OR=.69, 95% CI=.49-.98). Overall,
in the multivariable model, the predicted effect of age
on refractoriness—modeled using a restricted cubic
spline to allow for nonlinearity (Figure S1)—was not
statistically significant (linear term: OR=.99, 95% CI =
.98-1.00, p =. 097; nonlinear term: OR=1.01, 95% CI =
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(A) First line therapy

50+

204

20+

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

(B) Second line therapy

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

(C) Third line therapy

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Therapy
Diazepam
Lorazepam

-~ Midazolam

Therapy
Midazolam <.2 mg/kg/h
Phenytoin

-=- Phenobarbital
Levetiracetam
Lacosamide

-+ Valproic acid

Therapy
Midazolam >.2 mg/kg/h
Propofol

-+ Thiopental
Ketamine

FIGURE 2 Trends in convulsive status epilepticus treatment over 12years. (A) First line. (B) Second line. (C) Third line.
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TABLE 3 Characteristics of 1071 CSE episodes according to

therapy adherence.

Characteristic

Sex
Male
Female

Age at CSE, years

Age groups
1-12 months
1-3years
3-6years
6-12years
12-18years
CSE onset setting
Prehospital
In-hospital
Other hospital
CSE without
preceding epilepsy
Yes
No
Type of CSE
Focal
Focal to bilateral

Generalized
convulsive

Generalized tonic

Generalized
myoclonic

Epilepsia partialis
continua

CSE etiology
Remote
Acute

Electroclinical
syndrome

Progressive
Febrile
Unknown

Duration of CSE, min

Duration of hospital
stay, days

PICU admission

Epilepsia

TABLE 3 (Continued)

Therapy adherence
NO’ q-
N=354* Yes, N=717* value®
190 (54%) 401 (56%) 5
164 (46%) 316 (44%)

3.2 3.4(1.3-7.3) 2
(1.1-7.5)

91 (26%) 117 (16%) .001

84 (24%) 209 (29%)

40 (11%) 62 (9%)

63 (18%) 175 (24%)

76 (21%) 154 (21%)
189 (55%) 446 (65%) .009

52(15%) 94 (14%)
100 (29%) 143 (21%)

85(24%) 198 (28%) 30
269 (76%) 519 (72%)

96 (27%) 224 (31%) 013
121 (34%) 243 (34%)

89 (25%) 193 (27%)

12 (3.4%) 26 (3.6%)

30(8.5%) 29 (4.1%)

6 (1.7%) 2(.3%)

122 (34%) 219 (31%) <.001
103 (29%) 164 (23%)

47 (13%) 160 (22%)

33(9.3%) 27 (3.8%)

33(9.3%) 102 (14%)

16 (4.5%)  45(6.3%)

780 45 (45-105) <.001
(45-6480)

13 (6-32) 6 (4-13) <.001

(Continues)

Therapy adherence
No, q-
Characteristic N=354" Yes,N=717" value®
Yes 253 (71%) 325 (45%) <.001
No 101 (29%) 392 (55%)
Duration of PICU 4(1-13) 2(1-5) <.001
stay, days
Reasons for PICU
admission
Seizure treatment 169 (67%) 150 (46%) <.001
Respiratory failure 48 (19%) 108 (33%)
Other 36 (14%) 67 (21%)
Mechanical
ventilation
Yes 189 (75%) 194 (60%) <.001
No 63(25%) 130 (40%)
Type of ventilation
Invasive 181 175 (89.2%) .051
mechanical (95.8%)
Noninvasive 8 (4.2%) 19 (9.8%)
Adverse events
Yes 22(6.2%)  32(4.5%) 3
No 332 685 (95.5%)

(93.8%)

Note: Bold numbers indicate p <.05.

Abbreviations: CSE, convulsive status epilepticus; PICU, pediatric intensive
care unit.

n (%) or median (interquartile range).
®Benjamini-Hochberg correction for multiple testing.

.99-1.03, p=.138). We also fitted a model that included
the interaction between etiology and age. However, none
of the interaction terms reached statistical significance
(Table S1).

4 | DISCUSSION

Our large, multicenter, real-world observational study of
1374 episodes of CSE over 12 years provides some clues for
important considerations on occurrence, etiology, man-
agement, and treatment of pediatric CSE.

MDZ was the most frequently administered drug, and
its efficacy when used by infusion and at an early phase,
following a single dose of BZD or a second-line drug, was
higher than other common ASMs and similar to that re-
ported in RCTs on second-line treatments.”*** Although
some guidelines, in the case of failure of the first BDZ, rec-
ommend repeating a second dose or using a second-line
therapy, our observation and other guidelines® ! suggest
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TABLE 4 Regression analyses for the prediction of refractoriness.

Univariable
Variable OR (95% CI)
Adherence
No 1.00 (ref)
Yes .22(.17-.29)
Type of CSE
Focal to bilateral 1.00 (ref)
Focal .92 (.68-1.23)
Generalized tonic—clonic .62 (.45-.85)
Generalized tonic .93 (.48-1.80)
Generalized myoclonic 2.91 (1.82-4.67)
CSE etiology
Acute 1.00 (ref)
Remote .88 (.63 1.24)
Febrile .22 (.13-.36)
Progressive 3.04 (1.75-5.29)
Electroclinical syndrome .44 (.30-.67)
Unknown .44 (.24-.79)
Partialis continua® NA
Age, months

.99 (.98-.9996)
1.02 (1.001-1.03)

Linear term

Nonlinear term

Sex
Male 1.00 (ref)
Female 1.22(.92-1.62)

CSE without preceding epilepsy
No 1.00 (ref)
Yes .66 (.49-.88)

Multivariable

p* OR (95% CI) p*
1.00 (ref)

<.001 25(.19-.33) <.001
1.00 (ref)

.566 .90 (.67-1.22) .509

.003 .70 (.49-.98) .041

.825 .94 (.46-1.93) .863

<.001 2.29 (1.34-3.92) .002
1.00 (ref)

467 .69 (.146-1.03) .067

<.001 .28 (.16-.48) <.001

<.001 2.10 (1.17-3.77) .013

<.001 41 (.33-.64) <.001

006 48 (.25-.94) 031

NA NA NA

.041 .99 (.98-1.00) .097

.033 1.01 (.99-1.03) 138
1.00 (ref)

178 1.16 (.86-1.58) 317
1.00 (ref)

.006 .76 (.52-1.12) 162

Abbreviations: CI, confidence interval; CSE, convulsive status epilepticus; NA, not applicable; OR, odds ratio; ref, reference.

*Bold numbers indicate p <.05.

"The nine cases of epilepsy partialis continua, all refractory to treatment, were excluded from the regression analyses to avoid quasicomplete separation.

the early use of an intravenous anesthetic agent such as
MDZ might be effective in stopping CSE and allowing pa-
tients to recover safely and rapidly from seizures. Early
use of MDZ can be a crucial factor in case of impending
SE; it might prevent its potential evolution into RSE, thus
improving outcomes.

The early use of low-dose MDZ infusion (<.2mg/kg/h)
observed at several participating centers is the result of a
long-standing real-world practice in Italy, established over
the past 2 decades. This approach was developed to achieve
rapid seizure control, reducing the likelihood of progres-
sion to RCSE or superrefractory CSE. This low-dose strat-
egy was intentionally designed to minimize the risk of
respiratory depression, thus avoiding, in many cases, the
need for intensive care unit admission. This pragmatic ap-
proach, which differs from some international guidelines

recommending escalation to high-dose anesthetics requir-
ing mechanical ventilation, represents a national practice
model worthy of further prospective evaluation in larger,
multicenter studies. The frequent use of MDZ observed in
our cohort might also be partly related to the KETASERO1
protocol that included 10 of the 11 hospitals participating
in this study and that involved the early use of MDZ up
to .36 mg/kg/h before considering other anesthetics.***?
Given that 46% of CSE episodes in our cohort occurred
within the first 3years of life, with 40% occurring during
the first year, early intervention with MDZ may be espe-
cially beneficial in this age group. The efficacy of early
MDZ infusion has been reported in some pediatric pop-
ulation studies, and its use should be considered in fur-
ther trials.”"*' It is important to note that in our study
the efficacy of MDZ even at dosage > .2 mg/kg/h dropped
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from 59% to 37% when administered after failure of sev-
eral ASMs. Moreover, its efficacy as a third-line therapy
was lower than that of other anesthetics. This finding
reinforces the importance of early use of MDZ infusion
to maximize its potential benefits, including the crucial
advantage of preventing endotracheal intubation, sub-
sequent intensive care unit admission, and their respec-
tive risks. It was recently reported that MDZ prevents
neonatal seizures when injected after birth asphyxia in
animal models.** MDZ acts on y-aminobutyric acid type
A (GABA,) receptors to increase the inhibitory effect of
GABA and on the mitochondrial translocator protein
through which it enhances the synthesis of neurosteroids
and reduces neuroinflammation, which is highly relevant
for the consequences of brain damage related to asphyxia
and potentially of CSE.**

After multivariate analysis, we found that adherence
to current guidelines reduced the risk of refractoriness by
almost 75%. In addition, patients who received nonadher-
ent treatment experienced longer CSE duration, extended
hospital stays, increased admission to the PICU, and a
greater need for mechanical ventilation. Thus, our study
underscores the need for health care professionals to ad-
here strictly to these guidelines and include early MDZ
infusion, to prevent or improve long-term consequences
of pediatric CSE.

In 35% of CSE episodes, the sequence of treatments
followed in current guidelines was not respected, and
refractoriness was higher in these cases. Literature from
real-world evidence indicates that clinical practice in the
treatment of CSE is quite different from the guidelines,
depending on the context in which seizures begin, the his-
tory of previous CSE episodes, local emergency care ser-
vices, distance from specialist centers, and the individual
specialist's degree of confidence with medication.'**>3
The 11 centers involved in the present study are all tertiary
pediatric hospitals to which other hospitals refer patients
for treatment of prolonged epileptic seizures and of CSE.
In this context, it is practically impossible to avoid admin-
istering more than the two recommended BDZ doses or an
anesthetic bolus, not only to stop seizures but also during
the transfer of a patient. The etiology or severity of the
seizure may often justify skipping second-line treatment
to rapidly move to third-line treatment, especially when
intensivists are involved at an early stage."

Our study also highlights the significant correlation be-
tween refractoriness and the underlying etiology, which in
turn is correlated with age at CSE episode.*” In our cohort,
a significant portion of CSE episodes occurred between
the ages of 1 and 3years, confirming that CSE particularly
affects infants, who in turn often have well-defined epi-
lepsy syndromes with a specific etiology, often genetic. In
addition to pharmacological management, understanding

Epilepsia*

the etiology of CSE is essential for tailoring treatments.
The high incidence of remote etiology, which includes ge-
netic or presumed genetic causes, especially in younger
children, makes detection of a genetic disorder essential,
considering the important therapeutic implications.****

The age at onset of CSE and the development of re-
fractoriness can help to identify underlying causes, which
require timely and appropriate treatment, as in the case of
NORSE/FIRES.****

Furthermore, in our cohort, progressive etiology and
myoclonic SE were significantly associated with the high-
est risk of refractoriness, leading us to the consideration
that in these cases a customized metabolic treatment, as
in mitochondrial diseases, or a more timely use of a third-
line treatment should be considered before, with, or in-
stead of AMS.** These findings indicate the critical role
of early intervention and the potential benefits of an ag-
gressive treatment approach in patients presenting with
high-risk features.

Finally, although more than 50% of CSE episodes re-
quired admission to PICUs, this was not only related to
the administration of high doses of BDZ or the treatment
of seizures. The intubation of patients in a critical condi-
tion is often necessary, and it is certainly easier to make
this decision when extubation is safe.”

The study's retrospective design made us reliant on the
thoroughness and accuracy of medical records from dif-
ferent departments and hospitals. Therefore, we are aware
that documentation errors are possible, and underascer-
tainment of cases cannot be ruled out.

A potential limitation of this study is also the lack of
precise data on the time of BDZ administration from sei-
zure onset. As the efficacy of BDZ can be time-dependent,
this lack of granularity may affect the interpretation of
our findings regarding treatment response. This study
represents the primum movens for the foundation of the
Italian Pediatric Status Epilepticus Group, a nationwide
nonprofit organization encompassing emergency pre- and
in-hospital doctors, epileptologists, child neurologists, pe-
diatricians, and intensivists. These findings support a pro-
active approach using MDZ and adherence to treatment
protocols as vital steps in managing pediatric CSE. In con-
clusion, this study provides an overview of pediatric CSE
management and can guide future protocols and research
to improve treatment, patient care, and outcomes.

AUTHOR CONTRIBUTIONS

Anna Rosati, Patrizia Bartolotta, Carla Marini, and Lucia
Fusco contributed to the conception and design of the
study; acquisition and analysis of the data; and draft-
ing a significant proportion of the manuscript. Maria
Cristina Mondardini, Duccio Maria Cordelli, Manuela
L'Erario, Stefano Sartori, Fabrizio Chiusolo, Federico

QSULOI] SUOWIO)) dANEaI) o[qearjdde o) Aq pauIoA0S A SA[OILIE () SN JO SI[NI J0f AIRIQIT AUI[UQ AJ[IA) UO (SUODIPUOD-PUR-SULIA)/WI0D K3[1mKIeIgI[aur[uo//:sdny) suonipuo) pue suiia [, oy 928 *[$707/S0/z] uo AIeiqry auruQ A3[IA\ ¢ 90URL] AUBIYI0)) - NO[SOURWIZIY SIXA[Y AQ S8 '1da/] [ | ['01/10p/wod Ka[im Kreiqijaurjuoy/:sdny woiy papeojumoc ‘0 ‘L91187S1



ROSATI ET AL.

= L Epilepsia

Vigevano, Nicola Specchio, Francesca Darra, Paolo
Biban, Francesca Izzo, Massimo Mastrangelo, Silvia
Maria Pulitand, Domenica Immacolata Battaglia, Silvia
Buratti, Caterina Zanus, Paola Costa, Roberta Vittorini,
and Angela Amigoni contributed to the conception and
design of the study; acquisition and interpretation of data;
and critical review of the original draft. Anna Fetta, Luca
Bergonzini, Giulia Cannizzaro, Emmanuele Mongelli,
Clarissa Tona, Claudia Maria Bonardi, Jacopo Proietti,
Elisabetta Cesaroni, Alessandro Simonini, Sara Olivotto,
Emanuele Giacheri, and Alessandra Conio contributed to
acquisition and interpretation of data and critical review
of the original draft.

AFFILIATIONS

!Child Neuropsychiatry Unit, Santa Chiara Hospital, Trento Health
Service (Azienda Provinciale Servizi Sanitari), Trento, Italy
“Neuroscience and Human Genetics Department, Meyer Children's
Hospital, IRCCS, Florence, Italy

3Department of Clinical and Evaluative Epidemiology, Trento Health
Service (Azienda Provinciale Servizi Sanitari), Trento, Italy

“Child Neurology and Psychiatric Unit, G. Salesi Pediatric Hospital,
Azienda Ospedaliera-Universitaria Delle Marche, Ancona, Italy
SPediatric Anesthesia and Intensive Care Unit, IRCCS, Azienda
Ospedaliera-Universitaria di Bologna, Bologna, Italy

IRCCS Istituto Delle Scienze Neurologiche di Bologna,
Neuropsichiatria Dell'eta Pediatrica, Bologna, Italy

"Department of Medical and Surgical Sciences (DIMEC), Alma Mater
Studiorum, University of Bologna, Bologna, Italy

8Pediatric Intensive Care Unit, Meyer Children's Hospital IRCCS,
Florence, Italy

“Pediatric Neurology and Neurophysiology Unit, Department of
Women's and Children's Health, University Hospital of Padua, Padua,
Italy

Opediatric Intensive Care Unit, Department of Women's and Children's
Health, University Hospital of Padua, Padua, Italy

" Anesthesia and Critical Care Medicine, Bambino Gesu Children's
Hospital, IRCCS, Rome, Italy

2pediatric Neurorehabilitation Department, full member of European
Reference Network EpiCARE, IRCCS San Raffaele, Rome, Italy
13Neurology, Epilepsy and Movement Disorders, Bambino Gesu
Children's Hospital, Full member of European Reference Network
EpiCARE, IRCCS, Rome, Italy

14University Hospitals, Leuven, Belgium

15Child Neuropsychiatric Unit, Department of Engineering for
Innovation Medicine, University of Verona, full member of European
Reference Network EpiCARE, Verona, Italy

®Department of Neonatal and Pediatric Intensive Care, University of
Verona, Verona, Italy

pediatric Anesthesia and Intensive Care Unit, G. Salesi Pediatric
Hospital, Azienda Ospedaliera-Universitaria Delle Marche, Ancona,
Italy

18 Anesthesia and Critical Care Medicine, Buzzi Children's Hospital, via
Ludovico Castelvetro, Milan, Italy

19Child Neurology Unit, Buzzi Children’s Hospital, Milan, Italy
“Department of Cardiothoracic and Vascular Anesthesia and Intensive
Care Unit, IRCCS, Policlinico San Donato, Milan, Italy

2lpediatric Intensive Care Unit, Pediatric Trauma Center, Fondazione
Policlinico Universitario Agostino Gemelli, IRCCS, Rome, Italy

#Child Neurology and Psychiatric Unit, Fondazione Policlinico
Universitario Agostino Gemelli, IRCCS, Rome, Italy

23Department of Life Science and Public Health, Universita Cattolica
del Sacro Cuore, Rome, Italy

*Neonatal and Pediatric Intensive Care Unit, Emergency Department,
IRCCS Istituto Giannina Gaslini, Genoa, Italy

2Intermediate Care Unit, Emergency Department, IRCCS Istituto
Giannina Gaslini, Genoa, Italy

*Institute for Maternal and Child Health, IRCCS, Trieste, Italy
*"Department of Pediatrics, Regina Margherita Children's Hospital,
Turin, Italy

Zpediatric Intensive Care Unit, Anesthesia, Resuscitation, and
Emergency Department, University of Turin, Turin, Italy

ACKNOWLEDGMENTS

The study received no funding. N.S. and L.F. have been
supported by the Italian Ministry of Health with Current
Research funds.

CONFLICT OF INTEREST STATEMENT

None of the authors has any conflict of interest to disclose.
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.

DATA AVAILABILITY STATEMENT

A.R., P.Ba.,, C.M., and L.F. had full access to all the data
in the study and take responsibility for the integrity of the
data and the accuracy of the data analysis. Anonymized
participant data are available upon reasonable request;
the corresponding authors (C.M. and P.Ba.) will release
data once the scientific board of the Italian Pediatric
Status Epilepticus Group has approved the request.

ORCID

Anna Rosati ‘© https://orcid.org/0000-0002-8754-7214
Patrizia Bartolotta © https://orcid.
org/0000-0001-9779-8298

Carla Marini @ https://orcid.org/0000-0002-9212-2691
Anna Fetta © https://orcid.org/0000-0003-0175-6486
Luca Bergongzini © https://orcid.org/0000-0001-8214-1816
Stefano Sartori (© https://orcid.org/0000-0002-0012-6848
Nicola Specchio (@ https://orcid.org/0000-0002-8120-0287
Francesca Darra @ https://orcid.
org/0000-0002-1062-8438

Alessandro Simonini © https://orcid.
org/0000-0003-3788-7672

Paola Costa © https://orcid.org/0000-0003-0546-6005
Lucia Fusco ® https://orcid.org/0000-0002-9573-102X

REFERENCES
1. Trinka E, Kélvidinen R. 25years of advances in the definition,
classification and treatment of status epilepticus. Seizure.
2017;44:65-73.

d ‘0 ‘L9118TST

:sdny wouy papeoy

25UIIT suowwo)) aanear) a[qearjdde ayy Aq pauroAos ale saponIe Y asn Jo sa[ni 10j AIeIqr] auljuQ K3[IAL UO (SUONIPUOI-PUL-SULIA)/WOd Ko[Im’ KIeIqIjaurjuo//:sdny) suonipuo) pue SwIa, ay) 298 "[§z07/S0/7¢] uo Kreiqry aurjuQ A3[IA ¢ 90URL SULIYO0)) - no[Sourwizly SIXay £q SSH8['1da/[ [ 1[°01/10p/wod Kofim'A.


https://orcid.org/0000-0002-8754-7214
https://orcid.org/0000-0002-8754-7214
https://orcid.org/0000-0001-9779-8298
https://orcid.org/0000-0001-9779-8298
https://orcid.org/0000-0001-9779-8298
https://orcid.org/0000-0002-9212-2691
https://orcid.org/0000-0002-9212-2691
https://orcid.org/0000-0003-0175-6486
https://orcid.org/0000-0003-0175-6486
https://orcid.org/0000-0001-8214-1816
https://orcid.org/0000-0001-8214-1816
https://orcid.org/0000-0002-0012-6848
https://orcid.org/0000-0002-0012-6848
https://orcid.org/0000-0002-8120-0287
https://orcid.org/0000-0002-8120-0287
https://orcid.org/0000-0002-1062-8438
https://orcid.org/0000-0002-1062-8438
https://orcid.org/0000-0002-1062-8438
https://orcid.org/0000-0003-3788-7672
https://orcid.org/0000-0003-3788-7672
https://orcid.org/0000-0003-3788-7672
https://orcid.org/0000-0003-0546-6005
https://orcid.org/0000-0003-0546-6005
https://orcid.org/0000-0002-9573-102X
https://orcid.org/0000-0002-9573-102X

ROSATI ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

Trinka E, Cock H, Hesdorffer D, Rossetti AO, Scheffer IE,
Shinnar S, et al. A definition and classification of status epilep-
ticus-report of the ILAE task force on classification of status
epilepticus. Epilepsia. 2015;56(10):1515-23.

Specchio N, Pietrafusa N, Bellusci M, Trivisano M, Benvenga
A, de Palma L, et al. Pediatric status epilepticus: identification
of prognostic factors using the new ILAE classification after
5years of follow-up. Epilepsia. 2019;60(12):2486-98.

Hirsch LJ, Gaspard N, van Baalen A, Nabbout R, Demeret
S, Loddenkemper T, et al. Proposed consensus definitions
for new-onset refractory status epilepticus (NORSE), febrile
infection-related epilepsy syndrome (FIRES), and related con-
ditions. Epilepsia. 2018;59(4):739-44.

Chin RFM. The outcomes of childhood convulsive status epi-
lepticus. Epilepsy Behav. 2019;101(Pt B):106286.

Chin RF, Neville BG, Peckham C, Bedford H, Wade A, Scott RC,
et al. Incidence, cause, and short-term outcome of convulsive
status epilepticus in childhood: prospective population-based
study. Lancet. 2006;368(9531):222-9.

Brophy GM, Bell R, Claassen J, Alldredge B, Bleck TP, Glauser
T, et al. Guidelines for the evaluation and management of sta-
tus epilepticus. Neurocrit Care. 2012;17(1):3-23.

Glauser T, Shinnar S, Gloss D, Alldredge B, Arya R, Bainbridge
J, et al. Evidence-based guideline: treatment of convulsive sta-
tus epilepticus in children and adults: report of the guideline
Committee of the American Epilepsy Society. Epilepsy Curr.
2016;16:48-61.

National Institute for Health and Care Excellence (NICE).
Treating prolonged or repeated seizures and status epilepticus.
NICE; 2020.

Singh A, Stredny CM, Loddenkemper T. Pharmacotherapy
for pediatric convulsive status epilepticus. CNS Drugs.
2020;34(1):47-63.

Parsons AM, Patel AA, Crepeau AZ. Treatment of status epi-
lepticus: what are the guidelines and are we following them?
Neurologist. 2020;25(4):89-92.

Moreau M, Coo H, Pattathil N, Kukreti V, Brooks SC, Sehgal
A. Investigating associations between nonadherence to
guideline-recommended treatment of pediatric seizures and
adverse outcomes: a Canadian feasibility study. Pediatr Neurol.
2024;156:113-8.

Philpott NG, Dante SA, Philpott D, Perin J, Bhatia P, Henderson
E, et al. Treatment guideline nonadherence Pretransport associ-
ated with need for higher level of Care in Children Transferred
to a pediatric tertiary Care Center for Status Epilepticus. Pediatr
Emerg Care. 2023;39(10):780-5.

DiVito L, Matteo E, Meletti S, Zenesini C, Bernabe G, Bomprezzi
C, et al. Prognostic factors and impact of management strate-
gies for status epilepticus: the STEPPER study in the Emilia-
Romagna region, Italy. Epilepsia. 2024;66:753-67. https://doi.
org/10.1111/epi.18227

McTague A, Martland T, Appleton R. Drug management for
acute tonic-clonic convulsions including convulsive status ep-
ilepticus in children. Cochrane Database Syst Rev. 2018;1:2136.
Vasquez A, Farias-Moeller R, Tatum W. Pediatric refractory and
super-refractory status epilepticus. Seizure. 2019;68:62-71.
Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French
J, Guilhoto L, et al. ILAE classification of the epilepsies:

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Epilepsia=
position paper of the ILAE Commission for Classification and
Terminology. Epilepsia. 2017;58(4):512-21.

Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van
Emde Boas W, et al. Revised terminology and concepts for orga-
nization of seizures and epilepsies: report of the ILAE commis-
sion on classification and terminology, 2005-2009. Epilepsia.
2010;51(4):676-85.

Specchio N, Wirrell EC, Scheffer IE, Nabbout R, Riney K, Samia
P, et al. International league against epilepsy classification and
definition of epilepsy syndromes with onset in childhood: posi-
tion paper by the ILAE task force on nosology and definitions.
Epilepsia. 2022;63(6):1398-442.

Riney K, Bogacz A, Somerville E, Hirsch E, Nabbout R, Scheffer
IE, et al. International league against epilepsy classification and
definition of epilepsy syndromes with onset at a variable age:
position statement by the ILAE task force on nosology and defi-
nitions. Epilepsia. 2022;63(6):1443-74.

Shorvon S, Ferlisi M. The treatment of super-refractory status
epilepticus: a critical review of available therapies and a clinical
treatment protocol. Brain. 2011;134(Pt 10):2802-18.

Benjamini Y, Hochberg Y. Controlling the false discovery rate:
a practical and powerful approach to multiple testing. J R Stat
Soc Series B Stat Methodology. 1995;57:289-300.

Botes M. Comparing logistic regression methods for completely
separated and quasi-separated data. 2013. http://hdl.handle.
net/2263/33314

Freedman DA. On the so-called “Huber Sandwich estimator”
and “robust standard errors”. Am Stat. 2006;60:299-302.
Harrell FE. Regression modeling strategies. 2024 R package
version 6.7-1. https://CRAN.R-project.org/package=rms

Lyttle MD, Rainford NEA, Gamble C, Messahel S, Humphreys
A, Hickey H, et al. Levetiracetam versus phenytoin for second-
line treatment of paediatric convulsive status epilepticus
(EcLiPSE): a multicentre, open-label, randomised trial. Lancet.
2019;393(10186):2125-34.

Dalziel SR, Borland ML, Furyk J. Levetiracetam versus phenyt-
oin for second-line treatment of convulsive status epilepticus
in children (ConSEPT): an open-label, multicentre, randomised
controlled trial. Lancet. 2019;393(10186):2135-45.
Chamberlain JM, Kapur J, Shinnar S, Elm J, Holsti M, Babcock
L, et al. Efficacy of levetiracetam, fosphenytoin, and valproate
for established status epilepticus by age group (ESETT): a
double-blind, responsive-adaptive, randomised controlled trial.
Lancet. 2020;395(10231):1217-24.

Ulusoy E, Duman M, Tiirker HD, Caglar A, Er A, Akgiil F, et al.
The effect of early midazolam infusion on the duration of pedi-
atric status epilepticus patients. Seizure. 2019;71:50-5.
Hamano SI, Sugai K, Miki M, Tabata T, Fukuyama T, Osawa
M. Efficacy, safety, and pharmacokinetics of intravenous mid-
azolam in Japanese children with status epilepticus. J Neurol
Sci. 2019;396:150-8.

Jacobwitz M, Mulvihill C, Kaufman MC, Gonzalez AK,
Resendiz K, Francoeur C, et al. A comparison of ketamine and
midazolam as first-line anesthetic infusions for pediatric status
epilepticus. Neurocrit Care. 2024;40(3):984-95.

Rosati A, Ilvento L, L'Erario M, De Masi S, Biggeri A, Fabbro
G, et al. Efficacy of ketamine in refractory convulsive sta-
tus epilepticus in children: a protocol for a sequential design,

d ‘0 ‘L9118TST

:sdny wouy papeoy

25UIIT suowwo)) aanear) a[qearjdde ayy Aq pauroAos ale saponIe Y asn Jo sa[ni 10j AIeIqr] auljuQ K3[IAL UO (SUONIPUOI-PUL-SULIA)/WOd Ko[Im’ KIeIqIjaurjuo//:sdny) suonipuo) pue SwIa, ay) 298 "[§z07/S0/7¢] uo Kreiqry aurjuQ A3[IA ¢ 90URL SULIYO0)) - no[Sourwizly SIXay £q SSH8['1da/[ [ 1[°01/10p/wod Kofim'A.


https://doi.org/10.1111/epi.18227
https://doi.org/10.1111/epi.18227
http://hdl.handle.net/2263/33314
http://hdl.handle.net/2263/33314
https://cran.r-project.org/package=rms

* L Epilepsia

34.

35.
36.
37.
38.

39.
40.
41.
42.

43.

44.

ROSATI ET AL.

multicentre, randomised, controlled, open-label, non-profit
trial (KETASERO1). BMJ Open. 2016;6(6):011565.

Rosati A, L'Erario M, Bianchi R, Olivotto S, Battaglia DI, Darra
F, et al. KETASERO1 protocol: what went right and what went
wrong. Epilepsia Open. 2022;7(3):532-40.

Welzel B, Schmidt R, Johne M, Loscher W. Midazolam pre-
vents the adverse outcome of neonatal asphyxia. Ann Neurol.
2023;93(2):226-43.

Sanchez Fernandez I, Gainza-Lein M, Abend NS, Anderson
AE, Arya R, Brenton M, et al. Factors associated with treatment
delays in pediatric refractory convulsive status epilepticus.
Neurology. 2018;90(19):1692-e1701.

Amengual-Gual M, Sanchez Fernandez I, Vasquez A, Barcia
Aguilar C, Clark J, Loddenkemper T. Challenges for emergency
medical Services in Status Epilepticus Management. Pediatr
Neurol. 2023;138:5-6.

Sculier C, Barcia Aguilar C, Gaspard N, Gainza-Lein M, Sanchez
Fernandez I, Amengual-Gual M, et al. Clinical presentation of
new onset refractory status epilepticus in children (the pSERG
cohort). Epilepsia. 2021;62(7):1629-42.

Donnan AM, Schneider AL, Russ-Hall S, Churilov L, Scheffer
IE. Rates of status epilepticus and sudden unexplained death
in epilepsy in people with genetic developmental and epileptic
encephalopathies. Neurology. 2023;100(16):e1712-e1722.
Strzelczyk A, Lagae L, Wilmshurst JM, Brunklaus A, Striano P,
Rosenow F, et al. Dravet syndrome: a systematic literature re-
view of the illness burden. Epilepsia Open. 2023;8(4):1256-70.
Manokaran RK, Patel J, Sharma S, Ochi A, Jain P. Myoclonic
status epilepticus in TBC1D24-related developmental/epileptic
encephalopathy (DEE). Neuropediatrics. 2023;54(5):356-8.
Stanley K, Hostyk J, Tran L, Amengual-Gual M, Dugan P, Clark
J, et al. Genomic analysis of “microphenotypes” in epilepsy. Am
J Med Genet A. 2022;188(1):138-46.

Guerrini R, Parrini E, Marini C, Mei D. What is the role of next
generation sequencing in status epilepticus? Epilepsy Behav.
2019;101(Pt B):1063736.

Wickstrom R, Taraschenko O, Dilena R, Payne ET, Specchio
N, Nabbout R, et al. International consensus recommenda-
tions for management of new onset refractory status epilepti-
cus (NORSE) incl. Febrile infection-related epilepsy syndrome
(FIRES): statements and supporting evidence. Epilepsia.
2022;63(11):2840-64.

Wickstrom R, Taraschenko O, Dilena R, Payne ET, Specchio N,
Nabbout R, et al. International consensus recommendations

45.

46.

47.

48.

49.

50.

for management of new onset refractory status epilepti-
cus (NORSE) including febrile infection-related epilepsy
syndrome (FIRES): summary and clinical tools. Epilepsia.
2022;63(11):2827-39.

Hanin A, Jimenez AD, Gopaul M, Asbell H, Aydemir S, Basha
MM, et al. Trends in management of patients with new-onset
refractory status epilepticus (NORSE) from 2016 to 2023: an in-
terim analysis. Epilepsia. 2024;65(8):e148-¢155.

Rahman S. Mitochondrial diseases and status epilepticus.
Epilepsia. 2018;59(Suppl 2):70-7.

Rahman S. Advances in the treatment of mitochondrial epilep-
sies. Epilepsy Behav. 2019;101(Pt B):106546.

Arya R, Peariso K, Gainza-Lein M, Harvey J, Bergin A, Brenton
JN, et al. Efficacy and safety of ketogenic diet for treatment of
pediatric convulsive refractory status epilepticus. Epilepsy Res.
2018;144:1-6.

Arya R, Rotenberg A. Dietary, immunological, surgical, and
other emerging treatments for pediatric refractory status epi-
lepticus. Seizure. 2019;68:89-96.

Knight P, Norman V, Gully R, Wood D, Raffaj D, Riddick L, et al.
Can critically care transport be safely reduced in children intu-
bated during emergency management of status epilepticus in
the United Kingdom: a national audit with case-control analy-
sis. Arch Dis Child. 2024;109(6):476-81.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Rosati A, Bartolotta P,
Marini C, Mondardini MC, Cordelli DM, Fetta A,
et al. Optimizing pediatric status epilepticus
management: The role of early midazolam infusion
and adherence to clinical practice guidelines.
Epilepsia. 2025;00:1-14. https://doi.org/10.1111/

epi.18455

d ‘0 ‘L9118TST

:sdny wouy papeoy

25UIIT suowwo)) aanear) a[qearjdde ayy Aq pauroAos ale saponIe Y asn Jo sa[ni 10j AIeIqr] auljuQ K3[IAL UO (SUONIPUOI-PUL-SULIA)/WOd Ko[Im’ KIeIqIjaurjuo//:sdny) suonipuo) pue SwIa, ay) 298 "[§z07/S0/7¢] uo Kreiqry aurjuQ A3[IA ¢ 90URL SULIYO0)) - no[Sourwizly SIXay £q SSH8['1da/[ [ 1[°01/10p/wod Kofim'A.


https://doi.org/10.1111/epi.18455
https://doi.org/10.1111/epi.18455

	Optimizing pediatric status epilepticus management: The role of early midazolam infusion and adherence to clinical practice guidelines
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	2.1  |  Study design
	2.2  |  Specific and detailed aims of the study
	2.3  |  Patients
	2.4  |  Data collection
	2.5  |  Definitions
	2.6  |  Statistical analysis

	3  |  RESULTS
	3.1  |  Aim 1: Cohort and CSE episodes description
	3.1.1  |  Patients
	3.1.2  |  CSE etiology

	3.2  |  Aim 2: Variability of pediatric CSE treatment protocols at each participating center and the efficacy of first-, second-, and third-line treatments
	3.2.1  |  CSE treatment

	3.3  |  Aim 3: Comparison of treatment guideline-adherent group versus nonadherent group
	3.3.1  |  Adherence to treatment guidelines

	3.4  |  Aim 4: Potential predictors of CSE refractoriness
	3.4.1  |  Refractoriness
	3.4.2  |  Predictors of refractoriness


	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


