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Abstract: Background: epileptic encephalopathies (EE) are characterized by severe drug-resistant
seizures, early-onset, and unfavorable developmental outcome. We describe a cohort of pediatric
patients with EE who underwent intravenous methylprednisolone (IVMP) pulse therapy to examine
its efficacy/tolerability. Methods: This is a retrospective study from 2020 to 2023. Inclusion criteria
were: <18 years at the time of IVMP pulse therapy and at least 6 months of follow-up. Efficacy and
outcome, defined as seizure reduction >50% (responder rate), were evaluated at 6 and 9 months of
therapy, and 6 months after therapy suspension; quality of Life (QoL) was also assessed. Variables
predicting positive post-IVMP outcomes were identified using statistical analysis. Results: Twenty-
one patients were included. The responding rate was 85.7% at 6 and 9 months of therapy, and 80.9%
at 6 months after therapy suspension. Variables significantly predicting favorable outcome were
etiology (p =0,0475) and epilepsy type (p =0,0475), with the best outcome achieved in patients with
genetic epilepsy and those with encephalopathy related to electrical status epilepticus during slow-
wave sleep (ESES). All patients evidenced improved QoL at the last follow-up. No relevant adverse
events were observed. Conclusions: Our study confirms the efficacy and high tolerability of IVMP
pulse therapy in patients with EE. Genetic epilepsy and ESES were positive predictor of favorable
clinical outcome. QOL, EEG features and posture-motor development showed an improving trend
as well. IVMP pulse therapy should be considered earlier in patients with EE.

Keywords: Methylprednisone; pulse therapy; childhood epilepsy; epileptic encephalopathy

Introduction

Refractory epilepsy remains a significant challenge, given that seizure activity becomes
refractory in approximately a quarter of children with epilepsy [1].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 March 2024 d0i:10.20944/preprints202403.0515.v1

Among the spectrum of childhood epilepsy presentations, epileptic encephalopathies (EE)
represent an important subgroup characterized by severe and drug-resistant epileptic seizures, early
onset and unfavorable developmental outcomes [2].

According to the International League Against Epilepsy, “epileptic encephalopathies” are defined
as conditions wherein "the epileptic activity itself may contribute to severe cognitive and behavioral
impairments above and beyond what might be expected from the underlying pathology alone (e.g. cortical
malformation), and that these can worsen over time" [2,3]. In certain instances, developmental slowing
may manifest prior to the onset of frequent epileptic activity on EEG; in such cases the suggested
term is “developmental and epileptic encephalopathies” [2,3].

Despite new drugs with multiple targets being available on the market within the last 30 years,
EE continue to exhibit a poor response to anti-seizure medications (ASMs) [4-6].

Consequently, there is a pressing need to complement ASMs with other therapeutic modalities
in these severe epileptic conditions, including vagus nerve stimulation (VNS), ketogenic diet and
corticosteroid therapy [7-9].

Steroid therapy has been successfully used in drug resistant epilepsy for many years [10-29],
although its precise mechanism of action on brain activity remains incompletely understood [30—41].

Several steroid formulations are available, with oral prednisolone, adrenocorticotropic hormone
(ACTH) and methylprednisolone being among the most commonly utilized options.

To mitigate the potential adverse events associated with long-term oral steroid and short-term
intramuscular ACTH therapy [42], pulse intravenous methylprednisolone (IVMP) is frequently
employed in patients with EE. Varying therapeutic strategies are reported, including different
dosages (ranging from 15 to 30 mg/kg/day), frequencies (such as one pulse per week or one pulse per
month), and durations (spanning from 1 to 36 months) [20-29]. Additionally, in certain cases, oral
prednisone therapy followed an initial IVMP pulse [21,25].

In this study, we present findings from a single-center experience involving a cohort of pediatric
patients  diagnosed with epileptic encephalopathies who underwent intravenous
methylprednisolone (IVMP) pulse therapy. The objectives were to assess its efficacy and tolerability,
as well as to determine the minimum duration of therapy required to achieve optimal response and
outcomes.

Furthermore, we conducted an analysis to assess the contribution of factors predicting favorable
post-IVMP outcomes.

Materials and Methods

We retrospectively analyzed the clinical records of pediatric patients with epileptic
encephalopathy, according to the ILAE classification [2], undergoing long-term IVMP at the IRCCS -
Institute of Neurological Sciences of Bologna and Universitary Sant’Orsola Hospital of Bologna
between 2020 and 2023.

All patients were collectively categorized as a single group of epileptic encephalopathy for study
purposes, although we also conducted separate analyses by dividing this category into patients
suffering from encephalopathy related to electrical status epilepticus during slow wave sleep (ESES)
and those suffering from other early-onset EE.

We included patients who were under 18 years of age at the time of steroid therapy and had a
minimum follow-up period of 6 months after the last infusion.

Each cycle of IVMP therapy comprised administration of intravenous methylprednisolone at a
dosage of 20 mg/kg/day for three consecutive days [13]. Multiple cycles of IVMP were administered
at monthly intervals, with a total treatment duration of 9 months. Following pulse administration, a
gradual tapering of steroids through oral cortisone was not carried out. Additionally, patients
selected for this study did not change their anti-seizure medication during IVMP treatment.

The response to therapy was evaluated based on seizures frequency. Accordingly, in post-IVMP
data analysis, the responder rate was determined by a reduction in seizures of > 50%. Patients with a
response of less than 50% were defined as “non-responders”. Furthermore, patients were classified
as “partially responders” when seizures reduction was between 50% and 75% and “good responders”
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when the reduction was > 75 %. Seizure freedom (SF) was defined as the complete cessation of all
seizures (seizure frequency = 0) at the time of follow-up.

The responder rate was assessed during the first 6 months and at 9 months of IVMP therapy.
The outcome was analyzed 6 months after the completion of IVMP therapy. During the first 6 months
of therapy, the month wherein results demonstrated at least a “partial response” in more than 50% of
the population was considered as the minimum time to evaluate the effectiveness of the therapy in
our clinical practice.

In addition to assessing the main response to IVMP therapy, which focused on seizures
frequency, we also analyzed a “secondary” response, related to the QOL of patients and caregivers,
EEG findings, and postural-motor development.

It is important to note that our seizure unit's clinical practice does not involve modifications to
chronic antiepileptic therapy in patients undergoing IVMP treatment. However, if such modifications
did occur, those patients were excluded from the study. The clinical variables examined
retrospectively included: age at epilepsy onset, epilepsy duration before the IVMP pulse therapy,
seizure frequency, type of epilepsy, etiology, neurological examination findings, neuropsychological
evaluation results, MRI findings.

Pre-IVMP and post-IVMP seizure frequency data were retrospectively assessed by reviewing
patient medical records. In our seizure unit's clinical practice, meticulous collection of clinical data,
including seizure frequency and duration, is conducted monthly. However, during steroid therapy,
quality of life (QOL) data were also collected monthly from the initiation until the completion of the
treatment. QOL data were obtained by querying caregivers about the overall lifestyle of the patients.
The results were designated as improved, unchanged, or worse, compared to the pre-IVMP
implementation period. QOL parameters, including vigilance, behavioral and seizures intensity,
were assessed using questionnaires at each follow-up visit. Additionally, a "caregiver QOL"
parameter was included to account for potential for emotional fatigue accompanying the
management of patients with EE.

EEG findings and posture-motor development were also evaluated during the course of
treatment and 6 months post-IVMP therapy.

The outcome was deemed “favorable” when there was a seizure reduction of more than 50% at
the last follow-up.

Database analyses were conducted in accordance with institutionally approved human subject
protection protocols.

Statistical Analysis

Continuous variables were presented as mean + standard deviation (SD), while categorical
variables as absolute and relative frequencies (%).

Fisher’s exact test and Wilcoxon rank-sum tests were utilized, as appropriate, to assess the
univariate association between the overall outcome and each individual variable collected,
including epilepsy onset, epilepsy duration before IVMP (Timing), seizure frequency, age at of
epilepsy, etiology, neurological examination findings, neuropsychological evaluation results, and
MRI findings. All p-values were based on 2-sided tests, with significance set at p < 0.05.

Multiple logistic regression analysis was also performed at each outcome point. The results were
presented as Odds Ratio (OR) and relative 95% Confidence Interval (95% CI). Statistical analysis was
performed using the statistical package Stata SE, version 14.0.

Results

Patients

The cohort consisted of twenty-one children (12 males, 9 females). The mean age at beginning of
IVMP therapy was 92.9 + 38.3 months, with a mean age at seizure onset of 27.4 + 25.8 months and a
pre-treatment epilepsy duration of 65.5 + 33.5 months. Among them, 13 had ESES while 8 had other
early-onset EE. None of the patients discontinued therapy prematurely.
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Table 1 presents the outcome data over 9 months of IVMP pulse therapy and 6 months following
the therapy.

Table 1. Outcome data during 9 months of IVMP pulse therapy and at 6 months of follow-up.

OUTCOME 4 MONTHS TREATMENT 6-9 MONTHS TREATMENT |6 MONTHS POST-TREATMENT
Responders Non- Responders| Non- Responders| Non-
N=16 Responders N=17 |Responders N=16 |Responders
p-value p-value p-value
% 76.2 N=5 % 81 N=4 % 76.2 N=5
% 23.8 % 19 % 23.8
Male gender N
0.9999 0.9999 0.6108
(%) 9 (56.3) 3 (60) 10 (58.8) 2 (50) 10 (62.5) 2 (40)

|Age at epilepsy|
onset (mo)

Mean (SD) 0.3412 0.2618 0.5079
Median 28.8(25.9) | 25(42.7) 279 (25.3) | 28(48.7) 269 (25.9) | 31(42.7)
[range] 17.5[6.5] 4 [4-13] 13 [7-43] | 4[3.552.5] 12.5[6.5-51]| 4 [4-43]

Age at
treatment

beginning (mo)

0.3855 0.2094 0.6794
Mean (SD) | 94.2(39.1) 147.8 (80) 95.4 (38.2)
Median 85.5[71.5- | 133.4 (76.3) 93.1(38.2) | 131.5[89.5- 85.5 [74- | 129.6 (80.3)
[range] 121.5]  |107 [76-156] 82 [72-117] 206] 121.5] [107 [72-156]
Epilepsy
duration
[pre-treatment
(mo) 0.1265 0.0438 0.3018
e () 119.8 (41.7)
Median 65.4 (34.6) | 108.4 (44.1) 65.2 (33.5) | 128 [86- 68.4 (31.8) | 98.6 (59.5)
(range) 69.5 [39.5-82] 104 [68-152] 69 [42-79] 153.5] 69.5 [49-82] | 104 [68-152]
Epilepsy
etiology N (%)

0.0475 0.0117 0.0475
Structural 4(25) 4 (80) 4(23.5) 4 (100) 4 (25) 4 (80)
Genetic 12 (75) 1(20) 13 (76.5) 0 (0) 12 (75) 1 (20)
Epilepsy
syndrome N]|
(%)

0.0028 0.0117 0.0475
ESES
Other early| 13 (81.3) 0 (0) 13 (76.5) 0 (0) 12 (75) 1(20)
onset EE 3(18.7) 5 (100) 4 (23.5) 4 (100) 4 (25) 4 (80)
Seizure

0.3054 0.4762 0.3054

frequency pre-| 7 (43.8) 4 (80) 8 (47.1) 3 (75) 7 (43.8) 4 (80)
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5
treatment N| 1(6.2) 1(20) 1(5.9) 1(25) 1(6.3) 1(20)
(%) 6 (37.5) 0(0) 6 (35.3) 0(0) 6 (37.5) 0(0)

Multi-daily 2 (12.5) 0(0) 2(11.7) 0(0) 2 (12.5) 0(0)

Multi-weekly
Multi-

monthly

Multi-yearly

Legend: N: number; mo: months; SD: standard deviation ESES: encephalopathy related to with status epilepticus
during slow sleep; EE: epileptic encephalopathies.

Seizure Outcome

At the conclusion of IVMP therapy (9 months), the responder rate, defined as seizure frequency
reduction > 50%, was 85.7%. Among these, 52.4% of patients achieved seizure freedom, 9.5% were
classified as "good responders," and 23.8% were categorized as "partially responders” (Table 2).

Table 2. IVMP pulse therapy efficacy and outcome.

4 MONTHS 6 MONTHS 9 MONTHS 6 MONTHS
OUTCOME TREATMENT TREATMENT TREATMENT FosT-
. . . TREATMENT
N (%) N (%) N (%) N %)
Seizures free 3 (14.3) 10 (47.6) 11 (52.4) 12 (57.1)
Good responder 4 (19) 2 (9.5) 2 (9.5) 1(4.8)
Partial 9 (42.7) 6 (28.6) 5 (23.8) 4 (19)
responder
Non responders 5 (24) 3(14.3) 3(14.3) 4(19.1)

Legend: Good responders: > 75% seizure reduction; Partial responders: 50-75% seizure reduction.

During the initial 6 months of IVMP therapy, the fourth month emerged as the period wherein
at least a “partial response” was observed in more than 50% of the population, with a responder rate
of 76%, including 14.3% of seizures free patients, 19% of “good responders” and 42.7 of “partially
responders”. This finding suggests that the fourth month represents the minimum time point for
evaluating the effectiveness of the therapy (Table 2).

Figure 1A illustrates that 60% of patients who did not achieve a response in the fourth month of
IVMP therapy demonstrated no response in the sixth and ninth months of treatment, maintaining
this outcome at the last visit (6 months of follow-up). The remaining 40% of subjects who did not
exhibit a response at the fourth month of IVMP therapy displayed a “partial response” at the sixth
and ninth month of treatment, maintaining a favorable outcome at the last visit, albeit with a
responder rate < 75%.

Figure 1B shows that all patients who were seizure-free at 4 months of IVMP therapy (14.3%)
remained seizure-free until the last visit (6 months of follow-up). Additionally, Figure 1C illustrates
that all patients who exhibited at least one “partial response” after 4 months of IVMP therapy showed
a trend of improvement in the following months of therapy, maintaining this trend until the last visit.

The results obtained at 6 months of IVMP therapy and at the conclusion of the therapy were
similar at the results obtained at 6-months of follow-up, with a favorable outcome in 80.9% patients,
including 57.1% who achieved seizure freedom (Figure 1D).

The association between outcome and the variables analyzed in our study is presented in Table
1. A significative association was assessed between outcome and the variables “etiology” (p=0.0475),
with a better outcome observed in genetic epilepsy compared to structural epilepsy, and “epilepsy



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 March 2024

type” (p=0.0475), with a better outcome observed in ESES compared to other early-onset EE. These
associations were determined using Fisher’s exact test and Wilcoxon rank-sum tests. Multiple logistic
regression analysis did not identify etiology and epilepsy type as the main predictor of response to
IVMP therapy at 6-months follow-up. For etiology, the odds ratio (OR) was 5.2 with a 95% confidence
interval (CI) of 0.3 — 86.9, while for epilepsy type, the OR was 0.2 with a 95% CI of 0.01 - 3.2. At the
last follow-up visit, only one patient with ESES syndrome experienced a relapse (4.7%) after a partial
response that had been stable from the fourth to ninth month of therapy.

Figure 1A Figure 1C
Patient 4 months 6 months 9 months FUat6 Patient 4 h 6 th 9 th FUaté6
treatment  tr tr h treatment tr t tr t th
1 GR SF SF SF 1 GR SF Sk SF
2 NR NR NR NR 2 NR NR NR NR
3 NR PR PR PR 3 NR PR PR PR
o PR GR GR GR 4 PR GR GR GR
S GR SF SF SF 5 GR SF SF SF
6 PR SF SF SF 6 PR SF Sk Sk
7 GR SF SF SF 7 GR SF SF SF
8 PR PR GR SF 8 PR PR GR SF
9 NR PR PR PR 9 NR PR PR PR
20 PR SF SF SF 10 PR SF SF SF
1 PR PR PR NR 11 PR PR PR NR
12 PR PR PR PR 12 PR PR PR PR
13 SF SF SF SF 13 SF e SF SF
14 NR NR NR NR 14 NR NR NR NR
15 PR GR SF SF 15 PR GR SF SF
16 NR NR NR NR 16 NR NR NR NR
17 PR SF SF SF 17 PR e sk SF
18 SF SF SF SF 18 SF sF SF SF
19 SF SF SF SF 19 Sk e S SF
20 PR PR PR PR 20 PR PR PR PR
2 GR SF SF SF 21 GR Sk Sk Sk
Figure 1B Figure 1D
Patient 4 months 6 months 9 months FUat6 Patient 4 h 6 h 9 th FUaté6
treatment treatment treatment months treatment treatment treatment months
1 GR SF SF SF 1 GR SF SF SF
2 NR NR NR NR 2 NR NR NR NR
3 NR PR PR PR 3 NR PR PR PR
4 PR GR GR GR 4 PR GR GR GR
5 GR SF SF SF 5 GR SF SF SF
6 PR SF SF SF 6 PR SF SF SF
7 GR SF SF SF 7 GR SF SF SF
8 PR PR GR SF 8 PR PR GR SF
9 NR PR PR PR 9 NR PR PR PR
10 PR SF SF SF 10 PR SF SF SF
11 PR PR PR NR 11 PR PR PR NR
12 PR PR PR PR 12 PR PR PR PR
13 SF SF SF SF 13 SF SF SF SF
14 NR NR NR NR 14 NR NR NR NR
15 PR GR SF SF 15 PR GR SF SF
16 NR NR NR NR 16 NR NR NR NR
17 PR SF SF SF 17 PR SF SF SF
18 SF SF SF SF 18 SF SF SF SF
19 SF SF SF SF 19 SF SF SF SF
20 PR PR PR PR 20 PR PR PR PR
a GR SF SF SF 2 GR SF SF SF
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Figure 1. NR: no responders; PR: partial responders; GR: good responders; SF: seizure free; FU:
follow-up.

QOL and Postural-Motor Outcome

At the last follow-up visit, 100% of patients experienced an improving in quality of life. Among
these patients, 36.8% reported improvement after the very first month of IVMP therapy, 21% after 2
months, 5.3% after 3 months, 31.6% after four months and 5.3% after 5 months of IVMP therapy.

These results were consistent with the improvement of background activity and interictal
abnormalities observed in the follow-up EEG.

No adverse events were reported, except for a slight irritability observed in 15% of cases during
the days of the intravenous infusion.

Finally, an improvement in postural-motor neurological examination was observed in 76.2% of
the total sample.

Discussion

Treatment strategies for epileptic encephalopathies encompass a variety of approaches,
including antiseizure medications (ASMs), ketogenic diet, vagus nerve stimulation,
steroids/adrenocorticotropin hormone therapy and targeted therapies [4-9].

Steroids, such as prednisolone, prednisone, ACTH, methylprednisolone, and hydrocortisone
have been employed in the treatment of various seizure disorders, including epileptic spasms [43—
48], epilepsy syndromes with spike-and-wave activity in sleep [13,49-53], Lennox-Gastaut syndrome
[10,24,54-56], drug-resistant epilepsies [26,57-61], and status epilepticus [62,63].

Steroids treatment is based in the recognition of inflammatory processes in epileptogenesis,
indicating a bidirectional association between seizures and the inflammatory process [64—67].

Although the precise mechanism by which steroids modulate seizure frequency remains
unknown, several hypotheses have been proposed. One of the most widely accredited hypotheses
involves the interaction of steroids with the y-aminobutyric acid (GABA) receptor. This interaction
results in the prolongation of the duration and frequency of the ligand-gated chloride channel
opening, and thereby suppressing potential hyperexcitability [64—67].

Furthermore, it is well known that stress is a common seizure trigger in patients with epilepsy
[68-70]. Seizure susceptibility and accelerated epileptogenesis associated with stress, especially
chronic stress, are thought to be mediated by stress hormones through their proconvulsant actions
[71-73]. Furthermore, exogenous stress hormones such as corticosterone and corticotropin-releasing
hormone (CRH), have been demonstrated to exert similar proconvulsant actions as chronic stress
[74]. Interestingly, basal levels of corticosterone are elevated in patients with epilepsy and are further
increased following seizures, suggesting that the regulation of the hypothalamic-pituitary-adrenal
(HPA) axis may be fundamentally altered in epileptic patients [75-78].

On the basis of these observations present in the literature, it is possible to speculate that pulse
therapy with methylprednisolone, in addition to exploiting the anti-crisis effect linked to the anti-
inflammatory action of the pulse phase, acts by reducing hyperexcitability through blocking the HPA
axis during the phase between one pulse and the other. Following this rationale, which involves
blocking the HPA axis, we refrain from gradually tapering off steroids via oral cortisone after pulse
therapy.

Usually, corticosteroids are well-tolerated, but moderate to severe, short- and long-term adverse
effects could occur [79-83].

In our study, no adverse events were observed, except for slight irritability reported in 15% of
cases during the days of therapy.

Considering the excellent safety profile and the efficacy of pulse intravenous
methylprednisolone, it is frequently employed in patients with drug-resistant epilepsy, including
epileptic encephalopathies. However, different therapeutic strategies are reported, in terms of dosage
(15-30 mg/kg/day), frequency (1 pulse per week/1 pulse per month) and duration (1-36 months) [20-
29].
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In our study we administered 20 mg/kg/day of intravenous methylprednisolone over three
consecutive days [13]. Multiple cycles of IVMP were administered at monthly intervals for a total
period of 9 months.

Our population analysis revealed that 61.1% of patients achieved seizure freedom, 11.1%
achieved more than 75% seizure reduction, and 27.8% experienced between 50% and 75% seizure
reduction. These results were comparable with studies in the literature, although previous studies
have reported improvement with steroids ranging from 40% to 73% [20-29]. The wide variation in
response could be due to use of different types of preparations, routes and duration of steroids
administration [20-29].

At the conclusion of the IVMP therapy (9 months), the outcomes achieved were sustained until
the last visit (6-months follow-up), with a favorable outcome observed in 80.9% of patients, including
70.5% who were seizure-free.

Careful analysis of our results reveals that the fourth month of IVMP therapy was the first time
point during the treatment where we could outline a reliable outcome trajectory.

Indeed, all patients who were seizure-free in the fourth month remained seizure-free until the
sixth month of follow-up and patients who did not achieve a response in the fourth month of IVMP
therapy demonstrated either no response (60%) or a responder rate <75% (40%) (Figure 1A and 1B).

Additionally, the subjects classified as “good responders” demonstrated an improving trend
until achieving seizure-free at the conclusion of follow-up. Finally, the “partial responders” showed
a stable or improving trend in 88.9% of subjects (Figure 1C).

Furthermore, upon analyzing our results, it emerged that the sixth month of therapy was the
first time point practically showing comparable data observed at 6 months follow-up (Figure 1D).

Genetic epilepsy and ESES were found to be significant predictor of favorable clinical outcome.
(Table 1). While we cannot determine if these two variables indicate severity, based on seizure
frequency, it appears that “non-responders” exhibit a more severe form of epilepsy. To perform a
logistic regression with these data, the two significant variables, namely etiology and epilepsy type,
should be included in the regression model. However, upon conducting the regression, the
association does not remain significant.

In epileptic encephalopathies, unlike other forms of epilepsy, the treatment goal encompasses
not only seizure control but also the prevention of further deterioration in cortical network
functioning. Unfortunately, achieving this objective in epileptic encephalopathies solely with anti-
seizure medications is challenging. Indeed, the most effective therapies for obtaining these outcomes
include ketogenic diet, vagus nerve stimulation, and steroid therapy [7-9].

In our study, 100% of patients demonstrated an improvement in QOL at the conclusion of
follow-up period, with improvements observable as early as the first month of therapy (36.8%).
Furthermore, the improvements in QOL were perfectly consistent with the enhancements observed
in postural-motor development and in EEG features, such as background activity and interictal
abnormalities, throughout treatment and at the last visit of follow-up.

As we previously suggested regarding VNS therapy, steroid therapy should also be initiated as
early as possible in patients with epileptic encephalopathy to prevent the encephalopathic effects of
epilepsy and potentially the establishment of aberrant circuits during a critical period of brain
maturation [7].

This concept would likely result in more pronounced effects in very young children, who exhibit
greater brain plasticity, and for epileptic encephalopathies, as defined by stating that "the epileptic
activity itself may contribute to severe cognitive and behavioral impairments above and beyond what might be
expected from the underlying pathology alone (e.g. cortical malformation), and that these can worsen over time"
[2,7].

It is well known that the organization of brain networks is based on small-worldness and
modularity, and this organization is altered in neurological disorders, including epilepsy [84-90]. It
has also been reported that in epilepsy, the functional topology of brain network is altered, which
increases vulnerability to seizures [89-97]. These observations are consistent with the theory that
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epilepsy is a network disorder, and seizures occur due to anomalous topology of structural and
functional networks [98-100].

We speculate that steroid therapy induces integrated network organization, a more balanced
topology, and less pathological architecture, leading to a more efficient reorganization of functional
brain networks and network structure, potentially contributing to the clinical improvement observed
in our population. Based on these observations, we speculate that early intervention leads to a
widespread reorganization of brain networks and prevents the establishment of aberrant circuits
associated with the encephalopathic state. This may influence complex processes underlying drug
resistance in epileptic encephalopathies. The hypothesized large-scale reorganization of brain
networks may also explain why IVMP therapy not only affects seizure frequency but also modifies
quality of life. The overall clinical improvement founded in our patients with EE was accompanied
by improved caregiver QOL. This outcome potentially reduces caregiver burnout and fosters a more
positive patient-caregiver interaction.

Therefore, our data suggest that IVMP therapy should be considered as early as possible in the
management of epileptic encephalopathies.

Our clinical findings are supported by the improved background and interictal activity observed
on EEG following IVMP therapy. The improvement of EEG background activity reflects the
amelioration of cerebral electrogenesis, which is an indirect indicator of maturation and/or
reorganization of functional networks. This improvement, as we speculate, is favored by pulse IVMP
therapy.

Without studies that carefully analyze changes on EEG background activity after IVMP therapy,
we cannot exclude the possibility that EEG background features could improve through brain
maturation alone, particularly in early life. Only further investigation into the direct effects of early
IVMP therapy on EEG will resolve this issue.

Similarly, the postural-motor improvement found in our patients is likely the result of the
improvement in the background activity found on the EEG and therefore of the
maturation/reorganization of the functional networks.

Finally, our study confirms the high tolerability of IVMP therapy, with no dropouts observed.

The most significant limitation of our study is its retrospective methodology and lack of a control
group. However, retrospective studies have the advantage that results are not predetermined, as all
evaluations are based on existing data sources in which both exposure and outcomes are readily
available.

Furthermore, the results cannot be extrapolated to data collection for a specific therapy.

Conclusions

In conclusion, our study provides confirmation of the efficacy and high tolerability of
intravenous methylprednisolone pulse therapy in patients with epileptic encephalopathies.
Furthermore, genetic epilepsy and ESES emerge as potential significant predictors of a favorable
clinical outcome.

Additionally, improvement of QOL, EEG features and posture-motor development were also
observed.

IVMP pulse therapy should be considered promptly upon the identification of electroclinical
data indicative of epileptic encephalopathy.
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