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Objective: This study was undertaken to evaluate our treatment algorithm for
infantile epileptic spasms syndrome (IESS) used between 2000 and 2018. We
initiated vigabatrin (VGB), and steroids were added if the electroclinical re-
sponse (spasms and electroencephalogram [EEG]) to VGB was not obtained or
incomplete.

Methods: Individuals with IESS treated with VGB were recruited from our hos-
pital clinical data warehouse based on electronic health records (EHRs) gener-
ated since 2009 and containing relevant keywords. We confirmed the diagnosis of
IESS. Clinical, EEG, imaging, and biological data were extracted from the EHRs.
We analyzed factors associated with short-term response, time to response, re-
lapse, time to relapse of spasms, and the presence of spasms at last follow-up.
Results: We collected data from 198 individuals (female: 46.5%, IESS onset: 6
[4.5-10.3] months, follow-up: 4.6 [2.5-7.6] years, median [Q1-Q3]) including 129
(65.2%) with identifiable etiology. VGB was started 17 (5-57.5) days after IESS
diagnosis. A total of 113 individuals were responders (57.1% of the cohort), 64
with VGB alone and 38 with VGB further combined with steroids (56.6% and
33.6% of responders, respectively). Among responders, 33 (29%) experienced re-
lapses of spasms, mostly those with later onset of spasms (p=.002) and those
who received VGB for <24 months after spasms cessation compared to a longer
duration on VGB (45% vs. 12.8%, p=.003). At follow-up, 92 individuals were
seizure-free (46.5% of the whole cohort), including 26 free of therapy (13.1%).
One hundred twelve individuals (56.6%) were still receiving VGB, with a dura-
tion of 3.2 (1.75-5.7) years.

Significance: Our sequential protocol introducing VGB then adding steroids is
an effective alternative to a combined VGB-steroids approach in IESS. It avoids
steroid-related adverse events, as well as those from VGB-steroid combination.
According to our data, a period of 7days seems sufficient to assess VGB response
and enables the addition of steroids rapidly if needed. Continuing VGB for 2 years
may balance the risk of relapse and treatment-induced adverse events.
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1 | INTRODUCTION

Infantile epileptic spasms, developmental plateauing or
regression, and interictal hypsarrhythmia electroenceph-
alographic (EEG) pattern compose the triad of West syn-
drome." However, all individuals with infantile spasms
might not fulfill all the triad criteria, and the term infantile
epileptic spasms syndrome (IESS) is used to encompass
individuals with West syndrome and those with infantile
spasms who do not fulfill the triad, as both groups are
candidates for the same therapy algorithm.” IESS is a rare
age-related developmental and epileptic encephalopathy.
Its incidence is estimated at 30/100000 liveborn infants.
Epileptic spasms, the key seizure type of this syndrome,
appear between 1 and 24 months and might be preceded
by focal seizures.” The developmental outcome of individ-
uals with IESS is often poor.® The key determinants of fa-
vorable prognosis identified in the literature are etiology,
normal initial development, and short time to treatment.*
Since the 1950s, adrenocorticotropic hormone (ACTH)
and corticosteroids (referred to here as steroids) have been
identified as treatments with specific efficacy in IESS.>°
We added vigabatrin (VGB) to the therapeutic arsenal in
the 1990s.” VGB is now prescribed worldwide in addition
to steroids as one of the first-line therapies for individu-
als with IESS.®>° However, the optimal use of VGB in IESS
remains a matter of debate, especially for two decisive
phases of the treatment: whether we should initiate with
VGB monotherapy and when to stop VGB. VGB is recom-
mended as first monotherapy for individuals with IESS
due to tuberous sclerosis complex (TSC) based on ran-
domized clinical trials (RCTs).!° In other IESS etiologies,
ICISS trials showed that using VGB combined to steroids
as first-line therapy for IESS was more effective than ste-
roids alone in the short term, but they did not show any
difference on cognitive or epilepsy outcomes.*'! Another
challenge is the optimal duration of IESS treatment. On
one hand, VGB and steroids present adverse events (AEs),
and there is a gap of knowledge on the minimal duration
of therapy with the lowest cumulative AEs. AEs reported
with steroids are mainly increased risk of infection, arte-
rial hypertension, arrhythmia, irritability, hypokalemia,
and exogenous Cushing syndrome, and those reported
with VGB encompass visual field loss (VFL) or abnormal
magnetic resonance imaging (MRI) hypersignals.'*!* On
the other hand, there is a high risk of relapse of spasms
(20%-53%) after stopping these medications,"**® and the
probability of recontrolling spasms afterward is low."’

Key Points

« VGB was started at a median of 17days after
spasms onset, and steroids were added at
3weeks if spasms and/or hypsarrhythmia
persisted

o Of 198 individuals, 113 showed a short-term re-
sponse, with 64 being treated solely with VGB,
thus allowing 56.6% of the short-term respond-
ers to avoid exposure to steroids

« Thirty percent of responders showed spasm re-
lapses, with a higher rate of relapse when VGB
treatment lasted <2years

« This argues for a preventive role of VGB against
relapse provided treatment is maintained for at
least 2years

To address these questions, we report our experience
with the use of VGB in IESS in a tertiary center cohort
over the past 15years, with a focus on short-term efficacy,
AEs, and long-term relapses.

2 | MATERIALS AND METHODS

2.1 | Materials

Dr Warehouse (DrWH) is a document-based open-
source clinical data warehouse oriented toward free
text, which allowed exploration of more than 4.5 mil-
lion free text clinical documents produced for more
than 465000 individuals followed in more than 20 de-
partments in Necker Enfants-Malades Hospital.'® We
used DrWH to identify individuals with IESS and who
received VGB as first treatment at our center. We se-
lected individuals whose medical records contained
the words “spasms” or “West syndrome” and “vigaba-
trin” or “Sabril”. Then, all identified medical records
were individually read by a child neurologist (T.L.B.)
to select individuals who met the inclusion criteria for
this study, that is, a confirmed history of IESS treated
with VGB as first-line therapy for epileptic spasms for
at least 7days, a clearly documented clinical history
since the onset of epilepsy, and a minimum follow-up
of 6 months from VGB initiation.
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Clinical epilepsy data were collected at spasms’ onset,
at 2months on VGB, at relapse (if any), and at last fol-
low-up. Epilepsy etiologies were classified in six catego-
ries according to International League Against Epilepsy
classification (genetic, structural, infectious, metabolic,
immune, unknown), with a special highlight for cases
with TSC. We defined responders as individuals achiev-
ing spasm cessation for at least 2months, clinically and on
video-EEG, and without hypsarrhythmia pattern, whether
or not it was present at the time of syndrome identification.
Spasm relapse was defined by the reappearance of spasms
after this 2-month period, clinically witnessed or recorded
on video-EEG. The AEs of steroids and VGB were iden-
tified through a search of the following terms in various

” <

medical reports from the cohort: “adverse events”, “side

G«

effects”, “brain MRI report”, “visual field”, “visual evoked

” 9

potential”, “electroretinogram”, “supplementation”, “sep-

9

tic shock”, “arterial blood hypertension”, “weight gain”,
“hyperexcitability”, “cardiac hypertrophy”, “proton-pump
inhibitor”, and “adrenal insufficiency”. Similarly, the evo-
lution toward Lennox-Gastaut syndrome was analyzed
using the term “Lennox-Gastaut” or "LGS" in the medi-
cal reports. The selected documents were thoroughly re-
viewed to extract the final data. All individual's data were
deidentified. The ethics committee of our institution ap-
proved the study protocol. In accordance with French leg-
islation on the use of deidentified retrospective data, the
nonopposition of the individuals’ legal representatives to
use these data was obtained.

2.2 | Sequential management of IESS in
our center

We use VGB as first-line therapy as soon as the diagno-
sis of IESS is confirmed, using an initial dose of 100 mg/
kg/day in two doses (60 mg/kg/day in individuals aged
>1 year) with a 24-48h titration. At day 7-10, we per-
form a first evaluation based on the family diary and an
awake and sleep video-EEG (using electromyographic
recordings of the deltoids and recording at least 15min
after awakening). VGB is increased to 150 mg/kg/day in
two doses (100 mg/kg/day in individuals aged >1year) in
the case of no response or an incomplete response, that
is, spasms are clinically reported and/or spasms or hyp-
sarrhythmia are recorded on video-EEG. We repeat the
same clinical and video-EEG evaluation at day 20-25,
and if the response is not complete (hypsarrhythmia or
clinical or electrical spasms persisting), hydrocortisone is
added to VGB (15 mg/kg/day in individuals aged <1 year
and 10 mg/kg/day for those >1 year) for 15 days followed
by a progressive withdrawal over 15days. At day 35-40,
hydrocortisone is replaced by ACTH if hypsarrhythmia

or spasms persist (0.5 mg/kg/day for 15days, followed by
hydrocortisone 10mg/kg/day with gradual withdrawal
over 6 months). After 15days, if there is no response, the
steroids are stopped, and second-line treatments are tried
(Figure 1). This protocol may occasionally be adapted,
for example if the individual was referred with a preexist-
ing treatment, or more rapid sequential management, es-
pecially in cases of long-lasting spasms before referral or
preexisting demonstrated psychomotor delay. In the case
of using other antiseizure medications (ASM) therapies,
such as valproate or topiramate, for instance, we rapidly
titrated the therapy to the high-range recommended
dose within 2weeks. We empirically considered that the
response could be assessed after 1 month of reaching the
targeted dose. For ketogenic diet (KD) treatment, the
response was assessed at month 1, month 2, and month
3, following the recommendation of the RCT protocol."
If KD showed no improvement after 3 months, it was
stopped for inefficacy.

To monitor the AEs of VGB, we tailored the ophthal-
mological and brain MRI follow-up based on the children's
age and phenotypes. For infants and individuals with se-
vere intellectual disability, we used electroretinogram and
visual evoked potential. In some individuals with severe
and profound intellectual disability (ID) and no eye con-
tact before VGB administration, the ophthalmological fol-
low-up was difficult to establish. As the functional impact
of a visual field restriction was a minor issue in the bal-
ance benefit-risk, we agreed with the families not to per-
form this additional examination. For individuals older
than 6years with moderate or slight ID, we conducted
visual field studies. Similarly, brain MRI scans were ad-
justed according to individual characteristics, with an in-
creased frequency in cases of identification of abnormal
MRI hypersignals with clinical manifestation. Serial MRIs
were difficult to achieve because of the need for general
anesthesia in many individuals in this population.

2.3 | Statistical analyses
Descriptive statistics are reported as n (%) and median
[25th-75th percentile]. Descriptive analyses provide de-
tails of age, gender, seizures, etiology, presence of hypsar-
rhythmia, and treatment. As steroids are not sensu stricto
ASMs, we designated as “therapies” the combination of
ASM and steroids. We compared the characteristics of
individuals whose epilepsy started with spasms to those
who started with other types of seizures before spasms in
terms of gender, age at onset, and etiological categories
using logistic regressions.

Then, we studied short-term response to therapies. To
determine the factors positively or negatively influencing
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Day 7-10

Day 20-25

Day 35-40

Day 55-60

Epilepsia -

VGB: 100 mg/kg/day PO BID
(60 mg/kg/day PO BID if age>1 year)

Clinical evaluation

and EEG

Persistence of spasms and/or hypsarrhythmia

d —> Long-term treatment with VGB

VGB: 150 mg/kg/day PO BID
(100 mg/kg/day PO BID if age>1 year)

Clinical evaluation

and EEG

Persistence of spasms and/or hypsarrhythmia

d Long-term treatment with VGB

VGB: 150 mg/kg/day PO BID
100 mg/kg/day PO BID if age>1 year
Hydrocortisone: 15 mg/kg/day PO TID (<1 year)
10 mg/kg/day PO TID (>1 year)

Clinical evaluation

Long-term treatment with VGB

and EEG

Persistence of spasms and/or hypsarrhythmia

Progressive wi of hydrocortisone over 15
days

VGB: 150 mg/kg/day PO BID
(100 mg/kg/day PO BID if age>1 year)

ACTH 0.5 mg/kg/day for 15 days IM QD

Clinical evaluation

Long-term treatment with VGB

and EEG

Persistence spasms and/or hypsarrhythmia

d »| hydrocortisone 10 mg/kg/day PO TID with gradual
withdrawal over 6 months

Start second line therapy: topiramate, zonisamide, ketogenic diet,

valproate, cl

FIGURE 1 Proposed protocol for treatment of infantile spasms at our institution between 2000 and 2018. ACTH, adrenocorticotropic
hormone; BID, twice daily administration; EEG, electroencephalogram; IM, intramuscular; PO, per os; QD, every day; TID, thrice daily

administration; VGB, vigabatrin.

response, we used multivariate logistic regression with the
following factors: gender, age at onset, etiological categories
(grouped as follows: dysplasia, clastic, tuberous sclerosis,
genetic, and unknown), delay between spasms onset and
administration of VGB, the presence of ASM before VGB

introduction, and the initial presence of hypsarrhythmia.
After describing the subpopulation of individuals who
responded only to VGB and those who required a combi-
nation of VGB and other therapies, we studied the factors
associated with the number of therapies required to achieve
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short-term response using analysis of variance with the fac-
tors sex, age at spasms onset, delay between spasms onset
and onset of VGB, the presence of ASM before VGB intro-
duction, and the etiological categories. A similar approach
was applied to determine the factors associated with the
delay to achieve spasm freedom. We added the number of
therapies required to achieve the short-term response to the
factors mentioned above.

Finally, we described spasms' relapse rate in short-term
responders with a focus on VGB status (ongoing or with-
drawn). To identify the potential predictors of spasm relapse
in this subpopulation, we used Kaplan-Meier survival as-
sociated with Cox regression analyses with the following
factors: sex, age at onset of spasms, delay between spasms
onset and initiation of VGB, the presence of ASM before
VGB introduction, and etiological categories. We used chi-
squared tests or Fisher exact tests to study the impact of VGB
withdrawal, between 4 and 24 months and after 24 months,
on the risk of relapse by comparing with the relapse rate
of individuals with ongoing VGB therapy during the same
periods. Finally, to assess the impact of VGB treatment du-
ration (<24 months or >24 months) as a factor of spasm re-
lapse previously identified, we conducted a Kaplan-Meier
analysis combined with Cox regression analyses.

A p-value of <.05 was considered statistically signifi-
cant and p <.1 as a tendency. Statistical analyses were per-
formed using R software.”

3 | RESULTS

3.1 | Individual characteristics and VGB
initiation

Among the 399 individuals followed at our epilepsy center
from 2000 to 2018 for IESS, 198 fulfilled the inclusion cri-
teria (Table 1). The others were mostly excluded because
of incomplete clinical or EEG recordings data (n=125),
insufficient follow-up (n=47), or VGB initiation preven-
tively in patients with antenatal or early postnatal TSC di-
agnosis before clinical spasms’ onset (n=17).

One hundred sixty-two individuals started IESS
during the first year of life (81.8%). In 20.7% of indi-
viduals (41/198), other types of seizures preceded the
spasms’ onset, by 1.1 [0-6.3] days, in particular focal
seizures (n=28/41, 68.3%). There was no significant
difference between individuals starting with seizures
other than epileptic spasms and those starting directly
with epileptic spasms in terms of sex, age at onset of
spasms, or etiology. Epileptic spasms were identified
at a median age of 6 months, with hypsarrhythmia in
approximately half of cases at diagnosis. In 70.7% of
individuals, VGB was started as first-line medication

TABLE 1 Demographic data of individuals with infantile
epileptic spasms syndrome included in this study.

Characteristic

Gender, M/F

Current age, years

Starting with other types of seizures
Other ASM before VGB

Age at epilepsy onset, months

Age at spasm onset, months
Hypsarrhythmia on EEG

Delay between spasms and VGB
introduction, days

Delay between VGB introduction
and spasms' stop, days

Follow-up duration since spasms
onset, years

Etiologies
Unknown
Structural

Clastic lesion

Neonatal hypoxic-ischemic
encephalopathy

Perinatal stroke

Postnatal hypoxic-ischemic
encephalopathy

Perinatal brain hemorrhage
Subdural hematoma
Periventricular leukomalacia
Porencephaly

Focal cortical dysplasia

Sublobar dysplasia

Polymicrogyria

Lissencephaly

Pachygyria

Megalencephaly

Genetic

Partial or total polysomies
(15,13,18)

Rett syndrome
Aicardi-Goutiéres syndrome
Down syndrome
STXBP1-DEE

del 1p36

GRIN-related DEE

CREBBP

GNAO1I

n (%) or median
[25th-75th percentile]
106/92

9.3 [6.7-11.9]

41 (20.7%)

58 (29.3%)

5.8 [3.7-9]

6 [4.5-10.3]

76/153 (49.7%)

17 [5-57.5]

15 [7-40]

8.2 [5.8-10.8]

69 (34.8%)
58 (29.3%)
25

7

\S]

w R =N

= N R~ O3

35(17.7%)
7

[ e B "SR NS TR ST SNV, B
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TABLE 1 (Continued)

n (%) or median

Characteristic [25th-75th percentile]
IQSEC2 1
KIF1A 1
NF1 1
del 11p11.2 1
SCN8A 1
WWOX 1
TCF4 1
Tuberous sclerosis 24 (12.1%)
Infectious 7 (3.5%)
HSV encephalitis 4
Congenital CMV 2
Neonatal meningitis 1
Metabolic 5(2.5%)
Neonatal hypoglycemia 2
Maple syrup urine disease 1
Methionine synthase deficiency 1
X-linked congenital disorder of 1

glycosylation (ALG13-CDG)

Abbreviations: ASM, antiseizure medications; CDG, congenital disorder of
glycosylation; CMV, cytomegalovirus; DEE, developmental and epileptic
encephalopathy; EEG, electroencephalogram; F, female; GRIN, glutamate
receptor ionotropic N-methyl-D-aspartate, HSV, herpes simplex virus; M,
male; VGB, vigabatrin.

(n=140). VGB was used as adjunctive therapy in the re-
maining 29.3% as added to other ASMs (58 individuals
already had 1 [1-2] ASM, mainly valproate, n=40; le-
vetiracetam, n=15; and benzodiazepines, n=12). VGB
was started 17 [5-57.5] days after the onset of epileptic
spasms identified by caregivers. This delay was not im-
pacted significantly by the presence of ASM before the
initiation of VGB (15 [5-65.75] days for VGB as mono-
therapy vs. 53.5 [10.25-65.75] as add-on to another
ASM, p=.11). An etiology was identified in two thirds
of cases, mostly structural (41%) or genetic (33%), with
both groups including 24 individuals with TSC. The de-
tails of etiologies are shown in Table 1.

3.2 | Short-term response

Remission was obtained after VGB introduction in 64 indi-
viduals (32.3% of the whole cohort, 56.6% of the respond-
ers), including 17 individuals with TSC. The dosage of
VGB was 100 [100-110] mg/kg/day, with six individuals
receiving >100mg/kg/day. In 49 individuals, remission
was obtained using a combination including VGB (24.7%
of the whole cohort, 43.4% of the responders), including

Epilepsia -

five individuals with TSC. The main dual therapy to stop
spasms was VGB+hydrocortisone (n=25; 12.6% of the
whole cohort, 22.1% of the responders), and the main triple
therapy was VGB+ hydrocortisone+ACTH (n=9, 4.6% of
the whole cohort and 8% of the responders). The number of
required therapies to achieve remission was statistically im-
pacted by the age at spasms onset (F; ;5;=12.6, p=.001) and
etiology (F) 19;=2488, p=.048); fewer drugs were needed
in the older individuals (VGB alone: 6.5 [5.4-12.1] months,
VGB+1: 5.6 [3.4-7] months, VGB+2: 5 [4-6.3] months,
and VGB+3: [5.7] months) and in individuals with TSC
compared to genetic etiology (1 [1-1] vs. 2 [1-2], p=.038).

By taking the whole cohort, more than half of individ-
uals (57.1%, 113/198) were responders in the short term
(Figure 2), 92 from the proposed therapeutic algorithm
initiating with VGB (92/140, 65.7%) and 21 already hav-
ing ASM before initiating this algorithm (21/58, 36.2%).
In the nonresponders, our protocol for IESS decreased the
frequency of spasms in 39 (19.7%) and was ineffective in
46 (23.2%). Multivariate analysis identified TSC as a pre-
dictor of good response (odds ratio [OR] =10.3 [2-52.9]
vs. clastic etiology, p=.005). By contrast, the presence of
ASM before VGB was a risk factor of resistance (OR = .35
[.19-.71], p=.004). Age at spasm onset (p=.052 in univar-
iate analysis and .41 in multivariate) and delay before VGB
initiation (p =.19 in univariate analysis) had no significant
impact on short-term response. The duration to achieve
epileptic spasms cessation was 15 [7-40.3] days.

3.3 | Relapse of spasms

Among the 113 individuals achieving spasms remission,
30% relapsed (n=34), 10 after VGB withdrawal (29.4%)
and 24 on VGB (70.5%). Relapses occurred at a time lag of
7.7 [3.7-18.2] months after spasms had stopped, the earli-
est at 2.5months, the latest at 86 months (Figure 3).

Spasm relapse occurred with VGB therapy in 24 indi-
viduals (21.2% of the responders cohort), between 2.5 and
58 months from spasm response (6.6 [3.2-12] months).
Twenty individuals were on VGB for <24months, includ-
ing 10 who relapsed early, that is, between 2 and 4months
after starting VGB, and four on VGB for >24 months. Age at
spasms onset was the only factor significantly impacting the
survival distribution function, with more relapses in older
individuals (hazard ratio=1.036 [1.013-1.06], p=.002).
There was no impact from the delay between spasms and
VGB initiation, the delay between VGB and spasms cessa-
tion, the etiology, or the presence of hypsarrhythmia.

VGB was withdrawn in 50 individuals (44.2% of those
with short-term remission), at a median of 28 [15-53]
months after spasms cessation. The reason was, in de-
creasing order, the disappearance of spasms (n=40), the
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Timeline of spasms cessation
from VGB onset (days)

Non-
responders

134 (67.7%,

Non-
responders

101 (51%)

responders

-0
|
VGB
L ) T 7[7-105]
|
VGB +1
= 32 [21-48]

33 (16.7%)
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FIGURE 2 Flowchart of the response to antiseizure medicines in our cohort and time to response. Responders are defined as an

individual achieving spasms cessation for at least 2months, clinically and on video-electroencephalography. The “Other” group comprised
three individuals with different medication combinations: one with VGB + HC + CLO, another with VGB + CLO + VPA, and the third with
VGB+ VPA + CNZ. ACTH, adrenocorticotropic hormone; CLO, clobazam; CNZ, clonazepam; HC, hydrocortisone; IESS, infantile epileptic
spasms syndrome; KD, ketogenic diet; TPM, topiramate; VGB, vigabatrin; VPA, valproate.
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FIGURE 3 Spasm relapse-free survival curve of the 113 short-term responders.

shift to another ASM due to the occurrence of a new sei-
zure type (n=7), or the families' decision (n=3). A relapse
occurred after the withdrawal of VGB in 10 of 50 individ-
uals, distributed as follows: seven of the 40 individuals
who stopped after spasms cessation, two of the three who
stopped on the families' initiative, and one of the seven
shifting to another ASM due to a new seizure type. In
individuals who stopped VGB <24 months after spasm

remission, 40% (8/20) relapsed. The relapse occurred after
4months of cessation of spasms (Figure 4A). In contrast,
in those who were on VGB after 24 months of their spasms'
cessation, 19.2% (16/83) relapsed (p =.074). The compari-
son of the survival curves of the individuals who stopped
VGB corrected for age at spasms onset showed a tendency
to a better outcome in individuals who received VGB for
>24months (OR = .44 [.18-1.04], p=.062; Figure 4B).
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FIGURE 4 Flowchart (A) and survival curves (B) illustrating the spasm relapse-free survival curves of individuals in relation to the

duration of vigabatrin (VGB). M, month.

In eight individuals, a reintroduction of VGB was pro-
posed following the relapse. It was effective in controlling
the spasms in five (62.5%).

3.4 | AEs of the treatments

In our cohort, a median of 1 [1-2] brain MRI per indi-
vidual was conducted on 100 individuals during VBG
treatment a median of 16.1 [5.2-30.4] months after VGB
initiation. Twenty percent (20 individuals) showed VGB-
associated brain abnormalities on MRI (VABAM) on brain
MRI scans, two of them receiving steroids in addition to

VGB. VABAM occurred on average 6.5 [2.6-15.7] months
after starting VGB. However, no associated clinical symp-
toms were observed. Of these cases, nine individuals
demonstrated a disappearance of VABAM in the subse-
quent MRI scan, whereas 10 individuals did not undergo
a follow-up MRI, and one individual still had persistent
VABAM 33months after starting VGB. None presented
related symptoms such as additional motor or cognitive
regression.

For ophthalmological evaluation, 85 individuals
(42.9%) underwent sequential evaluations (last evalu-
ation after an average of 4 [1-6.8] years from the initia-
tion of VGB). Among them, 47 individuals (23.7% of the
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cohort) received visual field testing, whereas 38 individ-
uals (19.2%) had electroretinogram or visual evoked po-
tentials. Only one individual with Aicardi-Goutieres
syndrome exhibited discrete visual field damage 1year
after VGB initiation at a maximum dosage of 150 mg/kg/
day. Subsequently, the treatment was reduced to 100 mg/
kg/day. This condition remained stable during follow-up
tests until the discontinuation of VGB. This child had no
visual contact, and the clinical impact of visual field defi-
cit was challenging to establish. However, caregivers did
not report any significant change in her behavior. The re-
duction in VGB dosage resulted in an increase in the fre-
quency of spasms after an initial partial response.

Regarding the 150 individuals who received steroids,
medical reports indicated AEs in 73 individuals (48.6%),
categorized in descending order as follows: hyperten-
sion requiring treatment (n=29, 19.3%), with one third
of them requiring two or more antihypertensive drugs;
potassium supplementation (n=26, 17.3%); proton-
pump inhibitor for gastritis (n=19, 12.6%); significant
weight gain (with a weight above the 90th-99th percen-
tile on the French growth chart, n=17, 11.3%); agitation
and hyperexcitability behavior disorder (n=15, 10%);
postcorticosteroid adrenal insufficiency necessitating
steroid supplementation for >3 months (n=10, 6.6%);
septic shock (n=3, 2%); and cortisone-induced cardiac
hypertrophy (n=1, .6%).

3.5 | Long-term follow-up

Seventeen individuals developed secondary Lennox-
Gastaut syndrome, 4 [2-7.3] years after the onset of
epileptic spasms (8.6% of cohort). At last follow-up,
at 5 [3-7.7] years old, 92 individuals were seizure-free
(46.5% of the whole cohort) including 26 without any
ASM (13%). In the remaining 106 individuals (53.5%)
with active epilepsy, 29.8% (n=59) had epileptic
spasms, including 36 (18%) associating epileptic spasms
and focal seizures, and 47 had focal seizures only (24%).
The only factor statistically associated with spasms at
last follow-up was the presence of ASM before VGB
initiation (OR=2.36 [1.24-4.5], p=.009). The median
number of ASMs at last follow-up was 2 [1-3] per in-
dividual, a number significantly dependent on the type
of persistent seizures (F3 19, =33, p<10~%), from 1 [0-2]
if no seizures to 2 [2-3] if spasms or other seizure type,
and 3 [2-3] if both. At last follow-up, 57% individuals
(n=112) had received VGB for a total duration of 3.2
[1.8-5.7] years and a dosage of 60 [33-87] mg/kg/day.
In this cohort, there were no reports of clinical mani-
festations consistent with VGB-associated VFL or brain
abnormalities on MRI.

4 | DISCUSSION

This study is a retrospective evaluation of the sequen-
tial treatment of IESS, based on clinical and video-EEG
monitoring, which was in use for >15years at our ter-
tiary center for rare epilepsies. There are several points to
emphasize regarding these real-world data from a large
number of individuals. First, 32.3% of our cohort (27% if
individuals with TSC are excluded) were responders with
VGB as first-line specific therapy, thus avoiding the AEs of
steroids. Second, our sequential approach adding steroids
after VGB failure yielded a response in 57.1% of the whole
cohort. Finally, our data suggest that long-term VGB treat-
ment is reasonably safe and may significantly reduce the
risk of epileptic spasms relapse.

This study does not question the superiority of the com-
bination of steroids and VGB in the management of indi-
viduals with IESS, but it raises some concerns. One of the
main principles is to “use a single antiseizure medication
(monotherapy) to treat epilepsy whenever possible.”*' Our
protocol aims to limit the risks of overtreatment leading
to AEs, which are sometimes serious, without reducing
the effectiveness of treatment. However, finding a balance
between achieving a rapid therapeutic response and min-
imizing exposure to AEs is a challenge in the treatment of
infants with IESS. We believe that such an approach is key
when advocating personalized medicine to avoid exposing
a population to possibly avoidable AEs.*

Comparisons with previous studies are difficult due to
the variability of study designs.® For instance, the ICISS
study comparing VGB/steroids combination to steroids
alone excluded TSC individuals (known to be good re-
sponders to VGB) and defined response as spasms cessa-
tion maintained at day 42 without reporting EEG data."'
We did not exclude TSC individuals, because this diag-
nosis is sometimes made after spasms onset (1.3% in the
ICISS study), but we used more stringent response crite-
ria (spasms cessation for 2months and hypsarrhythmia
disappearance when present). Our study added to the
evidence that members of the TSC-related IESS subpop-
ulation are specific candidates for VGB, possibly due to
an inhibitory action of VGB on the mammalian target of
rapamycin pathway.?

Despite the evidence that the combination of VGB
and steroids was more effective on spasms than steroids
alone in the short term in the ICISS study, the 18-month
extension study did not find any significant difference in
terms of epilepsy or developmental outcome (measured
using the Vineland Adaptive Behavior Scales [VABS])."
This might also emphasize the key role of VGB. In this
study, lead time to treatment was found to be a signifi-
cant predictor of both VABS score and epilepsy outcome.
This delay refers to “the time from onset of spasms to the
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initiation of treatment” presumed effective for epileptic
spasms. As child neurologists and epileptologists, our aim
is to minimize diagnostic wandering in individuals with
IESS and to weigh the risk-benefit balance as accurately
as possible. In this syndrome, diagnosis can take several
weeks or months, and this will have a major impact on
long-term outcomes. However, there is no evidence that
a 7-day delay between VGB and corticosteroids, or the
combined use of corticosteroids and VGB from the out-
set, makes a difference in outcome in terms of epilepsy
or development. In the ICISS study, the combination of
VGB and steroids resulted in a response a few days faster
than steroids alone. Unfortunately, this difference does
not have a significant impact on outcome at 14 months,
either for epilepsy or on developmental outcome.'’
Despite the lack of a lead time to treatment as a predictor
of epilepsy outcome, possibly due to a small population
and a lower percentage of participants with a lead time
surpassing 1 month (29% compared to the ICISS study's
50%), we consider it a crucial factor in the management
of these individuals. It was previously reported that par-
ents of children with epileptic spasms often consult a first
care practitioner in <1week, feeling that “something was
wrong,” whereas it took nearly 1 month to identify the ep-
ileptic spasms and IESS.** These findings stress the abso-
lute necessity of educating the families of infants at risk
for epileptic spasms, such as those with tuberous sclero-
sis, as well as health care providers.

As far as first-line monotherapy is concerned, our short-
term results are in line with the previous observational or
randomized data: 32% of responders with VGB alone com-
pared to 35%-43% in the literature.'®*"?® The response to
VGB was obtained at day 7 with a median dosage of 100 mg/
kg/day, and few individuals achieved better response after
increasing VGB up to 150 mg/kg/day. By sequentially add-
ing oral steroids to VGB, we increased the responder rate
to 45% and then by replacing oral steroids with ACTH to
49.5%. Although comparable to the 42%-55% and 39%-
44.5% at 3-4months of ACTH and hydrocortisone, re-
spectively,>* our responder rates are below the 72% when
using a combination of VGB and steroids or ACTH from
the start.”” Note that this ICISS study rate may be overesti-
mate due to the evaluation criteria used (clinical response
atday 42 without reporting the EEG aspects). Nevertheless,
we decided to modify our protocol to implement the com-
bination of hydrocortisone and VGB earlier (Figure 5). All
individuals were given an initial dose of 100 mg/kg/day of
VGB, according to pharmacological simulations recom-
mending a minimum dose of 80mg/kg/day.** In the re-
vised protocol, we shortened the time to evaluate VGB to
7days instead of 20-25days. We eliminated the additional
time to titrate till 150 mg/kg/day due to the low response
benefit (increase of 5% of responders) and the increased

Epilepsia -

risk of persisting spasms affecting cognitive outcome."*
Contrarily to previous studies,”>'* the switch from hy-
drocortisone to ACTH followed by hydrocortisone over
6 months presently allowed recovery in 9% of nonrespond-
ers. As the clinical cessation of spasms on hydrocortisone
occurred <1week in the literature,****** we proposed an
assessment 15days after the initiation of hydrocortisone
with a switch from hydrocortisone to ACTH in the case
of poor response. All these changes should allow acceler-
ated implementation of hydrocortisone in addition to VGB
in individuals lacking positive response to VGB (day 7 vs.
day 20-25 in the old protocol) and ACTH (day 21 vs. day
35-40). We also strengthened the possible role of surgery
in the management of IESS and the need for an early pre-
surgical work-up to identify patients that are candidate for
this therapy. We believe that this revised protocol will bet-
ter address the challenge of IESS therapy limiting the use
of unnecessary steroid therapy and resulting AEs in 30%
of individuals on one hand, and a quick evaluation of VGB
efficacy after 1 week on the other hand allowing rapid ad-
junction of steroids without any loss of chance for the non
reponders.

The side effects observed in our cohort associated
with the use of steroids (48.6%) were consistent with the
literature, although their identification may have been
limited to clinically significant ones due to the retro-
spective study design. High doses of steroids have been
linked to numerous AEs in 50%-95% of individuals with
IESS, such as hypertonia (85%), weight gain (12%-23%),
infection (8%-29%), adrenal insufficiency (75%), hy-
pertension, cardiac hypertrophy (33%), and even death
in a few cases.!®?"?93%3%33 Concerning VGB, primary
safety concerns are VFL and VABAM. VFL have been
identified since 1997 in individuals on VGB.'* The main
factors of VFL related to VGB described in the litera-
ture are the cumulative dose and the duration of VGB
exposure.*®*” The prevalence of VFL ranged from 10%
to 90% of VGB-treated individuals.>® However, a phase
4 VGB vision study in adults showed that vision abnor-
mality concerned 66% of individuals at baseline, includ-
ing abnormal central 30° visual field measurements in
20% and thin retinal nerve fiber layer in 32%.*° No in-
dividuals with symptomatic visual loss were identified
either in this phase 4 study™ or in the drug registry.*® In
our cohort, we identified only one individual with VFL.
This finding aligns with a recent study on this topic,
where it was reported that .7% of the 284 children in the
VGB cohort experienced definite VGB-related ocular
toxicity, and 1.4% exhibited optic atrophy with an un-
clear relation to VGB, categorized as possible toxicity.*’
Considering the challenges associated with conducting
electroretinograms, such as the requirement for a spe-
cialized and trained team, and sometimes the need for
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After 15 days
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i
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+

Responder—| hydrocortisone 10 mg/kg/day
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VGB: 100 mg/kg/day PO BID
+

Hydrocortisone 10 mg/kg/day PO TID with
gradual withdrawal over 3 months
+

Ketogenic diet
+

Consider epilepsy surgery

Persistence

After 30 days

Clinical evaluation
and EEG

Long-term treatment with KD

+
Continued VGB for 24 months

Persistence of spasms and/or hypsarhythmia

+

+

VGB: 100 mg/kg/day PO BID*
Ketogenic diet
Consider:

Felbamate, zonisamide, topiramate, sulthiame,
valproate or benzodiazepines

FIGURE 5 Proposition of algorithm for treatment of individuals with infantile epileptic spasms syndrome based on our results and
on the literature review. *In the case of partial efficacy on epileptic spasms or resurgence of spasms during vigabatrin (VGB) tapering
phase before discontinuation. ACTH, adrenocorticotropic hormone; BID, twice daily administration; EEG, electroencephalogram; IM,
intramuscular; KD, ketogenic diet; PO, per os; QD, every day; TID, thrice daily administration.

sedation or anesthesia, their use remains a subject of
controversy. Moreover, it has been noted that abnormal
results from electroretinograms may lead to minimal
changes in clinical decision-making.* VABAM are seen

on high T2-weighted imaging and/or restricted diffusion-
weighted imaging in the deep basal ganglia and brain-
stem. VABAM are identified in 20%-30% of individuals
on VGB and are usually asymptomatic.**”* There were
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17 individuals reported in the literature with symptom-
atic VABAM (abnormal movements, dysautonomia, and
acute encephalopathy)'**3?; it is noteworthy that 85%
had taken a combination of VGB and steroids at the time
of presentation, suggesting that symptomatic VABAM
may have been due to the combination therapy rather
than VGB alone.™ This raises the possibility that poly-
therapy may increase the severity of AEs. However, these
data are difficult to trace in a retrospective study and in
young individuals with intellectual disability. Finally,
by starting with relatively low-dose VGB monotherapy
(100mg/kg/day), our protocol allowed preservation of
>50% of the responders (56.6%, 51.6% if individuals with
TSC are excluded) from AEs associated with the addition
of steroids (48.6% of the individuals exposed to steroids
in our cohort).

Our study confirms the high rate of spasm relapse in
IESS: 29% in our whole cohort, within the range of the
15%-58% reported in the literature."**>>'">* We also con-
firm that relapse can occur many years after an initial good
response to VGB, alone or combined with steroids,'>** and
that relapse can be “intractable.”’” There are few therapeu-
tic options to prevent spasms relapse. Obviously, steroids
cannot be sustained due to safety risk linked to prolonged
exposure. Zonisamide and topiramate failed to prevent
spasm relapse,'® so they cannot be recommended as third-
line therapy. In our study, 40% of individuals with VGB
withdrawal before 24-month duration experienced relapse
versus 12.8% of those still on VGB after 24 months. In an
RCT comparing ACTH and KD for IESS, spasm relapse rate
at 18 months was 43% on ACTH (28 days of total treatment
duration) versus 16% on KD." It is noteworthy in this study
that the subpopulation with prior VGB treatment had a re-
lapse rate of 0% compared to 26% in the population on KD
alone. We therefore suggest that extending VGB treatment
to 24months may be a good balance between reducing
the risk of relapse and maintaining safety. Interestingly,
the same 24-month duration was recommended in the
EPISTOP trial for preventing VGB treatment in TSC, and
none of the individuals in that trial experienced epileptic
spasms during this period.”* Moreover, EEG was able to
predict the relapse in 83% of cases in a retrospective study.
Using EEG monitoring as a personalized biomarker of
IESS relapse risk could allow the identification of the sub-
population of individuals with a high risk of relapse who
should continue VGB, thus avoiding long-term VGB expo-
sure for the others.

Some limitations should be highlighted in this study.
It is a monocentric retrospective study of a single pediat-
ric tertiary epilepsy center. However, our center has been
a pioneer and has long experience in the use of VGB in
IESS,”*>* and the long-term outcome reports of individu-
alswho received VGB are scarce.’”*® Moreover, “real-world
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data (RWD) and real-world evidence (RWE) are playing
an increasing role in health care decisions.”*® The US Food
and Drug Administration has recognized their value and
now accepts them as key players to support clinical trial.
In this context, it is essential that we take a rigorous ap-
proach to use or reuse clinical data collected over many
years, as in this study, to reevaluate our practices and gain
new knowledge.® This disparity can lead to some individ-
uals not receiving appropriate care.”’ The retrospective
nature of our study introduces a potential selection bias
due to individuals with insufficient data, representing ap-
proximately one third of the initial cohort. A large num-
ber of patients were referred and had a single outpatient
or in-hospital visit for diagnosis, workup, and establish-
ment of the therapy. They were followed later on by their
local pediatric neurologist. Likewise, the study revealed
few deviations from the initial protocol, highlighting the
possible deviation in real word between clinical practice
and protocols and guidelines. Further prospective studies
are needed to assess the impact of such a sequential pro-
active protocol in terms of efficacy and safety and allow
comparison with previous studies. Although KD seems to
show interesting results in terms of efficacy, safety, and
risk of relapse, this therapy is implemented after the sec-
ond line in our proposed treatment algorithm due to the
limited randomized trials on this topic."’

In conclusion, proactive sequential treatment with
VGB alone followed within 7days in the case of nonre-
sponse to VGB-steroids combination seems a viable al-
ternative to the initiation of the combined approach for
IESS treatment. The response to VGB is evaluated at day
7, avoiding a delay of >1week from diagnosis for the VGB-
steroids combination. Along the same lines, we propose
that the combination should be used in individuals with
delayed diagnosis for >1month. This approach should
limit steroid-related AEs when VGB alone is sufficient
and potentiation of VGB-related AEs when combined
with steroids. Maintaining VGB treatment for a period of
24 months seems to be a good compromise to limit the risk
of relapse with a balanced risk of treatment-induced AEs.
Multicentric randomized studies or real-world prospective
data are needed to validate these proposals.
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CONTRIBUTION TO THE FIELD
STATEMENT

IESS is a rare developmental and epileptic encepha-
lopathy characterized by epileptic spasms, disorganized
interictal patterns called hypsarrhythmia, and psycho-
motor regression. Commonly, this syndrome is associ-
ated with drug resistance and poor neurodevelopmental
outcome. Factors identified that improve prognosis are
the underlying etiology, preexisting normal develop-
ment, and early introduction of syndrome-specific
antiseizure medicine, namely VGB and/or steroids.
However, there is much discussion about the use of ster-
oids or VGB as first-line monotherapy or in combination.
We used a rapid sequential approach starting with VGB
monotherapy rapidly combined with corticosteroids in
the case of nonresponse. To evaluate the impact of such
an approach, we reviewed the data from the last 20 years
at our tertiary epilepsy center. This approach appears to
have similar efficacy to other approaches in the medium
term but avoids corticosteroids AEs in >50% of individu-
als. Our study is the first to identify the value of main-
taining treatment with VGB for at least 2years after the
cessation of spasms to limit the risk of spasm relapse.
The long-term outcome of our cohort was consistent
with the literature, with 46.5% seizure-free, of whom
26% were ASM-free.
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