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Abstract
Objective: Among standard treatments for infantile spasms, adrenocorticotropic 
hormone (ACTH) is reported as the best treatment, but ACTH is ineffective in 
one-half of the patients. To establish precision medicine, we examined pharma-
coresistance of focal epileptic spasms (ES), generalized ES, and generalized ES 
combined with focal seizures, diagnosed based on the revised seizure classifica-
tion of ILAE in 2017.
Methods: We conducted a retrospective nationwide study in Japan on the 
long-term seizure outcome of ES. Long-term seizure outcome was evaluated by 
seizure-free rate, seizure-free period, and Kaplan-Meier curve. Seizure-free was 
defined as seizure control for longer than 2 months.
Results: From the medical history of 501 patients, 325 patients had generalized 
ES only (GES group) at the start of the first treatment, 125 patients had generalized 
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1  |   INTRODUCTION

Infantile spasms (ISs) are an epilepsy syndrome with 
onset age younger than 2  years and clinical manifesta-
tion of epileptic spasms (ES).1 ES are characterized by 
sudden flexion, extension, or mixed extension-flexion of 
predominantly proximal and truncal muscles.2 Previous 
studies have reported that hormonal treatment is the opti-
mal monotherapy, except for patients with tuberous scle-
rosis complex (TSC), in whom vigabatrin (VGB) appears 
superior, and that combination therapy (hormone plus 
VGB) may be more effective than either agent alone.3–5 
Hormone and vigabatrin are the first-line agents for ISs, 
but only 55.3% of ISs respond to combination therapy of 
VGB and prednisolone.6 Furthermore, in patients with 
ISs, normal development was seen in only 12%,7 and the 
risk of autistic spectrum disorder was 19.9%.8 These data 
suggest that current therapeutic strategies are unsatisfac-
tory for seizure and cognitive outcomes in patients with 
ISs.

Although adrenocorticotropic hormone (ACTH) ther-
apy is considered the most effective among standard 
treatments for ISs, the response rate of ACTH varied from 
36.7% to 87% in previous reports.3 This diversity may sug-
gest that the effectiveness of ACTH depends on several 
factors including etiology, lead time, and seizure evolu-
tion. As etiology is considered the most important fac-
tor that determines the outcome of ISs, establishment of 

underlying disease-specific treatment is an ideal goal of 
treatment for ISs.3 However, determination of etiologies is 
not always possible at the start of treatment for ISs. Search 
for other factors that predict effective treatments for indi-
vidual patients is needed.

In 2017, ILAE revised the classification of seizure types, 
and ES are classified into generalized ES and focal ES.2 
Because fundamental pathophysiologic understanding of 
differing seizure presentations has not been confirmed, 
this revised classification is derived for practical clinical 

Research and Development, Grant/
Award Number: JP18lk0201069s0502 ES after focal seizure onset (FS-GES group), seven patients had focal ES after 

focal seizure onset (FS-FES group), and 24 patients had generalized ES combined 
with focal seizures after focal seizure onset (FS-GES + FS group). Seizure-free 
period of ES (generalized ES and focal ES) [mean (95% confidence interval)] was 
2.7 (0.0-5.4) months in GES group, 1.1 (0.1-2.2) months in FS-GES group, 1.0 (0.2-
1.9) months in FS-GES + FS group, and 0.1 (−0.2-0.5) months in FS-FES group. 
Seizure-free rate, seizure-free period, and Kaplan-Meier curve of generalized ES 
were almost the same in GES group and FS-GES group, with characteristics of su-
perior response to ACTH. Mean seizure-free period of generalized ES combined 
with focal seizures was significantly shorter in FS-GES + FS group than in GES 
group. Mean seizure-free period of focal ES in FS-FES group was extremely short 
with exceedingly early relapse.
Significance: Pharmacoresistance was different in generalized ES, focal ES, 
and generalized ES combined with focal seizures. ES with focal features or with 
focal seizures may have focal lesions, thus consider surgical options earlier in the 
course.
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combined generalized epileptic spasms, focal epileptic spasms, generalized epileptic spasms, 
infantile spasms, seizure outcome

Key Points

•	 Patients with epileptic spasms (ES) were sub-
classified into various groups according to the 
type of ES and seizure evolution after the onset 
of epilepsy

•	 Generalized epileptic spasms (GES) had better 
long-term seizure outcome and were controlled 
by adrenocorticotropic hormone irrespective of 
whether ES were preceded by focal seizures

•	 Coexistence of GES and focal seizures had un-
favorable long-term seizure outcome

•	 Focal ES had extremely unfavorable long-term 
seizure outcome with early relapse
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use from opinion of experts. This revision of seizure types 
has allowed precise subclassification of ES at the start of 
treatment for ISs. Other than subclassification of ES, ES 
may show heterogeneity of seizure evolution and different 
combinations of seizures at the start of treatment. Many pa-
tients with ES present with de novo epileptic seizures, but 
a small number of patients are in the process of evolution 
of focal seizures. We studied the long-term seizure outcome 
of treatments for ES with respect to the subclassification of 
ES, evolution of ES, and association of focal seizures.

2  |   METHODS

2.1  |  Retrospective registration of 
patients

The National Hospital Organization (NHO) in Japan is 
constituted of 140 hospitals nationwide, and expert pedi-
atric neurologists from 11 hospitals of NHO joined this 
nationwide study, to recruit patients from 2015 to 2018. 
Patients with ES in their medical history were eligible for 
this study. ES were diagnosed clinically or electroclini-
cally based on the ILAE classification.2 ES include single 
or clustered ES irrespective of etiology, onset age of ES, 
age at recruitment in this study, interictal EEG findings, 
severity of cognitive dysfunction, and coexisting seizures 
other than ES. After written informed consents, patients 
with ES were registered.

2.2  |  Retrospective data collection

After registration, the following data were collected ret-
rospectively: etiology, onset ages of epilepsy and ES, se-
miology of epileptic seizures, interictal and ictal EEG (if 
possible, with video), MRI findings, history of treatments 
including ACTH therapy, oral antiseizure medications 
(ASMs), etc, severity of cognitive and motor dysfunction, 
seizure frequency before and after treatments, and age at 
the last examination. Among registered patients, we se-
lected patients with onset age of ES before 2 years old, to 
restrict patients of ISs.

2.3  |  Diagnosis of seizure types

Seizure types were determined by expert pediatric neu-
rologists mostly based on video-EEG monitoring data 
(Figure 1). Atypical absence was diagnosed only by video-
EEG monitoring data.

In patients without video-EEG monitoring data, seizure 
types were determined based on clinical semiology of sei-
zures, according to the instruction manual for the ILAE 2017 
operational classification of seizure type.2 Focal seizures were 
diagnosed by the initial symptoms of seizures, showing focal 
tonic or clonic convulsion, lateral version of head, lateral 
clonic eye version, and automatism involving extremities and 
autonomic signs (cyanosis or salivation) without motor com-
ponents. Postictal paresis after convulsive seizures supported 

F I G U R E  1   Selection of patients and definition of groups based on seizure evolution and seizure type in this study. A, Patient 
recruitment. Among patients receiving care in eleven hospitals nationwide, 526 patients with a history of epileptic spasms were registered. 
B, Diagnosis of seizure types. Seizure types at the start of ES were diagnosed in the majority of patients by video-EEG monitoring and in a 
few patients by clinical semiology of seizures. AAB, atypical absence; ES, epileptic spasms; FES, focal epileptic spasms; FS, focal seizure; 
GES, generalized epileptic spasms; GTC, generalized tonic-clonic seizure
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the diagnosis of focal seizures. Generalized tonic-clonic sei-
zure was diagnosed by symmetric tonic convulsion flowed by 
symmetric clonic convulsion. Generalized ES was diagnosed 
by the symmetric spasms of extremities with upward eye de-
viation for less than one second. Focal ES was diagnosed by 
the asymmetric spasms of extremities, spasms with lateral 
eye version, and spasms seamlessly followed by focal tonic 
or clonic convulsion. Unclassifiable seizures were diagnosed, 
when ES, focal seizures, generalized tonic-clonic seizure, or 
atypical absence were not confirmed by semiology.

2.4  |  Treatment protocols for ES in Japan

Treatments for ES available in Japan include oral ASMs, 
ACTH, and ketogenic diet (KD). Synthetic ACTH (Cortrosyn 
Z) is used in ACTH therapy, and the dosage of synthetic 
ACTH was decreased from 0.025 mg (equivalent to 1.0 IU 
of natural ACTH) to 0.0125 mg/kg/day according to the rec-
ommendation by the guideline committee of Japan Epilepsy 
Society in 2006.9 A few doctors conducted repeated ACTH 
therapy in patients with recurred ES after the first ACTH 
treatment. VGB has been launched since 2016, but strict 
governmental regulation has restricted prescription of VGB. 
Subsequently, there are little data on VGB in this study. 
Protocols and prioritization of treatments for ES were not 
standardized in Japan during the study period. Therefore, 
treatment protocols varied among hospitals and era.

2.5  |  Definition of the initial treatment

The initial treatment was defined as the first therapy im-
mediately after onset of ES, irrespective of oral ASMs pre-
scribed for focal seizures before onset of ES (Figure S1). 
In patients with focal seizures and started treatment with 
oral ASM before the onset of ES, if the dose of the pre-
scribed ASM was increased after the onset of ES, the ASM 
with increased dosage was defined as the first treatment.

2.6  |  Evaluation of long-term 
seizure outcome

Seizure outcome of the first treatment for ES was evalu-
ated qualitatively and quantitatively. Qualitative seizure 
outcome was classified into three categories: controlled 
(seizure-free for longer than 2 months from the initiation 
of a therapy without modification of treatment), relapse 
(recurrence of seizure after seizure control for longer than 
2 months from the initiation of a therapy), and ineffective 
(seizure-free for less than 2 months from the initiation of 
a therapy). Modification of treatment included addition of 

novel treatment and dosage increase of concomitant oral 
ASM prescribed for preceding focal seizures. Recurrence 
of seizures was usually diagnosed clinically, but in pa-
tients with subtle seizures, recurrence was confirmed with 
video-EEG recordings. Qualitative seizure outcome was 
evaluated by seizure-free rate (SFR).

Quantitative seizure outcome was evaluated by seizure-
free period (SFP) and Kaplan-Meier curve (KMC) for free-
dom from treatment failure at the last observation for the 
ASM. SFP was defined as the duration of seizure control 
without additional treatment from the initiation of a ther-
apy to the last observation. KMC was used to evaluate the 
characteristics of relapse of ES and to estimate the final 
SFR at the longest observation.

2.7  |  Developmental outcome

Cognitive and motor dysfunctions were evaluated by our 
original scores on a scale of six grades and a scale of four 
grades, respectively.10 Cognitive dysfunction scores de-
pend on intelligent quotient. Motor dysfunction scores 
depend on mobility capability.

2.8  |  Statistical analysis

Statistical data are expressed as mean  ±  SD. Statistical 
analyses were performed using chi-square test, log-rank 
test, Kruskal-Wallis test, Fisher's exact test, or Mann-
Whitney test by statisticians at Imepro, Inc. Statistical 
difference of two groups was evaluated by two-tailed test. 
Statistical significance was determined by P < .05.

2.9  |  Ethical approval

This study was approved by the ethical committee of the 
NHO in Japan for the registration period from 2015 to 2018.

3  |   RESULTS

3.1  |  Characteristics of the patients

From December 2015 to February 2018, 526 patients were 
registered from 11 NHO hospitals (Figure 1). Fourteen pa-
tients were excluded due to missing data around the onset 
of epilepsy, and eleven patients were excluded due to onset 
of ES at 24 months of age or above. Among 501 patients in-
cluded in the study, seizure types diagnosed at the onset of 
epilepsy were as follows: ES in 333 patients, focal seizures 
in 156 patients, generalized tonic-clonic seizures in nine 
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patients, and seizures unclassifiable from clinical semiol-
ogy in three patients. In 93.6% of the patients, diagnosis of 
seizure types was determined by video-EEG monitoring 
data at the first treatment of ES. However, seizure type was 
determined only by clinical semiology of seizures without 
video-EEG monitoring data in 6.4% of the patients. Among 
333 patients with ES at onset of epilepsy, 325 patients had 
generalized ES (GES group), five patients had generalized 
ES and focal seizures, one patient had generalized ES and 
atypical absence, and one patient had focal ES at the first 
treatment for ES. Among 156 patients with focal seizures 
at onset of epilepsy, 125 patients evolved to generalized ES 
only (FS-GES group), seven patients to focal ES only (FS-
FES group), and 24 patients to generalized ES and focal 
seizures (FS-GES + FS group) at the first treatment for ES. 
We compared seizure outcome among four groups (GES, 
FS-GES, FS-FES, and FS-GES + FS groups).

The characteristics of patients in the four groups are 
shown in Table 1. The etiology, mean age at onset of epi-
lepsy, mean age at start of treatment for epilepsy, and EEG 
findings were significantly different among four groups. 
Furthermore, at the start of the first treatment for ES, the 
ratios of patients with concomitant oral ASMs prescribed 
before onset of ES were significantly different among four 
groups (P < .0001). Hypsarrhythmia was frequent in GES 
group. MRI was performed in 410 out of 512 patients, and 
MRI lesion was found in 52.2% of patients of GES group, 
63.7% of patients of FS-GES group, 68.2% of FS-GES + FS 
group, and 33.3% of patients of FS-FES group. Age at the 
start of ACTH therapy, starting dose of ACTH, and dura-
tion of ACTH therapy for ES were not significantly differ-
ent among four groups (data not shown). Age at the last 
observation and duration of observation were not differ-
ent among four groups. Outcomes of seizure, cognitive 
function, and motor function were significantly different 
among four groups. Patients in GES group had better cog-
nitive and motor outcome than FS-GES group (P < .0001).

3.2  |  Seizure outcome of all patients in 
four groups

Among all 481 patients in four groups, generalized or focal 
ES was controlled in three patients by ACTH and in two 
patients by valproate (VPA), but two of three patients con-
trolled by ACTH had focal seizures as relapse. Therefore, 
SFR for all seizures was 0.6% (3/481), SFR for generalized 
ES was 1.1% (5/474), SFR of focal ES was 0% (0/7), and 
SFR of focal seizures was 8.3% (2/24) in four groups.

Seizure-free period [mean (lower-upper 95% CI of 
mean)] of ES (generalized or focal) was 16.2 (0.7-31.8) 
months when treated with ACTH (n = 30), 3.2 (−1.8-8.1) 
months with VPA (n = 151), 1.0 (−0.1-2.1) months with 

zonisamide (ZNS) (n  =  40), 0.5 (−0.1-1.1) months with 
phenobarbital (PB) (n = 23), and 0.2 (0.1-0.3) months with 
vitamin B6 (n  =  211; Figure  2A). SFP was significantly 
different among drugs as the first treatment for ES (gen-
eralized or focal; P < .0001). SFP was better using ACTH 
than using vitamin B6 (P  <  .0001), VPA (P  <  .0001), 
ZNS (P  <  .0001), PB (P  <  .0005), carbamazepine (CBZ; 
P < .004), or clonazepam (CZP; P < .04).

Kaplan-Meier curve analysis suggested that the charac-
teristics of relapse of ES (generalized or focal) were differ-
ent among drugs (P < .0001; Figure 2B). The probability 
of ES control by ACTH was significantly superior to that 
by VPA (P < .0001), B6 (P < .0001), CBZ (P < .04), CZP 
(P < .01), PB (P < .001), or ZNS (P < .0001).

3.3  |  Comparison of seizure outcome 
among four groups

In GES group, two of 325 patients were free from ES, but 
one of the two had focal seizures as relapse. In FS-GES 
group, two of 125 patients were free from both ES and 
focal seizures. In FS-GES + FS group, one patient was free 
from ES, but focal seizures were uncontrolled, and two 
were free from focal seizures, while generalized ES were 
uncontrolled. In FS-FES group, no patients were free from 
ES and focal seizures. SFR of generalized and focal ES by 
the first treatment was not significantly different among 
four groups, and those SFRs were extremely poor in all 
four groups (Figure 3A).

Mean SFP of generalized and focal ES was 2.7 (0.0-
5.4) months in GES group (n = 325), 1.1 (0.1-2.2) months 
in FS-GES group (n  =  125), 1.0 (0.2-1.9) months in FS-
GES + FS group (n = 24), and 0.1 (−0.2-0.5) months in 
FS-FES group (n = 7; Figure 3B). Mean SFP of ES was not 
significantly different among four groups (P  >  .05), but 
SFP of generalized ES in GES group was significantly lon-
ger than that in FS-GES + FS group (P < .02).

Kaplan-Meier curve analysis suggested that the char-
acteristics of relapse of generalized and focal ES were not 
different among four groups (P >.05; Figure 3C). KMCs of 
generalized ES in GES and FS-GES groups showed sim-
ilar characteristics, with early rapid relapse followed by 
few relapses over the long term. KMCs of generalized and 
focal ES in FS-FES and FS-GES + FS groups had similar 
characteristics with early relapse in all patients.

3.4  |  Characteristics of 
pharmacoresistance to drugs in GES group

Mean SFPs of generalized ES were significantly different 
among drugs (P <  .0001; Figure 4A). Mean SFP was 0.2 
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(0.0-0.3) months when treated with B6 (n = 160), 4.0 (−3.4-
11.4) months with VPA (n = 100), 1.0 (−0.9-3.0) months 
with ZNS (n = 19), 25.8 (−3.6-55.2) months with ACTH 
(n = 16), and 0.7 (−0.4-1.8) months with PB (n = 14). SFP 
was significantly longer using ACTH than using B6, VPA, 
ZNS, or PB.

Kaplan-Meier curve analysis suggested that the 
characteristics of relapse of generalized ES was dif-
ferent among drugs (P < .0001; Figure 4B). KMCs of 
generalized ES treated with ACTH showed signifi-
cantly better seizure outcome compared with VPA, 
B6, ZNS, or PB. KMCs for VPA had characteristics of 
early rapid relapse with few relapses in the chronic 
stage. In GES group, ACTH had better long-term 
seizure outcome and later relapse of generalized ES 
compared to oral ASMs.

3.5  |  Characteristics of 
pharmacoresistance of drugs in FS-
GES group

Mean SFPs of generalized ES were not significantly differ-
ent among ASMs (P > .05; Figure 4C). SFP was 0.4 (−0.1-
0.9) months when treated with B6 (n = 39), 1.4 (−0.9-3.7) 
months with VPA (n  =  43), 0.8 (−0.7-2.3) months with 
ZNS (n = 17), 6.9 (−9.1-22.9) months with ACTH (n = 6), 
and 0.2 (−0.4-0.8) months with PB (n  =  5). Mean SFP 
using ACTH was significantly longer than using B6 or 
VPA.

Kaplan-Meier curve analysis of generalized ES showed 
significantly better seizure outcome when treated with 
ACTH compared to B6 or ZNS (Figure 4D). Around five 
months from the start of treatment, the probability of 
seizure control by ACTH was almost the same as that by 
CBZ, but the probability by CBZ decreased after 5 months. 
KMC for VPA had the characteristics of early relapse but 
few relapses in the chronic stage. KMC of generalized ES 
in FS-GES group had similar characteristics as those in 
GES group.

3.6  |  Characteristics of 
pharmacoresistance of drugs in FS-
GES + FS group

Mean SFPs of generalized ES were not significantly dif-
ferent among drugs (P >  .05; Figure 4E). Mean SFP of 
generalized ES was 0.1 (−0.1-0.3) months when treated 
with B6 (n = 8), 1.5 (−3.3-6.3) months with VPA (n = 4), 
6.0  months with ZNS (n  =  1), 2.0 (−0.7-4.7) months 
with ACTH (n = 6), and 0.2 (−2.3-2.7) months with PB 
(n = 2).
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Mean SFPs of focal seizures were not significantly dif-
ferent among drugs (P > .05; Figure 5A). Mean SFP of focal 
seizures was 3.8 (−3.3-10.8) months when treated with B6 
(n = 8), 0.0 (0.0-0.0) months with VPA (n = 4), 0.0 months 
with ZNS (n = 1), 13.3 (−17.0-43.6) months with ACTH 
(n = 6), and 0.0 (0.0-0.0) months with PB (n = 2). Mean 
SFP was not different between generalized ES and focal 
seizures (P > .05; Figure 5B).

Kaplan-Meier curve analysis of generalized ES when 
treated with ACTH showed significantly better seizure 
outcome compared to B6 (P < .03; Figure 4F).

3.7  |  Characteristics of 
pharmacoresistance to drugs in FS-
FES group

Mean SFPs of FES were not significantly different among 
drugs (P  >  .05; Figure  4G). Mean SFP was 0.0 (0.0-0.0) 
months when treated with B6 (n = 3), 1.0 month with ZNS 
(n = 1), 0.0 months with ACTH (n = 1), and 0.0 (0.0-0.0) 
months with PB (n = 2).

Kaplan-Meier curve analysis of focal ES showed no sig-
nificant difference among drugs (P > .05; Figure 4H).

3.8  |  Significance of semiology and 
etiology for predicting treatment response

We found that 17 of 27 patients (63.0%) with TSC in GES 
group became seizure-free from generalized ES, although 
one of six patients with TSC in FS-GES group became 
seizure-free from generalized ES at the last observa-
tion (P  =  .07). Nineteen of twenty-five patients (76.0%) 
with chromosome abnormalities in GES group became 
seizure-free from generalized ES, and that 104 of 171 
patients (60.8%) with unknown etiology in GES group 
became seizure-free from generalized ES at the last ob-
servation. SFR was not different by the etiology in GES 
group (P = .34).

4  |   DISCUSSION

Current treatment strategies for ISs recommend standard 
treatments including ACTH, VGB, and corticosteroids, 
regardless of subclassification of ES and evolution of sei-
zure type.3 However, these standard treatments are inef-
fective in 45%–61% of patients with ISs.3 Furthermore, the 
proportions of patients achieving freedom from seizures 

F I G U R E  2   Seizure outcome of ES (generalized or focal ES) in all groups. A, Seizure-free period of ES. SFP of ES in the first treatment. 
Bars show mean with 95% confidence interval of SFP after the start of the first treatment for ES. B, Kaplan-Meier curves of ES. Probability of 
control of ES by various drugs is shown. ACTH, ACTH therapy; B6, vitamin B6 (pyridoxal phosphate hydrate); CBZ, carbamazepine; CZP, 
clonazepam; ES, epileptic spasms; PB, phenobarbital; SFP, seizure-free period; VPA, valproate; ZNS, zonisamide
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after receiving the first, second, and third regimens were 
reported to be 15.1%, 21.9%, and 10.3%, respectively.11 
These data suggest that the drugs for the initial treatment 
are not necessarily selected appropriately. Application of 
precision medicine approach to the initial treatment is ex-
pected to improve seizure and cognitive outcomes.

Patients with typical ISs usually develop general-
ized ES at infantile-onset and show neither evolution to 
other seizure types nor coexistence of other seizure types 
until 1 year of age. Our data of patients with intractable 
ISs revealed that apart from the typical generalized ES at 
onset, focal ES was found in approximately 1.5% of pa-
tients, coexistence of generalized ES and focal seizures in 
approximately 5.0%, and evolution from focal seizures to 
generalized ES in 26.0% (Figure 1). The existence of atyp-
ical ISs requires consideration of the precision medicine 
approach, considering subclassification of ES.

Data of all patients with ISs irrespective of seizure type 
and evolution suggested significant superiority of ACTH 
over B6, VPA, ZNS, PB, CBZ, and CZP (Figure 2). However, 
when IS patients were divided into four groups, SFP of 
generalized ES was significantly shorter in FS-GES + FS 
group (2.0  months) than in GES group (25.8  months; 
P < .02), and ACTH did not show significantly better SFP 
compared with other oral ASMs in FS-GES + FS group. 

These data suggest that pharmacoresistance of general-
ized ES is different between GES group and FS-GES + FS 
group and that ACTH cannot be considered the standard 
treatment for generalized ES in FS-GES + FS group. Recent 
reports recommend levetiracetam, topiramate, ZNS, VPA, 
and benzodiazepines (CZP or nitrazepam) as the second-
line ASMs for ES.12 Ketogenic diet was reported to be at 
least as effective as ACTH in patients with prior treatment 
with VGB.13,14 Furthermore, resection surgery for patients 
with focal ES is highlighted.15 Three types of pathophysi-
ology for ES have been reported: West syndrome, develop-
mental and epileptic encephalopathies (DEE), and focal 
epilepsy.16 For atypical ISs with combined generalized ES 
and focal seizures, precision medicine including second-
line oral ASMs, ketogenic diet, and surgical intervention 
should be considered, because standard treatment with 
ACTH has poor long-term seizure outcome.

In patients with generalized ES combined with focal 
seizures (FS-GES + FS group), mean SFP of generalized 
ES by the first treatment was short, ranging from 0 to 
2 months (Figure 4). In this group, mean SFP of general-
ized ES was significantly shorter than that in GES group 
(Figure  3). Etiologies in FS-GES  +  FS group include a 
higher proportion of structural abnormalities (such as hy-
poxic encephalopathy, TSC, and intracranial hemorrhage) 

F I G U R E  3   Comparison of seizure outcome of ES (generalized or focal ES) among four groups. A, Seizure outcome of ES. ES + denotes 
no control of ES and ES-denotes control of ES. B, Seizure-free period of ES. Seizure-free periods (months) of ES are compared between four 
groups. Bars show mean with 95% confidence interval of seizure-free period after the start of treatment for ES. C, Kaplan-Meier curves 
of ES. Probabilities of control of ES in four groups are shown. ES, epileptic spasms; GES, generalized ES only at epilepsy onset; FS-GES, 
focal seizures at epilepsy onset evolving to generalized ES; FS-FES, focal seizures at epilepsy onset evolving to focal ES; FS-GES + FS, focal 
seizures at epilepsy onset evolving to generalized ES and focal seizures
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compared to that in GES group. These structural abnor-
malities seem to be causally related to DEEs, and ES 
are documented often along with other seizure types in 
patients with DEEs.16 In FS-GES  +  FS group, patho-
physiology related to DEEs may contribute to the phar-
macoresistance of generalized ES. The longest SFP in our 
study was 6 months, when ACTH, VPA, or ZNS was used 
as the first treatment. These findings suggest that further 
studies of second-line oral ASMs (including VPA and ZNS) 
may contribute to establish precision medicine for gener-
alized ES in FS-GES + FS group. If the initial response to 
the first standard treatment is poor, immediate switching 
to the second treatment would be necessary. Especially, 
when VGB fails to achieve seizure control, ketogenic diet 
is recommended because ketogenic diet has been reported 
to be as effective as ACTH.13

ILAE classifies focal ES as one subtype of focal sei-
zures.2 We found eight patients with focal ES (8/489 pa-
tients, 1.6%) in patients with ISs. SFR of focal ES was 0%, 
and mean SFP was 0.1  month in FS-FES group, while 
KMC showed early relapse (Figure  3). Many drugs in-
cluding ACTH had little effect in controlling focal ES 
(Figure  4G,H). Seizure outcome of patients with focal 
ES treated by the first treatment is extremely poor. In 
the context of focal epilepsies, focal ES is sometimes as-
sociated with focal brain lesions.15 Surgical treatments 

for refractory ES including hemispherectomy, resection, 
and tuberectomy achieved ILAE class I outcome in 71% 
of patients with ES.16 Univariate analyses revealed that 
concordance between MRI and interictal discharges and 
continuous discharges on electrocorticography were im-
portant factors associated with a favorable surgical out-
come and that 82% of 64 children with drug-resistant 
spasms had favorable outcome.17 Clinicians should not 
hesitate to start presurgical evaluation for patients in FS-
FES group, even during the first treatment. In FS-FES 
group, all three patients with confirmed gene mutation 
had mutated CDKL5. In patients with CDKL5 mutations, 
no effective drugs have been reported, and the effect of 
ACTH is temporary.18 An open-label drug trial provided 
class III evidence for the long-term safety and efficacy 
of cannabidiol (CBD) treatment in patients with CDKL5 
deficiency disorder.19 Further studies on CBD therapy in 
patients with focal ES after focal seizure onset are needed.

In both GES and FS-GES groups, generalized ES are 
the common treatment target, although evolution of ep-
ilepsy differs depending on whether focal seizures exist 
before the start of treatment for generalized ES. SFR and 
mean SFP of generalized ES were not significantly differ-
ent between GES and FS-GES groups (Figure 2A,B). Mean 
SFP was significantly different among drugs for the first 
treatment, and SFP for ACTH therapy was better than 

F I G U R E  4   Seizure outcome of four groups treated by various drugs. Bars show mean with 95% confidence interval of seizure-free 
period (SFP) after the start of first treatment for ES (A, C, E, and G). Probabilities of control of ES by ASMs in four groups are shown (B, D, F 
and H). FS-FES, focal seizures at epilepsy onset evolving to focal ES; FS-GES, focal seizures at epilepsy onset evolving to generalized ES; FS-
GES + FS, focal seizures at epilepsy onset evolving to generalized ES and focal seizures; GES, generalized ES only at epilepsy onset; ACTH, 
ACTH therapy; B6, vitamin B6 (pyridoxal phosphate hydrate); CBZ, carbamazepine; CLB, clobazam; CZP, clonazepam; DZP, diazepam; 
IVIg, intravenous immunoglobulin therapy; KBr, potassium bromide; LEV, levetiracetam; NZP, nitrazepam; PB, phenobarbital; PRM, 
primidone; TRH, thyroid hormone-releasing hormone; VPA, valproate; ZNS, zonisamide

F I G U R E  5   Seizure outcome of generalized epileptic spasms (GES) and focal seizures (FS) at the last observation of first treatment in 
FS-GES + FS group (focal seizures at epilepsy onset evolving to generalized ES and focal seizures). A, Seizure-free period of focal seizures. 
Bars show mean with 95% confidence interval of SFP after the start of first treatment for ES. B, Seizure-free periods of GES and focal 
seizures in individual patients. ACTH, ACTH therapy; B6, vitamin B6 (pyridoxal phosphate hydrate); CLB, clobazam; DZP, diazepam; KBr, 
potassium bromide; PB, phenobarbital; VPA, valproate; ZNS, zonisamide
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those for B6, VPA, and ZNS in both groups (Figure  4). 
KMC of generalized ES also showed similar characteris-
tics of early rapid relapse followed by slow relapse over 
the long term in both groups. These common features in 
the two groups suggest that pharmacoresponse character-
istics of generalized ES are not affected by evolution from 
preceding focal seizures. In patients with generalized ES 
without preceding focal seizures, standard strategy using 
first-line treatment with ACTH and others may be con-
sidered. According to the ILAE recommendation for the 
management of ISs, ACTH is preferred for short-term con-
trol of ES other than TSC.20 ACTH as recommended by 
ILAE is effective for patients in GES and FS-GES groups, 
that is, patients with generalized ES only, independent of 
preceding seizure evolution.

At the start of the first treatment for ES, etiology cannot 
be confirmed in many patients, although etiology seems 
to be one of crucial factors to predict seizure outcome. In 
GES group, SFR at the final observation was not different 
by the major etiologies. This may suggest that semiology 
of ES is important, compared with etiology in GES group. 
We need prospective study to confirm importance of semi-
ology and etiology about prediction of effective treatments 
for individual patients, after confirmation of seizure types 
with ictal video EEG monitoring.

4.1  |  Limitations

Our study has several limitations. First, our data were col-
lected retrospectively from 526 patients at 11 NHO hos-
pitals that treat many patients with intractable epilepsy. 
Consequently, our study population contained a larger 
proportion of severe cases with unfavorable seizure out-
come than general patient population with ISs. These may 
have contributed to the low rate of seizure control after 
the first treatment. Second, our data were collected mainly 
in the era before VGB was launched in Japan. Third, diag-
nosis of seizure types at the onset of ES was determined by 
clinical semiology of seizures without video-EEG monitor-
ing data in 6.4% of the patients. Fourth, we have not con-
sidered composition of etiological factors in four groups in 
the relationship with seizure outcome. Difference of eti-
ologies in four groups might also affect seizure outcome. 
Fifth, numbers of patients in FS-FS + GES group and FS-
FES group were too low to evaluate the efficacy of ASMs.

5  |   CLINICAL RELEVANCE

Our study is the first nationwide multicenter study that re-
veals the difference of pharmacoresistance between gener-
alized ES and focal ES subclassified according to the revised 

ILAE classification of seizure types. The findings show 
characteristic intractability of focal ES and generalized ES 
combined with focal seizures. These results are expected to 
stimulate further research for the provision of useful preci-
sion medicine also for patients with atypical ISs.
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