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ABSTRACT – Aim. This study aimed to investigate the general presentation
of epileptic spasms without hypsarrhythmia (ESwoH) and retrospectively
determine whether there are differences in treatment effects related to
ACTH therapy, long-term seizure outcome, and evolution of EEG features
according to pre-treatment EEG patterns.
Methods. According to the pattern of background activity, we divided our
cohort into two groups: Group 1: normal background activity or with local-
ized intermittent slow waves; Group 2: intermittent slow waves appearing
generalized or in two or more lobes. Subjects included 22 children (Group
1: n=10; Group 2: n=12) diagnosed with ESwoH who received treatment from
2007 to 2017.
Results. The median age at onset of epileptic spasms was 5.5 months and
the follow-up period lasted for 40.5 months. ACTH therapy was performed
for seven patients from Group 1 and eight patients from Group 2. Only
one patient from Group 2 responded to ACTH. Patients receiving effective
treatments at early stages had excellent seizure outcome. Refractory cases
included six patients in Group 1 and eight patients in Group 2; subsequent
follow-up EEGs indicated hypsarrhythmia in one patient in Group 1 (17%)
and six patients (75%) in Group 2, including one patient whose EEG pattern
indicated progression to Lennox-Gastaut syndrome.
Conclusions. Overall, ACTH is ineffective for patients with epileptic spasms
without hypsarrhythmia. The EEG may indicate possible future develop-
ment of hypsarrhythmia if epileptic spasms are resistant to treatment,
especially in patients with diffuse slow waves on pre-treatment EEG. The
efficacy of treatment introduced at early stages from onset may predict
long-term seizure outcome.

Key words: adrenocorticotropic hormone, electroencephalogram, hypsar-
rhythmia, infantile spasms, treatment, West syndrome
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ccording to the classification of seizure types pro-
osed by the International League against Epilepsy

ILAE) in 2017, epileptic spasms (ES) are classified into
hree types: generalized, focal, and unknown onset.
lthough ES are the primary seizure manifestation of

nfantile spasms, patients with focal epilepsies also
resent ES during infancy. Caraballo et al. (2003) first
eported a case characterized by a series of ES with-
ut hypsarrhythmia (ESwoH) in 2003 and Lux and
sborne (2004) presented the clinical entity of this

ondition, but its clinical features are still unclear.
ome patients have been shown to respond to treat-
ent, while others were resistant to the administered

rugs. This drug resistance occurs in cases of refractory
pilepsy, similar to some cases of ES with hypsarrhyth-
ia including West syndrome (Caraballo et al., 2011).

his type of ESwoH includes several forms of focal
pilepsies with clinical features that are very simi-

ar to those of West syndrome. In previous studies,
he characteristics of the EEG findings included vari-
us forms of electrical patterns, from hypsarrhythmia

o almost normal electrical activities (Caraballo et al.,
003, 2011; Oguni et al., 2005). Neurophysiologically,
ypsarrhythmia was thought to be associated with
n increased EEG coherence at long inter-electrode
istances (Burroughs et al., 2014) and is likely gener-
ted subcortically (Siniatchkin et al., 2007; Japaridze
t al., 2013). We suspected that the prognosis and
esponse to treatment may differ based on the neu-
ofunctional connections in the early stages of this
ondition. This potential association was not consid-
red in previous studies. Moreover, there are few
ublished studies addressing the evolution of EEG in
SwoH patients. In this study, we investigated the gen-
ral presentation of ESwoH and also retrospectively
etermined whether there are differences in treatment
ffects related to ACTH therapy, long-term seizure out-
ome and evolution of EEG features between the two
roups with or without diffuse slow waves based on
re-treatment EEG.

ethods

he subjects included 22 children diagnosed with
SwoH and receiving treatment in the Division of
eurology, Saitama Children’s Medical Center from

007 to 2017. We classified the patients into two
roups according to background activities based on
4

re-treatment EEG as follows: Group 1: normal back-
round activity or limited to regional intermittent
low waves; Group 2: intermittent slow waves appear-
ng diffused or in two or more lobes. Examples of
he EEGs are presented in figure 1. With regards to
pileptic discharges, focal or multi-foci epileptic dis-
harges were visible in both groups. The EEG pattern

t
s
(
b
w
H
2

or hypsarrhythmia is characterized by very high-
oltage and irregular, asynchronous slow waves with
ntermixed multifocal independent epileptiform dis-
harges (Gibbs, 1952). Interictal EEG recordings were
erformed in all patients during sleep Stages 1-2,
ecause sleep is known to enhance the character-

stics of hypsarrhythmia. Ictal EEG recordings were
ttempted in all patients and 18 patients showed ES
n ictal video-EEGs, thus confirming the ictal man-

festations and EEG patterns. In the remaining four
ases, more than two epileptologists confirmed ictal
anifestations of the attacks by direct observation or

y videos taken by caregivers. ES were identified as
rief (<two-second) axial contractions, appearing in
lusters. Interictal EEGs were obtained for all patients
efore treatment. When several recordings were taken
rior to treatment, the most recent recording was
sed as the pre-treatment recording for the patient.

nterictal EEGs were recorded a number of times dur-
ng the follow-up period and analysed three times
t: three to six months, one to two years, and three
o four years from the start of treatments at early
tages.

agnetic resonance imaging (MRI) was conducted
or all patients to identify any structural abnormal-
ty. The patients’ clinical data, including gender, age
t onset of ES, other seizures prior to ES, aetiology,
ollow-up period, and response to treatment (includ-
ng ACTH therapy), were investigated and analysed
etrospectively.
he efficacy of treatment was evaluated based on the
requency of spasms and other seizures. Effective treat-

ents and good response to treatments were defined
s the resolution of all seizures, including ES, for more
han a few months following initiation of treatment.

esults

eneral characteristics

total of 22 patients were included in this study and
ivided into Group 1 (10 patients) and Group 2 (12
atients). Table 1 presents the patients’ characteristics
nd efficacy of the treatments. The median age at onset
f the ES was 5.5 months in both groups. The median

ollow-up period was 40.5 months (range: 14-132) in
roup 1 and 45 months (range: 14-136) in Group 2. The
re-treatment EEGs that were used to allocate patients
Epileptic Disord, Vol. 22, No. 1, February 2020

o the different groups were evaluated at a median of
even months (range: 2-17) in Group 1 and six months
range: 3-41) in Group 2. The average period of latency
etween pre-treatment EEGs and the age at onset of ES
as 1.3 months in Group 1 and 1.2 months in Group 2.
alf of the patients in Group 1 and 3/12 cases in Group
experienced other seizures before or at almost the
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igure 1. Interictal EEG recording before treatment showing (A)
otemporal region and paroxysmal spikes in the left parietal regi

ulti-focal spikes (Group 2; Patient 5).

ame time as the onset of ES, which were mostly partial
eizures with motor components. Structural involve-
ent of the cerebral region was found in six of the

atients of Group 1 and eight patients of Group 2. An
nknown aetiology was determined for two patients

n Group 1 and four patients in Group 2. ACTH therapy
as initiated for seven patients of Group 1 and eight
atients of Group 2, and only one patient (Group 2;
atient 1) with unknown aetiology responded to ACTH;
here were no responders in Group 1. One patient
Group 2; Patient 5) showed a partial response to ACTH;
he spasms of this patient disappeared, leaving only
artial seizures. Three patients in Group 1 showed
ffectiveness of the antiepileptic drugs (AEDs), sodium
alproate (VPA) and zonisamide (ZNS), and a combi-
ation of VPA and phenobarbital (PB) in one case. Two
f the patients were initially given other treatments,

ncluding ACTH (table 1), but showed no improve-
ent. In Group 2, AEDs included vigabatrin (VGB) and

B, as well as vitamin B6 which was effective in one
ase. Epilepsy surgery involving posterior disconnec-
ion was performed for only one patient (Group 1;
atient 4), resulting in resolution of the condition and
iagnosis of the seizures.

ong-term seizure outcomes
pileptic Disord, Vol. 22, No. 1, February 2020

he seizure outcomes were excellent in patients of
oth groups who showed a good response to the
iven treatments at early stages of epilepsy. However,
hen the effects at early stages were only partial or

emporary, the seizure outcome was poor and the
pilepsies developed into refractory conditions. At the

ast follow-up visit, in Group 1, spasms were reported

u
n
b
r
i
w
f

1sec
100µV

waves intermingled with paroxysmal spikes in the right occipi-
roup 1; Patient 9), and (B) high-voltage diffuse slow waves with

n three patients, tonic seizures in one, and both
pasms and tonic seizures in one patient. In Group
, spasms were only noticed in one patient, tonic
eizures in three, spasms and tonic seizures in two,
nd spasms and clonic seizures in one. Lennox-Gastaut
yndrome (LGS) with tonic seizures, atypical absences,
nd spasms developed in one patient (Group 2, Patient
1) (table 1).

EG findings before treatment
nd during subsequent follow-up

able 2 shows the findings of interictal and ictal EEG
ecordings before treatment at early stages and at three
imepoints during subsequent follow-up. In Group 1,
he background activity of interictal EEG was either
ormal or limited to regional intermittent slow waves

n six patients (table 2). Six patients (60%) had focal or
egional epileptic discharges. In Group 2, intermittent
low waves on pre-treatment interictal EEGs showed

diffuse pattern in all but one patient (Patient 11)
nd appeared periodically in six. Ten patients (83%)
howed multi foci epileptic paroxysmal discharges.
f the four patients in Group 1 (Patients 1-4) who

esponded to treatment, two patients showed nor-
al EEGs at three to six months and one patient had
normal EEG after one year. The remaining patient
77

nderwent surgery involving left posterior discon-
ection, and her subsequent EEGs on the remaining
rain section became normal. In all four cases who
esponded to treatment, the abnormal EEG findings
ncluded intermittent slow or paroxysmal discharges

hich disappeared after a year. In Group 2, all of the
our responders (Patients 1-4) had normal interictal
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EG after three to six months. Only one patient (Patient
) showed regional paroxysmal epileptic discharges on
he one-year follow-up EEG, but did not present any
ntermittent slow waves.

ith regards to the evolution of EEG of the non-
esponders in Group 1 (Patients 5-9), one patient
eveloped persistent hypsarrhythmia (Patient 7) after

hree months from initial treatment, while the other
our patients showed paroxysmal discharges with a
redominance in the frontal or occipital regions.
hese findings remained the same at the one to
wo-year recordings. Two patients underwent EEG
fter three years; high-voltage slow waves on back-
round activity with focal or multi foci paroxysmal
ischarges were observed, which were different from

hose observed with hypsarrhythmia (figure 2). In
roup 2, hypsarrhythmia developed in five of the
ight non-responders. One patient acquired hypsar-
hythmia within three to six months and four patients
cquired hypsarrhythmia within one to two years.
ypsarrhythmia remained after three to four years

n three patients who were followed for more than
0

hree years. One patient (Group 2; Patient 11) devel-
ped LGS after the one-year follow-up period. Six of

he eight non-responders (75%), including the patient
ith LGS, demonstrated epileptic encephalopathy
f West syndrome or LGS based on subsequent
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reatment EEG recordings. Among the patients with
iffuse intermittent slow waves on pre-treatment EEG

Group 2), progression to hypsarrhythmia or LGS
as demonstrated in 75% non-responders based on
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pileptiform discharges and the slow waves of hyp-
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trated that multifocal interictal spikes caused cortical
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uent attacks, results in the progression of clinical
ymptoms to epileptic encephalopathy. In patients of
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p EEGs indicated a change in intermittent slow waves,
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n this study we analysed 22 patients with ESwoH. In
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