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ARTICLE INFO ABSTRACT

Purpose: In rare cases, patients with epilepsy of infancy withmigrating focal seizures (EIMFS) exhibit suppres-
sion-burst (SB) patterns on electroencephalography (EEG), similar to the findings observed in patients with
Ohtahara syndrome and early myoclonic encephalopathy. In this report, we discuss six cases of EIMFS in which
patients exhibited two types of SB patterns.

Methods: We evaluated six patients with EIMFS who had been admitted to the NHO Shizuoka Institute of
Epilepsy and Neurological Disorders between 2011 and 2018. We retrospectively examined clinical character-
istics and EEG findings for each patient. In all patients, the first EEG was performed within 1 month after seizure
onset. Afterwards, EEG examinations were performed at irregular intervals (ranging from 1 to 5 months).
Results: Age at seizure onset ranged from 2 days to 3 months. SB was first detected within 1 month of age in two
patients, and within the range of 3-14 months in the remaining four patients. Among the latter four patients, SB
patterns persisted at the final EEG recording in three patients (34-54 months). In all patients, SB patterns were
observed during sleep only. Interhemispheric asynchrony in SB was observed in the two patients who exhibited
SB within 1 month of age, while synchronous SB patterns were observed in the remaining four patients.
Conclusions: Our findings indicate that EIMFS may be associated with two types of SB patterns (early-onset and
late-onset), which can be distinguished based on the stage of emergence and level of synchrony.
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1. Introduction and late onset SB patterns.

Suppression-burst (SB) is an electroencephalographic finding char-
acterized by the alternating appearance of depressed background ac-
tivity and bursts of mixed-frequency paroxysmal activity [1]. SB pat-
terns are typically recorded in patients with forms of early-onset
epileptic encephalopathy, such as Ohtahara Syndrome (OS) and Early
Myoclonic Encephalopathy (EME) [2]. In patients with epilepsy of in-
fancy with migrating focal seizures (EIMFS), typical interictal electro-
encephalogram (EEG) features include multifocal spikes with slow
background activity [3]. However, recent reports have suggested that
SB patterns can occur in rare patients with EIMFS [4,5]. In the present
report, we discuss six cases of EIMFS in which we observed both early

2. Methods

Six patients were diagnosed with EIMFS based on the presence of
migrating ictal EEG findings and seizure symptoms. Both OS and EME
as a differential diagnosis of epilepsy syndrome with suppression-burst
pattern were ruled out by seizure type and seizure symptoms.

All patients were treated at National Epilepsy Center, NHO Shizuoka
Institute of Epilepsy and Neurological Disorders between January 2011
and July 2018. Probable diagnoses of OS and EME were excluded in
these 6 patients based on ictal EEG findings and seizure symptoms.

This study reviewed clinical characteristics and long-term video

* Corresponding author at: National Epilepsy Center, NHO Shizuoka Institute of Epilepsy and Neurological Disorders, 886 Urushiyama, Aoi-ku, Shizuoka, 420-8688,

Japan.

E-mail addresses: syoshito@shizuokamind.org, syoshito0408@gmail.com (S. Yoshitomi).

https://doi.org/10.1016/j.seizure.2019.01.009

Received 28 October 2018; Received in revised form 26 November 2018; Accepted 12 January 2019
1059-1311/ © 2019 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/10591311
https://www.elsevier.com/locate/seizure
https://doi.org/10.1016/j.seizure.2019.01.009
https://doi.org/10.1016/j.seizure.2019.01.009
mailto:syoshito@shizuokamind.org
mailto:syoshito0408@gmail.com
https://doi.org/10.1016/j.seizure.2019.01.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.seizure.2019.01.009&domain=pdf

Seizure: European Journal of Epilepsy 65 (2019) 118-123

(O < L81LP™)

Aerop

a ‘sSnap

ajelrs

4/ $10
-¢14d [s] ‘etog

VZNDS (p£D) TewioN  Teyuswdoaadp [eqod  dndayidsnue sidnmn - Suidodys pue 3unjem + (PL9) wig PET ‘[e 19 ‘O PIsIOIPS
N / 200
(L < D0Tr1) @1 ‘s3nip aels -€14a [s] ‘s10C
LINOX (POT) [euLION V/N ondeqidenue aidnm - 3urdodys pue 3unem + (PLOT) wg Pov ‘Te 39 ‘0 BisIoIPS
SNZ
(Vv < D98") (w940) ‘AAT ‘dd ‘91D Z4D uoneAIssqo
LINDX Aydone pyiu [eyuoyig paderop A[punojoid 91eJ[NS AUIPTUINQ) - 91e3s Surdosrs - [euy [[un pajsisiad wgA1 W/9 M
(wghz) ¥Hd ‘74D ‘9d ‘AT
(V < D0082) uopneurpAwodAy ‘A41D ‘SNZ ‘VdA ‘LHd UONIBAIISqO
LINDX ‘Aydome pyiu asnjjiq paderop A[punojoid 9eJ[NS AUIPTUINQ) @I 91e3s Surdosrs - [euly [[un pajsisiad wgA1 4/53d
(uZ4g)
uoneurpAurodAy
(V < DE|TIN) ‘Aydone qamn UONeAISSqO
LINDXM djeIopowr IsnyIq pake[ap A[punojoid ‘dzD ‘dd ‘AIT a9 91eJ[NS SUIPTUING a1e3s Surdesrs - [euy [[un pajsisiad wol W/ d
VdA
(we4s) WAd ‘dd ‘WdL ‘LHd
pauuoyrad JoN  Aydoxme piur asnyiq pake[op A[punojoid  ‘SNZ ‘41D ‘AAT ZdD ax a1e3s Surdosrs - ury, wg W/€
UOTJBAISSQO
pawrojrad Jo0N (wgAQ) [eusoN  paAe[ep A[punojoid @1 ‘941D ‘29D ‘dd - ayers Surdaalg + [BUY [DUN PAlSISIag wy N/T
(V < D0TH1) (weko) UuoneAIasqo
LINDY  Aydoxye prur asnyiq pake[op A[punojoiq I ‘AAT ‘dd ‘SNZ - a1e3s Surdasrs + [euy [run pajsisiad mg A/1 3
SJUBLIBA J132U28 Juswrdo[aAdp (uondNpaI %05 >) (uondNpaI %05 <) PaAIdSqO sem Anpurufse souereaddesip uonddIBP
oruadoyed s3urpuyy TYIN ureIg JOJOWOYDIASd  JUSUNEDI) SATIIIYAUT Jusunjean) 9ARPH  dS YdIym 3urLmp ajels Jrreyd-sTway Uy ds e a8y ds 181 Je 28y XaS/Jusnied
4/ 10
23e [euone)sas -g14d [s] ‘etog
PL9 V/N - JO s¥yI9M 6E Aprey V/N P9 UL Te 39 ‘0 MsIoIPS
N / 200
a3e [euonelsasd -€14a [<s] ‘€10T
PLOT V/N - JO s¥yI9M 6E Ajrey V/N PC UL ‘Te 39 ‘0 MsMoIPS
I9)jea191)
syjuour ¢ 1949 pue 189k wspeuwrone [elo
woTAg 1SIY 9Y) IOj YIuOW AI9Ad wg wg e ‘sisoue£d O1U0) [0 wg M9g W/9 d
I9)JeaIaY) SYjuOuI eoude
p-g AI9A9 pue syjuowr gg ‘wispewrone [e1o
woky 1SI 9y} 10j Yyuow AI9Ag wg wg are] ‘sisoue£d O1U0) [0 wg MEE /S d
19)JE319Y) SYIUOW 4
-g A19A3 pue syjuou g 11y JTUO[I0[ND0
wiAg 9y} 10j syjuow g A19Ag wg wi are ‘sisoue£d O1U0) [0 wi MEE W/¥ d
I9)jea191]) JTUOTD-DTUO0)
SYIUOW G-€ AI9Ad pue IBaA [eIale[iq 01 [e20]
wizhy, 1SI1J 93 UI SYIUOW ¢ AI9Ag wg wg areq 91U0} [BD04 wg MEE W/€ M
wi Jouo A[uQ wy M1 Areqg SISOuBAD OTU0] [BD04 pE MEE W/Z
JTUO[I0[ND0
‘wspjewone [e1o
(w g Je parp) iy uowr £19A7 mg M1 Ajreqg ‘sisoue£d O1U0) [0 pT MOy A/1 3
(revrdsoy
Buryar je DIq
UOpRUIWEXD UOTIBUTWEXD (Y91 <) oad urIa)-110ys Surpnpour) swoyduwiks
9Hd Ise] 2yl 18 a3y 9dd jo Aduanbaig ur193-3uoy 151y 18 93y DA 151 18 93y ds Jo adAy, ‘sod£) amzrog 19SUO INZISS 33e [euOnIRISAD XaS/juanied

119

S. Yoshitomi et al.

‘sjuaned Jo saInyesy [edruI[D
I 3[qeL



S. Yoshitomi et al.

EEG monitoring (> 16 consecutive hours) records for each patient. All
EEG examinations performed at our institution consisted of long-term
EEG monitoring, which was performed at irregular intervals amongst
the patients. We also evaluated EEG findings obtained at referring
hospitals, most of which consisted of short-term EEG recording ob-
tained prior to the first admission to our hospital only. For both the
long-term and short-term EEG, the first recording was performed within
1 month after seizure onset.

3. Results

Table 1 shows the characteristics of the 6 included patients. The
gestational age of Patient 6 was 36 weeks, while the remaining 5 were
born at full-term. Seizure onset occurred within 3 months after birth in
all patients. Patients 1 and 2 developed seizures within a few days after
birth, while seizure onset in the remaining patients (Patients 3-6)
ranged from 1 to 3 months of age. All patients exhibited focal seizures
characterized by asymmetric tonic posture, oral automatism, and cya-
nosis. Patient 3 alone developed focal-to-bilateral tonic-clonic seizures.
In all patients, seizures were refractory to treatment with conventional
antiepileptic drugs, although quinidine sulfate or ketogenic diets were
partially effective in Patients 3, 4, and 5. Psychomotor development
was profoundly delayed in all patients. Patient 1 died of pulmonary
hemorrhage causally related to the major aortopulmonary collateral
artery at the age of 8 months.

Whole-exome sequencing in Patients 1, 4, 5, and 6 revealed pa-
thogenic variants in KCNTI (potassium sodium-activated channel

FpL-F7 |,

F7-T3

T3T5
Fp1-F3
F3-C3
3.3
P3-01
Fz-Cz
Cz-Pz « ) " y
Fp2-F8 [7/\/ ’ v <Y AT
Fa-Cc4 Iy [ A / ¥

c4-P4 e ; Ry 5 f
P4-02 W A . A vy A
Fp2-F8 ; !

F8-T4

T4-T6

Fp1-F7 \
F7-13 / el 1Y
T3-T5 !

Fp1-F3
F3-C3 -
C3-P3 -
P3-01
Fz-Cz
Cz-Pz
Fp2-F8
F4-ca
C4-P4
P4-02
Fp2-F8
F8-T4
T4-T6

150 pv
1'second

(C) Interictal EEG of Patient 3 on sleeping (Oy5m)

Fp1-F7

T3-T5
Fp1-F3
F3-C3
C3-P3
P3-01
Fz-Cz
Cz-Pz
Fp2-F8
Fa-c4
Cca-pP4
P4-.02
Fp2-F8
F8-T4
T4-T6

|
15econd

(E) Interictal EEG of Patient 5 on sleeping (2ylm)

150 pv

Seizure: European Journal of Epilepsy 65 (2019) 118-123

subfamily T member 1). A genetic examination was not performed in
the remaining two patients.

At the first EEG examination, SB patterns were observed in Patients
1-3 only. EEG findings in Patients 4-6 at the first examination consisted
of multifocal spikes or sharp waves with slow background activity.
However, SB patterns were observed at the last EEG recording in
Patients 4-6, at the ages of 35 months, 58 months, and 34 months,
respectively. SB patterns were observed only during sleep in all 6 pa-
tients.

Interhemispheric asynchrony in SB patterns was observed in
Patients 1 and 2, persisting until the final examination, whereas SB
patterns in Patients 3-6 were invariably synchronous. Figs. 1 and 2
shows the representative EEG recordings for each patient.

4. Discussion

In the present report, we discussed the cases of 6 patients presenting
with 2 different types of SB patterns. While emergence during the early
infantile stage was associated with asymmetrical SB patterns, emer-
gence during the later infantile period was associated with symmetrical
features. As observed in Patients 1 and 2, Patient 3 presented with SB at
the first EEG examination at the age of 3 months, although such find-
ings disappeared by the age of 7 months. Previous authors have re-
ported that, among 4 patients with EIMFS who began to exhibit SB
patterns within 6 weeks after birth, SB patterns disappeared in 2 pa-
tients by the age of 6 months, evolving into other types of abnormal
EEG findings such as hypsarrhythmia [4-6].
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Fig. 1. (A)-(F) Alternating periods of mixed-frequency discharge and slow waves of high amplitude (bursts) and suppression are observed with interhemispheric
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Although previous reports have documented SB patterns during
both sleep and wakefulness [5], SB was observed only during sleep in
our 6 patients. Although SB has been reported to occur in patients with
OS during both sleep and wakefulness [7], it is typically observed
during sleep only in patients with EME [2]. In this sense, EIMFS with
late SB may be more similar to EME than to OS, while EIMFS with early
SB may differ from both OS and EME.

In contrast to previous findings, we observed different degrees of SB
asynchrony in Patients 1 and 2 [4]. Such asynchrony may be
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characteristic of EIMFS with early-onset SB, given the immaturity of the
central nervous system at this stage. Symmetrical and continuous EEG
activity is observed in healthy newborns [8]; however, in preterm
newborns, EEG activity is asymmetrical and discontinuous, depending
on the level of development. SB patterns also develop during the early
infantile stages in patients with OS, exhibiting asymmetry in approxi-
mately two-thirds of patients [7]. Thus, the asymmetrical pattern ob-
served in patients with early-onset SB may derive from the immaturity
or dysfunction of interhemispheric connections. Indeed, asymmetrical
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Fig. 2. (a)-(f) Alternating periods of mixed-frequency discharge and slow waves of high amplitude (bursts) and suppression are observed with interhemispheric
synchrony. (a) Clusters of fast waves appeared at T4 (a-1), then gradually migrated to P3 (a-2). (b) Clusters of sharp waves appeared at F8 (b-1), then migrated to T3
(b-2). (c) Clusters of fast waves appeared at C4, then spread to T4 (c-1), and finally spread diffusely (c-2). (d) Clusters of fast waves appeared at C4 and T4 (d-1), then
migrated to F3 (d-2). (e) Clusters of fast waves appeared at P3 (e-1), then migrated to T3 (e-2), and finally migrated to T4 (e-3). (f) Clusters of fast waves appeared at

T4 (f-1), then migrated to T3 (f-2).
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Fig. 2. (continued)

SB patterns have been observed in a few patients with epilepsy with
corpus callosum hemorrhage or lesions [9,10], suggesting that im-
maturity or dysfunction of the corpus callosum plays an important
structural or functional role in SB symmetry. Differences in the syn-
chrony of SB patterns among patients with EIMFS may also be ex-
plained by the maturity or recovery of normal function of the corpus
callosum.

In conclusion, findings in these 6 patients suggest that there are
apparent differences between patients with EIMFS based on the stage of
SB emergence and that early-onset and late-onset SB are each asso-
ciated with different patterns of EEG activity, persistence, and syn-
chronization. However, it remains to be determined whether 2 distinct
types of SB can be observed in patients with EIMFS. Indeed, it is pos-
sible that such findings represent only a few alternatives along a
spectrum of EEG findings in patients with EIMFS.

The present study possesses some noteworthy limitations, including
the small sample size of 8 patients (6 from the present study and 2
previous cases). Furthermore, as this was a retrospective study, EEG
examinations for each patient were performed at arbitrary intervals.
Therefore, our findings should be interpreted with caution, and further
studies are required to elucidate the clinical significance of SB patterns
in patients with EIMFS.
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