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ABSTRACT – Aim. This study aimed to characterize, clinically and neuro-
physiologically, a series of patients with gelastic seizures (GS), including
both adults and children.
Methods. We retrospectively collected patients with GS from epilepsy clin-
ics of five tertiary hospital centres within a single country. Patients were
selected through relatives’/caregivers’ descriptions, home video and/or
video-EEG monitoring. GS were identified through ictal semiology.
Results. Thirty-five patients were enrolled; 62.9% had initial GS in infancy,
14.3% in adolescence and 22.8% at adult age. Twenty-six had abnormal MRI:
eight presented with hypothalamic hamartoma (HH) and 16 non-HH lesions
that included different structural aetiologies and genetic, metabolic and
immune aetiologies. All patients with HH had their first GS in infancy or
adolescence. For the remaining aetiologies, GS started in infancy in 59.3%,
in adolescence in 11.1% and at adult age in 29.6%. Video-EEG data was avail-
able for analysis in 11 patients, including seven patients with a non-HH MRI
lesion. The ictal onset topography on scalp video-EEG was usually concor-
dant with the MRI lesion (in 6/7 patients) and the most frequent ictal onset
was fronto-temporal. In two patients, both video-EEG and MRI suggested a
parietal and occipital epileptogenic zone.
Conclusion. Aetiologies and patterns of affected topography unrelated to
HH are common in patients with GS, and all age groups may manifest with
this type of ictal semiology. This ictal manifestation has no lateralizing value
and, despite a clear preponderance for hypothalamic, frontal and tempo-
ral lobe origins, other brain areas, namely the parietal and occipital lobes,
should be considered.
Key words: gelastic seizures, hypothalamic hamartoma, video-EEG
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. Loução de Amorim, et al.

he first description of ictal epileptic laughter dates
rom 1873, by Trousseau (Trousseau et al., 1873). Hence-
orth, seizures with this manifestation were named
gelastic seizures” (GS), from the Greek word “gelos”,
hat means laughter. GS are characterized by recurrent
outs of paroxysmal stereotyped laughter or giggling,
enerally without mirth or appropriate affective tone
Gascon et al., 1971; Chen at al., 1973). It is a rare
ntity with an estimated prevalence between 0.4 and
.8% (Kovac et al., 2015). These seizures can consist
xclusively of laughing or be associated with general
utonomic arousal, motor automatisms or disturbed
onsciousness (Cerullo et al., 1998).
S are more likely to be diagnosed during childhood,

lassically associated with hypothalamic hamartoma
HH) (Striano et al., 2009). In these cases, they are often
efractory to pharmacological treatment, and preco-
ious puberty and cognitive impairment are frequently
ssociated (Nguyen et al., 2003).
owever, GS may also arise from other brain regions,

ncluding temporal, frontal or parietal lobes. In these
ases, areas involved in the physiological network
f smiling and laughter, connecting the hypothala-
us with other regions, particularly the temporal and

rontal lobes, should be considered (Wild et al., 2003).
ost studies of GS are dedicated to the paediatric

opulation. Patients with GS without HH have been
ostly described in very few case reports, or case

eries, with small sample sizes (Tran et al., 2014; Kovac
t al., 2015; Gutierrez et al., 2016). These case series
sed video-EEG (VEEG) databases mostly from patients
ith refractory epilepsy based on pre-surgical work-
p, hence patients were subjected to selection bias, as
nly severe epilepsy patients were included.
his study aimed therefore to characterize, clinically
nd neurophysiologically, a series of patients with GS
ollected from epilepsy clinics of five tertiary hospitals
ithin a single country.

aterial and methods

his retrospective study included patients with GS
rom epilepsy clinics from five Portuguese tertiary
ospital centres: Hospital de Santa Maria (Centro Hos-
italar e Universitário Lisboa Norte; Hospital de São

osé - Centro Hospitalar Universitário de Lisboa Cen-
ral; Hospital Pediátrico de Coimbra; Centro Hospitalar
niversitário de Coimbra; Centro Hospitalar do Hos-
66

ital de São João).
ll patients with seizures defined by the ILAE Opera-

ional Classification of Seizure Types, 2016 as GS were
ncluded, based on clinical and VEEG databases at the
articipating centres. Relatives’/caregivers’ descrip-

ions and home videos were accepted for ictal
emiology description. Exclusion criteria were cases

p
a
I
(
i
f
fi

ith absence of interictal EEG or cranial MRI, or limited
ccess to detailed clinical data.
rom the patient clinical files, the following variables
ere extracted: sex, age at first GS (infancy [≤10 years
ld], adolescence [between 10 and 18 years old] and
dulthood [≥18 years old]), GS as first manifestation
f epilepsy, presence of other seizures and other
onditions, aetiology and topography (based on cra-
ial MRI), interictal and ictal (for patients with VEEG)
EG topography, therapeutics, epilepsy surgery, and
ollow-up after surgery.
ll data were evaluated using descriptive statistics

SPSS 21).

esults (table 1)

hirty-five patients with GS were obtained from the
articipating centres, 20 (57.1%) males and 15 females

42.9%). The first GS occurred between two months
nd 47 years of age, (median of six years). Twenty-
wo patients (62.9%) had a first seizure in infancy, five
14.3%) in adolescence and eight (22.8%) at adult age.
n 15 patients (48.4%), GS were the first manifesta-
ion. The majority of patients presented also with other
eizures besides GS. This information was available in
1 patients, of whom 27 (87.1%) had other seizures,
uch as generalized tonic-clonic seizures and focal
eizures with motor or sensitive onset. Delayed psy-
homotor development was present in 58.1% of these
1 patients. In the HH group, all patients had concomi-
ant psychomotor delay or cognitive deficits and one
atient also had precocious puberty.
iagnosis was made based on VEEG in 16 (45.7%)
atients. For the remaining patients, ascertainment
as based on descriptions by caregivers/relatives and
irect clinical observation.
wenty-six patients had abnormal MRI. Structural
pilepsy was diagnosed in 24 patients: eight patients
ith HH and 16 with various aetiologies. One patient
resented with genetic epilepsy (Niemann Pick C), and
nother had immune epilepsy related to Rasmussen
isease. Lesions on MRI were either on the left (n=9)
r on the right side (n=6). Nine patients had normal
ranial MRI.
egarding the eight patients with HH, seven (87.5%)
ad their first GS in infancy and one (12.5%) in ado-

escence. For the remaining aetiologies, 16 (59.3%)
Epileptic Disord, Vol. 22, No. 2, April 2020

atients started having GS in infancy, three (11.1%) in
dolescence and eight (29.6%) at adult age.
nterictal epileptiform activity was found in 31 patients
81.6%), including most patients with HH (7/8). Inter-
ctal epileptiform activity usually included either the
rontal or the temporal lobes (n=26; 83.9%). However,
ve (16.1%) involved the parietal or the occipital lobe.



Journal Identification = EPD Article Identification = 1153 Date: April 23, 2020 Time: 12:54 pm

Epileptic Disord, Vol. 22, No. 2, April 2020 167

Gelastic seizures

Ta
b

le
1.

C
lin

ic
al

ch
ar

ac
te

ri
st

ic
s

o
ft

h
e

al
lp

at
ie

n
ts

in
cl

u
d

ed
in

th
e

st
u

d
y.

n
Se

x
A

ge
at

o
n

se
t

M
et

h
o

d
o

f
se

iz
u

re
ch

ar
ac

te
ri

za
ti

o
n

G
S

as
fi

rs
t

m
an

i-
fe

st
at

io
n

O
th

er
se

iz
u

re
s

O
th

er
as

so
ci

at
ed

co
n

d
it

io
n

s

A
et

io
lo

gy
/

cr
an

ia
lM

R
I

In
te

ri
ct

al
ep

ile
p

ti
-

fo
rm

ac
ti

vi
ty

Ic
ta

lo
n

se
t

(V
EE

G
)

R
ef

ra
ct

o
ry

ep
ile

p
sy

Th
er

ap
eu

ti
c

Su
rg

er
y

Fo
llo

w
-

u
p

af
te

r
su

rg
er

y

1
F

12
y

C
lin

ic
al

Ye
s

Fo
ca

l
im

p
ai

re
d

aw
ar

en
es

s
se

iz
u

re
w

it
h

m
o

to
r

o
n

se
t

N
o

Tr
au

m
at

ic
R

p
ar

ie
to

-
te

m
p

o
ro

-
o

cc
ip

it
al

R
fr

o
n

to
-

te
m

p
o

ra
l

N
A

Ye
s

LE
V,

Z
N

S,
C

B
Z

,L
TG

,
TP

M
,P

ER

N
o

N
o

2
F

9
y

V
EE

G
Ye

s
G

TC
S

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t;

se
ve

re
co

gn
it

iv
e

d
efi

ci
t

H
yp

o
th

al
am

ic
H

am
ar

to
m

a
N

o
n

e
R

te
m

p
o

ra
l

Ye
s

C
B

Z
,V

PA
Ye

s
Le

si
o

n
ec

-
to

m
y

En
ge

lI
Ib

af
te

r
2

y

3
M

29
y

V
EE

G
N

o
G

TC
S

N
o

R
o

cc
ip

it
al

le
si

o
n

M
EL

A
S

R
o

cc
ip

it
al

R
o

cc
ip

it
al

Ye
s

LE
V,

LC
M

,
TP

M
,C

Z
P

N
o

N
o

4
F

12
y

V
EE

G
N

o
G

TC
S;

fo
ca

l
im

p
ai

re
d

aw
ar

en
es

s
se

iz
u

re
w

it
h

m
o

to
r

o
n

se
t

N
o

L
te

m
p

o
ro

-
p

ar
ie

ta
l

D
N

ET

N
o

n
e

L
p

ar
ie

ta
l

Ye
s

LT
G

,E
SL

,
C

LB
Ye

s
Le

si
o

n
ec

-
to

m
y

En
ge

lI
a

af
te

r
19

m

5
M

30
y

V
EE

G
N

o
G

C
TS

N
o

N
o

le
si

o
n

N
o

n
e

N
A

Ye
s

LE
V,

V
PA

N
o

N
o

6
F

21
y

V
EE

G
N

o
G

TC
S

N
o

L
te

m
p

o
ra

l
ar

te
ri

al
m

al
-

fo
rm

at
io

n

L
te

m
p

o
ra

l
L

an
te

ri
o

r
te

m
p

o
ra

l
Ye

s
LE

V,
TP

M
N

o
(r

ef
u

se
d

)
N

o

7
M

20
y

V
EE

G
N

o
Fo

ca
l

im
p

ai
re

d
aw

ar
en

es
s

se
iz

u
re

w
it

h
m

o
to

r
o

n
se

t

N
o

L
fr

o
n

ta
l

Ta
yl

o
r

d
ys

p
la

si
a

L
fr

o
n

ta
l

L
fr

o
n

ta
l

Ye
s

C
B

Z
,L

EV
Ye

s
Le

si
o

n
ec

-
to

m
y

En
ge

lI
a

af
te

r
3

y



Journal Identification = EPD Article Identification = 1153 Date: April 23, 2020 Time: 12:54 pm

168 Epileptic Disord, Vol. 22, No. 2, April 2020

I. Loução de Amorim, et al.

Ta
b

le
1.

C
lin

ic
al

ch
ar

ac
te

ri
st

ic
s

o
ft

h
e

al
lp

at
ie

n
ts

in
cl

u
d

ed
in

th
e

st
u

d
y

(c
o

n
ti

n
u

ed
).

n
Se

x
A

ge
at

o
n

se
t

M
et

h
o

d
o

f
se

iz
u

re
ch

ar
ac

te
ri

za
ti

o
n

G
S

as
fi

rs
t

m
an

i-
fe

st
at

io
n

O
th

er
se

iz
u

re
s

O
th

er
as

so
ci

at
ed

co
n

d
it

io
n

s

A
et

io
lo

gy
/

cr
an

ia
lM

R
I

In
te

ri
ct

al
ep

ile
p

ti
-

fo
rm

ac
ti

vi
ty

Ic
ta

lo
n

se
t

(V
EE

G
)

R
ef

ra
ct

o
ry

ep
ile

p
sy

Th
er

ap
eu

ti
c

Su
rg

er
y

Fo
llo

w
-

u
p

af
te

r
su

rg
er

y

8
M

6y
V

EE
G

N
o

Fo
ca

l
im

p
ai

re
d

aw
ar

en
es

s
se

iz
u

re
w

it
h

m
o

to
r

o
n

se
t

N
o

R
m

es
ia

l
sc

le
ro

si
s

R
an

te
ri

o
r

te
m

p
o

ra
l

R
an

te
ri

o
r

te
m

p
o

ra
l

Ye
s

C
B

Z
,L

TG
,

V
PA

Ye
s

A
m

yg
d

al
o

h
ip

-
p

o
ca

m
p

ec
to

m
yEn

ge
lI

a
af

te
r

2
y

9
F

47
y

C
lin

ic
al

N
o

Fo
ca

l
im

p
ai

re
d

aw
ar

en
es

s
se

iz
u

re
w

it
h

m
o

to
r

o
n

se
t;

G
TC

S

N
o

N
o

le
si

o
n

L
an

te
ri

o
r

te
m

p
o

ra
l

w
it

h
co

n
-

tr
al

at
er

al
sp

re
ad

in
g

L
an

te
ri

o
r

te
m

p
o

ra
l

Ye
s

V
PA

,Z
N

S,
LT

G
,C

LB
N

o
N

o

10
M

16
y

C
lin

ic
al

N
A

N
A

N
A

N
o

le
si

o
n

L
p

ar
ie

to
-

o
cc

ip
it

al
N

A
N

A
N

A
N

A
N

A

11
M

32
y

C
lin

ic
al

N
A

N
A

N
A

R
te

m
p

o
ra

l
lo

w
-g

ra
d

e
gl

io
m

a

R
te

m
p

o
ra

l
N

A
N

A
N

A
N

A
N

A

12
M

20
y

C
lin

ic
al

N
A

N
A

N
A

N
o

le
si

o
n

L
an

te
ri

o
r

te
m

p
o

ra
l

N
A

N
A

N
A

N
A

N
A

13
F

6
y

C
lin

ic
al

N
A

N
A

N
A

H
yp

o
th

al
am

ic
h

am
ar

to
m

a
Fr

o
n

ta
l

b
ila

te
ra

l
N

A
N

A
N

A
N

A
N

A

14
F

18
y

C
lin

ic
al

/
V

EE
G

N
o

Fo
ca

l
im

p
ai

re
d

aw
ar

en
es

s
se

iz
u

re
w

it
h

m
o

to
r

o
n

se
t;

G
TC

S

N
o

L
te

m
p

o
ra

l
n

eo
co

rt
ic

al
D

N
ET

Le
ft

te
m

p
o

ra
l

B
ila

te
ra

l
te

m
p

o
ra

l
(+

R
)

Ye
s

V
PA

,C
B

Z
,

LT
G

Ye
s,

Le
si

o
n

ec
-

to
m

y

En
ge

lI
a

af
te

r
4

y



Journal Identification = EPD Article Identification = 1153 Date: April 23, 2020 Time: 12:54 pm

Epileptic Disord, Vol. 22, No. 2, April 2020 169

Gelastic seizures

Ta
b

le
1.

C
lin

ic
al

ch
ar

ac
te

ri
st

ic
s

o
ft

h
e

al
lp

at
ie

n
ts

in
cl

u
d

ed
in

th
e

st
u

d
y

(c
o

n
ti

n
u

ed
).

n
Se

x
A

ge
at

o
n

se
t

M
et

h
o

d
o

f
se

iz
u

re
ch

ar
ac

te
ri

za
ti

o
n

G
S

as
fi

rs
t

m
an

i-
fe

st
at

io
n

O
th

er
se

iz
u

re
s

O
th

er
as

so
ci

at
ed

co
n

d
it

io
n

s

A
et

io
lo

gy
/

cr
an

ia
lM

R
I

In
te

ri
ct

al
ep

ile
p

ti
-

fo
rm

ac
ti

vi
ty

Ic
ta

lo
n

se
t

(V
EE

G
)

R
ef

ra
ct

o
ry

ep
ile

p
sy

Th
er

ap
eu

ti
c

Su
rg

er
y

Fo
llo

w
-

u
p

af
te

r
su

rg
er

y

15
F

1
y

C
lin

ic
al

/
V

EE
G

N
o

Fo
ca

l
im

p
ai

re
d

aw
ar

en
es

s
se

iz
u

re
w

it
h

m
o

to
r

o
n

se
t;

G
TC

S

N
o

L
te

m
p

o
ra

l
co

rt
ic

al
d

ys
p

la
si

a
an

d
L

m
es

ia
l

sc
le

ro
si

s

B
ila

te
ra

l
te

m
p

o
ra

l
B

ila
te

ra
l

fr
o

n
ta

l
(+

L)

N
o

V
PA

N
o

N
o

16
M

4
y

C
lin

ic
al

/
V

EE
G

N
o

G
TC

S
C

o
gn

it
iv

e
d

efi
ci

t
H

yp
o

th
al

am
ic

h
am

ar
to

m
a

Le
ft

fr
o

n
ta

l
B

ila
te

ra
l

fr
o

n
ta

l(
+

L)
Ye

s
TP

M
,L

EV
,

V
PA

N
o

w
ai

tf
o

r
ra

d
io

-
su

rg
er

y

N
o

17
F

11
y

C
lin

ic
al

/
V

EE
G

N
o

Fo
ca

l
im

p
ai

re
d

aw
ar

en
es

s
se

iz
u

re
w

it
h

m
o

to
r

o
n

se
t;

G
TC

S

Pu
b

er
ty

at
8

ye
ar

s
H

yp
o

th
al

am
ic

H
am

ar
to

m
a

B
ila

te
ra

l
fr

o
n

ta
l(

+
R

)
B

ila
te

ra
l

fr
o

n
ta

l(
+

R
)

Ye
s

LE
V,

O
XC

,
TP

M
,G

B
P

Ye
s

R
ad

io
su

rg
er

y
En

ge
lI

a
af

te
r

14
m

18
M

2
m

C
lin

ic
al

/
V

EE
G

Ye
s

N
o

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

H
yp

o
th

al
am

ic
h

am
ar

to
m

a
B

ila
te

ra
l

fr
o

n
ta

l
N

A
N

A
N

A
N

o
N

o

19
M

2
y

C
lin

ic
al

Ye
s

G
TC

S
D

el
ay

ed
p

sy
ch

o
m

o
to

r
d

ev
el

o
p

m
en

t

H
yp

o
th

al
am

ic
h

am
ar

to
m

a
L

an
te

ri
o

r
te

m
p

o
ra

l
N

A
Ye

s
ES

L,
V

PA
,

C
LB

N
o

N
o

20
M

1
y

C
lin

ic
al

Ye
s

N
o

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

H
yp

o
th

al
am

ic
h

am
ar

to
m

a
M

u
lt

if
o

ca
l

N
A

Ye
s

N
A

N
A

N
A

21
M

5
y

C
lin

ic
al

Ye
s

Fo
ca

l
im

p
ai

re
d

aw
ar

en
es

s
se

iz
u

re
w

it
h

se
n

si
ti

ve
o

n
se

t

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

N
o

le
si

o
n

R
an

te
ri

o
r

te
m

p
o

ra
l

N
A

Ye
s

N
A

N
o

N
o



Journal Identification = EPD Article Identification = 1153 Date: April 23, 2020 Time: 12:54 pm

170 Epileptic Disord, Vol. 22, No. 2, April 2020

I. Loução de Amorim, et al.

Ta
b

le
1.

C
lin

ic
al

ch
ar

ac
te

ri
st

ic
s

o
ft

h
e

al
lp

at
ie

n
ts

in
cl

u
d

ed
in

th
e

st
u

d
y

(c
o

n
ti

n
u

ed
).

n
Se

x
A

ge
at

o
n

se
t

M
et

h
o

d
o

f
se

iz
u

re
ch

ar
ac

te
ri

za
ti

o
n

G
S

as
fi

rs
t

m
an

i-
fe

st
at

io
n

O
th

er
se

iz
u

re
s

O
th

er
as

so
ci

at
ed

co
n

d
it

io
n

s

A
et

io
lo

gy
/

cr
an

ia
lM

R
I

In
te

ri
ct

al
ep

ile
p

ti
-

fo
rm

ac
ti

vi
ty

Ic
ta

lo
n

se
t

(V
EE

G
)

R
ef

ra
ct

o
ry

ep
ile

p
sy

Th
er

ap
eu

ti
c

Su
rg

er
y

Fo
llo

w
-

u
p

af
te

r
su

rg
er

y

22
M

5
y

C
lin

ic
al

Ye
s

G
TC

S;
ab

se
n

ce
se

iz
u

re
s

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t;

au
ti

sm

N
o

le
si

o
n

B
ila

te
ra

l
te

m
p

o
ra

l
(+

L)

N
A

Ye
s

FL
B

,V
PA

,
C

LB
N

o
N

o

23
M

7
y

C
lin

ic
al

Ye
s

Fo
ca

l
im

p
ai

re
d

aw
ar

en
es

s
se

iz
u

re
w

it
h

se
n

si
ti

ve
o

n
se

t

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

N
o

le
si

o
n

L
ce

n
tr

al
N

A
Ye

s
N

A
N

o
N

o

24
F

2
y

C
lin

ic
al

Ye
s

A
b

se
n

ce
se

iz
u

re
s

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t;

sp
as

ti
c

te
tr

ap
ar

es
is

N
ie

m
an

n
Pi

ck
C

w
it

h
fr

o
n

ta
l

lo
b

e
at

ro
p

h
y

R
ce

n
tr

o
-

p
ar

ie
ta

l
N

A
Ye

s
N

A
N

o
N

o

25
M

1
y

C
lin

ic
al

N
o

G
TC

S
D

el
ay

ed
p

sy
ch

o
m

o
to

r
d

ev
el

o
p

m
en

t

Le
n

n
o

x
G

as
ta

u
t

sy
n

d
ro

m
e

w
it

h
m

id
lin

e
m

al
fo

rm
at

io
n

R
fr

o
n

ta
l

N
A

Ye
s

V
PA

,C
LB

N
o

N
o

26
M

2
y

C
lin

ic
al

/
V

EE
G

Ye
s

N
o

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

L
fr

o
n

ta
l

G
an

gl
io

gl
io

m
a

R
fr

o
n

ta
l

N
A

Ye
s

N
A

Ye
s

1
N

A

27
F

8
m

C
lin

ic
al

N
o

A
b

se
n

ce
se

iz
u

re
s

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

R
h

em
is

p
h

er
e

Li
ss

en
ce

p
h

al
y

R
ce

n
tr

al
N

A
Ye

s
V

PA
,Z

N
S

N
o

N
o

28
F

2
m

C
lin

ic
al

N
o

G
TC

S
an

d
m

yo
cl

o
n

ic
ge

n
er

al
iz

ed
se

iz
u

re
s

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

M
et

h
yl

m
al

o
n

ic
ac

id
u

ri
a

N
o

Le
si

o
n

o
n

M
R

I

M
u

lt
if

o
ca

l
N

A
N

o
N

A
N

o
N

o



Journal Identification = EPD Article Identification = 1153 Date: April 23, 2020 Time: 12:54 pm

Epileptic Disord, Vol. 22, No. 2, April 2020 171

Gelastic seizures

Ta
b

le
1.

C
lin

ic
al

ch
ar

ac
te

ri
st

ic
s

o
ft

h
e

al
lp

at
ie

n
ts

in
cl

u
d

ed
in

th
e

st
u

d
y

(c
o

n
ti

n
u

ed
).

n
Se

x
A

ge
at

o
n

se
t

M
et

h
o

d
o

f
se

iz
u

re
ch

ar
ac

te
ri

za
ti

o
n

G
S

as
fi

rs
t

m
an

i-
fe

st
at

io
n

O
th

er
se

iz
u

re
s

O
th

er
as

so
ci

at
ed

co
n

d
it

io
n

s

A
et

io
lo

gy
/

cr
an

ia
lM

R
I

In
te

ri
ct

al
ep

ile
p

ti
-

fo
rm

ac
ti

vi
ty

Ic
ta

lo
n

se
t

(V
EE

G
)

R
ef

ra
ct

o
ry

ep
ile

p
sy

Th
er

ap
eu

ti
c

Su
rg

er
y

Fo
llo

w
-

u
p

af
te

r
su

rg
er

y

29
M

15
m

C
lin

ic
al

N
o

G
TC

S
N

o
L

h
em

is
p

h
er

ic
at

ro
p

h
y

L
fr

o
n

ta
l

N
A

N
o

N
A

N
o

N
o

30
M

2
m

C
lin

ic
al

/
V

EE
G

Ye
s

G
TC

S
an

d
ep

ile
p

ti
c

sp
as

m
s

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

L
te

m
p

o
ra

l
m

ed
ia

l
G

an
gl

io
gl

io
m

a

L
te

m
p

o
ra

l
N

A
Ye

s
V

PA
,E

SL
Ye

s
1

En
ge

lI
a*

31
F

4
m

C
lin

ic
al

/
V

EE
G

Ye
s

G
TC

S
an

d
ep

ile
p

ti
c

sp
as

m
s

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

D
if

fu
se

lis
se

n
ce

p
h

al
y

H
yp

sa
rr

h
yt

h
m

ia
N

A
Ye

s
V

G
B

,Z
N

S,
C

LB
N

o
N

o

32
F

6
y

C
lin

ic
al

/
V

EE
G

Ye
s

G
TC

S
D

el
ay

ed
p

sy
ch

o
m

o
to

r
d

ev
el

o
p

m
en

t

D
en

ta
to

ru
b

ra
l-

p
al

lid
o

lu
ys

ia
n

at
ro

p
h

y

O
cc

ip
it

al
N

A
Ye

s
V

PA
,L

EV
,

C
LB

N
o

N
o

33
M

18
m

C
lin

ic
al

N
o

G
TC

S;
ab

se
n

ce
se

iz
u

re
s

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

H
yp

o
th

al
am

ic
h

am
ar

to
m

a
B

ila
te

ra
l

fr
o

n
ta

l
N

A
Ye

s
C

LB
,V

PA
Ye

s
1

En
ge

lI
V

*

34
M

4
y

C
lin

ic
al

Ye
s

EP
C

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

R
h

em
is

p
h

er
e

R
as

m
u

ss
en

R
te

m
p

o
ro

-
o

cc
ip

it
al

N
A

Ye
s

N
A

Ye
s

1
En

ge
lI

a*

35
F

10
y

C
lin

ic
al

Ye
s

N
o

D
el

ay
ed

p
sy

ch
o

m
o

to
r

d
ev

el
o

p
m

en
t

C
h

ro
m

o
so

m
al

d
is

o
rd

er
,n

o
le

si
o

n
o

n
M

R
I

N
o

n
e

N
A

Ye
s

V
PA

,C
LB

,
ES

L
Ye

s
1

En
ge

lI
V

*

A
ge

at
o

n
se

t
re

fe
rs

to
th

e
ti

m
e

o
f

th
e

fi
rs

t
ge

la
st

ic
se

iz
u

re
m

an
if

es
ta

ti
o

n
;*

N
o

in
fo

rm
at

io
n

ab
o

u
t

fo
llo

w
u

p
ti

m
e;

1N
o

in
fo

rm
at

io
n

ab
o

u
t

th
e

su
rg

er
y

ty
p

e;
N

A
:n

o
t

av
ai

la
b

le
;L

:
le

ft
;R

:r
ig

h
t;

y:
ye

ar
s;

m
:m

o
n

th
s;

F:
fe

m
al

e;
M

:m
al

e;
G

TC
S:

ge
n

er
al

iz
ed

to
n

ic
-c

lo
n

ic
se

iz
u

re
s;

C
B

Z
:c

ar
b

am
az

ep
in

e;
C

LB
:c

lo
b

az
am

;C
Z

P:
cl

o
n

az
ep

am
;E

SL
:e

sl
ic

ar
b

az
ep

in
e;

FB
M

:
fe

lb
am

at
e;

G
B

P:
ga

b
ap

en
ti

n
;L

C
M

:l
ac

o
sa

m
id

e;
LE

V
:l

ev
et

ir
ac

et
am

;L
TG

:l
am

o
tr

ig
in

e;
O

XC
:o

xc
ar

b
az

ep
in

e;
PE

R
:p

er
am

p
an

el
;T

PM
:t

o
p

ir
am

at
e;

V
PA

:v
al

p
ro

at
e;

V
G

B
:v

ig
ab

at
ri

n
;

Z
N

S:
zo

n
is

am
id

e.



Journal Identification = EPD Article Identification = 1153 Date: April 23, 2020 Time: 12:54 pm

1

I

V
S
f
S
n
w
(
(
I
m
r
t
o
t
p
a
o
I
w

D

I
p
a
o
b
t
i
G
I
s
s
n
s
c
o
2
m
i
p
s
o
H
o
T
a
I
e
2
w
d
p
o
o

a
d
a
I
s
l
p
s
o
e
T
a
d
t
m
e
A
s
s
a
t
s
t
l
V
A
t
c
h
i
l
t
i
o
a
e
a
7
p
a
e
(
p
w
H
d
w
(
a

. Loução de Amorim, et al.

EEG data was available for analysis in 11 patients.
calp EEG ictal onset was temporal in five patients,
rontal in four, parietal in one, and occipital in one.
even of these patients had non-HH lesions on cra-
ial MRI. Among these, six had a VEEG concordant
ith the MRI lesion: frontal (one patient), temporal

three patients), parietal (one patient) and occipital
one patient) (figure 1).
n 30 patients, it was possible to evaluate the treat-

ents prescribed. From those patients, 90% (n=27) had
efractory epilepsy. All the treatments are described in
able 1. Epilepsy surgery was performed in 36.7% (n=11)
f patients. Only three patients with HH were submit-

ed to surgery. In the HH group, only one of the three
atients submitted to surgery remained seizure-free
fter 14 months of follow-up. In the non-HH group,
n the contrary, most patients remained in Engel Class

a, except for one patient with a genetic disorder, for
hom surgery was ineffective.

iscussion

n this study, we reported 35 adult and paediatric
atients with GS and identified different aetiologies
nd affected topographies, including 27 patients with-
ut HH. Cases were obtained not only based on VEEG
ut also from other sources for seizure characteriza-

ion, and patients with both laughter and giggling were
ncluded, providing a more comprehensive picture of

S in clinical practice.
n most patients, GS were accompanied by other
eizures, including mostly generalized tonic-clonic
eizures and focal seizures with impaired conscious-
ess and motor or sensitive onset. These data are
imilar to those of other studies, which also con-
luded that patients with GS usually have other types
f seizures (Tassinari et al., 1991; Striano et al., 1999,
012). Most seizures are automotor seizures, that com-
only originate in temporal or frontal regions, and

nvolve the different areas involved in GS network and
ropagation of seizure activity. GS was the presenting
ymptom of epilepsy in only 15 of the 31 patients based
n the information available. In both HH and non-
H, approximately half the patients had other types
f seizures before GS were noted or reported.
he majority of previously published GS series have
ddressed HH related epilepsies (Nguyen et al., 2003).
ndeed, GS are commonly deemed a hallmark of HH,
72

specially in early-age-onset cases (Kerrigan et al.,
005). In this type of pathology, patients can present
ith other conditions, like delayed psychomotor
evelopment, severe cognitive deficit or precocious
uberty (Tassinari et al., 1991). This is congruent with
ur data regarding other associated conditions. In
ur study, we found eight patients (22.9%) with GS

i
a
m
T
t
d
m

ssociated with HH, and in all of them, seizures started
uring infancy or adolescence, reinforcing this classic
ssociation.
n patients without HH, the age at the first GS varied
ignificantly, and a high proportion started in ado-
escence and adulthood. This is in accordance with
reviously published series of non-HH GS in which
eizure onset ranged from between months to 93 years
f age (Tassinari et al., 1991; Kovac et al., 2015; Gutierrez
t al., 2016).
here are many different non-HH GS associated
etiolies. These include inflammatory, infectious, and
ysplastic aetiologies, as well as mesial sclerosis and

umours of all cerebral lobes, the pituitary gland,
ammillary bodies and the third ventricle (Tassinari

t al., 1991; Munari et al., 1995; Kuzniecky et al., 1997).
lthough mesial temporal lobe sclerosis was not
uggested to be an aetiology of GS based on earlier
tudies, (Tassinari et al., 1991), later series have shown
predominance of mesial sclerosis, ranging from 12.5

o 21% (Kovac et al., 2015; Gutierrez et al., 2016). In our
eries, the percentage was smaller (7.4%), suggesting
hat this preponderance in previous studies is most
ikely related to the reference bias associated with
EEG.
s previously mentioned, localization of the epilep-

ogenic focus in GS is presumably related to the
erebral network of laughter that spreads from the
ypothalamus to several cerebral areas, such as the

nferior temporal, the mesial frontal and the parietal
obes (Umeoka et al., 2008; Talvik et al., 2012). Cor-
ical stimulation studies showed widespread areas
nvolved in that network (Caruana et al., 2015). In
ur series, data from both cranial MRI and interictal
nd ictal EEG reinforces this claim. Indeed, interictal
pileptiform activity and ictal EEG onset was located
t fronto-temporal leads, respectively, in 83.9% and
1.4% of the patients. This is also in accordance with
revious reports of GS (Tassinari et al., 1991; Striano et
l., 1999; Tran et al., 2014; Kovac et al., 2015; Gutierrez
t al., 2016). In particular, Tassinari and co-workers
Tassinari et al., 1991) described the largest series of GS
ublished to date. These authors reviewed 60 patients
ith GS not associated with HH and 60 patients with
H, mostly from previously published cases. In accor-
ance with our data, in non-HH patients, seizure foci
ere located in sites that included mostly temporal

61%), frontal (10%), and frontal and temporal (22%)
reas. Localization of seizure onset was not possible
n 7% of the patients. Cortical stimulation studies
Epileptic Disord, Vol. 22, No. 2, April 2020

lso show that the temporal lobe generates smiling
anifestations (Arroyo et al., 1997; Wild et al., 2003).

he frontal lobe has also been shown to be involved in
he motor aspect of laughter, with a non-emotionally
riven pathway involving the anterior cingulate, pre-
otor frontal, and opercular areas projecting through
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igure 1. Patient with MELAS disease. (A) Cranial MRI-FLAIR- hyper
osterio-occipital leads, bilateral; (C) Interical EEG – Periodic discharg
173

signal in right occipital region; (B) Ictal EEG- Rhytmic theta in
es in right parietal- occipital regions.
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T
ing his 1991 work on gelastic seizures. None of the authors have
any conflict of interest to declare.
. Loução de Amorim, et al.

he motor cortex directly to the ventral brainstem
Wild et al., 2003; Tran et al., 2014). Tassinari described
emiological differences between GS according to its
rigin and aetiology (Tassinari et al., 1991). GS with

emporal lobe origin could resemble normal laughter
nd usually occurred with a sense of mirth, pleasure
r happiness. On the contrary, frontal lobe origin (six
ases) led to “unnatural” and briefer periods of laugh-
er without emotional content that were usually less
requent with long-lasting laughter. In HH, GS resem-
led natural laughter but lacked emotional content
nd were usually brief. These semiological differences
re in accordance with this proposed role of the frontal
obe in the motor component of laughter, whereas
imbic structures are mostly responsible for the
motional part of this behaviour. Unfortunately, in our
tudy, given its retrospective nature, we were unable to
nalyse the motor and emotional characteristics of GS.
n our study, as in other published series, non-HH GS

ay occur both in left and right hemisphere epilepsies
nd have no lateralizing value (Tassinari et al., 1991; Tran
t al., 2014).
f note, we have also identified two patients with

oncordant lesional and VEEG data for ictal onset in
arietal and occipital lobes. Only one published study
escribes the involvement of the parietal lobe in the
enesis of GS (Kovac et al., 2015). In the series of Tas-
arini et al. (1991), there was also one patient in whom
S was elicited by fusiform stimulation. In one of the
atients (Patient 4), a left temporo-parietal dysembry-
plastic neuroepithelial tumour (around the parietal
perculum) was removed and the patient remained
eizure-free, confirming this area as the epileptogenic
egion. In is not possible to exclude, however, prop-
gation to more anterior temporal areas. In Patient
, only scalp EEGs were performed and we have to
cknowledge that this more posterior EEG activity may
e due to propagation from fronto-temporal origins.
he ictal EEG, however, shows rhythmic activity in bilat-
ral posterior regions (figure 1B) with later propagation
o the bilateral anterior lead (not shown). Furthermore,
he concordance between MRI (figure 1A) and VEEG
both ictal [figure 1A] and interictal [figure 1C]), and
he fact that these posterior brain regions have also
een described to participate in the cerebral networks
f laughter, suggest that these areas should also be
onsidered as possible ictal onset zones for HH. Taken
ogether, our data and the data from other series in
he literature suggest that gelastic manifestation in
eizures may not have localizing value.
74

ost patients with GS presented with refractory
pilepsy, as is usually the case in GS series (Striano
t al., 2009; Gutierrez et al., 2016). In this study, we
imed to focus on patients with GS in clinical practice,
voiding the reference bias associated with VEEG data.
he frequent occurrence of refractory epilepsy in

R

A
c
E

ur series, however, may still be related to reference
ias rather than a specific association with GS. On

he one hand, we recruited patients from tertiary
are hospitals with frequent referrals for refractory
pilepsy. On the other hand, it is possible that subtle
elastic features of seizures in patients with other
ypes of ictal semiology were missed in patients with
omplete seizure remission under medication or with
are seizures, as is the case of non-refractory patients.

f note, patients submitted to epilepsy surgery had
n overall good surgical outcome, emphasizing the
mportance of this treatment strategy in selected
atients (Téllez-Zenteno et al., 2010).
his study presents several limitations. First, it is
etrospective and multicentric with possible selection
ias, and included non-standardized patient evalu-
tion. Secondly, the majority of the diagnosis of GS
as made based on direct clinical observations or

elatives’/caregivers’ descriptions. Although this may
ave led to false-positive cases, it also makes our
ample more comprehensive because it also included
atients for whom VEEG was not necessary. Finally,
ue to the retrospective nature of our study, other
emiological data that may have clinical or localizing
alue, such as the emotional content of GS (laughter
ith no mirth originating in anterior cingulate areas

Sperli et al., 2006) and emotional content from more
asal temporal areas (Tassinari et al., 1991; Fried et al.,
998), or the association with hormonal symptoms in
H, were not collected.

n conclusion, our study reinforces that, despite the
trong association between GS and HH in children,
ther aetiologies and patterns of affected topography
nrelated to HH are common in patients of all ages
ith these types of seizure manifestation. This ictal

ign has no lateralizing value and, despite a clear pre-
onderance for hypothalamic, frontal and temporal

obe origin, other brain areas, namely the parietal and
ccipital lobes, should be considered. Further studies
re necessary to better characterize ictal laughter and
ts association with specific emotional content. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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(3) Which other brain regions can trigger gelastic seizure

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
175

s?

uestions. Correct answers may be accessed on the
“The EpiCentre”.
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