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ABSTRACT – There are few reports of laughter and/or mirth evoked by
electrical stimulation of the brain. In this study, we present a patient with
intractable epilepsy in whom mirth and laughter was consistently produced
during stimulation of the left inferior frontal gyrus (opercular part) using
stereotactically placed depth electrodes. A review of the literature shows

when stimulated are located in the
age areas or cortical negative motor

l mapping, mirth, laughter, language
eizures

tion of the temporal lobe. This was
later supported by results published
by Satow et al. (2003) and Sperli
et al. (2006). Other reported data
(Fried et al., 1998; Krolak-Salmon
et al., 2006; Schmitt et al., 2006)
showed that laughter with and with-
out mirth can be provoked by
stimulation of the frontal cortex; in
the pre-supplementary sensorimo-
tor area (pre-SSMA), immediately
anterior to face and hand repre-
sentation in the rostral part of the
supplementary sensorimotor area
(SSMA), and the superior frontal
gyrus.
orrespondence:

uadalupe Fernandez-Baca Vaca

that cortical sites that produce mirth
dominant hemisphere close to langu
areas.

Key words: brain stimulation, cortica
areas, negative motor areas, gelastic s

Electrical stimulation in epileptic
patients undergoing pre-surgical
evaluation with intracranial elec-
trodes is routinely performed to
determine the location of elo-
quent cortical areas. This provides
a unique opportunity to study the
functional anatomy of the human
brain.
Laughter and mirth have been stu-
died by researchers for centuries
yet their neuronal correlates still
remain poorly defined (Wild et al.,
2003). There are few reports of
laughter and mirth provoked by
electrical stimulation of the brain.
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Arroyo et al. (1993) suggested that
the motor program of laughter and
the experience of mirth are dissoci-
ated. Based on their results, it was
concluded that laughter is repre-
sented in the anterior cingulate
gyrus and that mirth is a func-

In this manuscript, we present evi-
dence that electrical stimulation
of the left inferior frontal gyrus
(opercular part) consistently elicited
mirth and laughter in a patient with
sterotactically placed depth elec-
trodes for intractable epilepsy.
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ase report

he patient was a 55-year-old right-handed woman
ith non-lesional focal intractable epilepsy, who

tarted having seizures at the age of 46. Her seizure
emiology was characterised by an abdominal aura
volving into a dialeptic seizure. Related medical
onditions were anxiety and depression, currently
reated with fluoxetine. Her general and neurologi-
al examinations were unremarkable. MRI and PET
cans showed no abnormalities. Previous noninva-
ive video-EEG monitoring showed interictal and ictal
nset activity maximum at Sp1 (left sphenoidal). The
atient had dialeptic seizures during surface moni-

oring. An intracarotid amobarbital test revealed left
emisphere dominance for language and bilateral
ominance for memory (greater on the right than

eft side). Left mesial temporal lobe epilepsy was sus-
ected and further investigation was performed using

en stereotactically placed depth electrodes covering
esial and lateral aspects of the frontal lobe, tempo-

al lobe and insula, targeting the following structures:
ateral and medial frontal lobe, temporal pole, amyg-
ala, anterior and posterior hippocampus, posterior

emporal lobe, posterior cingulate, and anterior and
osterior insular cortices. The implanted electrodes
ere made of platinum-iridium and each electrode

ontact was 2.5mm in length with 5mm centre-to-
entre inter-contact distance. The ictal onset zone
as localised to the left hippocampus and the patient

ubsequently underwent multiple hippocampal tran-
ections.
lectrical stimulation was performed for functional
apping prior to epilepsy surgery. Electric current
as applied with a pulse width of 0.5ms, duration
f 3-5 seconds, and stimulation intensity of 1-12mA.
timulation of the contact, located in the left inferior
rontal gyrus (opercular part) in the limit between grey
nd white matter, consistently elicited laughter and a
ensation of mirth. On several occasions, she started
aughing during stimulation and stopped at the end
f the stimulus. After termination of stimulation, she
ade comments such as “you guys are making me

augh”, “something was making me laugh” or “that was
eally funny”. When asked, she was unable to iden-
ify what was funny, but she would describe it “as if
omebody was joking with me about something”. The
aughter appeared to be her typical laugh and was
nfectious, sometimes leading to a general burst of
36

aughter by the physicians and technicians present in
he room. This response was elicited at 6mA, a total of
ix times during two different stimulation sessions that
ook place on two different days. The response evoked
n both days was almost identical, with the patient
naware that the same electrode was being stimulated.
o afterdischarges were recoded. The superimposi-

t
1
w
r
1
t
l

ion of the presurgical MRI and the post-surgical CT
can using Brainlab® is shown in figure 2. The elec-
rode contact where this behaviour was elicited is
epresented in the centre of the axial, coronal and
agittal planes.

iscussion

here are several reports of laughter evoked by electri-
al stimulation of the brain. In some of these reports,
lectrical stimulation was observed to elicit laughter
ithout mirth. Sem-Jacobsen (1968) evoked laughter
y electrical stimulation in the anterior cingulate and
rbito-frontal cortex. In this study, difficulties were
eported in the evaluation of the presence of mirth
n these patients as they were diagnosed with psychi-
tric disorders. A report of a smile as a clinical response
o electrical stimulation was described in two patients
Fish et al., 1993) during stimulation of the amygdala
nd the frontal lobe. Again, it is unclear if these patients
elt mirth during the stimulation. Right SSMA stimu-
ation elicited laughter without mirth in one patient
Schmitt et al., 2006). Another group (Sperli et al., 2006)
nduced a contralateral smile and laughter without

irth by electrical stimulation of the right cingulate
ortex. These results suggest the participation of the
esial frontal cortex in the motor aspects of laughter,

s previously suggested (Arroyo et al., 1993).
n the other hand, other groups were able to elicit

aughter along with mirth sensation (Arroyo et al., 1993;
ried et al., 1998; Krolak-Salmon et al., 2006; Satow
t al., 2003). Arroyo et al. (1993) reported two patients
ith mirth and laughter provoked by electrical stimu-

ation in the left basal temporal region (parahippo-
ampal and fusiform gyrus) and one patient with
elastic seizures arising from the left cingulate who
as seizure-free after surgery. The authors suggested
issociation between the motor act and processing
f emotional content of laughter, with representation

n the anterior cingulate and basal temporal areas,
espectively. They proposed the basal temporal lobe
s the structure involved in the association of visual,
uditory and olfactory perception, cognitive proces-
ing, and transmission of information to the limbic sys-
em. This was supported by Satow et al. (2003) who
eported a case of mirth provoked during electrical
timulation of the left inferior temporal gyrus. Later on,
irth with laughter was induced by electrical stimula-
Epileptic Disord, Vol. 13, No. 4, December 2011

ion of the temporal lobe in two patients (Fried et al.,
998; Krolak-Salmon et al., 2006). Mirth with laughter
as induced by stimulation of the left frontal cortex,

ostral to the anterior part of the SSMA (Fried et al.,
998). The authors proposed a close linkage between
he motor, affective and cognitive components of
aughter based on the observation that the patient



E

g
l
t
v
m
t
t
l
l
t
H
u
l
i
fi
W
i
c
c
T
i
l
d
d
d
p
r
c
t
m
I
i
t

o
(
1
g
(
w
p
a
c
b
i
t
i
s
p
d
s
i
r
a
s
e
s
l
r
t

F

ave a different explanation each time, attributing the
aughter to whatever external stimulus was present at
he time. Krolak-Salmon et al. (2006) systematically pro-
oked smiling and laughter along with a sensation of
erriment in a patient during electrical stimulation in

he left pre-SSMA. These results suggest the participa-
ion of not only the temporal lobe, but also the frontal
obe in the emotional aspect of laughter. Moreover,
aughter was elicited in an 18-month-old patient over
he left lateral premotor cortex (Schmitt et al., 2006).
owever, in this case, due to the patient’s age, it was
nclear if mirth was present or not. The cortical stimu-

ation sites that elicited mirth in previous reports,
ncluding the case reported here, are summarised in
gure 1.
e consistently induced mirth and laughter at 6mA

n the left inferior frontal gyrus (opercular part), very
lose to the superior border of the anterior insular
ortex, in the limit between white and grey matter.
his contact resulted from a depth electrode target-

ng the anterior insular cortex with a medio-ventral to
atero-dorsal trajectory. No afterdischarges were seen
uring stimulation. Stimulation of adjacent contacts
id not produce similar symptoms. Position of the
epth electrode was verified by superimposition of
re-implantation MRI with a post-implantation high
pileptic Disord, Vol. 13, No. 4, December 2011

esolution CT scan providing very precise anatomi-
al location, however, the possibility of activation of
he insular cortex and/or immediately adjacent white

atter tracts cannot be excluded.
t is worthwhile to note that, in most of the cases
n which mirth was elicited, the stimulated elec-
rodes were located in the frontal or temporal lobes

a
c
t
M
a
r
V

Stimulation induced Mirth

Arroyo S. Brain 1993;116:757-780.
Patient 2 :
Patient 3 :

Fried T. J Neurosci 1998;11:3656-3666.
Satow T. J Neurol Neurosurg Psychiatry 200
Krolack P. Ann Neurol 2006;59:196-199.
Fernandez-Baca Vaca G. (current case).

and1a
1

2
3
4
5

1b

1b

4

igure 1. Summary of stimulation sites that elicited mirth alone or wi
Mirth laughter during cortical stimulation

f the dominant hemisphere based on Wada results
Arroyo et al., 1993; Satow et al., 2003; Fried et al.,
998; Krolak-Salmon et al., 2006). Handedness or lan-
uage lateralisation was not specified in one patient
Fried et al., 1998) and in another patient language
as lateralised to the right hemisphere with Wada test
erformed only on the left (Arroyo et al., 1993). In
ddition, many of the reported stimulation sites were
lose to a speech area. Mirth and language distur-
ances were induced in the left basal temporal region

n three patients (Arroyo et al., 1993; Satow et al., 2003),
wo of whom had left language dominance, taking
nto account that the basal temporal lobe is known to
upport language functions (Lüders et al., 1991). Our
atient is a right-handed woman with left language
ominance in whom mirth was elicited in the left hemi-
phere, in a location next to Broca’s area. As discussed
n other publications, humour processing in humans is
elated to language (Arroyo et al., 1993; Spector, 1990)
nd Broca’s area has been associated with the proces-
ing of humour in normal patients using fMRI (Ozawa
t al., 2000). In another case report (Fried et al., 1998),
peech arrest was elicited, in addition to mirth and
aughter, in the mesial frontal lobe, rostral to the SSMA
egion. Fried et al. suggested that speech and laugh-
er are closely represented in the area immediately
437

nterior to that involved in manual activity. However,
urrent evidence does not support the assumption
hat the pre-SSMA area includes a language centre.

any groups have consistently elicited speech arrest
nd/or speech slowing by electrical stimulation in the
egion rostral to the SSMA (Penfield and Welch, 1951;
an Buren and Fedio, 1976; Fried et al., 1991; Lim

3;74:1003-1007.

1a

1b

3

2

5

th laughter.
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igure 2. Superimposition of the presurgical MRI and postsurgica
nd laughter were elicited is represented in the centre of the axi

t al., 1994). This phenomenon was first interpreted
s aphasia but was subsequently demonstrated to be
econdary to inhibition of movement of the tongue
ince the stimulated area is part of the supplementary
egative motor area (Lim et al., 1994). Repetitive vocali-
ations were also elicited by electrical stimulation in
he mesial frontal area, either as a continuous prolon-
ation of a vowel sound (Fried et al., 1991) or associated
ith a rhythmic movement involving the mouth

nd jaw, bilaterally (Lim et al., 1994). These vocali-
ation movements differ from the symptoms elicited
y stimulation in other language areas (Broca, Wer-
icke and the basal temporal language areas) (Schäffler
t al., 1993).
negative motor area is defined as a cortical region
38

hat, when stimulated at a stimulus intensity that does
ot otherwise produce symptoms or afterdischarges,
roduces an inability to perform or sustain voluntary
ontractions. There is evidence in humans for two
egative motor areas which function: (1) bilaterally in

he mesial portion of the superior frontal gyrus imme-
iately in front of the face motor area of the SSMA,

h
n
m
a
I
b
t

nial CT scan using Brainlab®. The electrode contact where mirth
ronal and sagittal planes.

nd (2) in the inferior frontal gyrus of the dominant
emisphere, in front of the primary motor face area

requently overlapping with Broca’s area. It has been
peculated that these areas are related to the planning
f voluntary movements (Lüders et al., 2000). Matelli
t al. described two frontal areas in the macaque mon-
ey, F5 and F6, which play a role in the preparation
f voluntary movements (Matelli et al., 1991). These
reas may correspond to the negative motor areas and
roca’s area in humans (Lüders et al., 2000). We believe

t is significant that mirth and laughter are elicited
n areas that overlap or are in close proximity with
hese negative areas, as shown in previous publica-
ions (Fried et al., 1998; Krolak-Salmon et al., 2006) and
ur own patient. This suggests that these areas may
Epileptic Disord, Vol. 13, No. 4, December 2011

ave evolved from areas F5 and F6 in monkeys and are
ot only specialised in preparation for voluntary move-
ents and/or language (Broca’s area) but also in mirth

nd humour.
n summary, it appears that mirth with laughter can
e induced by stimulation of a variety of frontal or

emporal sites, mainly in the dominant hemisphere,
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n close spatial proximity to language (basal temporal
anguage area and Broca’s area) and negative motor
reas, suggesting that these areas may be involved in
he motor expression (laughter) of mirth. It is surpris-
ng, however, that laughter and mirth are not elicited by
lectrical stimulation of brain areas in close proximity
o Wernicke’s area if this assumption is correct.
n addition, electrical stimulation elicits mirth and
aughter only very rarely, compared to language and
egative motor phenomena. This suggests that the
ortical areas involved in mirth and laughter must be
elatively small.
he possibility that the mirth and laughter observed in
ur patient was related to mood alterations or frontal

obe disinhibition (pathological laughter) should also
e considered. We believe, however, that this is
nlikely in this case. The patient‘s mood was stable and
he denied any symptoms of depression or mania. The
atient also did not display any symptoms of disinhibi-

ion or pathological laughter. Of course, the possibility
hat the mirth and laughter was the product of frontal
isinhibition elicited by the electrical stimulation can-
ot be excluded.
leasant auras, including sensations of satisfaction,
armony or orgasm-like sensation have been reported

Stefan et al., 2004; Meletti et al., 2006). In some patients,
hese sensations were associated with other symp-
oms and signs, such as abdominal auras, déjà-vu auras,
ear, visual auras and oral automatism. In most of
hese patients, the epileptogenic zone was localised
o the temporal lobe but lateralisation was inconclu-
ive. Our patient had a consistent feeling of mirth
long with laughter during electrical stimulation. She
escribed the sensation to be as “if someone was

oking with me,” “if someone was trying to make me
augh” and her sensation could be interpreted as a
umoristic state. We believe this sensation is different

rom satisfaction, harmony or orgasmic sensation and
orresponds to a different symptomatogenic zone. The
ame applies also to the “humoristic mirth” elicited
y cortical stimulation by other authors (Arroyo et al.,
993; Fried et al., 1998; Krolak-Salmon et al., 2006; Satow
t al., 2003).
aughter is the main symptom of gelastic seizures
hich may or may not be accompanied by subjective

eelings of mirth. Spontaneous gelastic seizures have
een mainly associated with hypothalamic hamar-

omas and less frequently with temporal, frontal and
nterior cingulate lesions (Bianchin and Sakamoto,
pileptic Disord, Vol. 13, No. 4, December 2011

008; Munnari et al., 2000). Intracranial recordings of
atients with gelastic seizures have shown that the ictal
nset zone for gelastic seizures without mirth is most
ften located in the hypothalamic hamartoma (Kahane
t al., 2003) but may also be located in the frontal

obe, specifically the anterior cingulate, the superior
rontal gyrus and the orbito-frontal cortex (Arroyo

o
o
C

L
a

L
t

Mirth laughter during cortical stimulation

t al., 1993; Chassagnon et al., 2003; Umeoka et al., 2008;
nnwongse et al., 2010). There are studies showing that

cute electrical stimulation of hypothalamic hamar-
oma elicits gelastic seizures (Kahane et al., 2003). It
s possible, however, that this may be related to spread
f the epileptiform discharge to connected brain areas
nd that the symptomatogenic zone for mirth and
aughter seen during gelastic seizures could be located
n a different region. The review of the literature out-
ined above suggests that the symptomatogenic zone
or the motor act of laughing without mirth is most
ikely represented in the frontal lobe (anterior cingu-
ate and superior frontal gyrus in both hemispheres),
nd that the symptomatogenic zone for the sensa-
ion of mirth may be represented in the temporal and
rontal lobes of the dominant hemisphere in close
roximity to language (Broca’s area or basal temporal
reas) and negative motor areas. �
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