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Abstract

Gelastic seizures (GS) are a rare form of epilepsy characterized by inap-
propriate, uncontrolled laughter. They are highly associated with abnormal
cognitive development and behavioral problems in patients. Research has
shown that GS can originate from hypothalamic hamartomas (HH), non-
neoplastic masses consisting of gray matter with large and small neurons
interspersed with glial nuclei. GS have also been observed in patients with
frontal and temporal lobe lesions.

The patient in this case report is a 40-year-old man with a past medical
history significant for brain tumor, diabetes mellitus, and schizophrenia who
presented with a long standing history of sudden, involuntary laughter occur-
ring 2-3 times a week since 8 years old. Since the onset of these laughing
spells the patient has displayed gradual cognitive impairment and increasing
behavioral problems. Subsequent EEG (21-channel electroencephalogram)
showed focal epileptiform activity in the right frontotemporal region and MRI
studies revealed a mass arising from the hypothalamus suggestive of a HH.

Other conditions should be considered in the differential diagnosis for
laughing spells and distinguishing different causes can be challenging. As
demonstrated by this case report, in patients with behavioral issues, especially
those with inappropriate uncontrolled laughter, gelastic seizures need to be
included in the differential diagnosis. Thus, a thorough workup should include
neuroimaging with attention to the suprasellar region and EEG. Accurate,
early diagnosis and patient education are critical in avoiding excessive and
unnecessary treatments. This condition may be pharmacoresistant and is
often associated with progressive cognitive and behavioral issues. Studies
have shown a surgical treatment approach may be effective.

Introduction

Gelastic seizures (GS) are a rare seizure form characterized
by inappropriate laughter. They classically occur in infancy
with high frequency and periodicity.'* There is currently lim-
ited knowledge of the epidemiology, particularly in the adult
population, but one study conducted at a major epilepsy center
in London found that GS were found in fewer than 0.8% of
patients.* They may also occur in association with other seizure
semiologies and therefore may go unrecognized.

Laughing seizures were first described by Trousseau in 1877
as bursts of laughter lasting only a few seconds.’ In 1957, Daly
and Mulder coined the term “gelastic seizure,” from the greek
word “gelos” meaning laughter, to describe a seizure pattern
with laughter as the predominant feature.® GS have been clas-
sically associated with hypothalamic hamartomas (HH), rare
lesions that often present in early infancy.? However, they can
also be caused by temporal and frontal lobe pathologies.* Clini-
cal features range in severity from a pressure to laugh to more
debilitating seizures, precocious puberty, and cognitive impair-
ment. 27# Given the rarity of this condition, practice guidelines

for treatment are currently not available. We present a case of
a 40-year-old man with a history of inappropriate laughter in
the context of worsening behavioral issues and MRI findings
suggestive of a HH.

Case Report

A 40-year-old man was referred to a Hawai‘i comprehensive
epilepsy center for management of medically refractory sei-
zures. His seizures began at the age of 8 and occurred at a
stable frequency of approximately 2-3 times per week. His
episodes were not preceded by any noticeable aura and the ictal
semiology comprised of sudden, involuntary laughter that was
unrelated to external stimuli. The patient also described several
episodes of breath-holding and one occasion in which he suf-
fered a generalized tonic-clonic seizure. Medications that he
had tried in the pastincluded carbamazepine, sodium valproate,
and levetiracetam; however, these agents were unsuccessful in
controlling the episodes.

The patient’s seizures had been attributed to an optic glioma
that was diagnosed in childhood, for which he received ra-
diation therapy. Subsequently, the patient’s father noted the
gradual development of cognitive impairment in his son. The
patient’s past medical history also included diabetes mellitus
and schizophrenia. His medications at the time of consulta-
tion included metformin, quetiapine, aripiprazole, fluoxetine,
low-dose aspirin, and B12 supplements. He was unemployed
and received assistance with activities of daily living from
his father. He denied any substance abuse. His family history
included neoplastic disease in his grandparents, although the
tissue origin and degree of invasiveness were unknown.

On physical examination, the patient appeared as an over-
weight man of stated age. He was afebrile and hemodynamically
stable. He was alert and orientated to time, place, and person.
He exhibited mild cognitive deficits. Cranial nerve examina-
tion found no deficits. His pupils were equal and reactive, he
had full range of extra-ocular movements and he had no visual
field defects. He had normal facial movements and sensation,
and his tongue and palate moved symmetrically. Likewise,
examination of the patient’s extremities demonstrated normal
tone, power, reflexes, coordination, and sensation.

In light of the patient’s reported history of optic glioma and
recurrent seizures, a standard 2 1-channel electroencephalogram
(EEG) and magnetic resonance imaging (MRI) scan were per-
formed. The patient’s EEG was reviewed by an epileptologist
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and showed several bursts of diffuse spike and wave activity,
more prominent in the right frontotemporal region and ranging
from 1 to 6 seconds in duration (Figure 1). The activity increased
in amplitude as time progressed and then stopped sharply, con-
sistent with epileptiform activity. Although no clinical changes
were noted by the recording technician, the patient appeared
to blink abruptly afterwards suggesting a possible alteration in
awareness. The blinking occurred several times following this
type of event during the recording.

The patient’s MRI, reviewed by a neuroradiologist, demon-
strated several abnormalities. Of these, the most notable was a
mildly T1 hypointense, T2 hyperintense, non-enhancing mass
arising from the hypothalamus that projected inferiorly into
the prepontine cistern (Figures 2A, 2B). It exhibited no visible
mass effect and conformed to the shape of adjacent structures
including the clivus anteriorly and the brainstem posteriorly.
Interestingly, the mass did not appear to arise from the optic
nerves, chiasma, or tracts (Figure 3). Previous MRI’s dating
back to 2001 were obtained and demonstrated stability of the

mass over time. Collectively, these findings were suggestive
of a hypothalamic hamartoma.

Secondly, the appearance of the anterior temporal lobes was
abnormal, with areas of T2 hyperintensity and T1 hypointen-
sity (Figure 4A), and multiple scattered foci of susceptibility
consistent with hemosiderin (Figure 4B). Given the patient’s
history and foci of hemosiderin, these findings were most con-
sistent with post-radiation change, although trauma was also
in the differential ®* Dysplasia was considered unlikely due to
the presence of hemosiderin.

Thirdly, there was an abnormality involving the superior
aspects of the cerebellum with focal interdigitation of the two
hemispheres, consistent with a developmental anomaly.

The patient was educated on the nature of his brain lesion.
His management plan included continuing antiepileptic treat-
ment until further clinical workup was performed, including
plasma drug levels. An overnight, long-term video EEG was
also scheduled to facilitate clinical EEG correlation.
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Figure 1. EEG activity showing 6 seconds of generalized epileptiform activity during monitoring.
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Figure 2. (A) Sagittal T1Wimage demonstrating a mildly hypointense mass arising from the hypothalamus
and extending inferiorly into the prepontine cistern without any significant mass effect. (B) Sagittal T1
post contrast demonstrates no enhancement within the mass.

Figure 3. Axial T2W image demonstrates a mildly T2 hyperintense lesion posterior to the optic chiasm
(arrow) without involvement of the chiasm or optic tracts.
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Figure 4. (A) Axial T2 FLAIR demonstrates abnormal T2 hyperintensity within the anterior temporal lobes.
The hypothalamic hamartoma is visible within the prepontine cistern (arrow). (B) Axial susceptibility
weighted imaging demonstrates foci of susceptibility consistent with hemosiderin (arrows).

Discussion
To understand the clinical manifestations of this patient’s con-
dition, it is helpful to understand the mechanisms involved in
the production of laughter. Laughter has both an emotional and
a motor component. Various parts of the brain are involved in
producing laughter when it is emotionally provoked, including
the amygdala, fusiform gyrus, parahippocampal gyrus, thalamus,
hypothalamus, and dorsal tegmental brainstem.'’ In contrast,
non-emotional laughter involves the anterior cingulate premotor
frontal and opercular areas. The emotional response is modified
by the cerebral cortex and the physiological manifestations are
controlled by the bulbar nuclei. Additionally, the hypothalamus
plays animportantrole in integrating cortical and bulbar signals.
Theoretically, a disruption anywhere along these pathways can
generate laughter separate from emotional provocation.
Although there are many anatomical parts involved in the
generation of laughter, researchers have shown through func-
tional imaging studies and EEG recordings that gelastic seizures
originate in hypothalamic hamartomas, especially those located
atthe mammillary level of the posterior hypothalamus.'"'* More
specifically, hamartomas of the tuber cinereum have been known
to cause GS. Hypothalamic hamartomas are masses consisting
of gray matter with large and small neurons interspersed with
glial nuclei.” Both myelinated and unmyelinated fibers are pres-
ent and can be haphazardly arranged, diffusely distributed, or
clustered. Within the HH, two different types of neurons have
been noted. The first are small, clustered GAB Aergic neurons
that display spontaneous rhythmic firing. These “pacemaker”
cells project to other HH neurons, creating synchronous activity
that serves as the foundation of the intrinsic epileptogenicity
of HH and the starting point for the generation of gelastic
seizures.'* Supporting this hypothesis, ictal SPECT has shown
hyperperfusion of HH during gelastic seizures.”” The second
type of cell found in HH are large, quiescent pyramidal-like

neurons. These neurons have more extensive dendritic and
axonal arborization."

Hypothalamic hamartomas can be divided into subtypes based
on anatomical structures and clinical correlations: parahypotha-
lamic and intrahypothalamic hamartomas. Parahypothalamic
hamartomas are pedunculated and attached to the floor of the
hypothalamus by a narrow base and seem to be more associated
with precocious puberty with less frequent neuropsychological
compromise.'® Intrahypothalamic hamartomas are sessile with
a broad attachment to the hypothalamus and are more associ-
ated with GS, mental retardation and aggressive behavior.!”
Both forms are associated with seizures that can evolve into
tonic, tonic-clonic, and secondary generalized seizures.”'®
Our patient’s MRI and clinical evaluation suggest he had an
intrahypothalamic hamartoma associated with psychological
and behavioral changes, which may have evolved into tonic
clonic seizures.

One question that arises is: Can the epileptiform activity
observed in patients with gelastic seizures arise from areas of
the brain independent from the hypothalamus? A review of
the literature shows cases of GS in patients with frontal and
temporal lobe lesions, rather than hypothalamic lesions.'® A
majority of these cases have been observed in adults, although
large case studies are lacking. Patients with GS originating from
the frontal lobe presented with motor signs but lacked laughter
associated emotions (the laughter generated is described as
unnatural and is not associated with feelings of mirth).”® In
contrast, GS with temporal origin were more often associated
with a sense of joy and happiness or pleasant sensations and
feelings.!*?° It remains difficult to differentiate between HH
induced seizure activity and secondary epileptogenesis—that
is GS due to seizure activity progressing over time to involve
connections of the hypothalamus, frontotemporal lobes, limbic
circuitry, and thalamus in a patient with a HH."
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The clinical presentation of GS ranges in severity from a
“pressure to laugh” to severe cases with the triad of early onset
gelastic seizure, precocious puberty, and developmental delay
that may progress to epileptic encephalopathy.'*Laughter may
be combined with facial contortion suggestive of a smile !
GS are unmotivated and mostly involuntary?' —although rarely
patients are able to suppress the urge to laugh.®* GS have been
associated with altered consciousness and patients may be am-
nestic of the event.?*?! Autonomic features such as tachycardia,
flushing, and changes in respiration are often present. In addi-
tion, many adults report an unpleasant epigastric sensation.?
Seizures are usually brief and stereotyped with ahigh frequency
that usually occurs in clusters."

GS in pediatric patients are highly associated with abnormal
cognitive development and major behavioral problems. The
extent of cognitive deficits largely depends on the severity and
onset of the seizures as well as the size and location of HH."* Late
onset cases of patients with small HH might not cause cognitive
deficits or behavioral disturbances.”!* Our patient was diagnosed
with schizophrenia when he was 7 years old —around the same
time the hypothalamic mass was first discovered. His family
also reported that he has had episodes of anger and rage. It is
unclear whether his behaviors preceded the mass. However, it
is possible that the patient’s behavioral and cognitive changes
are manifestations of the HH.

The diagnostic criteria for GS were first outlined in 1971 by
Gascon and Lambroso. Criteria included stereotyped recur-
rence, absence of external precipitants, concomitance of other
epileptic manifestations (tonic or clonic movements, loss of
consciousness, automatisms), presence of interictal or ictal
EEG epileptiform discharges, and absence of other causes of
pathologic laughter.®

The diagnostic workup should include an EEG, video EEG
(VEEG), and MRI. Previous studies indicate that a majority
of GS fail to demonstrate EEG changes.** However, present
findings include slowing of background activity, interictal focal
activity (mostly in patients with temporal/frontal region onset),
generalized paroxysmal activity in the form of slow spike and
wave complexes, and other various ictal patterns.!* Because
EEG changes are variable, it is vital that gelastic epilepsy not
be ruled out in the absence of EEG changes.

VEEG may play an important role in making the diagnosis
in cases where neuro examination and MRI appear normal. In
the case of a 2-year-old boy who presented with abrupt laughter
without provocation, VEEG captured a GS with concurrent
head deviation and twitching. Subsequent EEG revealed GS
originating from frontal and temporal regions of brain."

On MRI, HH appear as abnormalities in the region of the
tuber cinereum and third ventricle."* They are characteristically
well-defined, pedunculated or sessile lesions that can be solid or
cystic. They appeariso- or mildly hypointense with T'1-weighted
sequences,and iso- to hyperintense with T2-weighted sequences.
Contrast enhancement and calcifications, as well as long-term
changes in the size, shape, and signal intensity, are not charac-
teristically found on MRI.? The characteristic findings of HH

were noted on our patient’s MRI scans: the hypothalamic mass
appeared mildly hypointense on T1-weighted sequences and
mildly hyperintense on T2-weighted sequences. Furthermore,
the hypothalamic mass observed in our patient remained stable
in size when compared to previous studies, which, as described
in the literature, is typical of hypothalamic hamartomas.

Management of GS should begin with patient education,
especially as these seizures can be quite distressing for the
patient and family. They tend to be refractory to antiepileptic
drugs (AEDs) and therefore surgery is the predominant treat-
ment option.

Neurosurgical techniques, particularly removal of the HH,
tend to rapidly resolve symptoms. Rosenfeld first popularized
surgical resection by utilizing a transcallosal approach to access
the lesion from above.?® Less invasive surgical techniques, such
asmicrosurgical resection and endoscopic disconnection through
the foramen of Monro, are favored over open surgery due to
decreased associated morbidity.'® Endoscopic treatment has
yielded a 48.5% seizure free rate®” but may only be applicable
in approximately 50% of cases.'®

Newer procedures include radiofrequency ablation, discon-
necting surgery, interstitial brachytherapy, stereotactic radio-
surgery, and gamma knife radiation.'*? The last has reported
favorable outcomes (60% saw dramatic improvement and 37%
are completely seizure free) according to a recent trial.?® This
has the potential for being a safe and effective treatment op-
tion for sessile HH in small children.?® However, frequency of
complications and adverse effects remain unknown.

Temporal lobe or frontal lobe resections are also performed
in some cases. However, outcomes have not been studied in
depth.

Differential Diagnosis

The differential diagnosis for inappropriate, uncontrollable
laughter is broad. As demonstrated in a case report by Holmes
and Goldman, recognizing the different conditions that cause
incessant laughter is critical in the emergency setting as some
diagnoses warrant acute treatment, while others necessitate
further work-up.?? The differential should include gelastic
seizures, pseudobulbar affect, intoxication, poisoning, psycho-
genic nonepileptic seizures, Angelman syndrome, psychiatric
pathology, and normal laughter.”?' Since gelastic seizures
have been observed in patients with hypothalamic, frontal lobe,
and temporal lobe lesions a thorough workup should include
neuroimaging of the brain, as well as an EEG.

From a neurological perspective, another important con-
sideration is whether the laughter represents pseudobulbar
affect (PBA), also known as involuntary emotional expres-
sion disorder.*® PBA is characterized by uncontrolled crying
or laughing which may be disproportionate or inappropriate
to the social context and may be encountered in the setting of
amyotrophic lateral sclerosis (ALS), as well as extrapyramidal
and cerebellar disorders, such as Parkinson’s disease, multiple
system atrophy, and progressive supranuclear palsy. It has also
been noted in the setting of multiple sclerosis, traumatic brain
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injury, Alzheimer’s disease, various types of dementias, stroke,
and brain tumors.* The etiology is thought to originate from
disruption of pathways involving serotonin and glutamate, par-
ticularly in the corticolimbic and cerebellar pathways, leading
to disinhibition. PBA is commonly misdiagnosed as depression
or bipolar disorder. It is effectively treated therapeutically with
a combination of dextromethorphan and quinidine. Thus, early
diagnosis can be beneficial. The use of DSM-5 criteria for the
diagnosis of mood disorders, as well as the use of published
criteria to help differentiate PBA from depression, can aid in
distinguishing PBA from other psychiatric diagnoses in the
setting of incessant laughter.*

Another important diagnosis to consider on the differential
is intoxication especially with alcohol, LSD, and cannabis.?
Urine toxicology screening may be warranted if the history and
clinical presentation raise suspicion of accidental or intentional
ingestion of these substances. Laughter may also be a mani-
festation of psychogenic nonepileptic seizures (PNES), which
are abrupt, involuntary seizure-like attacks characterized by
changes in consciousness or behavior.* PNES are not associated
with electrophysiologic seizures, unlike with epilepsy. Video-
EEG monitoring can be useful in differentiating these attacks
from seizures. Other diagnoses to consider on the differential
are genetic conditions, such as Angelman syndrome, other
psychiatric conditions, and normal laughter. Genetic testing
and psychological assessment can be performed to investigate
genetic and psychiatric basis of the behavior.

Insummary, the differential for incessantlaughteris extensive
and distinguishing different causes can be difficult. Neuroimag-
ingtechniques, video EEG, toxicology and psychiatric screening,
and genetic testing can all aid in narrowing the differential, in
addition to a thorough history and physical exam.

Conclusion

In patients with behavioral issues, especially those with inap-
propriate, uncontrolled laughter or giggling, gelastic seizure
needs to be included in the differential diagnosis. Furthermore,
a thorough workup should include neuroimaging to rule out a
hypothalamic or temporal/frontal lobe lesion, and an EEG to
investigate epileptiform activities. Because this condition is often
pharmacoresistant and progressive with worsening cognitive
and behavioral issues, early and accurate diagnosis, as well as
patient and family education, is critical.”

Unfortunately, GS usually does not respond to AED and
therefore minimally invasive surgical or radiosurgical therapies
are often used to remove primary lesion with variable results
for improvement of symptoms.'*?® Existing data shows early
removal of HH can rapidly resolve symptoms. However, long
term outcomes and complications have not been studied in
depth.
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