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A B S T R A C T

Hypothalamic hamartomas (HH) are rare, non-neoplastic heterotopic tissues which contains normal neurons and
glia including oligodendrocytes and fibrillary astrocytes but in an abnormal distribution. They arise from the
floor of the third ventricle, tuber cinereum, or mammillary bodies. Estimated incidence ranges from 1 in
50,000–1 in 1,000,000. Hypothalamic hamartomas are associated with different clinical presentations including
various types of seizures, most characteristically; the gelastic seizures, precocious puberty, cognitive impair-
ment, and behavioral changes. In this review, the authors discuss advancements in different diagnostic elements
of hypothalamic hamartoma; including clinical features, EEG findings, and neuroimaging techniques. Moreover,
different classifications described in the literature will be discussed.

Introduction

Hypothalamic hamartomas (HH) are rare, non-neoplastic hetero-
topic tissues which contains normal neurons and glia including oligo-
dendrocytes and fibrillary astrocytes but in an abnormal distribution.
They arise from the floor of the third ventricle, tuber cinereum, or
mammillary bodies [1,2]. Although hamartomas resemble tumors in
certain ways, they do not tend to have a neoplastic evolution. Instead,
they grow at the same rate as the tissue from which they are derived
[3]. The exact incidence is unknown, but it has been estimated to be
from 1 in 50,000–100,000 [4] to 1 in 1,000,000 [5]. There is a mod-
erate male predominance [6].

Patients with HH can present with various types of seizures that
tend to evolve over time. These include: gelastic seizures, dacrystic
seizures and many other rare types [7,8]. Gelastic seizures - epileptic
events characterized by bouts of laughter-, are the most characteristic
and frequent manifestations in patients with HH, whilst it is not pa-
thognomonic [9]. In 2000, Kurle and Sheth mentioned that since 1988,
only 11 patients with gelastic seizures and extrahypothalamic lesions
have been reported compared with more than 60 cases of GS resulting
from HH [10]. Gelastic seizures may also be present in frontal and
temporal lobe epilepsies [11–19]. Dacrystic seizures – seizures that are
usually manifested in patients in the form of crying spells – are also

considered a clue of the presence of HH. A study by Blumberg et al.
demonstrated that if a patient has both gelastic and dacrystic seizures,
the cause is likely a hypothalamic hamartoma. On the other hand, if
dacrystic seizures are not accompanied by gelastic seizures, the primary
lesion is usually located in the temporal cortex. To note, a combination
of dacrystic seizures and gelastic seizures usually occurs in younger age
group while isolated dacrystic seizures usually occur in older age group
[20].

The onset of seizures usually occurs in infancy but may occur as
early as the neonatal period or as late as adolescence. The early GS in
infancy is associated with little or no impairment of consciousness,
recurring daily. However, as years go by, the laughing attacks are more
frequently associated with alteration of consciousness. Seizure semi-
ology may also include autonomic phenomenon, automatisms, epigas-
tric auras, deja vu, dejavecu, crying, and motor symptoms [21,22].
These autonomic manifestations may be explained by changes in the
limbic system, the adrenergic system and the hypothalamic-pituitary
axis [9].

In addition to the epileptic syndromes, HHs are often associated
with precocious puberty, behavioral disorders, and progressive cogni-
tive decline [3]. There is some evidence to support the notion that size,
shape, and location of HHs affect the clinical presentation. The HHs
causing gelastic seizures tend to be larger than those associated with
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isolated central precocious puberty (CPP), and HH-related epilepsy
occurs with medium to large sessile HHs that are widely attached to the
mammillary bodies and tuber cinereum [23,24]. There may also be a
direct relationship between the size of the HH and the severity of the
epileptic syndrome [25].

1. Gelastic seizures in hypothalamic hamartoma: a historical
glance

Trousseau first described the phenomenon of “pressure to laugh” or
gelastic seizure in 1873 [26]. Later in 1957, Daly and Mulder coined the
term gelastic seizure to describe two patients in whom laughter was the
main seizure type [27]. In 1971, Gascon and Lombroso defined the
characteristics of gelastic seizures (GS): “stereotypic recurrence of ictal
laughter, inadapted to context, associated with other signs compatible
with seizure and with ictal/interictal EEG abnormalities” [28]. The
association among HH, GS and CPP has caused great interest since
Breningstall described the characteristics of this pathology [29,30].

2. Pathophysiology of seizure in HHs

In contrast to the previously accepted doctrine that epileptogenesis
is strictly a cortical phenomenon, [31–35]recent neurophysiological
[8,33,36] and functional neuroimaging 33,37] studies have demon-
strated that HH itself generates GS and DS. This hypothesis is supported
by several important findings from different studies, Ictal discharges
during GS are confined to the hamartoma 36], and its direct stimulation
by inserted depth electrodes induces GS [8,33]. Moreover, seizures
have been recorded by intraoperative trans-endoscopic EEG monitoring
during endoscopic biopsy [38].

Functional imaging at the time of gelastic seizure activity demon-
strates activation of the HH lesion with increased perfusion on single-
photon emission computed tomography (SPECT) or increased glucose
utilization with fluorodeoxyglucose positron emission tomography
(FDG-PET), consistent with the behavior of a seizure focus [33,39–41].

Two distinct populations of neurons have been found in HH: 1)
small clustered GABA-expressing neurons, displaying spontaneous
rhythmic firing and 2) large, quiescent pyramidal-like neurons with
more extensive dendritic and axonal arborization [42,43]. Small neu-
rons account for 90 % of the total neuronal population while large
neurons account only for 10 % [1,44,45]. These small, spontaneously
firing GABAergic neurons project synaptic connections to both large
and other small HH neurons. They are believed to be the pacemaker of
the intrinsic epileptogenicity of HH 43,44,46].

Nevertheless, therapeutic procedures targeting the HH have been
found to be ineffective to cure seizures in up to 50 % of patients, and
even in cases with partial improvement, the electro-clinical patterns of
persistent seizures propose a contribution of distant cortical areas. The
notion of kindling-like phenomena has been proposed as a likely un-
derlying mechanism. Different studies have been reported in the lit-
erature supporting this hypothesis [47].

In the Marseille series, two cases studied by SEEG (stereo electro-
encephalography) supported the presence of complex epileptogenic
networks extending outside the boundaries of the HH, triggering clus-
ters of neocortical seizures. A study by Grenoble et al., reported their
experience on stereotactic intracerebral SEEG of five HH cases and
showed that gelastic/dacrystic seizures were related to discharges
within the HH, while other seizure types were associated with dis-
charges from cortical regions [48]. Another study showed that seizure
freedom was not achieved in 2 patients after HH ablation, rather was
achieved after temporal lobectomy [47,49].

3. Histopathology

Until recently, the histopathological features of HH remained poorly
understood. Early analyses verified that the hamartomas were

composed of disordered networks of neurons and supporting cells si-
milar to other structural lesions linked with epilepsy such as focal
cortical dysplasia. Pathologic studies reveal that HHs consist of gray
matter with small and large neurons, diffusely distributed or clustered,
and interspersed glial nuclei. Interestingly, these neurons do not display
dysplastic features [42]

Immunohistochemical analysis of resected specimens showed that
these neurons stained strongly for NeuN, a marker for mature neurons,
and were surrounded by a fine fibrillary matrix positive for synapto-
physin immunostaining. Glial fibrillary acidic protein immunostaining
showed scanty astrocytes and oligodendrocytes without neoplastic
differentiation [24].

An interesting report by Amstutz et al., correlated MR Imaging and
spectroscopic findings with tumor glial content. It demonstrated a de-
crease in NAA/Cr and an increase in mI/Cr ratios in tumor tissue when
compared to normal gray matter of the amygdala. They also found that
Cho/Cr ratios in HH were higher than normal gray matter. Moreover,
they noted that samples with significantly higher mI/Cr, have more
glial component than the remaining tumors. Lastly, they reported a
positive correlation between glial component and hyperintensity of
lesions on T2-weighted images [50].

4. Central precocious puberty

There is a well-established link between HH and CPP [51]. The CPP
related to HH tends to occur considerably earlier than idiopathic CPP
[52]. While idiopathic CPP usually starts at the age of 5 years, the
average age of presentation for CPP related to HH in males is 3.7 years
and in females is 2.5 years [53,54].

Patients with pedunculated HHs located below the third ventricle
rarely present with seizures. Rather, these lesions are commonly asso-
ciated with CPP. The pathophysiology is not fully elucidated. Different
hypotheses were described in the literature to explain this association;
one hypothesis suggested that HH interacts with adjacent normal hy-
pothalamic tissue by physical pressure or neurosecretory influences
leading to premature initiation of pulsatile GnRH release by the normal
hypothalamus [55,56]. An example of this mechanism is the inter-
ference of HHs with inhibitory pathways onto GnRH neurons [3]. Other
hypothesis suggested that the HH itself can generate pulsatile GnRH
release independently, which in turn can stimulate the anterior pitui-
tary [55,56].

Immunohistochemistry studies revealed the presence of GnRH-var-
iant neurons in HH with CPP [6,57–60]. Inoue et al. showed that cer-
tain HH neurons contain GnRH-secreting vesicles [61]. Although such
findings support the hypothesis that HH tissue may be an ectopic
generator of pulsatile GnRH, it is worth mentioning that we still do not
have an experimental evidence that directly supports the physiologic
release of GnRH from HH. In addition, a report by Jung et al. demon-
strated negative immunoreactivity for GnRH in two HH cases with CPP
[62]. Different molecular pathways have been suggested to play a role
in the pathophysiology of CPP, most importantly TGFa [63].

Elevated serum levels of LH and FSH are considered diagnostic of
CPP. If the diagnosis of CPP remains unclear, GnRH stimulation testing
can be implemented, showing excessive raise of LH and estradiol levels.
Brain MRI and pelvic ultrasound should be considered in a child pre-
senting with CPP [63]. The first line of treatment of CPP is still con-
sidered the exogenous administration of GnRH agonist in a non-pulsa-
tile manner; which acts by release of LH and FSH by the anterior
pituitary with subsequent suppression of secondary sexual development
[64]. However, surgical resection might be considered in areas where
the GnRH-agonist therapy is unavailable or otherwise not affordable
due to high cost [63].
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5. Cognitive impairment, behavior disorders and Psychiatric
symptoms

Cognitive impairment, behavior disorders and psychiatric symp-
toms are well-recognized and common clinical feature of HH with
epilepsy. These might be incapacitating and represent a significant
challenge for the physician, patient and family [65–68].

In a systematic review of literature by Killeen et al., they found a
significant relation between the presence of aggression and younger age
at time of first seizure onset, male gender, the presence of intellectual
disability, and the presence of multiple seizure types [68].

Although, epileptic syndrome may be accompanied by profound
behavioral difficulties, with hyperactivity, rage, and aggression,
[69–72] there is a debate at this point since some series have shown
that cognitive deficits already exist before the onset of crises [73].

6. Diagnosis

6.1. Electroencephalogram

The surface Electroencephalogram (EEG) has limitations to de-
monstrate epileptiform activity in this pathology, due to the deep lo-
cation of this lesion and the complex hamartoma connections [74]. In
the early stages of the disease, interictal EEG is usually normal and GS
crises show diffuse depression of baseline activity [21,75].

6.2. Neuroimaging

Computed Tomography typically reveals small non-enhancing mass
in the interpeduncular and suprasellar cistern iso-dense to normal brain
parenchyma is typically seen on CT scans [76]. There is often ob-
literation of the suprasellar cistern and anterior third ventricle [77].

Magnetic Resonance Imaging is considered the gold standard for the
diagnosis of HHs. Pedunculated HHs take the shape of a collar button
on sagittal T1WI, extending inferiorly into the suprasellar cistern. They
are typically isointense to normal gray matter on T1WI and iso- to
slightly hyperintense on T2/FLAIR. The degree of T2 hyperintensity is
directly related to the proportion of glial versus neuronal tissue in the
lesion [78,79]. Because they do not disrupt the blood-brain barrier, HHs
do not enhance following administration of contrast [3[78].

MRI spectroscopy shows mildly decreased N-acetylaspartate and
slightly increased choline, consistent with reduced neuronal density
and relative gliosis. Myoinositol is elevated, which is consistent with
increased glial component compared to normal brain. [50,80]

6.3. Topological classifications

I Classifications Based Upon Anatomic Relationship of HH with
Surrounding Structures:

In 1991 Boyko et al. first proposed dividing HHs into sessile and
pedunculated subtypes [81]. The first subtype, referred to as the sessile
HH, consists of hamartomas that have either a partial or complete base
of attachment within the third ventricle [65]. These lesions can vary
considerably in size but usually extend into the third ventricle and
distort surrounding structures, including the fornix and mammillary
bodies [37]. A strong association between this subtype and neurological
manifestations, mainly gelastic seizures has been reported
[23,24[65,71[81].

The second subtype is referred to as the pedunculated HH. These
lesions are attached only to the floor of the third ventricle or suspended
from it by a peduncle. They usually present with CPP in early childhood
[65].

The distinction is important because precocious puberty can be
successfully managed with gonadotropin-releasing hormone (GnRH)
analogs, whereas symptomatic epilepsy frequently fails medical therapy
and requires resection [31,82–89].

Although the majority of HHs can be easily classified as either
sessile or pedunculated, some intermediary forms have been described.
For example, a large sessile HH that has a broad attachment to the base
of the hypothalamus and extends into the interpeduncular cistern may
have features of both sessile and pedunculated HHs [3]. Therefore
many other classification systems have been described as shown in
Table 1.

II Classifications Based Upon Size and Treatment Options

Valdueza et al. reviewed the size, location (tuber cinereum or
mammillary bodies), attachment type (sessile or pedunculated), and
extent of hypothalamic displacement. Types Ia and Ib are small-to-
moderate sized tumors with a pedunculated attachment to the hy-
pothalamus (Type Ia) or mammillary body (Ib). These are associated
with precocious puberty and therefore treated with GnRH agonists.
Type II tumors are larger than 15mm in size and have a sessile at-
tachment to the third ventricle floor and mammillary bodies. In type
IIa, the hypothalamus is not displaced whereas Type IIb causes clear
third ventricular displacement resulting in gelastic seizures, and cog-
nitive dysfunction and therefore often requiring surgical resection [24].

Delalande and Fohlen divided HHs into four types to determine the
best surgical route (Fig. 1). Type 1 has a horizontal implantation plane
and maybe lateralized to one side; the microsurgical route should be
pterional leading to complete disconnection. In type 2, the HH is at-
tached to the side of the hypothalamus and has an intraventricular lo-
cation which may be disconnected endoscopically. Type 3 is a combi-
nation of types 1 & 2, and can be treated with a two-step procedure, the
first step includes disconnection via an endoscopic approach for the
intraventricular component, and the second step includes pterional
approach for the extraventricular component. Type 4 involves all giant
hamartomas for which no specific surgical treatment was recommended
[90].

Table 1
Classification of Hypothalamic Hamartoma a.

Author (Year) Boyko et al. (1991) Valdueza et al. (1994) Arita et al.
(1999)

Delalande and Fohlen (2003) Regis et al. (2006)

Morphological Classification Pedunculated 1a Parahypothalamic I V
1b

Sessile 2a Intrahypothalamic II I
II

III III
IV
VI

2b IV Mixed

a Mittal S, Mittal M, Montes JL, Farmer J–P, Andermann F. Hypothalamic hamartomas. Part 1. Clinical, neuroimaging, and neurophysiological characteristics.
Neurosurg Focus. 2013;34(6):E6. doi:10.3171/2013.3.FOCUS1355.
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In another classification, by Regis et al. (Fig. 2), Type I HH deeply
embedded in the hypothalamus is treated safely and efficiently by
Gamma Knife Surgery (GKS). Type II HH can be removed by either
endoscopic or transcallosal approaches or treated by GKS depending on
the patient’s choice and severity of epilepsy. In small type III HHs, GKS
is a safer procedure because of the proximity to the fornix and mam-
millary bodies. Types IV and V are typical candidates for disconnection.
Large type VI with a component above the floor of the third ventricle
may be disconnected, and then the superior part is best approached by
GKS [85].

7. Conclusion

After this comprehensive review of literature on HHs their pre-
sentation, symptomology and the available classifications, and although
each of the current classifications for HHs has certain advantages, we
still lack a single classification system that could include all forms of
HHs which we believe that it might provide an easier guide for clin-
icians to manage this rare entity. More research is encouraged at the
basic science level to learn more about the mechanism of seizure in
hypothalamic hamartomas.

Fig. 1. Delalande and Fohlen Classification.

Fig. 2. Regis et al. Classification.
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