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Positron emission tomography
in epileptogenic hypothalamic
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ABSTRACT − Whether the intrinsic epileptogenicity of hypothalamic hamarto-
mas (HH) is responsible for the entire clinical spectrum of epileptic, neuropsy-
chological and behavioural disorders associated with HH, remains an open
issue, in as much as morphologically similar HH can be associated with
dramatically different seizure types and cognitive outcomes.
The aim of this study was to investigate brain glucose metabolism in patients
with epileptogenic HH, in an attempt to identify signs of focal cortical and
subcortical dysfunction which might correlate with other clinical data.
We have studied five patients with epileptogenic HH using [18F]-fluoro-
desoxyglucose and positron emission tomography (FDG-PET). All our patients
also underwent an optimal MRI and a video-EEG monitoring, as well as an
intra-cranial EEG recording in one of them. The anatomical distribution of
FDG-PET abnormalities was compared to that of interictal and ictal electro-
clinical findings.
All five patients demonstrated focal hypometabolism, ipsilateral to the predomi-
nant EEG abnormalities and side of HH. Hypometabolic areas greatly varied
between patients, but were grossly concordant with the cortical regions sus-
pected to participate in the ictal discharges in each individual.
Epileptogenic hypothalamic hamartomas are usually associated with focal
cortical hypometabolism in regions which might participate in the overall
HH-driven epileptic network. Whether these cortical abnormalities only reflect
the propagation of ictal discharges, or a potentially independent seizure onset
zone remains unknown.
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In recent years, a consensus has
emerged regarding the brain struc-
tures to be surgically targeted in drug-
resistant epilepsy associated with hy-
pothalamic hamartoma (HH) [1-11].
Indeed, several series demonstrated
that the surgical treatment of the HH

proper was the only therapeutic op-
tion likely to control seizures [4-6,
8-9], whereas cortectomies, guided by
intra-cranial EEG recordings always
proved ineffective [12]. Some uncer-
tainties persist, however, as to the rea-
sons why HH surgery still fails in some

Correspondence:
Pr. Philippe Ryvlin, Unit 301,
Department of Functional Neurology
and Epileptology, Hôpital Neurologique,
59 bd Pinel, 69003 Lyon. France.
E-mail: ryvlin@cermep.fr

Presented at the International Symposium on
Hypothalamic Hamartoma and Epilepsy,
Montreal Neurological Institute, Montreal,
Canada, November 29th 2001.

Epileptic Disorders Vol. 5, No. 4, December 2003 219



patients. The role of an incomplete resection of the hama-
rtoma appears to be the most likely explanation [13], but
the participation of an associated epileptogenic cortical
network cannot be excluded. On the one hand, this latter
hypothesis would be consistent with the stereo-EEG find-
ings reported by Claudio Munari‘s group [1-2] showing
that epileptic discharges associated with gelastic seizures
arose from the HH, whereas other partial or generalized-
like seizures started elsewhere in cortical brain regions. In
the context of a hamartoma, one might suspect the pres-
ence of other malformations of cortical development, too
subtle to be detected by MRI, that could underlie an
independent cortical epileptic focus. No histological
changes however, were found on resected cortical speci-
mens [12]. On the other hand, all types of seizures can be
controlled by HH removal only [6, 13-15], suggesting the
possibility that the putative associated cortical epileptic
network might result from secondary epileptogenesis, and
then normalize after eliminating the primary HH focus. A
better understanding of the anatomy of cortical dysfunc-
tion associated with HH might help to address this issue.
[18F]fluorodeoxyglucose positron emission tomography
(FDG-PET) can detect cortical abnormalities in epileptic
patients whose MRI is normal [16]. In HH, FDG-PET was
reported in only two independent case reports, showing a
lateralized temporal lobe hypometabolism consistent with
the localization of EEG abnormalities in both patients [12,
17].

Apart from the issue of seizure origin, PET study of cortical
dysfunction might also provide new insights in the patho-
physiology of the behavioural and neuropsychological
disorders frequently associated with HH [18-21].

With the aim of addressing these issues, we have prospec-
tively studied five patients with drug-resistant epilepsy and
HH, using FDG-PET.

Patients and methods

Subjects

The five patients were referred to the epilepsy departments
of Lyon and Grenoble University Hospitals, for drug-
resistant epilepsy. There were three boys and two girls,
aged 13 to 25 years at the time of the PET study. They all
had suffered from gelastic seizures, starting at birth or up to
the age of 8 years old, as well as having other types of
seizures. Pertinent clinical data are presented in table 1.
A hypothalamic hamartoma had been previously detected
on MRI in three of these patients (No 1 to 3), whereas HH
was first diagnosed during the evaluation performed at our
institution in the other two (No 4 and 5).

Electro-clinical data

All patients had undergone several standard EEG record-
ings and a video-EEG monitoring, before entering the
study. In addition, patient No 2 had an intra-cranial EEG
investigation, performed at the epilepsy surgery depart-
ment of Grenoble [22]. Electro-clinical data derived from
these investigations were reviewed by two of the investi-
gators (PR and PK), in an attempt to define the brain areas
predominantly involved during interictal and ictal epilep-
tic discharges, outside the HH. Interictal behavioural and
neuropsychological disorders were also assessed, based
on the patient’s history.

MRI

All patients underwent a standardized MRI during this
study on a 1.5 tesla device (Magnetom 63SP; Siemens,
Erlangen), and included a 3D mpr T1 acquisition (TR:
9.7 ms, TE: 4 ms), providing 1 mm thick slices in all de-
sired planes, as well as axial spin echo T2 sequence (TR:
2 260 ms, TE: 45 and 90 ms), and coronal turbo-spin echo
T2 sequence (TR: 3 000 ms, TE: 16 and 98 ms). We clas-

Tableau I. Clinical data.

Patient
n°

Epilepsy
onset

Gender Handeness Gelastic
sizures

Other
seizures

Other clinical
findings

Agressive
behavior

Cognitive
disorders

Type of
hamartoma

1 Birth M Left + + Facial asymmetry + – Intra
2 6 years F Left + + Facial asymmetry

Obesity precocious
puberty

+ Moderate Intra

3 Birth F Left + + Facial asymmetry
Obesity precocious
puberty

– Severe Extra

4 3 months M Right + + Sixth finger (Pallister
Hall syndrome)

– Moderate Intra

5 8 years M Right + + – + – Intra

M: male; F: female; Intra: intra-hypothalamic; Extra: extra-hypothalamic.
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sified the HH as either intra-hypothalamic, when confined
to the hypothalamus, and extra-hypothalamic when hang-
ing down into the interpeduncular cistern. We also con-
sidered the lateralization of the hamartoma.

PET

PET was performed using a high-resolution tomograph
(HR +, Siemens, Erlangen), providing 2.4 mm thick slices,
with an isotropic spatial resolution of 5 mm. A thermo-
labile, plastic facemask ensured the stable position of the
head in these patients. Attenuation correction was mea-
sured in each individual using a 68Ge transmission scan. A
bolus of 2 to 3 mCi of [18F]FDG was then injected intra-
venously, while patients were lying at rest in a dimly lit
room, with eyes closed and ears unplugged. When a
steady state was reached, 40 min later, we performed a
10 min duration, image acquisition. The resulting PET
images were qualitatively reviewed by one of the investi-
gator (PR), blinded to other data.

Surgery

Patient 2 underwent a partial and unsuccessful resection
of the HH. Patient 1 recently underwent radiosurgical
treatment, the therapeutic effect of which can not yet be
evaluated.

Results

Localization of interictal
and ictal epileptic discharges
(see table 2 for details)

Patient No 1

This patient had non-localizing, left predominant, interic-
tal EEG findings, and ictal discharges pointing to the left
temporal and central regions. Ictal symptoms included a
pressure to laugh, suggestive of intra-hypothalamic dis-
charge, followed by a rising epigastric sensation, associ-
ated with throat discomfort, and dreamy state. These latter
symptoms could also occur without, prior sensation of
pressure to laugh. Altogether, available electro-clinical
data in this patient suggested that the left temporal lobe
was the most affected cortical region.

Patient No 2

This patient had non-localizing right predominant interic-
tal scalp-EEG findings. Seizures were only recorded during
intra-cerebral EEG recordings, showing two different pat-
terns: dacrystic seizures associated with an intra-
hamartoma discharge; seizures starting with a rising, tho-
racic warm feeling, followed by auditory illusions,
dizziness, a painful sensation in the left leg, left facial
contraction and hemibody hypertonia, associated with a
right temporo-fronto-central stereoEEG ictal discharge
which did not involve the hamartoma [23].

Patient No 3

This patient had right fronto-temporal spikes and slow
waves, and various types of gelastic seizures. Those re-
corded during video-EEG monitoring were followed by
left hemibody, tonic-clonic manifestations associated with
a right frontal EEG discharge, followed by a post-ictal,
left-sided Todd’s paralysis. Thus, in this patient, the right
frontal lobe was regarded as the most affected cortical
region.

Patient No 4

This patient had intermittent left, temporo-occipital slow
waves. Ictal symptoms included a rising, thoracic warm
sensation, followed by blush, smile or laughter, and spatial
disorientation, associated with a bi-temporal EEG dis-
charge evolving into a left-predominating, widespread
rhythmic activity. Based on these data, the left temporal
lobe, and possibly the left temporo-occipital area were
thought to represent the predominantly involved cortical
region in this patient.

Patient No 5

This patient had non-localizing, predominantly right inter-
ictal and ictal slow waves. Apart from gelastic seizures, the
patient suffered nocturnal fits characterized by a right-
sided gyration of the whole body, followed by secondary
generalisation. This ictal sequence was poorly localizing,
as gyration can occur ipsilateral or contralateral to seizure
onset, depending on the brain region involved by the ictal
discharge [24, 25]. Since the lateralization of interictal
spikes favored a predominantly right-sided cortical in-
volvement, we interpretated the gyration as most likely
ipsilateral, which would then be consistent with a right
temporo-parieto-occipital ictal discharge.

Behavioural and neuropsychological manifestations

Three of the five patients (No 1, 2 and 5) had a history of
aggressiveness and sudden violent behaviour. Intellectual
disabilities were observed in three patients, and rated as
severe in one (No 3), and moderate in the two others
(No 2 and 4).

MRI

Four of the five HH were small, sessile, intra-hypothalamic
hamartomas (figure 1), whereas the remaining one was
large and pedunculated (figure 2). Three HH were right
sided, whereas two had a left predominance. No other
malformation of cortical development was observed, but a
mild hippocampal asymmetry of uncertain significance
was noted in patient No 1, pointing to the side of HH
predominance as possibly atrophic.

FDG-PET

All patients demonstrated clear-cut metabolic abnormali-
ties on FDG-PET images. These metabolic abnormalities
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Figure 1. MRI findings.
A) Patient No 1 showing a left-sided, intra-hypothalamic hamartoma associated with a subtle hippocampal asymmetry of uncertain signifi-
cance; B) Patient No 2 showing a large, right-sided extra-hypothalamic hamartoma; C) Patient No 3 showing a right-sided, intra-hypothalamic
hamartoma; D) Patient No 4 showing a left-sided, intra-hypothalamic hamartoma; E) and F) Patient No 5 showing a right-sided, intra-
hypothalamic hamartoma on both coronal and sagittal T1 sequences.
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Figure 2. FDG-PET.
A) Patient No 2 demonstrated right thalamic and, to a lesser extent, right temporo-polar hypometabolism. B) Patient No 3 showed an extensive,
right hemispheric hypometabolism, involving the lateral temporal cortex, the orbito-frontal and fronto-polar cortex, the peri-sylvian region, and
the mesial and lateral occipital lobe.
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Figure 3. FDG-PET. A) Patient No 4 demonstrated left, lateral, temporo-occipital hypometabolism, but also left parietal abnormalities; B)
Patient No 5 showed an extensive, right hemispheric hypometabolism, involving the lateral temporal cortex, the TPO junction, and the inferior
parietal lobule.
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consisted of well-lateralized focal or multifocal hy-
pometabolic zones, the pattern of which varied consider-
ably from one patient to the other (see table 2).

The hypometabolic areas were always ipsilateral to the
predominant EEG abnormalities, and to the HH. They also
grossly matched part of the cortical areas considered as
being most affected in each individual patient.

Patient No 1, whose left temporal lobe appeared predomi-
nantly involved during seizures, had a left mesial temporal
hypometabolism.

Patient No 3, with electro-clinical findings pointing to the
right frontal lobe, showed right frontal, but also right
temporal and occipital hypometabolism.

In patient No 4, both EEG and FDG-PET pointed to the left
temporo-occipital regions.

Patient No 5, whose electro-clinical data were poorly
localising but yet consistent with a predominantly right
temporo-occipital or inferior parietal involvement, had a
right temporo-parietal hypometabolism. There were dis-
cordant findings, however, in patient No 2 whose intra-
cranial EEG investigation pointed to a right fronto-centro-
temporal region (exluding mesio-temporal lobe structures
and the temporal pole), whereas PET demonstrated ipsi-
lateral thalamic, and possibly temporo-polar, hypome-
tabolism.

There was no clear association between the presence of
extensive hypometabolism and behavioural or neuro-
psychological disorders, but the sample rise was small and
PET findings heterogeneous.

Discussion
To our knowledge, this is the first series to investigate
FDG-PET in epileptic patients with hypothalamic hamar-
toma. Our main finding is that such patients usually
present one or several hypometabolic areas in the hemi-
sphere predominantly affected by the interictal and ictal
epileptiform discharges. The anatomical pattern of FDG-
PET abnormalities, like that of electro-clinical findings,
varied greatly from one patient to another. In fact, the lobar
distribution of hypometabolism tended to grossly match
that of the cortical network suspected to be predominantly
involved during non-gelastic seizures, although some dis-
cordances were observed. Two independent case reports
of FDG-PET in epileptogenic hypothalamic mass or HH
have been previously published, and agree with our find-
ings [12, 17]. One of the two patients presented with a
temporal lobe hypometabolism ipsilateral to a non-
specified hypothalamic mass [17], whereas the other dem-
onstrated a left, temporal lobe hypometabolism consistent
with the scalp and epidural strip-EEG findings [12]. This
latter patient continued to suffer gelastic seizures after a
left, temporal lobectomy [12]. Interestingly, our series
provides the first evidence of extra-temporal cortical hy-
pometabolism associated with epileptogenic HH.
Several limitations of our study must be pointed out.
Firstly, only scalp EEG data were available in four patients,
the localizing value of which is usually poor in HH asso-
ciated seizures. Thus, the conclusion as to which cortical
areas were most affected during the recorded seizures
remains doubtful, although usually consistent with the
ictal semiology. This limitation seems to have much less

Tableau 2. Comparative lateralization and localization of clinical, MRI, EEG and PET data.

Lateralizing data Localizasing data

Patient
No

Hamartoma EEG Metabolic Ictal semiology
(by order of appearance)

EEG Metabolic

1 Left Left Left ± pressure to laugh rising
epigastric sensation throat
discomfort dreamy state

Interictal: non-localizing
Ictal: temporal and central

Mesial temporal

2 Right Right Right Rising thoracic warm
feeling, auditory illusions,
dizziness, left leg painful
sensation, left facial
contraction left hemibody
hypertonia

Interictal: non-localizing
Ictal: temporo-fronto-
central

Thalamic ± temporo-polar

3 Right Right Right Laughter left hemibody
tonic-clonic post-ictal left
sided Todd’s paralysis

Interictal: fronto-temporal
Ictal: frontal

Fronto-temporal + occipital

4 Left Left Left Rising thoracic heat
sensation blush, smile or
laughter spatial
disorientation

Interictal: temporo-occipital
Ictal: non localizing

Temporo-occipital

5 Right Right Right Right-sided gyration
secondary generalisation

Interical: non-localizing
Ictal: non-localizing

Temporo-parietal
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impact on the identification of the predominantly involved
hemisphere, according to the consistent lateralization
found between electro-clinical, MRI and PET findings in
this series, as well as in previously published case reports.
Another limitation is represented by the lack of quantita-
tive assessment of the PET data. Visual analysis of FDG-
PET asymmetry has proved to be a very sensitive and
reliable tool for assessing individual epileptic patients.
However, it is not appropriate for detecting bilateral ab-
normalities, nor for investigating group effect, within a
homogeneous patient population. In any event, HH-
related, bilateral hypometabolism would be difficult to
assess due to the young age of some patients for whom no
control data is available, and to the confounding effect of
anti-epileptic drugs [26-29]. Similarly, looking for a group
effect in a limited number of patients who demonstrate
strikingly different metabolic patterns on visual analysis,
seems unlikely to disclose pertinent findings.
The relation observed between the anatomical distribu-
tion of metabolic and EEG abnormalities, deserves several
comments. The lack of a perfect match between the two
might be due to factors other than the limitations of our
analysis. Indeed, in neocortical epilepsies, areas of maxi-
mal hypometabolism appear to more closely match the
border separating the normal cortex from the epileptoge-
nic zone, than the seizure, onset zone proper [30]. More
generally, the origin of metabolic abnormalities in epilep-
tic disorders remains uncertain and likely to be multifac-
torial, depending on various parameters such as seizure
frequency, duration of epilepsy, and the associated MRI
and EEG changes [31-39]. Nevertheless, the presence of
lateralized hypometabolism grossly concordant with EEG
data in patients with epileptogenic HH, reinforces the
view that localized cortical areas are affected in the course
of the disease. This has been well demonstrated by intra-
cranial EEG recordings, as discussed in detail in another
article of this issue [22]. Whether the affected cortical
areas represent independent epileptogenic zones, gener-
ated by a process of secondary epileptogenesis remains an
open issue. The natural evolution of epileptogenic HH is
often characterized by an initial period where only brief
gelastic seizures are observed, typically followed, several
years later, by the occurrence of new seizure types, some
of which lack laughter [40]. This evolution suggests pro-
gressive kindling of various brain regions. In addition,
complete resection of HH associated with multiple seizure
types often leads to a complete seizure control [4-6, 8-9],
indicating that the cortical areas involved in HH associ-
ated epilepsy do not usually develop as independent
epileptogenic zones. Accordingly, the resection of these
cortical areas alone, guided by intra-cranial EEG data, has
proved ineffective [12]. However, complete resection of
HH has not always enabled patients to achieve complete
seizure freedom [6]. It is therefore possible that some
individuals with HH develop a truly independent cortical
epileptogenic zone, as suspected in patient No 2. In this

patient, intra-cranial EEG recordings demonstrated that a
well-circumscribed hamartoma discharge was respon-
sible for dacrystic seizures, whereas other complex partial
seizures originated in the right temporo-fronto-central re-
gion without affecting the HH. This patient was not cured
after two, unsuccessful attempts to fully remove the hama-
rtoma, preventing us from determining whether the origin
of the persisting seizures was the HH, the right temporo-
fronto-central cortex, or both [22, 23]. Future studies
might ultimately solve this issue, as well as the earlier
recognition of HH-associated gelastic seizures and the
development of safer and more effective neurosurgical
procedures, which will probably result in more HH pa-
tients undergoing surgery before they develop cata-
strophic epilepsies.
The great anatomical variability of metabolic and electro-
clinical abnormalities observed in our patients, as well as
in other series, indicates that HH-associated seizures can
follow multiple routes of propagation through the brain.
The fact that the lateralization of hypometabolism always
proved ipsilateral to EEG and MRI findings in our patients,
suggests that the underlying process is not random, but
rather depends on the connectivity of the hamartoma.
Particularly, one may wonder whether the mamillo-
thalamo-cingulate tract could relay the repetitive intra-
hamartoma discharges, as indirectly suggested by the
presence of thalamic hyperperfusion during gelastic sei-
zures [3], and by our finding of lateralized, interictal,
thalamic hypometabolism in one of our patient.
Finally, we could not correlate the extent of the metabolic
abnormalities with the intensity of the behavioural and
intellectual disabilities. Yet, no definite conclusion can be
made regarding this issue, due to the very small number of
patients of our series. Future PET studies are thus war-
ranted with the hope of better understanding the complex
pathophysiology of epileptogenic HH. M
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