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Summary We report four adult patients who had thalamic lesions and lateralized or general-
ized spike wave discharges (SWDs). The first two patients also had cortical lesions. The role of
the cortex and thalamus in the generation of SWDs is discussed. The third patient had a history
of idiopathic generalized epilepsy (IGE) with intractable seizures. The last patient had partial
Thalamus;
Cortex;

seizures and absences. The coexistence of IGE with refractory focal epilepsy and the relation
with thalamic lesions are discussed.
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. Introduction

pike wave discharges (SWDs), which are characteristic
EG findings in idiopathic generalized epilepsy (IGE), are
enerated through corticothalamic and thalamocortical con-
ections (Steriade, 2005). Maintaining these discharges
equires the integrity of both the cortex and the thalamus
Avoli and Gloor, 1982). Thalamic lesions associated with
pileptic seizures like focal or multifocal motor seizures
Adams et al., 1988), gyratory seizures (Leiguarda et al.,

992), infantile spasms (Incorpora et al., 1999), or epilepsy
ith continuous SWDs during sleep (Incorpora et al., 1999,
elemen et al., 2006) have been previously reported.
ecently only four adult patients with clinical histories
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served.

ompatible with IGE (Inghilleri et al., 2002; Kelemen et
l., 2006; Nguyen et al., 2006) who had unilateral thala-
ic lesions and generalized SWDs on electroencephalogram

EEG), have been reported. Three of them had intractable
eizures (Kelemen et al., 2006; Nguyen et al., 2006) and one
atient had absence status (Inghilleri et al., 2002). In this
aper we present four adult patients with lateralized or gen-
ralized SWDs possibly related to unilateral thalamic lesions.
ue to the lateralization of the discharges, their clinical pre-
entations may be important for understanding the relation
etween thalamic lesions and occurrence of SWDs.

. Patients

.1. Patient 1
23-year-old female was admitted to our clinic after she
ad her first generalized tonic clonic seizure (GTCS) in the
rst week of the postpartum period. She also had dysphasia
nd right-sided hemiparesis. She had no history of epilepsy
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or risk factor, but eclampsia had been diagnosed at the sev-
enth month, leading to cesarean section. A venous infarction
in the left temporoparietal area and thrombosis in trans-
verse and sigmoid sinus were seen on her cranial magnetic
resonance imaging (MRI). Her EEG revealed slow waves on
the left side. She was anticoagulated because of the high
level of factor VIII and levetiracetam was given for seizure
control. Three weeks after discharge, she was admitted due
to recurrent GTCS and difficulty in speech. Her MRI showed
a new ischemic lesion in the left pulvinar region of the tha-
lamus (Fig. 1A) and her INR was 1.2. Her EEG showed slow
background on the left side and brief generalized spike and
multiple spikes and waves. She also had isolated spikes or
sharp waves on the left side (Fig. 1B). These lateralized
EEG findings were persistent in six EEG recordings during
the 2 years of follow up. She had a few mild seizures during
follow up and was given anticoagulation and antiepileptic
treatment.

2.2. Patient 2

A 56-year-old hypertensive, diabetic man was admitted to

hospital due to a diabetic ulcer on his left foot. During treat-
ment of that complaint in the internal ward, 2 mg daily
risperidone was started because of his behavioral distur-
bances. On the fifth day, he had his first GTCS. He had no
obvious seizure risk factor. His blood biochemistry was nor-
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Figure 1 (A) MRI of patient 1 with a new ischemic lesion in the le
generalized spike and multiple spikes and waves predominantly on t
left side. (C) MRI of patient 2 with a new acute ischemic lesion on le
lesion on the right cingulate gyrus. (D) EEG of patient 2 with genera
ave discharges 229

al. His EEG showed generalized SWDs for 1—2 s with frontal
ominance mostly on the right side. An acute ischemic lesion
as reported on the right cingulate gyrus on diffusion MRI.
is transthoracic echocardiography and cranial MR angiogra-
hy were normal. He was treated with subcutaneous heparin
nd acetyl salisylic acid; valproic acid was given for seizures.

On day 32 after admission, his left leg, with the
ntractable diabetic foot ulcer, was amputated. Cranial MRI
nd EEG were performed after this operation because of
ethargy. His MRI showed a new acute ischemic lesion in
he left thalamomesencephalic region (Fig. 1C) and his EEG
evealed mild slow background activity with generalized
WDs and isolated spikes in the left centroparietal region
Fig. 1D). Additionally pneumonia was diagnosed, antibi-
tic therapy was expanded but the antiepileptic treatment
as not changed. There was no recurrence of seizures but

eft-sided epileptiform discharges were present in his one
ollow-up EEG recording. Unfortunately we were unable to
ollow him up or contact him by telephone after discharge.

.3. Patient 3
27-year-old female was admitted because of generalized
onvulsions that had started at the age of 14. She also
ad daily attacks with loss of contact or jerks of her arms.
er family history was unremarkable but she had a febrile
onvulsion at the age of 2. She had taken phenytoin, car-

ft pulvinar region of thalamus. (B) EEG of patient 1 with brief
he left side. She also had isolated spikes or sharp waves on the
ft thalamomesencephalic region in addition to an old ischemic
lized SWD and isolated spikes in the left centroparietal region.
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Figure 2 (A) MRI of patient 3 with a lacunar lesion on the left medial thalamus. (B) EEG of patient 3 with generalized SWDs (ictal)
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nd isolated spike discharges on left side (interictal). (C) MRI of
left side) and PET with hypoperfusion on the anteromedial part
WDs.

amazepine, and phenobarbital in different combinations
or 13 years. Due to the intractability of her seizures she
as monitored in the video-EEG monitoring unit. Absence

eizures with mild hand automatisms associated with gen-
ralized SWDs and one absence-clonic-tonic-clonic seizure
ere recorded. Isolated spike discharges on the left side
ere seen in her interictal EEG recordings during five days
f monitoring (Fig. 2B). Her MRI showed a lacunar lesion
n the left medial thalamus (Fig. 2A). She had no risk fac-
or for ischemia in her history and laboratory examinations
ncluding echocardiography. Her antiepileptic therapy was
hanged to monotherapy with valproic acid. She had no fur-
her generalized convulsive seizures with valproic acid, but
bsences and mild jerks persisted. Lamotrigine was added
nd she became seizure free, and follow-up EEGs were
ither normal or showed rare left-sided spikes.

.4. Patient 4

16-year-old boy had his first GTCS at 9 years old. He had
ecurrent seizures with bilateral hand and oral automatisms.
is daily attacks with loss of contact were witnessed by his

amily. His mother’s and father’s cousins had a history of

pilepsy with GTCS, but there was no consanguinity between
is parents. Due to the lack of seizure control with the
ombination of clonazepam, valproic acid, lamotrigine, and
arbamazepine, he was monitored for six days in the video-
EG monitoring unit. He had frequent generalized 3.5—4 Hz
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ent 4 with a sequelar left thalamic lesion and thalamic atrophy
e left thalamus. (D) EEG of patient 4 with generalized 3.5—4 Hz

WDs for 10—30 s (Fig. 2D). In a few of these short time peri-
ds with SWDs nurses checked whether he was conscious.
ostly he remained conscious and he was able to answer
uestions or remember the given code after the end of the
aroxysm. He also had seizures with staring and automa-
isms. Ictal EEGs showed bilateral frontotemporal onset with
hythmic activity prominently on the left side.

His cranial MRI showed a sequelar left thalamic lesion
ith thalamic atrophy (Fig. 2C, left side) and positron
mission tomography (PET) showed hypoperfusion on the
nteromedial part of the left thalamus (Fig. 2C, right side).
thosuximide was added to his therapy but his seizures per-
isted.

. Discussion

e report new four adult patients with unilateral thalamic
esions that altered the integrity of the thalamocorticotha-
amic circuits. The difference between our cases and those
eported previously (Inghilleri et al., 2002; Kelemen et al.,
006; Nguyen et al., 2006) was the presence of persis-
ent and frequent lateralizing findings on EEG. That may

e related to the preceding cortical lesions leading to a
yperexcitable cortex (Meeren et al., 2002), like in our first
wo patients. However, there was a strong temporal rela-
ion with thalamic lesion and occurrence of SWDs, especially
n patient 1. SWDs were seen after the occurrence of an
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acute thalamic pulvinar lesion and lateralized to that lesion.
Involvement of the posterior—inferior part of the thalamus,
instead of the medial-anterior region, including thalamo-
cortical cells and surrounding reticular nucleus, which are
responsible for the generation of SWDs (Steriade, 2005)
might be unexpected for the occurrence of SWDs. However,
the cytotoxic edema near the pulvinar region may affect
these structures. Furthermore, neuroimaging evidence of
pulvinar involvement in patients with temporal lobe epilep-
sies (Guye et al., 2006) has been reported. The pulvinar area
might be activated by the hyperexcitable temporal cortex.
Additionally, the possibility of a genetic background for IGE
in such a young patient must be considered, although she had
no history of absences or myoclonia and no family history.

Patient 2 had an acute right frontal ischemic lesion ini-
tially and SWDs lateralizing to the right. In the second
EEG with left lateralizing findings and SWDs, he had a new
ischemic lesion in the left thalamomesencephalic region.
Frontal lesions causing SWDs or secondary bilateral syn-
chrony have been reported (Pavone and Niedermeyer, 2000).
Therefore, his first attack might have been related to the
lesion of the right cingulate gyrus. In the second EEG the
generalized SWD and localized epileptogenic activity in the
left centroparietal region showed a temporal relation with a
new left thalamic lesion. We hypothesize that the large left
thalamic lesion could easily have affected the SWD gener-
ating structures and might have been an additional factor.
The lateralizing finding in the second EEG was concordant
with the side of the recent thalamic lesion. The thalamus
and cortex, especially the perioral region of the frontal cor-
tex, actively participate in the generation of SWDs (Meeren
et al., 2002; Steriade, 2005). Focal cortical or thalamic
lesions in this thalamocortical circuit may cause SWDs with
lateralized findings on EEG. Additionally risperidone could
facilitate the cortical and/or thalamic excitation.

The presence of absences in patient 3 and 4 was similar
to previously reported cases of intractable IGE and uni-
lateral thalamic lesions (Nguyen et al., 2006). Importantly
our patients had SWDs with lateralizing findings compati-
ble with the thalamic lesions. It is difficult to explain why
these destructive subcortical-thalamic lesions cause unilat-
eral cortical discharges, but they might have activated a
superimposed hyperexcitable cortex.

In patient 4 the coexistence of IGE with refractory focal
epilepsy and/or secondary bilateral synchrony could have
been due to the presence of multiple seizure types and EEG

findings. In animal studies administration of proconvulsive
agents to caudal or rostral parts of the reticular nucleus of
the thalamus produced different semiology related to the
presence of different connections to the limbic motor area
or sensory area (Aker et al., 2006). Left thalamic atrophy
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nd hypometabolism in patient 4 may be related to partial
eizure facilitation or propagation via corticothalamic path-
ays (Guye et al., 2006). The presence of thalamic atrophy
r asymmetries of thalamic metabolism has been associated
ith poorer outcome (Newberg et al., 2000).

In conclusion, in our patients the cause of the gener-
lized and/or lateralized SWD may be the presence of a
yperexcitable cortex or an irritative thalamic lesion. To
dentify these mechanisms experimental animal studies may
e helpful in future.
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