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ABSTRACT – Gamma knife radiosurgery is a minimally invasive procedure
which can be used for patients with intractable epilepsies as an alter-
native for surgical corpus callosotomy. We report a 13-year-old boy with
intractable epilepsy who underwent radiosurgical callosotomy. The patient
demonstrated significant clinical improvement after gamma knife radio-
surgery and was free of seizures 10 months after the procedure. However,
He developed four short focal seizures with clonic movements during the
20 months post radiosurgery. Corpus callosotomy decreased epileptiform
discharges in both hemispheres, indicating a role for the callosal neu-
rons to facilitate an asymmetric epileptogenic susceptible state within the

nous and bisymmetrical epileptiform
onstrates that this novel therapeutic
ion for the treatment of intractable

y, callosotomy, generalised epilepsy
two hemispheres such that bisynchro
discharges develop. Our result dem
approach is a safe and effective opt
generalised epilepsies.
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Open surgery is not an effective
therapeutic approach for patients
with medically intractable epilepsy
with multifocal origins of epilep-
tic activity who are not appropri-
ate candidates for focal resections
(Celis et al., 2007). The surgical

approach to treat epilepsy is costly
and associated with approximately
1% mortality and 10-20% morbi-
dity rates especially when lesions
are multifocal or located in deep
or eloquent areas of the brain
(Pilcher and Rusyniak, 1993). Corpus
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tiform synchronous spike-wave activity, dominant
allosotomy is indicated in patients with severe
edically intractable epilepsy in order to prevent bilat-

ral synchronous epileptiform discharges and retard
he rapid spread of epileptic activity between the two
erebral hemispheres (Eder et al., 2006). This method
s noticeably effective for clonic, absence, myoclonic,
imple and complex partial seizures (Cendes et al.,
993; Fuiks et al., 1991; Gates et al., 1992; Reutens et
l., 1993; Spencer, 1988). Corpus callosotomy acts as
palliative therapeutic method, to decrease the fre-

uency and severity of intractable epilepsies in order
o diminish patients’ disability (Pendl et al., 1999).
lthough morbidity and mortality rates associated with
pen surgery are markedly reduced using the gamma
nife (GN) radiosurgical approach, complications are
till reported (Cendes et al., 1993; Oguni et al.,
991). There are important and life-threatening
omplications associated with open surgical cal-
osotomy, including: infection (1-12%), intracranial
aematomas (1-10%), brain oedema/swelling (0-3%),
troke (0-1.5%), and death (0-2.8%) (Lin et al., 2011).
ence, an alternative treatment with reduced side
pileptic Disord, Vol. 13, No. 2, June 2011

ffects is essential. Although reports on GN radiosur-
ical corpus callosotomy in patients with intractable
eizures are scarce in the literature (Celis et al., 2007;
der et al., 2006; Feichtinger et al., 2006; Pendl et al.,
999), there is evidence in support of this therapeutic
pproach as a feasible and effective treatment option.

igure 1. EEG with bilateral synchronous epileptiform spike-wave activ
eneralised epilepsy.
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Radiosurgical callosotomy for intractable epilepsy

ase study

he patient was a 13-year-old boy, born after a full-term
regnancy from non-consanguineous parents. He was
orn with hypoxia and low birth weight (1,700 g). Ini-

ially, his neonatal period and growth rate were normal.
revious head trauma following a fall from a height
f 1.5 meters was reported by his mother. The patient
resented with mild to moderate psychophysical retar-
ation and right-sided mild spastic hemiparesis. The
pileptic condition started at three to four years of
ge as complex partial seizures. He later developed
ifferent types of seizures, including: tonic, clonic,

onic-clonic and absence seizures. The patient suf-
ered from an average of 10 to 15 seizures per day for
hree years.
arbamazepine, vigabatrin, phenytoin, lamotrigine,
lonazepam, tiagabine, valproic acid, topiramate and
rimidone had been used in various combinations
ithout success. The electroencephalogram (EEG)

nalysis showed 1.5 to 2.5 hertz (Hz) bilateral epilep-
203

ity, dominant over the parieto-occipital region, compatible with

ver the parieto-occipital region (figure 1). Com-
uted tomography (CT) scans and magnetic resonance

maging (MRI) studies showed bilaterally multifo-
al sclerotic lesions (suggesting post-traumatic old
nfarcts) and encephalomalacia in the parieto-occipital
egion. All medical and therapeutic approaches were
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nsuccessful during the past three years and he was
ot a suitable candidate for open surgical resection.
urgical callosotomy was offered as a therapeutic
ption and the patient’s parents chose radiosurgery,
cheduled in September 2009. A written informed con-
ent was obtained from the parents for any scientific
se of the registered medical data. The images used for
orpus callosotomy were axial T1, T2, sagittal T2 and
oronal T1-weighted, thin-sliced (1 mm) stereotactic
04

RI scans for 3-D volumetric reconstruction, using the
lanning software Leksell Gamma Plan (version 5.34;
gures 2, 3 and 4). Six exposures with the 4-mm collima-

or helmet were glinted in the anterior or posterior part
f the corpus callosum. The target to be irradiated was

he rostrum, genu, and body of the corpus callosum,

D
m
d
w
s
a

igure 2. Corpus callosum borders were visualized by Leksell Gamma
xcluding the splenium (nearly total callosal discon-
ection). Stereotactic radiosurgery was performed at
maximum dose of 50.51 gray (Gy), with a marginal

ose of 22.2 Gy on 99% perception isodose under local
naesthesia (Siegfried et al., 1998). The volume of the
orpus callosum receiving the marginal dose at the
4% isodose line was 0.996 cm3. The post-intervention
yper signal changes at the site of entrance of gamma
nife beam to corpus callosum are depicted in figure 5.
Epileptic Disord, Vol. 13, No. 2, June 2011

uring the whole procedure, the patient was closely
onitored by expert clinicians using video and audio

evices. He was discharged the day after intervention
ithout short-term complications. The patient demon-

trated a significant clinical improvement after four
nd eight weeks in the follow-up visits and he was

Plan at coronal and sagittal T1 views.
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igure 3. Corpus callosum borders were visualized by Leksell
amma Plan at transversal T1 view.

isited on a regular basis. The corpus callosotomy by
N radiosurgery culminated in a reduction of seizure

requency and severity, generalised seizure pattern
pileptic Disord, Vol. 13, No. 2, June 2011

isappearance and transformation to focal or partial
eizures. Ten months after radiosurgery, he was free
f seizures, however, he developed four short focal
eizures with clonic movements thereafter. The first
eizure occurred ten months after the procedure. The
econd and third seizures occurred on the same day
our months later and the last seizure took place five

t
1
r
p
t
p
q

igure 4. Corpus callosum borders were visualized by Leksell Gamma
Radiosurgical callosotomy for intractable epilepsy

onths after the second and third episodes. He did
ot have any further seizures until now (20 months
fter GN radiosurgery). The post-operative antiepilep-
ic medications were 500 mg/day carbamazepine,
00 mg/day topiramate and 150 mg/day primidone
hich were tapered gradually over six months and
ere finally discontinued.

o assess the neuropsychological functions after GN
adiosurgery, neuropsychological outcomes, includ-
ng IQ, memory, language, executive functioning,
ttention, behaviour and subjective cognitive changes,
ere evaluated both before and ten months after

urgery. For intelligence testing, the child was exami-
ed using a Wechsler Intelligence Scale for Children

Tewes, 1985). Short-term memory was assessed by
igits forward and the Corsi block tapping task for
umerical and spatial immediate memory span (Isaacs
nd Vargha-Khadem, 1989) and long-term memory was
valuated by a German version of the Auditory Ver-
al Learning Test for Verbal memory (Helmstaedter
t al., 2001). The token test was used as a screening
est for aphasia. This test assesses sentence compre-
ension and is a commonly used language test in
hildren and adults (Orgass, 1982). Response inhibi-
ion and verbal fluency were included as tests for
xecutive functions. Attention in terms of process-

ng speed was assessed with a letter cancellation
est which requires crossing target letters among dis-
racters within a limited time frame (Brickenkamp,
205

968). All the test results indicated a satisfactory neu-
opsychological outcome compared to data before the
rocedure. Mental and physical status, as well as func-

ion in school, improved significantly. Moreover, the
arents experienced a meaningful amelioration in his
uality of life.

Plan at sagittal T1 view.
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of epilepsy (Kawai, 2007).
igure 5. Hyper signal changes at the site of entrance of the
amma knife beam to the corpus callosum, visualized at sagittal
are view.

iscussion

he corpus callosum is a major pathway of epilepti-
orm discharge transmission from one hemisphere to
nother and callosotomy may interrupt propagation
f epileptiform discharges between the two hemi-
pheres. The first results of corpus callosotomy were
eported by Van Wagenen and Herren in 1940 on
0 patients (Van Wagenen and Herren, 1940). Several
tudies support the theory of a reduction in bilateral
nd bisynchronous epileptiform discharge after dis-
uption of pathways between the two hemispheres.
he frequency of seizures has been reported to
ecrease from 80% to 70% following open surgical
allosotomy in patients with intractable epilepsies
Cendes et al., 1993; Fuiks et al., 1991; Gates et al.,
984; Gates et al., 1987; Oguni et al., 1994; Oguni et
l., 1991; Reutens et al., 1993). Although not all epilep-
iform discharges may be affected by this procedure,
he incomplete distribution of bilateral synchronous
nterictal epileptiform discharges and disruption of
heir flow pathways may give rise to complete sup-
ression of generalised epilepsy and normalisation of
rain EEGs (Baba et al., 1996; Gates et al., 1987; Spencer
t al., 1993).
he patient in our study suffered with intractable
06

pilepsy and frequent drop attacks and the generalised
pilepsy resulted in severe disability and significant
ecline in his quality of life. Therefore, finding an
ffective therapeutic approach to reduce his epileptic
ttacks was of great significance in order to improve
is performance and quality of life.

T
e
l
d
s
e

he idea of using radiotherapy for the treatment of
pilepsy is not novel. In 1939, Tracy designed the
ethod of X-ray radiation in conjunction with bro-
ide for the first time (Tracy, 1905) and seventy patients
ith intractable epilepsies were treated with external
eam irradiation by Von Wieser (Wieser, 1939). GN was

ntroduced by Leksell in 1950 for functional neuro-
adiosurgery. This procedure was primarily used to
reat tumours and vascular malformations (Leksell,
983). Some studies have proposed radiosurgery as a
aluable option for irradiation of focal epileptic tar-
ets (Dunoyer et al., 2002). In patients with deep-seated
pileptic foci that are difficult to access, GN was used
o irradiate the targets (Hellstrand et al., 1993). Approxi-

ately 50% to 83% of patients with epilepsies who
nderwent radiosurgery had a significant reduction in
pilepsy after resective surgery (Falkson et al., 1997;
chröttner et al., 1998). Following stereotactic radio-
urgery for seizures arising from the temporal lobe,
he patient may become seizure-free. Seizure con-
rol after radiosurgery in children is similar to that
n adults (Régis et al., 2000; Régis et al., 1995; Régis
nd Roberts, 1999). The major concern for children
s the risk of long-term irradiation side effects, how-
ver these are dose dependent. Since the irradiation
f targets is achieved using low doses, the risk of tissue

njury is very low. Doses that suppress epileptic foci
re reported to range from 10 to 20 Gy and are lower
han those that cause necrosis (Barcia-Salorio et al.,
987; Heikkinen et al., 1992; Mori et al., 2000; Whang
nd Kwon, 1996). Today, GN radiosurgery is an alter-
ative adjunct to open surgery based on its effect on
educing epilepsy and significantly improving patients’
uality of life. However, according to previous studies
n callosotomy, there tends to be some deterioration

n seizure control after two years (Pressler et al., 1999).
agal nerve stimulation (VNS) is also another alterna-

ive treatment option which has proven to be effective
gainst medically intractable epilepsy in both adults
nd children for whom brain surgery is not indicated
r has failed. VNS reduces seizure susceptibility of

he cerebral cortices. However, there are also some
omplications associated with this procedure, includ-
ng: infection, lead fracture, fluid collection around the
timulator, neck pain and difficulty swallowing (Kabir
t al., 2009). Although the effect of VNS on seizures

s less dramatic, the less invasive nature and wide
ange of indication have made VNS indispensable as
n alternative treatment for the comprehensive care
Epileptic Disord, Vol. 13, No. 2, June 2011

he concept of treatment of multifocal-induced
pilepsies by radiosurgery is novel and, to our know-

edge, there are few reports in the literature that
escribe corpus callosotomy using stereotactic radio-
urgery (Celis et al., 2007; Eder et al., 2006; Feichtinger
t al., 2006; Pendl et al., 1999). In 1999, the first report
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f corpus callosotomy for the treatment of patients
ith multifocal refractory epilepsies was published by

endl (Pendl et al., 1999). They used radiosurgery to
blate the anterior part of the corpus callosum in three
atients (with mean age of 27.6 years) with intractable
pilepsy and performed radiosurgery with a cobalt-60,

n two stages with 50 Gy and then 170 Gy at maxi-
um. In 2006, two series of three and eight cases were

eported at the Graz University by Eder et al. (2006) and
eichtinger et al. (2006), respectively. They used GN to
isrupt the anterior third of the corpus callosum and
erformed GN with marginal dose of 55-60 Gy on the
0% isodose. A reduction of 60% and 100% in epilepsy
rop attacks and generalised epilepsies were reported,
espectively.
n 2007, Celis et al. reported a 17-year-old male patient
ho underwent corpus callosotomy with a prescribed
ose of 36.0 Gy at the periphery of the rostrum,
enu, and one half of the body of the corpus callo-
um (CCA). Their results showed an improvement rate
f 84% for drop attacks and generalised tonic-clonic
eizures after 32 months of follow-up (Celis et al., 2007).
hey concluded that radiosurgical callosotomy was an
ffective and noninvasive approach, in contrast to the
lternative invasive treatment options. In this method,
section along the corpus callosum is reproduced

y GN (figure 3) to prevent bilaterally synchronous
pileptiform discharges, propagating to the contra-

ateral hemispheres and with lower transient and
ermanent complications reported from open surgery

Lassonde and Sauerwein, 1997; Quattrini et al., 1997;
ossi et al., 1996).
ccording to our findings, corpus callosotomy using
N radiosurgery significantly improved symptoms in
ur patient. This novel therapeutic approach is there-

ore a safe and effective option for the treatment
f carefully selected cases of medically intractable
pilepsy. �
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