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Abstract

Introduction: Drug resistant epilepsy is difficult to treat. Surgical management was first introduced by Dandy in 1928 when he performed the first 
anatomical hemispherectomy for infantile seizures. The treatment was very effective in the management of seizures but was associated with significant 
complications such as hydrocephalus, hemiplegia, aphasia and cortical hemosiderosis which develops later and is the cause of significant disability. The 
procedure now has been gradually replaced by functional Hemispherotomy where the epileptiform foci in the affected hemisphere are disconnected from 
the rest of the brain thereby containing the electrical discharges and preventing their translation into physical symptoms. This clinical remission from disabling 
epilepsy is highly successful with minimal complications in the short and long term to the patient.

Case series: We present our experience in a case series of 3 patients who underwent this procedure at different ages for hypoxic insults suffered in the 
immediate perinatal period. They were subjected to different combinations of antiepileptic drugs, but stayed away from surgery for different reasons. All 
underwent functional Hemispherotomy for their epilepsy. Post op they all had deficits which gradually improved to complete resolution after 3-6 months of 
physiotherapy. 

Conclusion: For the right indications, Hemispherotomy is the correct surgical choice for disabling drug resistant seizures and offers good clinical improvement. 
Irrespective of the technique used, proper pre-operative assessment coupled with proper post-operative follow up and postoperative rehabilitative care are 
critical in ensuring complete return to functionality at the earliest.

INTRODUCTION
Functional Hemispherotomy as the name suggests implies 

a disconnection of a pathological hemisphere from the rest of 
the brain and its efferent fibres effecting a clinical remission 
of intractable epilepsy by containing the pathologic electrical 
activity inside the same hemisphere. [1] Such a concept was 
considered dangerous and too morbid to lead to any perceivable 
benefits. After the structural hemispherectomy where resection 
of the entire hemisphere was performed, complications were 
immense limiting the spread and usage of this procedure [1,2]. 
Disconnection as an alternative to excision proved much more 
acceptable as it reduced the need for disabling resections and 
its complications [1,2]. Today’s disconnection Hemispherotomy 
is safe and considered an excellent surgical option for medically 
intractable epilepsy involving a diffuse focus or multiple 
foci localised to one Cerebral hemisphere [2]. The advent of 
Endoscopic transcallosal transventricular disconnection made 
this procedure even more acceptable by reducing the incision 
and craniotomy size making post op recovery easy and pain-free. 

We present our experience with a case series of 2 patients who 
underwent disconnection and performed well.

CASE REPORT 1
A 5 year old child presented to the clinic with refractory 

generalised seizures for 5 years. She had been on a full dosage 
of carbamazepine, levetiracetam and valproate for this period 
and had consulted various neurologist for her seizures. The child 
had a history of premature birth with an unmonitored antenatal 
period with perinatal meningitis needing ICU care for 3 weeks 
before recovery and discharge. On examination she was found 
to have a left hemiparesis of 2/5 power with left Homonymous 
hemianopia. Mental development was significantly retarded but 
speech was normal. AN MRI scan of the brain showed extensive 
polymicrogyria and gliosis pertaining to the old hypoxic and 
infectious insult (Figure 1a). The Video EEG recordings showed 
right frontocentral and temporal foci for the seizures. 2 seizures 
were recorded during a 24hr period with origins localised to 
the same focus. The lesions as shown extended almost across 
the entire hemisphere. She was evaluated and her relatives 
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were counselled for surgery. The lateral (Villemure) approach 
was selected due to surgeon comfort and proficiency. Motor 
mapping was done with on table Electrocorticography (ECoG) 
suprainsular dissection was carried out with an anterolateral 
and mesial temporal lobectomy, followed by insular and corpus 
callosal disconnection. Post op the child was extubated slowly 
in the ICU and covered with anticonvulsants. (Figure 1b) In the 
immediate post-operative period her deficits worsened into 0/5 
power in the left side. Gradual physiotherapy led to improvement 
in power allowing her to walk unaided and use her left hand more 
and more (Figure 1c).

CASE REPORT 2
A 12 year of boy presented to the clinic with left sided 

hemiparesis and intractable epilepsy for the past 10 years. He 
was on carbamazepine, levetiracetam, phenytoin and valproate 
for variable periods in different combinations over 7 years. His 
neuropsychological assessment and rehab assessment indicated 
mild developmental regression. However he was ambulant and 
independently performing his household activities.

His MRI revealed extensive gliosis pertaining to perinatal 
asphyxia. (Figure 2a and b) A Functional MRI was performed 
to localise the motor strip as well as to ensure that the seizure 
origin localised to the affected hemisphere and lesion (Figure2c). 
After appropriate assessment and counselling, he was taken up 
for a disconnection procedure. A lateral approach was taken and 
a suprainsular dissection was done followed by an infrainsular 
disconnection. The gliotic tissue was dissected and excised as 
much as possible without disturbing the normal looking brain. 
Post operatively he developed a complete left sided hemiplegia 

(0/5 power) but on physiotherapy he returned to preop power 
and independent mobility after 6months. (Figure 2d)

DISCUSSION
Functional disconnection as a surgery of choice for intractable 

epilepsy where diffuse seizure foci cannot be disconnected 
or excised individually[2-5]. The surgery employs advanced 
techniques used to disconnect the diseased hemisphere or 
part of the hemisphere from the rest of the functioning brain 
thereby limiting the clinical expression of the epileptiform 
foci of the hemisphere causing clinical remission of epilepsy 
[3]. Various technical embellishments have been made to the 
technique allowing more and more disconnection to be made 
with smaller approach corridors, the latest being the endoscopic 
disconnection Hemispherotomy. Nevertheless, the fundamentals 
of the procedure remain the same.

EVOLUTION OF THE PROCEDURE
Hemispherectomy was first introduced as a technique for 

intractable epilepsy where the focus is diffuse but confined to 
one hemisphere [1-4]. Dandy performed the first structural 
Hemispherotomy in 1928 for gliomas and 1938 for epilepsy 
and proved its efficacy [3]. Wiebe published a series in 2001 
where he emphatically demonstrated the clinical remission 
of the disease post-surgery [3]. Surgical considerations and 
complications such as superficial cortical hemosiderosis were 
explained by Oppenheimer & Griffith in their landmark paper in 
1966 [3, 4]. Rasmussen, Delalande, Villemure, Bucy, Schramm, 
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Figure 1 Preop Axial (A) Coronal (B) and Sagittal (C) MRI images of 
the child showing extensive gliosis and polymicrogyria. Intraoperative 
electrocorticography-ECoG (D).

Figure 2 Pre op MRIs of the patient in (A) axial, (B) Coronal and Sagittal 
(C) views showing extensive hemispherical damage and gliosis. The 
Diffusion Tension Imaging (DTI) of the same patient shown in (D) 
shows the corticospinal tracts just deep to the gliotic region.
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Cook and others first experimented with disconnection as the 
major component of the procedure as opposed to structural 
excision [3]. Delalande published his novel technique gleaned 
of the observation of butchery techniques of muscles to 
reduce the craniotomy yet hasten and improve the quality of 
the disconnection [4]. Bahulayen achieved international note 
when he demonstrated the feasibility of a purely endoscopic 
disconnection on cadavers [4].

Indications for functional Hemispherotomy:

The indications are few but specific. These include:

1. The presence of a diffuse focus or multiple foci of epilepsy 
occupying the greater part of and confined to one 
hemisphere [3].

2. Cortical malformations covering a large part of one 
hemisphere associated with epilepsy [3-5].

3. Presence of post-surgical or post traumatic gliosis across 
the hemisphere associated with medically intractable 
epilepsy [4].

Medically Intractable epilepsy (The rule of 2):

This involves the presence of physical or electrophysiological 
seizures in at least 2 episodes per year despite the administration 
of 2 or more antiepileptic’s in full strength for 2 or more years 
and confirmed by 2 epileptologists after a full and thorough 
examination [3].

Pre-operative assessments: All phase 1 investigation such 
as EEG, Video EEGs, MRIs and even advanced imaging techniques 
such as PET, SPECT, MEG and Functional MRIs can be done 
to localise the focus. Once diagnosed and localised, various 
assessments peripheral to the diagnosis and localisation of the 
disease are performed [4, 5]. These include:

1) A visual assessment to document field losses prior to 
surgery. Due to the disconnection, there will be field 
losses varying from a superior lateral quadrantanopia 
(pie in the sky) to a full hemianopia.

2) Neuropsychiatric assessment of the effects of the epilepsy 
as well as a full IQ and investigations of differing types of 
mental retardation.

3) Physiotherapeutic assessment which will assume 
significance after surgery when a hemiplegia or 
hemiparesis will develop. This gradually improves with 
therapy.

Outine pre anaesthetic evaluation by a qualified and 
specialised neuroanaesthetist is also done to ensure a smooth 
and eventful procedure. Once all the assessment is complete, 
the family is introduced to the entire epilepsy team and a group 
counselling session is performed [6,7]. Once there is trust and all 
doubts and worries have been addressed an informed consent is 
taken for the procedure.

Functional hemispherical disconnection is divided into 
broadly 3 types: [7]

1. Periinsular disconnection 

2. Frontal vertical disconnection 

3. Endoscopic transcallosal transventricular disconnection

Peri-insular disconnection: (Figure 3a)

This was the traditional technique expounded by Wiesse 
initially and modified by Rasmussen and Villemure. [7-9] Cook 
further added by ligating the middle cerebral artery along with 
dissection and excision of the Insula which has now fallen into 
disuse. Today’s lateral Hemispherotomy largely follows the 
technique of Villemure. This process involves a large fronto-
parieto-temporal craniotomy centred around the sylvian 
fissure, following which 3 steps are employed. [8,9] The FIRST 
is to employ the suprainsular window disconnecting the 
frontal, parietal and occipital lobes from the deep nuclei of the 
hemisphere, followed by the SECOND step, where the infrainsular 
window is employed to disconnect the temporal lobe. This is 
often replaced by a anterolateral temporal lobectomy along with 
the removal of the mesial structures around the temporal horn 
of the lateral ventricle. FINALLY, the insula is excised leaving 
behind a completely disconnected hemisphere [8, 9].

Vertical Frontal disconnection: (Figure 3b)

This technique was popularised by Delalande, who used 
a small frontal incision to achieve complete hemispherical 
disconnection. [10] He proposed, the head to be in vertical 
position (neutral) and a small frontal craniotomy be made. The 
frontal horn of the lateral ventricle is dissected out and then 
the deep nuclei are identified. [10] The disconnection is then 
vertically done lateral to the deep nuclei until the choroid plexus 
of the temporal horn of the lateral ventricle is seen. Finally 
disconnection is done anterior to the frontal horn onto the floor 
of the anterior cranial fossa leading to total disconnection of 
the hemisphere. [10] This procedure is advantageous over the 
lateral disconnection as there is a smaller craniotomy and scalp 
flap dissection thereby making the post-operative recovery 
pleasant and quick. The disconnection achieved is as effective 
and complete as in the lateral procedure [10].

Endoscopic transcallosal transventricular disconnection: 

A B 

Figure 3 showing the techniques of hemispherical disconnection. In 
figure (A) we have the vertical disconnection technique of Delalande 
and in figure (B) the peri-insular dissection technique of Villemure. 
Pictures are courtesy of Bahuleyan B, Manjila S, Robinson S, Cohen 
AR. Minimally invasive endoscopic transventricular hemispherotomy 
for medically intractable epilepsy: a new approach and cadaveric 
demonstration. J Neurosurg Pediatr 2010;6:536-40.
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This newly proposed technique involves a parasagittal craniotomy 
and a callosotomy into the ventricle using an endoscope [10-12]. 
The scope then follows the Delalande technique of ventricle 
disconnection into the temporal horn of the lateral ventricle. 
The technique uses a smaller incision and is helpful in children 
where hypothermia, infection and postoperative pain are major 
considerations in long and complex surgery of the brain [12].

Post-operative care: After surgery the patient is admitted 
into the neurosurgical ICU for monitoring. The anticonvulsants 
are continued as before surgery and fluid balance is maintained. 
Feeding might be started after 24 hours and once the patient is 
shifted to the ward to start his or her rehabilitation. Immediate 
concerns are seizures which maybe intractable and progress into 
status epilepticus. [12-14] Aggressive antiepileptic medication 
and anaesthesia must be used to reduce brain swelling including 
a generous use of steroids. Hydrocephalus maybe a concern but 
is addressed by regular clinical and radiological examination [13-
15].

Long-term rehabilitative care is most important to the patient. 
Both physical and psychological care and support assist in a better 
and quicker recovery. [15] Epilepsy recovery is assessed on the 
Engel score where Engel 1, 2 and 3 indicate meaningful recovery 
while the Engel 4 and 5 imply no improvement or worsening 
of the disease. [16-18] Antiepileptic medication in time can be 
tapered and stopped or modified into monotherapy in a lower 
dosage making compliance better. [16-18]

CONCLUSION
Functional Hemispherotomy is considered an effective and 

useful technique to control diffuse foci of epilepsy localised to a 
single hemisphere. Correct assessment and a good team approach 
help in delivering the optimum results to the patient.
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