Check for
updates

pISSN 2005-3711 eISSN 1598-7876

Review Article

J Korean Neurosurg Soc 62 (3) : 336-343, 2019
https://doi.org/10.3340/jkns.2019.0031

From Resection to Disconnection for Seizure Control in
Pediatric Epilepsy Children
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Epilepsy surgery revealed dramatically improved seizure outcomes over medical therapy in drug-resistant epilepsy patients.
Children with epilepsy, however, have multiple epileptic focuses which require multilobar resection for better seizure
outcome. Multilobar resection has not only the several severe surgical complications, such as hydrocephalus and shunt-related
craniosynostosis, due to intracranial volume reduction. Isolation method (disconnection surgery) was progressively studied over
epileptic focus removal (resective surgery) for seizure control. This concept was first introduced for functional hemispherotomy,
and its primary principle is to preserve the vital vascularized brain that is functionally disconnected from the contralateral healthy
brain. Currently in most epilepsy centers, the predominant disconnection surgical methods, including functional hemispherotomy,
are continually being refined and are showing excellent results. They allow the functional isolation of the hemisphere or multi-lobe,
affected by severe epilepsy. This review describes recent findings concerning the indication, surgical technique, seizure outcome
and complications in several disconnection surgeries including the functional hemispherotomy for refractory pediatric epilepsy.
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INTRODUCTION

Two-thirds of epilepsy cases may be controlled with mono-
therapy or poly-therapy of antiepileptic drugs, but one-third
still remains intractable. Drug-resistant epilepsies may be sur-
gically cured. The introduction of modern neuroimaging
since the late 1980s, such as magnetic resonance imaging
(MRI), fluorodeoxyglucose-positron emission tomography
(FDG-PET), ictal and interictal single photon emission com-
puted tomography (SPECT), and magnetoencephalography
(MEG), makes the detection of epileptic foci and patients cur-

able with resective surgery easy. After the first randomized
controlled trial by Wiebe et al.*¥ in 2001, epilepsy surgery re-
vealed dramatically improved seizure outcomes over medical
therapy in refractory temporal lobe epilepsy patients. Consen-
sus guidelines recommended early surgical referral of drug-
resistant epilepsy patients'*'>'®. The problem is that more than
60% of pediatric epilepsies have multiple epileptic foci and
they require multilobar resection for better seizure outcome.
Despite low permanent morbidity™, multilobar resection has
several severe surgical complications due to intracranial vol-

ume reduction, such as hydrocephalus and shunt-related cra-
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niosynostosis, in addition to 19% visual field defect 19% and
1% new motor deficit.

Researchers, therefore, began to investigate isolation (dis-
connection surgery) method instead of removing the epileptic
foci (resective surgery) for seizure control. This concept was
first introduced for functional hemispherotomy. The purpose
of hemispherotomy is to functionally isolate the epileptogenic
zone which is widely diffused to an entire hemisphere. Before
the era of functional hemispherotomy, Dandy first carried out
anatomical hemispherectomy for the treatment of gliomas in
1928 and reported that this surgery could be applied in epilep-
sy treatment in 1938%. In 1950, Krynauw*" reported that the
anatomical hemispherectomy, involving ligation of the anteri-
or and middle cerebral arteries and subsequent en bloc remov-
al of the cerebral hemisphere, was effective in infantile hemi-
plegia cases. Subsequently, technical variations of less resective
and more disconnecting hemispherotomy, such as hemide-
cortication has been described by Ignelzi and Bucy?, and
functional hemispherotomy by Rasmussen®”. The aforemen-
tioned hemispherectomy methods, however, have not resolved
the fundamental problem of intracranial volume loss, such as
hydrocephalus, chronic subdural fluid collection, or superfi-
cial cortical hemosiderosis®. In order to avoid severe compli-
cations of the hemispherectomy, functional hemispherotomy
techniques welre introduced in the 1990’s, by Delalande et
al.”, Villemure and Mascott*”, Villemure and Daniel*?, and
Schramm et al.’**%”, each with their own solution to achieve
complete functional disconnection of the hemisphere. The
principle of functional hemispherotomy is to preserve the vital
vascularized brain that is functionally disconnected from
contralateral healthy brain. Currently in most epilepsy cen-
ters, the predominant disconnection surgical methods, in-
cluding functional hemispherotomy, are continually being re-
fined and are showing excellent results. They allow functional

isolation of the hemisphere or multi-lobe, affected by severe

epilepsy.

FUNCTIONAL HEMISPHEROTOMY

Indication for functional hemispherotomy
Children with hemiplegic epilepsy, characterized by unilater-
al hemispheric pathology issuing in refractory epilepsy are po-

tential candidates for hemispherotomy?®*”. Infantile hemiplegic
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epilepsy is not a single disease entity. A number of disorders
such as congenital neuronal migrational defects (cortical dys-
plasia, hemimegalencephaly, hemiconvulsion-hemiplegia-epi-
lepsy syndrome) and the destructive lesions on the unilateral
hemisphere (congenital porencephaly, perinatal cerebrovascu-
lar accidents, Sturge-Weber syndrome, Rasmussen encephali-
tis) lead to intractable partial seizures and hemiparesis. Al-
though wider resection or extensive disconnection is thought
to result in optimum seizure control, these procedures increase
the risk of neurological deficits as well as motor and mental
problems. Thus, the surgical procedure for epilepsy must be se-
lected by taking the pathology, semiology, developmental sta-
tus, and age of the patient into consideration.

Preoperative evaluation

Presurgical evaluation includes 1) family and personal his-
tory; 2) complete seizure history : onset of epilepsy, semiology
and frequency of seizures that are classified according to the
ILAE classification*; 3) neurologic examination, especially
focused on motor and/or sensory-motor lateralized neurologic
deficits (hemiparesis, unilateral hypotonic syndrome, and
hemianopsia); 4) neuropsychologic examination, 5) 24-hour
video-electroencephalography (EEG); and 6) neuroimage
studies such as brain MRI, PET, and ictal and interictal
SPECT.

Surgical technique of functional hemispherotomy
In order to completely isolate the pathologic hemisphere
from the normal healthy hemisphere, anatomical hemispher-
ectomy is the most certain method, when disregarding the
surgical complications. For achieving the same complete dis-
connection with minimal complications as the anatomical
hemispherectomy, technically four common goals are neces-
sary : 1) disconnection of the cortico-thalamic tract (internal
disconnection of the internal capsule and corona radiata);
2) resection of the medial temporal structures; 3) total corpus
callosotomy; and 4) and disconnection of the oribito-fronto-
hypothalamic tract (disruption of the frontal horizontal fi-
bers)*”. Two main surgical routes for functional hemispherot-
omy are lateral approach via the surgical route around the
Sylvian fissure (Fig. 1A; peri-insular functional hemispheroto-
my) and vertical approach that reaches the lateral ventricle and
then the corpus callosum from the brain vertex (transcortical

or transcallosal transventricular functional hemispherotomy)
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Fig. 1. Postoperative MRI of several functional hemispherotomies. A :
Postoperative MRI of peri-insular functional hemispherotomy. B : Postoperative
MRI of transcortical transventricular functional hemispheroctomy. C :
Postoperative MRI of transcallosal transventricular functional hemispherotomy.
MRI: magnetic resonance imaging.

(Fig. 1B and C).

The “peri-insular hemispherotomy™#? is divided into three
surgical stages; supra-insular window, infra-insular window,
and insula resection. Via the supra-insular window, the cor-
pus callosum is reached to dissect the white matter of the co-
rona radiata from the frontal and parietal cortex (cortico-tha-
lamic tract) via the lateral ventricle preserving arteries and
veins. After the callosotomy is completed along the pericallo-
sal artery, posterior dissection extends from the hippocampus
tail at the level of choroidal fissure to the fimbria-fornix. An-
terior dissection extends from the fronto-basal portion just

anterior to the basal ganglia via the suprainsular window.
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The infra-insular window on superior temporal gyrus allows
mesial temporal resection including the uncus, amygdala and
hippocampus. Insular resection is completed by subpial aspi-
ration by undermined incision at the level of the claustrum®*?.
The general principle of “vertical parasagittal hemispheroto-
my” is to achieve the same line of disconnection as performed
with the peri-insular hemispherotomy through a posterior frontal
cortical window (Fig. 1B; transcortical transventricular hemi-
spherotomy) or corpus callosum itself (Fig. 1C; transcallosal
hemispherotomy)™. The lateral ventricle with a small craniotomy
can be reached identical to that of classic callosotomy. The dissec-
tion of the white matter of the corona radiata from the frontal
and parietal cortex is done through the internal capsule lateral to
the thalamus and continues from the trigone to the temporal
horn of the lateral ventricle along the choroid plexus. Subsequent-
ly mesial temporal resection is performed. The surgery is com-
pleted with the disconnection of the fronto-basal portion just an-
terior to the basal ganglia. This surgical technique provides a
favorable anatomical orientation and allows complete disconnec-
tion of the hemisphere with leaving the majority of the hemi-

sphere intact along with its afferent and efferent vascular supply.

Results : seizure outcome, cognition, and complica-
tions

Seizure outcome of hemispherectomy or hemispherotomy
is favorable in patients with acquired lesions and patients with
congenital malformations of cortical development with sei-
zure free rate of 60—90% and a worthwhile improvement in
10-15% of patients"***). Seizure outcomes, however, greatly
differ according to the etiology and surgical techniques™*.
Rasmussen encephalitis, porencephaly secondary to perinatal
stroke, Sturge-Weber syndrome have better prognosis than
cortical malformations such as hemimegalencephaly and cor-
tical dysplasia that may be associated with some degree of
contralateral involvement'”. Some authors pointed out that in
terms of seizure outcome, anatomical hemispherectomy is
most effective because of the early recurrence of seizures due
to incomplete disconnection in functional hemispherotomy.
Most neurosurgeons, however, agree that the complication
rate is higher with anatomic hemispherectomy than with the
more recent functional hemispherectomy or peri-insular
hemispherotomy. Seizure outcome has been reported to be
poorer in patients with cortical malformations compared to

patients with acquired lesions. Unintended incomplete dis-



connection is well-recognized surgical outcome of lateral or
vertical functional hemispherotomy in patients with severe
cortical malformations®'¥. In patients with extensive cortical
malformation, the technical constraints and difficulties in-
volved in identifying anatomic hallmarks during the surgery
may be the reason of incomplete disconnection. Incomplete
basal ganglia disconnection may also play a significant role in
seizure recurrence after hemispherotomy for patients with
malformations of cortical development*'>'”. Another reason
for poorer seizure outcome in group with cortical malforma-
tions is their younger age at surgery. The underdeveloped
brain of young children is too fragile to perform functional
hemispherotomy which requires brain retraction during sur-
gery. Poor surgical vision may lead to incomplete disconnec-
tion. Recently developed hemispherotomy concept, however,
makes the seizure outcome quite similar with the three proce-
dures; anatomical hemispherectomy, lateral or vertical func-
tional hemispherotomy"***'. Even if seizure free outcome
does not depend on the surgical procedure, hemispherotomy
techniques are highly recommended when insular and sub-
cortical abnormalities are present®.

Seizure outcome may sometimes predicted with preopera-
tive EEG or MRI. Independent epileptic discharges from bilat-
eral hemispheres indicate a less satisfactory outcome : in con-
trast abnormalities of background activity over the good
hemisphere or bilaterally synchronous discharges may be as-

sociated with a good outcome®

). In pre-operative MRI, con-
tralateral abnormalities or abnormal hemispheres with exten-
sive insular and subcortical heterotopic gray matter is also
recognized as a poor predictive factor for seizure outcome®”.
Moreover, contralateral MRI abnormalities may be observed
in children with malformation of cortical development, af-
fecting 25-72%*". Nevertheless, contralateral abnormalities
may not contraindicate hemispherotomy in order to decrease
seizure frequency'3?.

Post-surgery cognitive functions improve in most cases. Con-
tinuous epileptic discharges spreading from the malformed
hemisphere to the “healthy” hemisphere suppress normal devel-
opment of brain, which causes mental retardation®*”. Therefore,
despite the remaining seizures, their frequency reduction allowed
improvement in behavior, schoolwork and employment capabili-
ties. The amount of improvement depends on the etiology, post-
operative seizure freedom, duration of epilepsy before surgery

and contralateral hemispheric dysfunction. A longer duration of
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epilepsy before surgery is associated with bad prognosis on global
outcome, especially on verbal communications abilities**!"'.
Post-surgery seizure freedom positively correlates with spoken
language outcome in children with developmental etiology com-
pared with acquired pathology'. A lack of post-operative cogni-
tive improvement may be related to abnormal metabolism as well
as MRI abnormalities of the “healthy” hemisphere®'>3.

Most patients who underwent hemispherotomy, suffered
from transient aggravation of hemiparesis. Severe aggravation
of hemiparesis or hemiplegia, however, has never occured in
the long-term outcome®". Residual motor control is more se-
verely impaired for hand functions than for walking!"'¥.

Coagulopathy, aseptic meningitis, infections, cerebral in-
farction, hydrocephalus and superficial cerebral hemosiderosis
are the early and delayed complications after surgery. The
most common complication is hydrocephalus, which account
for 10-50% of the cases™****?, requires ventriculo-peritoneal
or subduro-peritoneal shunting. Expected hemianopia is re-
corded in all operated patients. About 10% of cases require the
second look surgery for seizure freedom because of persistent
seizures and MRI evidence of incomplete disconnection®?.
The perioperative mortality is higher than 1%>'“***?. Early
surgery allows better neurocognitive and psychosocial devel-
opment providing several advantages in developmental plas-
ticity, such as the transfer of motor functions in one hemi-
sphere or language capability in the right hemisphere. Surgical
consideration in younger children requires careful analysis of
several age related issues in comparison to adults. Small blood
volume and severe cortical malformations that occasionally
need larger resection in infants may be closely related to the
higher mortality rate”. Rare mortality may happen in patient
with Rasmussen encephalitis before severe atrophy, in Sturge-
Weber syndrome, in hemimegalencephaly or hypertrophic
diffuse hemispheric dysplasia because of brain swelling and
hemispheric infarct secondary to ischemia, from interfering
with the arterial supply or venous drainage, which leads to in-

tracranial hypertension and sudden death'.

POSTERIOR QUADRANTECTOMY

Indication for functional posterior quadrantec-
tomy
Although hemispherotomy is the treatment of choice when
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Fig. 2. Operative finding of several subhemispheric surgeries. A : Operative finding of anterior quadrantectomy. B : Operative finding of posterior quadrantecto-
my. C: Operative finding of posterior quadrantectomy, followed by frontal lobectomy. Final cortical incision margin (red line below) added on posterior quadran-
tectomy (light sea green line below). Lt. : left, H: hemisphere, F : frontal, PQ: posterior quadrantectomy.

the whole hemisphere is involved with accompanying hemi-
plegia, multilobar resection should be considered to spare the
functional cortex with residual motor function (finger oppo-
sition and foot tapping) in sub-hemispheric involvement of
epileptic zone. Multilobar epilepsy has traditionally been
treated with resective surgery, which involves the removal of
large parts of the hemisphere, either the frontal and parietal
lobes (Fig. 2A; anterior quadrant resection), or the temporal,
parietal, and occipital lobes (Fig. 2B; posterior quadrant resec-
tion), leaving behind a large operative cavity. Similar to the
evolution of disconnective techniques in hemispherectomy,
our surgical approach for quadrantic epilepsy has evolved pro-
gressively toward more disconnection and less resection.

While maintaining similar seizure outcomes as resective sur-
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gery, these techniques are aimed at reducing perioperative
morbidity and long-term complications. Quadrantectomy is
indicated when the epileptogenic zone encompasses unilater-
ally large areas of the frontal and parietal lobes (anterior quad-
rant), or the temporal, parietal, and occipital lobes (posterior
quadrant). At times posterior quadrantectomy can be consid-
ered followed by tailored frontal lobectomy (Fig. 2C) when
epileptic zone involves the whole hemisphere without accom-
panying hemiplegia (Fig. 3). The pathological substrate re-
sponsible for the seizure disorder should be static, contrary to
a progressive one like Rasmussen encephalitis, which may lat-
er necessitate hemispherectomy, even if only part of the hemi-
sphere appears to be involved at its onset. The presence of re-

sidual voluntary motor function of the contralateral distal
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Fig. 3. Postoperative magnetic resonance imaging of posterior quadrantectomy, followed by frontal lobectomy.

musculature, i.e., finger opposition and foot tapping, contra-
indicates a hemispherectomy but forms the indication for
posterior quadrantectomy. The presence of a visual field de-
fect facilitates the decision to carry out this extensive surgery.
However, the creation or aggravation of a homonymous field

deficit is not an absolute contraindication to this surgery.

Surgical technique of functional posterior quadran-
tectomy

The whole operation begins in a similar way to peri-insular
hemispherotomy. A clear exposure of the opercular cortices
and the central area (perirolandic) is essential for the surgery.
The resection margin is tailored to encompass the whole epi-
leptogenic lesion and to avoid the central region. The primary
motor and sensory cortices are easily recognized from scru-
pulous study of the MRI, intraoperative surface anatomy,
based on gyral pattern, arteries, and veins, and somatosensory
evoked potentials or motor evoked potentials. This identifica-
tion maximizes both the extent of resection and the safety of
surgery.

The first step of functional posterior quadrantectomy is the
removal of mesial temporal resection via infrainsular window.
This step is identical to that of peri-insular hemispherotomy.
The infra-insular window on superior temporal gyrus allows
mesial temporal resection including the uncus, amygdala and
the hippocampus. The proceeding step of the surgery is the
disconnection of the neocortex of temporal, parietal and oc-

cipital lobes. The infrainsular window is posteriorly extended

along the temporal horn to trigone of the lateral ventricle, tak-
ing care to preserve the vein of Labbe and the branches of the
middle cerebral artery. The cortical incision in the superior
temporal gyrus is turned around onto the suprasylvian cortex
just posterior to the primary sensory cortex. The insular re-
section is completed by subpial aspiration by undermined in-
cision at the level of the claustrum*?. The third step is the in-
traparietal disconnection. The cortical incision is taken
diagonally superiorly just posterior to the postcentral gyrus.
The white matter along the whole length of the incision is
deepened to reach the tissue along the falx and the disconnec-
tion is done up to the pia along the falx to reach the sagittal si-
nus superiorly and the level of the corpus callosum inferiorly.
The last step is the posterior callosotomy (resection of sple-
num of corpus callosum). After completion of surgery, the
temporal, parietal, and occipital lobe are anatomically left in
situ but functionally completely isolated from ipsilateral fron-

tal lobe and contralateral hemisphere.

Results : seizure outcome and complications

It is difficult to interpret surgical outcome of subhemi-
spheric epilepsy because there are few studies that focus on
this epilepsy surgery subgroup. Leiphart et al.* and Koszews-
ki et al.? reported that the outcome of seizure after multilobal
resections was inferior to that of single lobar resections. In
contrast, Daniel et al.'”” reported that 92% of the cases showed
no mortality or significant morbidity in Engel's class 1. They

pointed out that the incorporation of disconnective tech-
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niques in multilobar surgery has maintained the excellent re-
sults. Disconnective technique has markedly reduced the rate
of hydrocephalus'*>*”, a well-recognized complication'**? after
hemispherectomy or multilobar subhemispheric resection.
Endoscopic resection has been attempted even in the discon-
nection of small hypothalamic hamartoma. Some reports in-
dicate endoscopic disconnection of hypothalamic hamartoma
to be safer and more effective than other modalities®. Al-
though such positive outcome has been marked with discon-
nective technique, it is a recent technique which lacks long
term follow up. For all the other static etiologies, a disconnec-
tion surgery is a viable alternative option.

In the dominant posterior multilobar surgery, speech
should be a major concern. For the confirmation of speech
function, Wada test is needed. Fortunately, most of the lan-
guage functions resided in the opposite hemisphere of the
congenital lesions, resulting in the absence of postoperative

language dysfunction.

CONCLUSION

Cerebral hemispheric disconnection surgery is a well-estab-
lished treatment for intractable epilepsy. It is a secondary phe-
nomenon that is diffuse, usually unilateral hemispheric, and
intractable to medical therapy. Hemispherotomy or subhemi-
spheric disconnection surgery may provide remarkable results
in terms of seizure outcome and improvement of the quality
of life. It is crucial for the epilepsy surgeon to appreciate the
individuality of each patient who is a candidate for hemi-
spheric or sunhemispheric disconnection and to apply the

most suitable technique for each patient.
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