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Abstract

Children with unilobar or multilobar pathology issuing in refractory epilepsy are potential candidates
for surgical treatment. Extensive surgery results in good seizure control, but it also increases the risk of
neurological deficits as well as motor and mental problems. We reviewed the cases of 19 children with
refractory epilepsy treated surgically at Osaka University Hospital. Four of the 19 patients underwent
temporal disconnection, 2 underwent occipital lobectomy, 4 underwent temporoparietooccipital discon-
nection, 6 underwent functional hemispherotomy, and 3 underwent corpus callosotomy. A good surgical
outcome, i.e., Engel’s class I or II, was achieved in 12 (63%) of the 19 patients. Excellent surgical outcomes
and satisfactory motor and mental development were achieved in 4 patients who underwent temporo-
parietooccipital disconnection. The outcomes of functional hemispherectomy were also satisfactory. The
outcomes of temporal disconnection and corpus callosotomy were poor in comparison to outcomes of
the other procedures. We believe that better surgical outcomes would have been achieved with tempo-
roparietooccipital disconnection in some cases treated by temporal disconnection or occipital resection.
Adequate extensive surgical procedures should be considered for refractory childhood epilepsy arising
from unilobar or multilobar pathology.
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Introduction deficits as well as motor and mental problems. Thus,
the surgical procedure for epilepsy must be selected
Children with unilobar or multilobar pathology by taking the pathology, semiology, developmental
issuing in refractory epilepsy are potential candidates  status, and age of the patient into consideration.
for surgical treatment, and good seizure control = The most aggressive surgery for refractory epilepsy in
is usually obtained by such treatment.?’ Different  childhood is hemispherotomy, and this procedure is
surgical procedures are considered because of the  widely applied in such cases.” Hemimegalencephaly
variant epileptogenic pathologies as well as differ- and Rasmussen’s encephalitis are indications for
ences in patients’ motor and mental development. = hemispherotomy. Temporoparietooccipital disconnec-
Relatively wide resection or extensive disconnection  tion (posterior quadrantectomy) has recently been
is thought to result in optimum seizure control, but  reported to bring about excellent seizure control when
these procedures increase the risk of neurological  the epileptogenic focus is located in the occipital,
temporal, or parietal lobe.*'? Other disconnection and
Received March 31, 2013; Accepted July 29, 2013 resection surgeries are also applicable for patients
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Table 1 Temporal disconnection

Patient Age (years)/sex Etiology Semiology Outcome F/U (years) F/U comment
T1 14.8/M FCD CPS IVa 2.2 Entered high school
T2 14.9/M Porencephaly CPS Ila 3.7 Entered high school
T3 2.1/F FCD West ITa 6.2 Mental retardation
T4 2.1/M FCD West Ila 10.2 Borderline development

Outcome is expressed as Engel’s classification. CPS: complex partial seizures, F: female, FCD: focal cortical dysplasia, F/U: fol-

low up, M: male, West: West syndrome.

with refractory epilepsy. In addition, corpus callo-
sotomy is suitable for palliative care. Evaluation of
the patient’s developmental status and the potential
surgical outcome is necessary when identifying a
surgical candidate and selecting the appropriate
procedure.”? To best understand the implications
of the various surgical options, we retrospectively
evaluated outcomes, complications, and postop-
erative developmental status in patients who had
undergone unilobar or multilobar disconnection or
resection surgery for refractory childhood epilepsy.

Patients and Methods

I. Patients

Our study subjects were 19 children (9 girls and
10 boys) with refractory epilepsy who underwent
unilobar or multilobar disconnection surgery,
occipital lobectomy, or corpus callosotomy between
2000 and 2011 and were followed up for more
than 1 year. These patients were identified through
medical records, from which we also obtained
our study data. Age of the patients at the time
of surgery ranged from 0.4 to 14.9 years, with an
average of 5.1 years. The epilepsies resulted from
developmental malformation (n = 12), including focal
cortical dysplasia (FCD) (n = 9), hemimegalencephaly
(n = 2), polymicrogyria (n = 1), porencephaly
(n = 3), Aicardi syndrome (n = 1), cerebral hemiat-
rophy (n = 1), Sturge-Weber syndrome (n = 1), and
an unknown cause (n = 1). The epilepsies manifested
as West syndrome (n = 11), complex partial seizures
(n = 6), and secondary generalized seizures (n = 2). We
obtained information regarding the presurgical evalu-
ations, surgical procedures, postoperative outcomes,
and neurological deficits in each case. We also inves-
tigated the developmental outcomes, including motor
and mental function. Postoperative seizure outcomes
were assessed according to the Engel’s classification.

II. Selection of the surgical procedures
The surgical procedures varied by case. The area of
disconnection was determined on the basis of epileptic
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semiology and magnetic resonance imaging (MRI),
18F-fluorodeoxy glucose (FDG)-positron emission
tomography (PET), magnetoencephalography (MEG),
electroencephalography (EEG), electrocorticography
(ECoG), and video-EEG. Of these examinations, MRI
was the most important for selecting the surgical
procedure. Preoperative neurological deficits, motor
and mental development, and age of the patient
were also taken into consideration for selection of
the surgical procedure.

Temporal disconnection was performed in 4 patients
for whom MRI revealed a temporal lobe abnormality
(Table 1). Three (Patients T1, T3, and T4) of the
4 patients had MRI abnormalities suggesting unilateral
FCD. FDG-PET revealed temporal lobe hypometabo-
lism in Patients T1 and T3. Video-EEG monitoring
of Patient T1 suggested ictal onset in the temporal
lobe. EEG in Patients T3 and T4 showed hypsar-
rhythmia. In the remaining patient (Patient T2), MRI
revealed porencephaly of the left middle fossa and
atrophy of the temporal lobe. Chronic intracranial
ECoG monitoring showed spikes arising from the
left lateral temporal lobe, with some arising from
the left occipital lobe; however, ictal ECoG was
not obtained. In consideration of the patient’s age
(14.9 years) and intelligence (normal) and to avoid
hemianopsia, temporal disconnection rather than
temporoparietooccipital disconnection was performed.
Two patients underwent occipital lobectomy (Table 2).
The indication for this procedure was unilateral,
localized anatomic, metabolic, and electrophysi-
ologic abnormalities in the occipital lobe. In both
patients, MRI revealed occipital lobe abnormalities
suggesting FCD. In Patient O1, FDG-PET revealed
hypometabolism in the right occipital lobe, and
EEG showed hypsarrhythmia. In Patient O2,
although EEG revealed spikes arising from the
occipital and temporal lobes, intracranial ECoG
showed the epileptic onset zone to be in the right
occipital lobe.

Four patients underwent temporoparietooccipital
disconnection (Table 3). The basic indication for
this procedure was generation of the seizures in
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the temporo-occipital region with diffuse spread
to the parietal lobe but not the frontal lobe. The
frontal lobe of all 4 patients appeared normal upon
MRI and FDG-PET. In Patient PQ1, MRI revealed
porencephaly in the territory of the right middle
cerebral artery. FDG-PET revealed hypometabolism
of the right hemisphere, except in the frontal lobe.
EEG showed hypsarrhythmia. Temporoparietooc-
cipital disconnection was applied in this case
to preserve the patient’s frontal lobe. In Patient
PQ2, MRI suggested FCD in the left occipital lobe.
FDG-PET revealed hypometabolism not only in the
left occipital lobe but also in the temporal lobe.
Video-EEG monitoring revealed spastic seizures that
followed rhythmic slow waves arising from the left
occipital and posterior temporal lobes. In Patient
PQ3, MRI suggested FCD in the left temporal and
occipital lobes. Ictal single-photon emission computed
tomography with N-isopropyl['*’I]-p-iodoamphetamine
(IMP-SPECT) revealed increased cerebral blood flow
in the left parietal, occipital, and temporal lobes,

Table 2 Occipital lobectomy

and interictal FDG-PET revealed hypometabolism in
these regions. In Patient PQ4, MRI suggested FCD
in the left temporal lobe, and FDG-PET showed
hypometabolism in the temporal and parietal lobes.
Video-EEG suggested the epileptic focus to be in
the left temporal lobe, and ECoG revealed a left
temporo-parietal focus.

Functional hemispherotomy was performed in
6 patients (Table 4). Hemimegalencephaly was
diagnosed by MRI in 2 of the 6 patients (Patients
H4 and H6). Sturge-Weber syndrome with angiomas
covering the whole hemisphere was diagnosed
in 1 patient (Patient H3). Aicardi syndrome with
agenesis of the corpus callosum was diagnosed in
Patient H1; MRI showed right hemi-atrophy but
an almost anatomically normal left hemisphere. In
Patient H2, MRI suggested FCD in the occipital lobe,
and FDG-PET revealed hypometabolism involving
the whole hemisphere. Functional hemispherotomy
was performed in this patient. In Patient H5, MRI
showed typical left cerebral hemiatrophy. FDG-PET

Patient Age (years)/sex Etiology Semiology Outcome F/U (years) F/U comment
01 2.1/M FCD West Ic 8.4 Autism
02 7.4/F FCD CPS Id 8.8 Borderline development

Outcome is expressed as Engel’s classification. CPS: complex partial seizures, F: female, FCD: focal cortical dysplasia, F/U: fol-

low up, M: male, West: West syndrome.

Table 3 Temporoparietooccipital disconnection

Patient  Age (years)/sex  Etiology Semiology Outcome F/U (years) F/U comment
PQ1 1.6/F Porencephaly West Ia 1.2 Walks independently
PQ2 1.1/M FCD West Ta 1.7 Walks independently
PQ4 9.9/M Polymicrogyria CPS Ilc 6.6 Autism
PQ4 8.8/M FCD CPS Ia 6.8 Borderline development

Outcome is expressed as Engel’s classification. CPS: complex partial seizures, F: female, FCD: focal cortical dysplasia, F/U: fol-

low up, M: male, West: West syndrome.

Table 4 Functional hemispherotomy

Patient  Age (years)/sex Etiology Semiology =~ Outcome F/U (years) F/U comment
H1 0.6/F Aicardi Syndrome West IIla 3.8 Cannot walk
H2 0.9/M FCD West Ia 6 Walks with support
H3 0.4/F S-w West Ia 6.8 Walks independently
H4 2.8/M HME sGTC Ta 7.8 Walks independently
H5 1.6/F Cerebral hemiatrophy West Ila 8.3 Walks independently
Hé6 0.9/F HME West Ia 8.9 Walks independently

Outcome is expressed as Engel’s classification. F: female, FCD: focal cortical dysplasia, F/U: follow up, HME: hemimegalenceph-
aly, M: male, sGTC: secondary generalized tonic-clonic seizures, S-W: Sturge-Weber syndrome, West: West syndrome.
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Table 5 Corpus callosotomy

Patient  Age (years)/sex Etiology Semiology = Outcome  F/U (years) Follow-up comment
C1 8.8/F Unknown sGTC v 1.0 1p36 deletion syndrome
C2 1.0/F Unknown West Ia 5.8 Bilateral focus
C3 13.0/M Porencephaly CPS Ila 7.4 Bilateral focus

Outcome is expressed as Engel’s classification. CPS: complex partial seizures, F: female, F/U: follow up, M: male, sGTC:
secondary generalized tonic-clonic seizures, West: West syndrome.

showed hypometabolism only in the left hemisphere.
Thus, left functional hemispherotomy was performed
in this patient.

Corpus callosotomy was performed in 3 patients
(Table 5). Patient C1 was diagnosed with 1p36
deletion syndrome, and MRI revealed right cere-
bral hemiatrophy. However, EEG showed bilateral
frontal synchronized spike and wave discharges.
The patient’s motor function was nearly normal.
Because of the seizure etiology and the patient’s
age (8.8 years), total corpus callosotomy rather
than functional hemispherotomy was performed.
Patient C2 was diagnosed with West syndrome; MRI
revealed bilateral brain atrophy, and EEG showed
bilateral synchronized spikes. Patient C3 suffered
from complex partial seizures; MRI revealed poren-
cephaly of the left frontal and temporal lobes. EEG
suggested the epileptic focus to be in the right
hemisphere. To localize the epileptogenic focus,
total corpus callosotomy was performed.

ITI. Surgical procedures

For temporal lobe disconnection in this patient
series, the disconnection line was approximately
5-6 cm from the temporal tip and hippocampus,
the lower part of the amygdala and uncus were
removed to disconnect surrounding brain tissues.
The occipital lobe was removed rather than discon-
nected because of its small volume. Hemispherotomy,
vertical parasagittal functional hemispherotomy
in particular, was performed as described by
Delalande et al.” temporoparietooccipital discon-
nection was performed as described by Daniel et
al.,¥ who referred to the procedure as functional
posterior quadrantectomy (Fig. 1). This procedure is
used to disconnect the temporal lobe, occipital lobe,
and posterior part of the parietal lobe, preserving
the primary sensory cortex. Corpus callosotomy
was performed in the manner described by Joseph
et al.’® with a neuronavigation system.
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Results

As noted above, 4 of the 19 patients underwent temporal
disconnection, 2 underwent occipital lobectomy, 4
underwent temporoparietooccipital disconnection,
6 underwent functional hemispherotomy, and 3
underwent corpus callosotomy. In the patient with
Sturge-Weber syndrome (Patient H3) who underwent
functional hemispherotomy, hydrocephalus was
noted after 6 months, and a ventriculoperitoneal
shunt was fashioned. No other persistent surgical
complication was observed. Outcomes are described
per procedure in Tables 1-5.

I. Results of temporal disconnection

Postoperative outcomes in the 4 patients who
underwent temporal disconnection were as follows:
Engel’s class Ila (n = 2), class Illa (n = 1), and
class IVa (n = 1) (Table 1). The class IVa patient
(Patient T1) underwent additional disconnection
surgery that extended to the occipital lobe 1 year after
the initial surgery, and he has been seizure-free for
14 months. The two early adolescents (Patients T1
and T2) showed normal development before surgery.
Postoperatively, they both entered high school with
no neurologic deficit except quadrantanopsia. Two
patients (Patients T3 and T4) underwent surgery at
approximately age 2. Both of them showed mental
retardation before surgery. Although both showed
signs of mental retardation, their motor and mental
development improved.

II. Results of occipital lobectomy

The two patients who underwent occipital
disconnection showed hemianopsia postopera-
tively, but their motor function was not affected.
For one patient (Patient O1), the postoperative
outcome was Engel’s class Ic, and the patient’s
mental development was somewhat below normal
(borderline category). Postoperative outcome in
the other case (Patient O2) was Engel’s class Ilc
with only nocturnal seizures. This patient’s mental
development was also borderline (Table 2).
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Fig.1 Magnetic resonance images of temporoparietooccipital disconnection (Patient PQ2). Arrow heads indicate

the disconnection line.

ITI. Results of temporoparietooccipital discon-
nection

Two of the 4 patients who underwent tempo-
roparietooccipital disconnection were less than
2 years old at the time of surgery (Patients PQ1 and
PQ2), and the other 2 patients were 8 and 9 years of
age (Patients PQ3 and PQ4, respectively) (Table 3).
Three patients (Patients PQ1, PQ2, and PQ4) were
seizure-free (Engels’s class Ia) after surgery, and the
fourth patient (PQ3) reached Engel’s class Ilc. The 4
patients showed no motor weakness and were able
to walk independently. However, these patients often
avoided use of the upper extremity contralateral to
the affected side of the brain. Each of these 4 patients
was able to use the contralateral arm and hand but
with some hesitation; use of the other arm and hand
was quite natural. Postoperative verbal function
seemed to depend on the preoperative function in
the two older children. Patient PQQ3 was diagnosed
with autism and patient PQ4 with borderline mental
development. The two very young children (Patients
PQ1 and PQ2) have been followed up for less than

2 years. At present, they can use only a few words,
but their word comprehension has improved.

IV. Results of functional hemispherotomy

Four of the 6 patients who underwent functional
hemispherotomy (Patients H2, H3, H4, and H6) were
seizure-free after surgery (Table 4). Two patients,
the patient with Aicardi syndrome (Patient H1)
and the patient with cerebral atrophy (Patient H5),
reached Engel class Illa. In Patient H5, incomplete
disconnection was detected postoperatively. Four
patients (Patients H3, H4, H5, H6) were able to
walk during the follow-up period, but their lower
extremities contralateral to the affected side of the
brain showed some spasticity. Patient H1 showed
some symptoms of Aicardi syndrome; she was
not able to walk, and she appeared to be severely
mentally retarded. Patient H2 was able to stand up
independently and walk with support. All 6 patients
showed slight to severe mental retardation.
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V. Results of corpus callosotomy

Total corpus callosotomy was performed in all
3 patients treated by callosotomy (Table 5). Patient
C1 showed no improvement (Engel class IV) after
the surgery. The outcome for Patients C2 and C3
was Engel class IIla. These 3 patients showed
severe to moderate mental retardation before
surgery, and their mental status did not change
much after surgery.

Discussion

In this study, we reviewed the outcomes of discon-
nection surgery performed in childhood for refractory
epilepsy. The surgical procedure in each of the 19
cases was determined on the basis of presurgical
seizure semiology, neuroimaging, and neurophysiologic
findings as well as motor and mental development.
Thus, the surgical procedures varied from temporal
disconnection to occipital lobectomy to temporopa-
rietooccipital disconnection to hemispherotomy to
corpus callosotomy. Frontal lobe disconnection and
frontoparietal disconnection are variant procedures
that were not applied in our patient series. Frontal
lobectomy or disconnection is only rarely applied to
refractory epilepsy in childhood.*!"® Thus, frontal
lobe pathology in the childhood that necessitate
frontal lobe disconnection or frontoparietal discon-
nection may be rare.

The outcomes achieved in our series were good.
Engel’s class I or II was achieved in 63% of cases.
Because the number of cases was limited in this
study, statistical analysis is not informative. However,
outcomes were poorer in the cases of temporal
disconnection than in the other cases. Temporal
disconnection is reported to yield excellent outcomes
for adult patients with intractable epilepsy.’® Complete
freedom from seizures was not achieved in any of
our patients who underwent temporal disconnection;
however, one of the four patients became seizure-free
after additional temporal disconnection. In the early
adolescents, extensive disconnection was not advisable
because these patients showed normal development
and motor function preoperatively. Thus, temporal
disconnection was performed rather than temporo-
parietooccipital disconnection in these two cases.
In such cases, the dominancy of verbal function
must be considered before temporal disconnection.
In the two very young children with EEG-determined
hypsarrhythmia, more extensive disconnection, such
as temporoparietooccipital disconnection, might
have yielded better surgical outcomes because the
focus of the remaining seizures was thought to be
posterior to the disconnection line.

Outcomes of occipital lobectomy were somewhat
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satisfactory, although the procedure was performed
in only 2 patients. Mental development in these
2 patients was in borderline. Nocturnal seizures
remained in 1 patient (Patient O2). Postoperative
EEG showed the focus of the remaining seizures
to be the ipsilateral temporal lobe. Thus, temporo-
parietooccipital disconnection might have yielded
complete freedom from seizures in this patient.

Outcomes of temporoparietooccipital disconnec-
tion were satisfactory, as previously reported.*'? All
patients who underwent either occipital lobectomy or
temporoparietooccipital disconnection were able
to walk almost normally, and they had no motor
weakness. However, they tended to avoid using the
contralateral upper extremity. Autism and mental
problems were recognized in the patients who
underwent temporoparietooccipital disconnection.
We believe occipital lobectomy or temporoparietooc-
cipital disconnection can bring about satisfactory
seizure outcomes and development in carefully
selected patients.

Posterior quadrantic dysplasia is thought to
be one of the causes of refractory epilepsy,” and
temporoparietooccipital disconnection is applied
in such cases. Furthermore, occipital-plus resection
is reported to achieve better outcomes than other
multilobar epilepsy surgeries.'® An interesting neural
cell migration pattern in the unborn child has been
reported.” In line with these findings, we conclude that
occipital disconnection and temporoparietooccipital
disconnection are reasonable surgical procedures for
patients with FCD in temporal or occipital regions.
In retrospect, we realize that temporoparietooccipital
disconnection could have been applied in some of
our temporal disconnection and occipital lobectomy
cases and that the procedure would have brought
about better seizure control.

Surgical outcomes after hemispherotomy were
satisfactory in 4 patients and unsatisfactory in
2 patients. These outcomes matched previously
reported outcomes.” In 1 patient, the poor outcome
was attributed to incomplete disconnection detected
upon postoperative MRI and to a bilateral abnor-
mality detected upon preoperative MRI. The other
patient had Aicardi syndrome, which is an X-linked
dominant inheritance disorder. There was some
systemic abnormality in this case, and the patient’s
postoperative motor and mental development were
poor compared to those in the other hemispherotomy
cases. Such cases might fall outside the indications
for functional hemispherotomy. Freedom from seizures
was achieved in the other 4 patients. The patients
who underwent hemispherotomy showed slight to
severe mental retardation. Four patients were able to
walk independently, one could stand up and walk
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with help, and the Aicardi syndrome patient could
not walk. All 6 patients showed some weakness in
the contralateral upper extremity along with lower
extremity spasticity. This suggests that functional
hemispherotomy yields the most satisfactory seizure
outcome but that it does not yield the best motor
and mental function.

Corpus callosotomy was performed for our patients
with suspected bilateral frontal epileptogenesis
even without drop attacks. However, satisfactory
outcomes were not achieved by corpus callosotomy
alone. Corpus callosotomy can localize the epileptogenic
focus, and freedom from seizures can be achieved
with corpus callosotomy alone in some patients.”
Thus, we suppose that corpus callosotomy can serve
as an additional and palliative procedure for patients
with suspected bilateral pathologies or drop attacks.

Surgery should be carefully considered for
refractory childhood epilepsy arising from a unilobar
or multilobar pathology. Extensive disconnection
will bring about optimum seizure control in such
cases, but it will also lead to motor and mental
problems.®' In conclusion, we must take seizure
control, motor development, and mental status into
account in selecting the most appropriate discon-
nection surgical procedure.
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