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1998; Paolicchi et al., 2000; Alarcon et al., 2006; Kim et al.,
2008; Zupanc et al., 2010).

Although all 4 patients who underwent subsequent
HMDS had favorable outcomes, only 46.7% of patients who
received subsequent RSF achieved favorable outcomes in
this series. In the previous surgical series of frontal lobe
epilepsy, seizure-free and favorable outcomes have been
reported in 30—70% and 50—80% of patients (Cascino et al.,
1992; Swartz et al., 1998; Ferrier et al., 1999; Jobst et al.,
2000; Mosewich et al., 2000; Siegel et al., 2001; Zupanc et
al., 2010). Some prognostic factors for unfavorable postop-
erative outcome were also documented including no focal
lesion on MRI (Cascino et al., 1992; Ferrier et al., 1999;
Mosewich et al., 2000), histologically proven malformation
of cortical development (Jeha et al., 2007), generalized
or non-focal ictal onset pattern on preoperative EEG (Jeha
et al., 2007), and incomplete resection due to extended
electrographic abnormality proximity to the functional cor-
tex (Paolicchi et al., 2000). A majority of patients in
the present series who underwent RSF possessed these
‘“‘unfavorable’’ findings indicating more extended epilepto-
genicity (e.g., non-focal ictal onset pattern in all at initial
presurgical evaluation; extended |0Z in 8 of 11 patients with
IEEG study). However, normal MRI, which was also found in
11 of 15 patients, was not a statistically significant factor
for unfavorable outcome in this study.

Ictal symptoms after callosotomy

Some ictal symptoms after callosotomy may have had an
influence on final seizure outcome in patients who under-
went RSF.

In frontal lobe epilepsy, there have been reports of
successful resective surgery for unilateral tonic postur-
ing seizures and asymmetric epileptic spasms (Janszky
et al., 2001; Ramachandrannair et al., 2008). Similarly, two
patients with epileptic spasms involving the contralateral
upper limb (patients 6 and 8) and one patient with con-
tralateral tonic posturing following CPS (patient 3) achieved
favorable outcome after the subsequent resection. However,
most patients who had ictal involvement of the contralateral
limb (such as asymmetric epileptic spasms and tonic postur-
ing) had residual seizures after the RSF. Together with IEEG,
an extended 10Z might contribute to the ictal symptoms and
result in incomplete resection in those patients. Therefore,
ictal involvement of the contralateral limb after callosotomy
may be a negative predictor for favorable outcomes.

In contrast, all 4 patients without ictal involvement of the
contralateral limb achieved favorable outcomes. One had
CPS (patient 16), two had asymmetric head drops (patients
9 and 14), and one had only subclinical seizures (patient 7)
after callosotomy. CPS in frontal lobe epilepsy usually origi-
nates from the medial frontal, orbito-frontal or fronto-polar
cortex (Jobst et al., 2000), and is usually resectable.

Asymmetric head drops were characterized by atonic
head falling deviating ipsilaterally. The responsible 10Z for
this type of seizure is uncertain. Atonic seizures are pro-
duced by a sudden reduction of axial muscle tone, and
results in head drops and body fall. Generalized atonic
seizures are most probably the result of activation of the
inhibitory centers in the brain stem mediated by cortical

epileptic discharges and the cortico-reticulo-spinal systems
(Noachtar and Peters, 2009). When bilateral epileptogenic
hemispheres are synchronously activated (Spencer et al.,
1993; Ono et al., 2002), this hypothesis can account for gen-
eralized atonic drop attacks before callosotomy. It has also
been suggested that drop attacks in partial seizures may be
close in mechanism to those seen in generalized seizures (So,
1995). If the connection between the lateralized epilepto-
genic hemisphere and brain stem persists after callosotomy,
unilateral alteration of axial muscular tone and asymmet-
ric head drops may occur. Unfortunately, in patients in the
present report, the responsible I0Z for asymmetric head
drops could not be clearly revealed by intracranial EEGs.
However, it might be possible that unilateral epileptogenic
activity in the frontal lobe evoked asymmetric head drops.

Stepwise procedure for patients with
unilateral/bilateral lesions

The present series consisted of three patients with uni-
lateral atrophic lesions who were etiologically suspected
to have partial epilepsy. Pre-callosotomy EEGs revealed
predominant epileptiform discharges in the non-affected
hemisphere, and those in the atrophic hemisphere might
have been masked. However, in the case of generalized
seizures such as epileptic spasms or tonic seizures, it is dif-
ficult to confirm that the atrophic hemisphere is exclusively
responsible for the seizures (Andermann et al., 1993).

Wyllie et al. (2007) summarized their large surgical
series of pediatric patients with unilateral lesions on MRI
and generalized abnormalities on preoperative EEG. Most
patients had a congenital or early-acquired lesion. They
concluded that hemispherectomy and lobar/multi-lobar
resective surgery for the affected hemisphere might be suc-
cessful for selected patients despite abundant generalized
or bilateral epileptiform discharges on EEG. However, resid-
ual seizures and generalized or contralateral epileptiform
discharges on EEG persisted after surgery in some patients
(Wyllie et al., 2007). Hallbook et al. (2010) reported that
a majority of their patients with congenital or acquired
lesions, who underwent hemispherectomy, had contralateral
MRI abnormalities. They also mentioned that seizure-free
outcome was less frequent in children with generalized
or contralateral epileptiform discharges on postoperative
EEG (Hallbook et al., 2010). Thus, it should be considered
that those patients had more or less bilateral epilepto-
genic processes, despite the unilateral nature of the lesions.
In the present series, three patients had mild or moder-
ate contralateral hemiparesis, but no focal motor seizures
attributable to the affected hemisphere were present. Two
patients had tonic seizures frequently causing drop attacks
and physical injuries (patients 11 and 13), and the other
patient experienced CPS and SG without lateralizing ictal
features (patient 16). For such patients, callosotomy could
be an initial surgical option, and subsequent surgery may
be possible depending on their post-callosotomy seizures.
This stepwise procedure can be accurate and safe for these
patients.

Callosotomy has been occasionally performed on patients
with bilateral lesions (Kawai et al., 2004; Silverberg et al.,
2010). Kawai et al. (2004) stated that total callosotomy
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is a viable option for the treatment of drop attacks and
other seizures in patients with bihemispheric malformation
of cortical development. In the present series, 4 patients
had bilateral lesions (tuberous sclerosis and cortical dys-
plasia) and generalized seizures such as epileptic spasms
and tonic seizures at initial presurgical evaluation (patients
2, 3, 5 and 17). Their seizures transformed into asymmet-
ric seizures after callosotomy. Favorable outcomes were
achieved after the subsequent surgery in one patient. Cal-
losotomy can therefore be considered as a palliative and
diagnostic therapy for patients with bilateral lesions and
generalized seizures.

Repetitive surgeries: complications and surgical
interval

In this series, two patients had postoperative hydrocephalus
after RSF or HMDS, and one had epidural infection after
implantation of subdural electrodes and RSF. Although addi-
tional surgical treatment was required for these patients,
permanent deficits did not persist. These complications
are possible after conventional resective surgery and hemi-
spherotomy (Behrens et al., 1997; Limbrick et al., 2009) and
not particular to the stepwise procedure described herein.

Although it ranged widely in the present series, a suffi-
cient interval between callosotomy and subsequent surgery
should be required for individual patients. A recent paper
documented that callosotomy followed by immediate IEEG
study and resective surgery did not achieve favorable out-
comes, and suggested delayed IEEG (Silverberg et al., 2010).
It is important to confirm that the seizures and EEG find-
ings are stereotypical and reproducible after callosotomy.
Patients with suspected partial onset seizures after calloso-
tomy should be repeatedly examined with video-EEG.

Callosotomy for patients excluded from
conventional resective surgery

It is important to note that all patients in this series were
excluded from conventional resective surgery mainly due to
normal MRI and bilateral EEG findings at initial presurgical
evaluation. Most reported outcomes after epilepsy surgery
have been conducted with treated patients. However, there
should be a considerable number of excluded patients. For
instance, Wetjen et al. (2009) reported that 50% of MRI-
negative extratemporal resections resulted in a favorable
postoperative outcome if the patients had focal ictal EEG
onset by invasive monitoring. However, that rate dropped to
27.5% if all implanted patients (including patients that were
implanted but ultimately had no resection) were considered
(Roper, 2009). Although the precise number is not known,
some significant number of patients should be excluded from
conventional resective surgery in general. Callosotomy is not
only a palliative therapy, but also a diagnostic for ‘‘buried’’
patients. Hopefully, callosotomy will result in improved out-
comes through subsequent resective surgeries.
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