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Carla Bentes 1,6

1 Department of Neurosciences (Neurology), Hospital de Santa Maria,
Centro Hospitalar Lisboa Norte, Lisbon,
2 Unit of Neuropathology, Department of Neurosciences, Hospital de Santa Maria,
Centro Hospitalar Lisboa Norte,
3 Neurosurgery Department, Hospital de Santa Maria, Centro Hospitalar Lisboa Norte,
Lisbon,
4 Neurorradiology Department, Hospital de Santa Maria, Centro Hospitalar Lisboa
Norte, Lisbon,
5 Hospital de São Bernardo, Setúbal,
6 EEG/Sleep Lab, Department of Neurosciences, Hospital de Santa Maria,
Centro Hospitalar Lisboa Norte, Lisbon, Portugal

Received December 26, 2015; Accepted September 24, 2016

ABSTRACT – Subcortical band heterotopia is a neuronal migration disorder
that may cause refractory epilepsy. In these patients, resective surgery has
yielded inadequate results. Deep brain stimulation of the anterior nuclei of
the thalamus has been used for the treatment of refractory epilepsy with
good results. We describe the first two patients with subcortical band het-
erotopia who were submitted to deep brain stimulation of the anterior
nuclei of the thalamus, with evaluation of seizure outcome after 12 and
18 months of follow-up. At these times, both showed a >50% decrease in
seizure frequency and an increase in seizure freedom. Both patients had a
depressive syndrome after surgery that responded fully to anti-depressive
medication in one patient and partly in the other. In both, deep brain stim-
ulation of the anterior nuclei of the thalamus was associated with good
seizure outcome. This procedure can therefore be considered in the treat-
ment of patients with subcortical band heterotopia and refractory epilepsy.
Depression may be a transient adverse event of the surgery or stimulation,
however, its aetiology is probably multifactorial.
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ubcortical band heterotopia (SBH) is a neuronal
igration disorder characterised by bands of grey
atter within the central white matter between the

ortex and the ventricular surface. Together, SBH and
issencephaly comprise a spectrum of malformations
ssociated with deficient neuronal migration. The
ajority of the cases are sporadic, but many of these

nd the familial ones are X-linked and related to DCX
utations. Mutations in LIS1 and TUBA1A have also

een described, more often related to some degree of
issencephaly (Bahi-Buisson et al., 2008; Guerrini and
obyns, 2014).
eizures are often the first manifestation of the
isease, usually appear in the first decade of life,
nd frequently become refractory to pharmacological
reatment. Neurological examination is normal in most
ases (Barkovich et al., 1994; Bahi-Buisson et al., 2013).
n patients with SBH, resective surgery has been

ostly disappointing, even when the epileptic activity
ppears to be focal (Bernasconi et al., 2001).
he SANTE trial in 2010 was the first randomised
nd controlled trial establishing anterior nucleus of
he thalamus-deep brain stimulation (ANT-DBS) as
n effective palliative intervention for patients who
re not candidates for resective surgery, with a 43%
esponder rate after one year (Fisher et al., 2010) and
9% after five years of follow-up (Salanova et al., 2015).
n 2012, Medtronic® started a Registry for Epilepsy
MORE). The purpose of this observational registry
s to evaluate the long-term effectiveness, safety, and
ealth-related quality of life associated with ANT-DBS

n the treatment of refractory epilepsy.
e herein present the clinical outcome of the first two

eported patients with SBH and refractory epilepsy
eferred for DBS, included in this registry. The data
ere collected prospectively. Stereotactic coordinates
f each electrode were confirmed by fusion of post-
perative CT with pre-operative planning and MRI, as
ell as with published stereotactic thalamus atlases

Morel, 2007; Mai, 2008). The stimulation was started
ne month after the procedure and the parameters
sed were those described in the SANTE trial; 5 volts,
0 �sec, and 145 Hz (Fisher et al., 2010).

ase study

atient 1 was a 51-year-old female with seizures since
he age of 14 years, characterised by a visual aura,
pileptic Disord, Vol. 18, No. 4, December 2016

oss of contact, and manual and oroalimentary automa-
isms, sometimes with secondary generalization. She
ad already tried five antiepileptic drugs (AEDs) in
ifferent combinations and was taking valproate and

evetiracetam, but maintained a mean of 4.6 (SD:
.6) seizures a month in the previous year. Neuro-
ogical examination was unremarkable. EEG showed

p
t

D

I
e
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low and epileptiform activity in the right temporal
nd fronto-temporal areas, bilaterally. The patient was
valuated within the scope of our surgical epilepsy
rogramme. Video-EEG showed right fronto-temporal
nd posterior temporal epileptiform activity and ictal
nset. Brain MRI disclosed subcortical band hetero-

opia involving the parietal, temporal, and occipital
obes, bilaterally (figure 1). PET displayed bilateral tem-
oral hypometabolism. Given that it was impossible

o lateralize the epileptogenic zone, resective surgery
as denied and ANT-DBS proposed. After 18 months of

ollow-up, there was a 61% decrease in the number of
eizures (4.6 to 1.78 seizures/month) and an increase in
eizure-free time from 20 to 70 days (figure 2). Valproate
aily dose could be lowered by 25%. She experi-
nced a new onset of a depressive syndrome which
as easily controlled with anti-depressive medication

venlafaxine and amissulpride).
atient 2 was a 48-year-old female, chronically
epressed, with seizures since the age of 23 years,
haracterised by a disturbance of consciousness,
roalimentary automatisms, and blinking. Neuro-

ogical examination was unremarkable. Six AED
ombinations had previously been tried and at the
ime of admission she was taking carbamazepine, val-
roate, and zonisamide, but maintained a mean of
ve seizures a month in the previous three months.

nterictal EEG showed slow and epileptiform activity
ver the left posterior temporal, parietal, and central
reas, as well as also slow and epileptiform bilateral
ndependent activity in the anterior temporal area.
rain MRI showed bilateral subcortical band hetero-

opia in both frontal areas (figure 1). She was evaluated
ithin our epilepsy surgery programme. Video-EEG

howed ictal onset from the left parieto-occipital
rea. Neuropsychological evaluation revealed signif-
cant compromise in the following cognitive domains:
ttention (sustained and divided) and concentration,
erbal memory (immediate, work-related, associative,
nd logic), visual memory, verbal fluency (low fluency),
ental flexibility, and abstraction.

esective surgery was considered not to be suitable for
his patient and ANT-DBS was accepted by the patient.
fter 12 months of follow-up, there was a 75% decrease

n the number of seizures (5 to 1.25 seizures/month)
nd an increase in seizure-free time from 14 to 176
ays (figure 2). Valproate and zonisamide daily doses
ould be slightly lowered. She experienced a wors-
ning in her depressive symptoms which were only
427

artially controlled with medication (nortriptyline and
razodone).

iscussion

n both patients, ictal onset zones could not be clearly
stablished, which prevented resective surgery, and
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Figure 1. (A) Patient 1 brain MRI (T1 MPR 3D) shows SBH of the temporal, occipital and parietal lobes.
(B) Patient 2 brain MRI (T1 MPR 3D) shows subtle SBH of the frontal lobes bilaterally.
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herefore we chose DBS. The seizure outcome at one
nd one and a half years of follow-up corroborated
he SANTE trial data (Fisher et al., 2010; Salanova et al.,
015) with a >50% decrease in seizure frequency in
oth patients. The characteristics of seizures did not
hange.
oth patients also experienced either de novo or
orsening of depressive symptoms. Both patients
ere evaluated and treated by the psychiatrist in
ur epilepsy surgery group. None of them had sui-
idal tendencies. Both patients improved after a
ew months but they are still on antidepressants.
hese symptoms did not necessitate the stimulation
o be halted.
his occurrence is in accordance with the SANTE trial,

n which depression was the most common and statisti-
al significant adverse event at five years of follow-up. A
ecent systematic review and meta-analysis of the liter-
ture showed a positive association between epilepsy
nd depression (Fiest et al., 2013), although no men-
ion was made about surgical patients. Further studies,
ncluding the MORE registry, will help to clarify the
elationship between DBS and depression.
he mechanisms of action of DBS in epilepsy, partic-
larly those involved in the progressive improvement
f patients over time, are still unclear. In temporal lobe
pilepsy, the Papez circuit might play a role. Cortico-
halamic projections to the frontal and temporal lobes
re probably also involved (Laxpati et al., 2014; Toprani
nd Durand, 2014). The several proposed mechanisms
ight account for the effectiveness of DBS in different

ypes and locations of epilepsy.
owever, this study has some limitations. Besides

he uncontrolled nature of single case reports, these
atients were not blinded to the procedure and could
ave had surgery during a period of higher seizure fre-
uency. To minimise this possibility, the mean seizure

requency after surgery was compared to the mean
eizure frequency during the previous year for Patient
and during the previous three months for Patient 2;

eizure diaries were kept and frequent follow-up visits
cheduled.
hese patients had focal epilepsy which is an indication
or this procedure, however, which patient charac-
eristics predict a good response to ANT-DBS is not
pileptic Disord, Vol. 18, No. 4, December 2016

ntirely clear.
o our knowledge, these are the first two reported
ases of SBH referred for ANT-DBS who were followed
or 12 and 18 months, respectively. Although the inter-
retation of the data is limited, the results appear to
e promising. This neuromodulation technique could

herefore be considered as an option for patients

5

L
t
a

T
f
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ith SBH and refractory epilepsy, given the fact that
esective surgery is frequently either inappropriate or
neffective.

upplementary data.
upplementary didactic slides are available on the
ww.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) What was the most common adverse event in the SANTE trial?

(2) Did the outcome following ANT-DBS in the SANTE trial improve, stabilise or worsen over time, after
implantation?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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