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ABSTRACT - We report the case of a patient suffering from
pharmacotherapy-resistant bilateral progressive myoclonic epilepsy
(PME) showing a beneficial response upon selective deep brain stimulation
(DBS) of the substantia nigra pars reticulata. As an individual experimental
therapeutic approach, we implanted DBS electrodes in the transitional
zone between the subthalamic nucleus (STN) and the substantia nigra pars
reticulata (SNr). Electrode placement allowed for a selective stimulation
of either the STN, SNr, or both targets. Postoperatively, we observed a
moderate subjective and objective improvement in positive and negative
myoclonus by high-frequency DBS of the STN/SNr transitional zone. How-
ever, a systematic exploration of different stimulation settings revealed that
monopolar stimulation of the substantia nigra alone was more effective
than high-frequency monopolar DBS of either the motor STN (monopolar)
or stimulation of both targets (STN/SNr). This observation confirms earlier
findings showing that patients with PME benefit from high-frequency
DBS. However, in contrast to previous reports stimulating the STN/SNr
transitional zone, our patient showed the most significant effect upon
selective stimulation of the SNr. We propose that in patients undergoing
DBS for myoclonus, at least one electrode contact should be placed in the
SNr allowing for selective monopolar stimulation of this target.
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Progressive myoclonic epilepsy (PME) includes a vari-
ety of phenotypically similar, but genetically heteroge-
neous syndromes that manifest with common clinical
features such as progressive symptomatic myoclonus
(including both action-induced positive and nega-
tive myoclonus), generalized epileptic seizures, ataxia,
and cognitive impairment. Both predominant symp-
toms (epileptic seizures and myoclonus) are often
pharmacotherapy-resistant (Minassian et al., 2016;
Genton et al., 2016). Due to the frequent association
with ataxia and cognitive impairment, the progres-
sion of myoclonic jerks in PME leads to significant
impairment of quality of life and eventually loss of the
patient’s autonomy.

Common underlying diseases causing the clinical
phenotype of PME are Lafora’s disease, Unverricht-
Lundborg disease, Gaucher disease, and myoclonic
epilepsy with ragged red fibers (MERRF) (Shahwan et
al., 2005).

Antiepileptic drugs such as benzodiazepines, val-
proic acid, zonisamide, barbiturates, chloral hydrate,
topiramate, levetiracetam, and piracetam are most
commonly used for the treatment of epileptic seizures
in PME (Genton and Guerrini, 1990; Pranzatelli and
Tate, 2001; Uthman and Reichl, 2002; Conry, 2004; Crest
et al., 2004; Aykutlu et al., 2005; Mancuso et al., 2006;
Vossler et al., 2008). Myoclonus can be treated with val-
proic acid, levetiracetam, and clobazam, although the
efficacy of these substances is usually limited.
High-frequency deep brain stimulation (DBS) of the
transitional zone between the subthalamic nucleus
(STN) and the substantia nigra pars reticulata (SNr) has
provided promising results in the treatment of patients
with PME (Vesper et al., 2007; Wille et al., 2011). Wille
and co-workers reported sustained partial or com-
plete reduction in myoclonus and seizure frequency
after STN/SNr DBS (table 7). Other groups reported
DBS in the STN to be effective for seizure reduction
in epilepsy patients (Chabardes et al., 2002; Benabid
et al., 2002) (table 7). As summarized in table 1, the
stimulation of STN or the SNr/STN transitional zone
shows a beneficial effect on either seizure frequency
or myoclonus. However, the effect of selective stimu-
lation of the SNr has not been investigated so far.

Case study

A male patient with the clinical phenotype of PME
was referred to our centre for evaluation of DBS at
the age of 32. At the age of nine years, he had devel-
oped tremor and progressive rest-, action- and reflex
myoclonus with postmyoclonic atony. Two years later,
the patient suffered from several bilateral tonic-clonic
seizures and anticonvulsive therapy with valproic acid
was initiated. Due to worsening of tremor, myoclonus,

and generalized epileptic seizures within the next
years, the anticonvulsive treatment was changed sev-
eraltimes (including valproicacid, sultiame, piracetam,
levetiracetam, ethosuximide, zonisamide, and clon-
azepam). Bilateral tonic-clonic seizures were well
controlled under treatment with valproic acid, leve-
tiracetam, zonisamide, clonazepam, and piracetam.
Unverricht-Lundborg/EPM1 was excluded by molecu-
lar genetic testing. No relevant mutations were found
upon mitochondrial genome testing associated with
MELAS, MERRF or Leber’s hereditary optic neuropathy.
MR imaging revealed bilateral optic nerve hypopla-
sia, intraventricular septa, and subcortical cysts, as a
possible indication for congenital or neonatal CMV
infection.

In the further course of the disease, the patient
showed progressive pharmacotherapy-resistant dis-
abling myoclonus, tremor, dysarthria, and rare
epileptic and non-epileptic seizures (generalized
tonic-clonic seizures occurred with a frequency of one
per six months), as well as progressive gait disorder
of mixed aetiology (ataxia and visual impairment and
myoclonus), all of which were resistant to pharma-
cotherapy.

Based on a few encouraging reports demonstrating
improvement of myoclonus after DBS in PME (Vesper
et al., 2007; Wille et al.,, 2011), we discussed this
treatment option with the patient. However, as pre-
vious reports (Benabid et al.,, 2002; Chabardes et al.,
2002) showed significant reduction in epileptic seizure
frequency also upon stimulation of the subthalamic
nucleus, we decided to implant the electrode along
a trajectory, allowing postoperative selective stimula-
tion of either the STN, the SNr or the border zone
in between these targets (figure 1A). In March 2015,
the electrode implantation was performed using MR-
based direct targeting and stereotactic intraoperative
CT (Medtronic Leads 3389). Planning coordinates rel-
ative to the midcommissural point were: x= + 11 mm,
y=-4.0 mm, and z = -6.0 mm. Electrode position was
verified by postoperative CT scan and reconstruction
of electrode positions.

Post-operative assessment
and stimulation testing

The primary focus for optimization of stimulation was
areduction in myoclonus and improvement in gaitand
balance. Initially, the patient was treated with bilateral
monopolar stimulation in the border zone between
the STN and SN, as in the previously published cases
(Vesper et al., 2007; Wille et al., 2011). This strategy
produced some improvement of myoclonus, mobili-
sation, speech, and mobility. Furthermore, in the first
six months after implantation, the patient remained
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Table 1. Summary of previous studies on patients undergoing DBS in the substantia nigra pars reticulata (SNr)
or subthalamic nucleus (STN) for PME or severe drug-resistant epilepsy.

Reference Follow-up Stimulation target Indication Outcome
Vesper 12 months Transitional zone PME (treated with Sustained reduction in
et al., 2007 between the STN 4x AEDs and VNS) the intensity and
and the SNr frequency of myoclonic
seizures by 50%.
Suppression of
generalized tonic-clonic
seizures.
Wille 12-42 months Transitional zone PME (all treated Sustained or partial
etal., 2011 between the STN with at least 7x reduction in myoclonus
and the SNr AEDs; one with (between 30% and 100%)
VNS) and seizure frequency.
Clinically relevant
improvements for free
standing, walking, and
fine motors skills.
Chabardés 5 10-30 months STN Severe STN stimulation
et al., 2002 drug-resistant significantly reduced the
epilepsy occurrence of epileptic
seizures in four patients.
Pharmacological
treatment was reduced
in two patients.
Benabid 1 30 months STN Pharmacotherapy- High-frequency
et al., 2002 resistant, stimulation of the STN
inoperable induced a significant
epilepsy caused voltage-dependent
by focal reduction (by 80%) in
centroparietal the number and severity
dysplasia of seizures. In addition,
consistent improvement
in both motor and
cognitive functions was
noted as a result of
reduced postictal states.

AED: antiepileptic drug; VNS: vagus nerve stimulation; n: number of patients.

seizure-free with respect to generalized tonic-clonic
epileptic seizures. Regarding myoclonus, the overall
stimulation effect was limited and increasing stimu-
lation amplitude up to 5 V induced an increase in
myoclonus. We therefore performed an assessment of
selective stimulation in a controlled setting, testing all
approachable targets separately (figure 1A).

Upon stimulation in the STN/SNr, we observed mild
dysarthria, psycho-motor slowing, but improvement
in myoclonus of the arms and legs as compared to
before DBS. At that time, monopolar stimulation in
the STN/SNrr transitional zone, with 2.1V, pulse width

of 90 ps, and frequency of 130 Hz, was applied. After
increasing the monopolar stimulation to 2.6 V in the
STN/SNr transitional zone, we observed worsening
of gait function, myoclonus, and fine motor skills
(figure 1B).

Next, we tested monopolar stimulation of the motor
STN with identical stimulation parameters (2.6 V),
but this procedure provoked severe worsening of
rest- and action-myoclonus and generalized dyskine-
sia (figure 1B).

Finally, we applied monopolar stimulation to the SNr
(1.8 V) with immediate positive effects on myoclonus
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No effect

Worsening of myoclonia,
dyskinesia, poor gait

Persistent myoclonia
High amplitude DBS:
myoclonia, dyskinesia

Best control of myoclonia,
high amplitude: mild rigor,
tremor

STN: 26V

| SNr/STN: 2.1V |

SNr 1.8V

)

Figure 1. Clinical effect of stimulation of differenttargets. (A) Schematic representation of the STN and SNr in the sagittal plane (adapted
from Morel et al., 2007). Monopolar stimulation of the STN resulted in aggravation of myoclonia, dyskinesia, dizziness, and worsening of
gait. In the STN/SNr border zone, we observed mild Parkinsonism with slight beneficial effects on the myoclonus. Selective stimulation
of the SNr resulted in reversible mild tremor and rigor, but low-amplitude stimulation was effective in suppression of myoclonus
and resulted in significant amelioration of gait dysfunction. (B) Circle drawings by the patient upon monopolar stimulation of the
subthalamic nucleus (STN), the borderzone (SNr/STN), and the substantia nigra (SNr). Action myoclonus was significantly reduced

upon selective stimulation of the substantia nigra.

and amelioration of gait function and fine motor skills
(figure 1B). Furthermore, we observed clinically rel-
evant improvement in gait and hand motor control
with an increase in monopolar stimulation of the SNr
up to a stimulation amplitude of 2.5 V. Upon further
increase of the SNrmonopolar stimulation up to4V, we
observed mild Parkinsonism with rest tremor of both
hands, accompanied by mild rigor of the extremities,
and the patient reported a light sense of stiffness in
the trunk, all of which were reversible upon reduction
of the stimulation amplitude.

These responses were easily reproducible and fur-
ther documented by videography, accelerometers, and
standardized motor performance testing (figure 1B).
The assessment of myoclonus and gait function based
on blinded video analysis is outlined in supplemen-
tary table 1. After repeated comparative testing of

stimulation, we decided to program monopolar stim-
ulation of the SNr which later on produced persisting
beneficial effects that remained ever since, i.e.
more than 24 months post operation. The patient
also remained seizure-free for bilateral tonic-clonic
seizures.

Discussion

In line with previously published case series showing
beneficial effects in adult patients with PME undergo-
ing DBS (Benabid et al., 2002; Chabardes et al., 2002;
Vesper et al., 2007; Wille et al., 2011), we present a
further case with effective long-term effect of DBS in
PME. However, in contrast to the previous reports with
high-frequency DBS applied in the transitional zone
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between STN and SNr (Vesper et al., 2007; Wille et al.,
2011), our patient showed the most significant effect
upon selective monopolar stimulation of the substan-
tia nigra. This conclusion was derived from a selective
comparative stimulation of three target regions (as
described above) identifying SNr as the most effective
in suppression of myoclonus.

Inthe border zone between STN and SNr, we observed
similar results as reported by Wille and Vesper (Vesper
et al.,, 2007; Wille et al., 2011), however, the bene-
ficial effect was limited to lower voltage, whereas
high-voltage DBS lead to worsening of symptoms, sim-
ilar to those observed in monopolar STN stimulation
(supplementary table 1). Therefore, the detrimental
effect could be explained by a concomitant stimula-
tion of the STN at higher amplitude. In this line, we
observed hyperkinesia and worsening of myoclonus
upon selective stimulation of the motor subthalamic
region. This observation fits well within the concept
of subthalamic DBS in the STN for movement dis-
orders: STN stimulation ameliorates bradykinesia in
Parkinson’s disease. Therefore, it is possible that STN
DBS results in dyskinesia in a patient not suffering
from Parkinsonism. As myoclonus is a hyperkinetic
movement disorder, STN stimulation consecutively
leads to worsening of symptoms, rather than hav-
ing a therapeutic effect. In a similar vein, we know
from Parkinson patients, that DBS of the SNr has
an anti-kinetic effect'. Therefore, the reduction in
myoclonus by induction of mild Parkinsonism is clearly
explained by the effect of DBS within the basal
ganglia model of hypokinetic movement disorders
(Krauss and Volkmann, 2004). Alternatively, consid-
ering the pathophysiology of PME with cortical and
subcortical hyper-excitability, the positive effect of
SNr stimulation might be based on a disruption of
the pathological hyperactive cortico-subcortical path-
ways.

Although this single case does not allow for a general
conclusion on target selection in PME, our findings
encourage an implantation trajectory that postoper-
atively allows for selective SNr stimulation, as this
target region was the most effective in suppression
of myoclonus. On the other hand, regarding the pos-
itive effect on epileptic seizures in the literature, in
patients with predominant epileptic seizures, inter-
leaved stimulation of both the STN and the SNr might
be beneficial.

In conclusion, we suggest implanting at least one
electrode contact in the substantia nigra pars retic-
ulata in patients undergoing DBS for PME to allow
postoperative selective monopolar stimulation of this

1 Occasional intraoperative stimulation of the SNr in Parkinson’s
patients includes acute bradykinesia.

Selective DBS reduces myoclonus in PME

target. A pragmatic postoperative approach might be
to increase DBS amplitude in the SNr until the obser-
vation of mild Parkinsonism and then reduce the
amplitude until only the beneficial effects persist. [

Supplementary data.
Supplementary table is
www.epilepticdisorders.com website.

available on the
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