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Abstract
We present a 74-year old woman with inherited myoclonus-dystonia, with predominant
myoclonus and a novel mutation in the ε-sarcoglycan gene. The patient reports a life-long history
of rapid, jerking movements, most severe in the upper extremities as well as a postural and action
tremor. Bilateral deep brain stimulation (DBS) of the ventral intermediate nucleus of the thalamus
was performed, and the patient demonstrated moderate clinical improvement in myoclonus. We
studied the effects on myoclonus and tremor of varying DBS frequency and amplitude. The
frequency tuning curve for myoclonus was similar to that of tremor, suggesting similar
mechanisms by which DBS alleviates both disorders.
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INTRODUCTION
Myoclonus refers to sudden, shock-like involuntary movements associated with brief bursts
of muscle activity. Myoclonus is commonly inherited as an autosomal dominant trait,
termed inherited myoclonus-dystonia (M-D) [1]. Clinical characteristics of M-D include
myoclonic jerks affecting the neck, shoulders, and arms, and dystonic symptoms such as
torticollis [1]. The M-D phenotype is clinically heterogeneous with variable expression of
myoclonus and dystonia [1], and many cases are due to mutations in the ε-sarcoglycan
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(SGCE) gene [2, 3]. M-D has an onset in childhood or adolescence, a benign clinical course,
and occurs in the absence of other neurological deficits [1, 4, 5].

Deep brain stimulation (DBS) is an effective treatment for several movement disorders.
DBS of the internal segment of the globus pallidus is effective for generalized dystonia, [6–
8] and alleviates dystonia and myoclonus in M-D [9–11]. Amelioration of myoclonic, but
not dystonic, symptoms of M-D has been reported with DBS of the ventral intermediate
nucleus (Vim) of the thalamus. In one case, a 61-year old man, involuntary movements were
reduced by 65% with unilateral stimulation [12] and by 80% with bilateral stimulation [13],
and in a second case myoclonus was reduced by 90% with unilateral thalamic stimulation in
a 21-year old man [14].

We present a patient with an action and postural tremor and inherited M-D, with severe
myoclonus and mild action-induced dystonia, resulting from a novel mutation in the SGCE
gene. We quantify the effects of the frequency and amplitude of bilateral Vim DBS ON
myoclonus and tremor. Tremor was suppressed and myoclonus was moderately controlled.

CASE REPORT
This was a 74-year old woman with a history of tremor and myoclonic jerks. Her myoclonus
was most prominent in her head and upper extremities. In addition to prominent action
myoclonus, she exhibited bilateral postural and action tremor in the upper extremities. Over
the last five years, she had moderate worsening of symptoms including a pronounced and
constant jerking of her mouth, upper extremities, neck, torso, and sometimes legs. She
recently lost the ability to write and feed herself. Her involuntary movements were
aggravated by stress and significantly alleviated by alcohol. She was otherwise
neurologically normal.

She reported minimal benefit from primidone. Multiple pharmacological treatments
produced no benefit, including clonazepam, diazepam, divalproex sodium, gabapentin,
levetiracetam, and tizanidine. She also failed to benefit from anti-parkinsonian therapies
including ropinirole, pramipexole, and carbidopa/levodopa. Botulinum toxin, type A,
resulted in neck weakness, but no clinical benefit. Physical therapy and balance exercises
provided minimal relief. Due to a lack of success of treatment with medications and a
decreasing ability to complete daily tasks, she sought DBS for the treatment of her disabling
involuntary movements.

Genetic Analysis
Genetic testing of the patient and one of her siblings revealed a mutation in the SGCE gene,
supporting the diagnosis of M-D. After obtaining informed consent, DNA was extracted
from white blood cells using standard methods. All 12 exons and flanking intronic regions
of the SGCE gene were amplified by PCR using previously published primers and
conditions [15]. The PCR products were tested using single-strand conformation
polymorphism analysis, followed by standard dideoxy cycle sequencing of observed band
shifts. Mutation screening of the SGCE gene revealed a novel single basepair deletion in
exon 7 (c.940delT) resulting in a frameshift with subsequent addition of a stop codon in the
protein (Y313fsX318).

Three of the patient’s four siblings and her father were also diagnosed with inherited M-D,
though the phenotype was markedly different in several of the relatives, with a
preponderance of slower, dystonic movements in the siblings, rather than the rapid
myoclonic movements. The same SGCE mutation was found in one of the affected siblings
from whom DNA was available.
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Deep Brain Stimulation Implant
Quadripolar electrodes (Model 3387, Medtronic, Inc.) were implanted bilaterally in Vim in a
single session. The surgical procedure was performed under local anesthesia using the
Leksell stereotactic frame and stereotactic MRI scanning for AC/PC localization. The
electrodes were targeted for 5 mm anterior to the posterior commisure, 15 mm lateral to
midline, and the dorsal-ventral target was on the AC-PC line on both sides. Electrode
targeting was confirmed using microelectrode recordings which demonstrated active units in
the Vim with burst firing in synchrony with the patient’s tremor [16]. A dual-channel pulse
generator (Kinetra Model 7428, Medtronic, Inc.) was connected to the leads and implanted
subclavicularly in the right chest wall during the same surgical procedure. Following the
DBS implant, the patient did not take any medications for her myoclonus or tremor and was
not taking medications during the following evaluations.

Evaluation Methods
The effect of Vim DBS ON myoclonus was evaluated using accelerometry and the Unified
Myoclonus Rating Scale (UMRS) [17] at nine months post-implant. The UMRS tests were
video-taped with DBS ON and 30 minutes after DBS was turned off. The videos were
presented to three raters in a blinded fashion.

The effects of DBS amplitude and frequency on myoclonus and tremor in the more affected
left arm were quantified using accelerometry and clinical ratings while the contralateral
stimulator was turned off. Six frequencies (10, 15, 60, 90, 130, and 185 Hz) and 3
amplitudes (1.5, 3.0, and 4.5 V) were tested with the electrode geometry (5− 4+) selected
during the patient’s clinical tuning session. The 18 combinations of frequency and amplitude
were tested in a random order, 2–3 times each in three blocks. For each frequency-amplitude
combination, stimulation was turned on, accelerometry was recorded for 20 seconds, and
then stimulation was turned off for one minute before the next trial began. Trials were
video-taped and presented to a rater in a blinded fashion. The frequency and amplitude of
the myoclonic jerks were rated on a 0–4 scale, and the myoclonus clinical rating for each
trial was the product of the frequency and amplitude scores [17]. The tremor severity was
also rated on a 0–4 scale.

An accelerometer was placed on the dorsal surface of the left hand, and accelerometry data
were collected while the patient held her arm in the wing-beating posture. To quantify the
amplitude of myoclonus and tremor, the three accelerometry signals (ax, ay, and az) were

combined into one signal ( ), and the power spectral density,
which quantifies the amount of signal power at each frequency, was calculated.
Subsequently, the amplitude of myoclonus in each trial was quantified by summing the
signal power over frequencies from 0 to 3 Hz. This range was selected after review of video
demonstrated that jerks occurred within this frequency range. Tremor amplitude was
quantified by summing the signal power over frequencies from 3 to 6 Hz.

RESULTS
Myoclonus was alleviated, but not completely suppressed, and tremor was completely
suppressed by intraoperative high frequency stimulation of the Vim, and the response to
stimulation was immediate. Two weeks post-implant initial stimulation parameters were
selected for the left (Contacts 0−1+ with 1.5 V, 60 μs, and 185 Hz) and right (Contacts
5−4+ with 2.8 V, 90 μs, and 185 Hz) electrodes, with continuous bilateral stimulation.
Paresthesias in the contralateral hands were transient and myoclonic jerking was moderately
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controlled. Control of myoclonic jerking remained constant at 3, 5, and 9 month follow-ups
with increases in stimulation amplitude (1.5 to 3.6 V on the left, 2.8 to 3.8 V on the right).

High frequency DBS reduced the clinical myoclonus. The effect of stimulation on
myoclonus was immediate, and myoclonic jerking was visibly reduced with DBS ON when
the arm was moving in finger-to-nose testing and when held in a sustained wing-beating
posture. At nine months post-implant, the UMRS action and functional scores were 53 and
14% lower, respectively, with DBS ON as compared to DBS OFF.

Spectral analysis (fig. 1, right column) and clinical ratings were used to quantify the effects
of 18 combinations of frequency and amplitude on myoclonic jerking and tremor. Spectral
analysis revealed that the effect on myoclonus of stimulation amplitude was not significant
(p = 0.252, ANOVA), but the effect of stimulation frequency (fig. 1d) was significant
(p<0.0001, ANOVA). High frequency (90–185 Hz) stimulation suppressed (fig. 1b) the
myoclonic jerking from the no stimulation condition (fig. 1a). Conversely, low frequency
(10–15 Hz) stimulation increased the amplitude of the myoclonic jerks (fig. 1c). The clinical
ratings of myoclonus, which were the product of the ratings for myoclonic frequency and
myoclonic amplitude, revealed the same trend (fig. 1e). At low stimulation frequencies,
there was a small increase in the myoclonus rating, and at high stimulation frequencies the
myoclonus rating was reduced from baseline levels. Remarkably, the effects of stimulation
frequency on postural tremor, quantified using accelerometry (fig. 1f) and clinical ratings
(fig. 1g), paralleled the effects of DBS frequency on myoclonus.

DISCUSSION
This patient has inherited M-D and a postural and action tremor. A diagnosis of M-D was
genetically supported with the identification of a novel deletion mutation in the SGCE gene.
Due to a poor response to medication, bilateral Vim DBS was performed and the effect of
DBS was quantified. Vim was selected as the anatomical target for this case because the
patient had tremor and a myoclonus predominant M-D phenotype. Vim DBS has been
shown to improve myoclonus [12–14] and is a well established treatment for tremor [18].

This case demonstrates moderate improvement in myoclonus after Vim DBS. The reduction
in myoclonus has allowed the patient to feed herself, drink using a straw, and control a
computer mouse, all of which she was unable to do prior to surgery. However, DBS has not
completely suppressed the myoclonic jerking, and she still cannot perform certain activities
that she would like, including writing legibly.

Although the mechanisms underlying myoclonus are not understood, several studies suggest
that dysfunction of the Vim thalamus plays a role in the generation of myoclonic jerks.
Myoclonic jerks were induced in monkeys with the injection of bicuculline into the thalamic
caudal ventrolateral nuclei, the homologue of the human Vim [19]. In another study,
myoclonic jerks were induced in the upper limb contralateral to stimulation in patients with
Parkinson’s disease or essential tremor by low frequency (10–25 Hz) stimulation in the Vim
[20].

The response of both myoclonus and tremor to DBS was immediate, and clinical variations
in stimulus parameters were not able to improve further the control of the myoclonus. The
effect of stimulation amplitude on myoclonus was not significant, and this is likely due to
the range (1.5–4.5 V) of stimulation amplitudes tested. Amplitudes used clinically for tremor
range from 1 to 3.5 V [21, 22]; the range of amplitudes tested in this study were likely all
suprathreshold for the effects of DBS.
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Stimulation with high frequencies (90–185 Hz) alleviated myoclonic jerking and completely
suppressed tremor. Low frequency (10, 15 Hz) stimulation exacerbated both the myoclonic
jerking and tremor. The mechanism through which DBS alleviates symptoms of movement
disorders is unknown, but the similarity in the frequency tuning curves for tremor and
myoclonus suggests common mechanisms. Computational models showed that DBS
produced frequency-depended modulation of the variability in the neuronal output [23].
High frequency stimulation regularized the output of the stimulated nucleus, thereby
masking the underlying pathological burst activity, and low frequency stimulation produced
firing superimposed on the intrinsic pathological activity. Computational [24] and
experimental data [25] indicate that pauses in thalamic inputs lead to burst responses in
thalamus. The interspike pauses in low frequency stimulation may have led to additional
burst activity and subsequent symptom aggravation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effect of DBS amplitude and frequency on myoclonic jerking and tremor. a–c) Raw
accelerometry (left) and power spectrums (right) for a) DBS OFF, b) 130 Hz, 3.0 V, 60 μs
stimulation, and c) 15 Hz, 1.5 V, 60 μs stimulation. Myoclonus (d–e) and tremor (f–g) as a
function of stimulation frequency, averaged across stimulation amplitudes (1.5, 3.0, and 4.5
V). Standard deviations are shown. d, f) Myoclonus and tremor were quantified by summing
the acceleration power over 0–3 Hz (black) and 3–6 Hz (gray), respectively. e, g)
Myoclonus and tremor were rated by a clinician blinded to the stimulation condition. The
myoclonus rating (0–16) was the product of the rating for myoclonus amplitude (0–4) and
frequency (0–4) [17]. Tremor was rated on a 0–4 scale.
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