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Dear Editor,
Gluten-related disorders are a broad spectrum of immune-

mediated disorders, and celiac disease (CD) is the most com-
mon and well-known among these disorders. CD can present 
with various neurological issues, with ataxia being the most com-
mon neurological symptom and myoclonus being the most 
common movement disorder after ataxia.1 Although most neu-
rological symptoms may improve or stabilize with a gluten-free 
diet, myoclonus is less responsive;2 thus, an effective treatment 
for CD-related myoclonus is needed. Given the notion that deep 
brain stimulation (DBS) of the globus pallidus pars interna (GPi) 
can improve conditions such as myoclonus-dystonia (MD) or 
post-hypoxic myoclonus (PHM),3,4 GPi DBS might be a treat-
ment option for CD-related myoclonus. Herein, we report the 
case of a patient with CD-related myoclonus ataxia who showed 
partial benefit from GPi DBS.

A 60-year-old man presented with a 6-month history of jerky 
movement of the left arm in the absence of any other symptoms 
(previously reported as case 1).5 He had a several-year history of 
diarrhea but no prior diagnosis of CD, and he denied any family 
history of CD, myoclonus, or balance problems. Although he 
was a heavy alcohol user at presentation, all his symptoms wors-
ened even after he quit drinking. The diagnostic workup includ-
ed brain magnetic resonance imaging, which showed mild dif-

fuse atrophy; negative autoimmune/metabolic screening results 
(antinuclear antibodies, extractable nuclear antigen panel, anti-
neutrophil cytoplasmic antibodies, thyroid-stimulating hormone, 
anti-thyroglobulin antibody, and anti-thyroid peroxidase); and 
negative results in screening for a panel of autoimmune and para-
neoplastic antibodies (against AMPA, amphiphysin, CV2.1, DPPX, 
GABAB receptor, GAD65, Hu, NMDA receptor, PNMA2, recov-
erin, Ri, SOX1, Titin, Tr, VGKC, Yo, and Zic4). CD was diag-
nosed on the basis of flattened villi on endoscopy and elevated 
serum tissue transglutaminase immunoglobulin A antibodies of 
23 U/mL (normal range up to 10 U/mL). Electrophysiological 
studies demonstrated findings consistent with cortical myoclo-
nus, such as electropositive polyspikes equally represented be-
tween Cz and C4, giant median nerve somatosensory evoked 
potential, and cortical potentials 11 ms before myoclonus in the 
deltoid muscle with jerk-locked back-averaging as reported pre-
viously.5

The patient started a gluten-free diet and various medication 
trials, including perampanel (4 mg/day), clonazepam (2 mg/day), 
valproate (2,000 mg/day), levetiracetam (3,000 mg/day) and my-
cophenolate mofetil (700 mg/day), but there was no benefit, and 
myoclonus spread to his legs. The patient also noticed a progres-
sive balance impairment even after quitting drinking, and he 
required a walker one year after disease onset. GPi DBS was of-
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fered 2.5 years after disease onset when he had generalized my-
oclonus mostly affecting the left arm and both legs owing to re-
fractory CD (Supplementary Video 1 in the online-only Data 
Supplement). He also demonstrated mild dysmetria, greater on 
the left, and mild dystonia of the neck and right arm. He could 
stand with a wide base but was unable to walk.

GPi DBS surgery was performed (Medtronic Activa PC, Dub-
lin, Ireland, connected to 3387 leads) (Figure 1). After surgery, 
his clinical course was complicated by pneumonia and lower leg 
weakness due to radiculopathy as confirmed by electrophysio-
logical evaluation, but he recovered gradually. Six months after 
surgery, his myoclonus was slightly better with stimulation. The 
total score of the Unified Myoclonus Rating Scale changed from 
90 to 83, and the score of action myoclonus in particular 
changed from 56 to 53.6 In addition to the improvements ob-
served in our evaluation, the patient reported improvement in 
using his arms after pallidal stimulation. However, there were no 
improvements in imbalance or gait, but these symptoms mainly 
resulted from ataxia, even though myoclonus was also present 
(Supplementary Video 2 in the online-only Data Supplement). 
The optimal parameters were double monopolar stimulation 
with 3.0 V on contacts 0 and 1 on the right and monopolar stim-
ulation with 2.5 V on contact 8 on the left, while a pulse width of 
60 µs and frequency of 140 Hz were kept the same on both sides. 
The patient did not have any stimulation-induced side effects.

Although limited to only a single case, our experience shows 
that myoclonus can partially improve with GPi DBS, which could 
be considered a treatment option for these patients, for whom 

myoclonus is typically resistant to conservative treatment ap-
proaches.2 Among the myoclonic disorders, MD is the most 
common myoclonus disorder responsive to pallidal stimulation,4 
in keeping with the observation that pallidal neuronal firing is 
modulated by the occurrence of myoclonus.4 While the myoclo-
nus in MD is subcortical, the myoclonus in CD is of cortical ori-
gin.5,7 Based on the different responses to GPi DBS, pallidal 
stimulation could be effective mainly for subcortical myoclonus, 
although its effect on cortical myoclonus is still unclear. GPi DBS 
is also effective for refractory myoclonus in PHM, although the 
mechanism of pallidal stimulation in PHM is still poorly under-
stood.3,7 The myoclonus in PHM is known as mainly cortical my-
oclonus, but patients with PHM might often present both types 
of myoclonus.3 Unlike MD and PHM, myoclonus in CD origi-
nates from the cortex, as electrophysiologically confirmed in our 
patient.5 One study found that pallidal stimulation with low fre-
quency, which was less effective than stimulation with high fre-
quency in our patient, modulates the uptake of cortical glucose 
in PMH,7 and this result may explain the partial improvements 
observed in our patient. Therefore, there could be a common 
pathway for myoclonus per se, and pallidal stimulation could be 
effective for both cortical and subcortical myoclonus, although 
the benefits would be limited for cortical myoclonus compared 
to subcortical myoclonus.

Considering the modest improvement in our patient, we can 
conclude that GPi DBS may be of limited utility for cortical 
myoclonus compared to subcortical myoclonus. In fact, despite 
the improvement in myoclonus, especially in the upper limbs, 

Figure 1. T1-weighted axial brain magnetic resonance imaging showing cerebellar atrophy (left) and deep brain stimulation electrodes 
(Medtronic 3387; Activa PC, Dublin, Ireland) bilaterally inserted into the globus pallidus pars interna (right).



GPi DBS in Celiac Myoclonus
Youn J, et al.

www.e-jmd.org  327

our patient’s gait and balance did not improve. Considering that, 
compared to the upper limbs, the patient had more severe my-
oclonus in the lower limbs, where weakness and ataxia were also 
present, pallidal stimulation might not have a sufficient symp-
tomatic effect on the lower limbs. Although our patient was a 
heavy drinker, ataxia became prominent and worsened even af-
ter he had quit drinking. Gait ataxia–the most common neuro-
logical issue in CD–is conceivably resistant to DBS. In conclusion, 
this is the first case report of GPi DBS being used in the treatment 
of CD-related myoclonus, and an improvement in myoclonus in 
the upper limbs was observed.
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Supplementary Video Legends
Video 1. Myoclonus and ataxia before deep brain stimulation surgery. The 

patient showed myoclonus in the arms (more on the left) and legs, which 
also impaired balance.

Video 2. Myoclonus and ataxia 6 months after bilateral pallidal deep brain 
stimulation. The patient demonstrated partial response of myoclonus in the 
arms and–less so–in the legs, without any change in mobility.
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