
 

  

 

Aalborg Universitet

Deep Brain Stimulation Improves Parkinson’s Disease-Associated Pain by Decreasing Spinal
Nociception

Mylius, Veit; Baars, Jan Harald; Witt, Karsten; Benninger, David; de Andrade, Daniel Ciampi;
Kägi, Georg; Bally, Julien F.; Brugger, Florian
Published in:
Movement Disorders

DOI (link to publication from Publisher):
10.1002/mds.29666

Creative Commons License
CC BY-NC-ND 4.0

Publication date:
2024

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Mylius, V., Baars, J. H., Witt, K., Benninger, D., de Andrade, D. C., Kägi, G., Bally, J. F., & Brugger, F. (2024).
Deep Brain Stimulation Improves Parkinson’s Disease-Associated Pain by Decreasing Spinal Nociception.
Movement Disorders, 39(2), 447-449. https://doi.org/10.1002/mds.29666

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

https://doi.org/10.1002/mds.29666
https://vbn.aau.dk/en/publications/31829d70-0b68-4fde-9cd4-5886f9a3359c
https://doi.org/10.1002/mds.29666


participants provided written consent for their participation
in the study and consent to publish and for the video.
Financial Disclosures Related to Research Covered in this

Article: None.
Financial Disclosures (for the Preceding 12 Months): None

for all authors.

Data Availability Statement
The data that support the findings of this study are avail-

able on request from the corresponding author. The data are
not publicly available due to privacy or ethical restrictions.

Divyani Garg, MD, DM,1 Himanshi Kapoor, PhD,2

Istaq Ahmad, PhD,1 Divya Goel, MSc,3,4 Sana Zahra, MSc,2

Pooja Sharma, MSc,2 Achal Kumar Srivastava, MD, DM,1

and Mohammed Faruq, MBBS, PhD3,4*
1Department of Neurology, All India Institute of Medical Sciences,

New Delhi, India, 2Genomics and Molecular Medicine, CSIR-
Institute of Genomics and Integrative Biology (CSIR-IGIB), New

Delhi, India, 3Division of Genomics and Molecular Medicine, CSIR-
Institute of Genomics and Integrative Biology (IGIB), New Delhi,

India, and 4Department of Pharmacology, School of Pharmaceutical
Education & Research (SPER), New Delhi, India

References
1. Haack TB, Ignatius E, Calvo-Garrido J, et al. Absence of the

autophagy adaptor SQSTM1/p62 causes childhood-onset neu-
rodegeneration with ataxia, dystonia, and gaze palsy. Am J Hum
Genet 2016;99(3):735–743. https://doi.org/10.1016/j.ajhg.2016.
06.026

2. Le Ber I, Camuzat A, Guerreiro R, et al. SQSTM1 mutations in
French patients with frontotemporal dementia or frontotemporal
dementia with amyotrophic lateral sclerosis. JAMA Neurol 2013;
70(11):1403–1410. https://doi.org/10.1001/jamaneurol.2013.3849

3. Zúñiga-Ramírez C, de Oliveira LM, Kramis-Hollands M, et al.
Beyond dystonia and ataxia: expanding the phenotype of SQSTM1
mutations. Parkinsonism Relat Disord 2019;62:192–195. https://doi.
org/10.1016/j.parkreldis.2018.12.031

4. Muto V, Flex E, Kupchinsky Z, et al. Biallelic SQSTM1 mutations in
early-onset, variably progressive neurodegeneration. Neurology 2018;
91(4):e319–e330. https://doi.org/10.1212/WNL.0000000000005869

5. Mishra B, Rajan R, Gupta A, et al. Cerebellar ataxia in adults with
SQSTM1-associated frontotemporal dementia–amyotrophic lateral
sclerosis spectrum of disorders. Mov Disord Clin Pract 2021;8(5):
800–802. https://doi.org/10.1002/mdc3.13218

6. Jalali H, Khoshaeen A, Mahdavi MR, Mahdavi M. First report of
novel mutation (c.790del) on SQSTM1 gene on a family with child-
hood onset of progressive cerebellar ataxia with vertical gaze palsy.
Clin Case Rep 2022;10(8):e6203. https://doi.org/10.1002/ccr3.
6203

7. Vedartham V, Sundaram S, Nair SS, Ganapathy A, Mannan A,
Menon R. Homozygous sequestosome 1 (SQSTM1) mutation: a rare
cause for childhood-onset progressive cerebellar ataxia with vertical
gaze palsy. Ophthalmic Genet 2019;40(4):376–379. https://doi.org/
10.1080/13816810.2019.1666414

8. Kilic MA, Kipoglu O, Coskun O, et al. Homozygous SQSTM1 non-
sense variant identified in a patient with brainstem involvement. Brain
Dev 2021;43(10):1039–1043. https://doi.org/10.1016/j.braindev.
2021.06.001

9. Akkari M, Kraoua I, Klaa H, et al. SQSTM1 mutation: description of
the first Tunisian case and literature review. Mol Genet Genomic
Med 2020;8(12):e1543. https://doi.org/10.1002/mgg3.1543

Supporting Data

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site.

Deep Brain Stimulation Improves
Parkinson’s Disease-Associated

Pain by Decreasing Spinal
Nociception

Pain is a frequent non-motor symptom in patients with
Parkinson’s disease (PD) with increased pain sensitivity and
high impact on quality of life.1,2 Both dopaminergic treatment
and deep brain stimulation (DBS) of the subthalamic nucleus
(STN) diminish clinical pain and experimental pain sensitiv-
ity.3,4 Dopamine has been assumed to exert its pain-relieving
effects at cortical and spinal levels,4,5 whereas only cortical
effects were described for DBS thus far.6

The nociceptive flection reflex (NFR) threshold, reflecting
spinal nociception, was assessed during medication on (MED-
on) by the Paintracker (www.dolosys.com): (1) once with the
DBS switched ON (DBS-ON); (2) twice with the device
switched OFF (DBS-OFF); and (3) once with the device
switched ON again (DBS-ON). Automatic threshold determi-
nation lasted 5 minutes (30 stimuli with 10-second inter-
stimulus interval). The Paintracker assesses the NFR threshold
by using 6.085 times the standard deviation of the noise sig-
nal as cutoff within the predefined time frame from 90 to
150 ms for the RIII response (nociceptive reflex).1 NFR
thresholds were determined by logistic regression including
the last 11 stimuli.7 The protocol has been approved by the
Institutional Review Board (BASEC ID: 2017:00502). The
patients gave their written consent.

The assessment was performed in two female PD patients
(48 and 61 years) suffering from an akinetic-rigid subtype for
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4 and 12 years. The PD pain classification system score of
their PD-associated nociceptive pain was 72/90 and 63/90
before DBS and 0 and 28/90 after DBS implantation (first
patient, 1 month after DBS; second patient, 2 years after DBS)
(Fig. 1).2

In an MED-on and DBS-ON setting, the NFR threshold
was 20.5/12 mA (first/second patient) and in the MED-on/
DBS-OFF setting 11.4/7.4 mA and 11.1/8.2 mA, respectively.
After switching DBS-ON again, a threshold of 19.5/11.1 mA

was measured. This corresponds to a mean NFR threshold
increase of 44% and 32%, respectively. The stimuli were
rated with an average of 3.5/6 on a numeric rating scale
(NRS; 1–10) with DBS-ON and 3.25/4.75 with DBS-OFF.
With DBS-ON and medication-off, the second patient had a
NFR threshold of 7 mA with a corresponding pain report of
6/10 (second patient only).

Here, we present the first observation of DBS effects on spinal
nociception in two PD patients with DBS-responsive PD-
associated nociceptive pain. Therefore, besides the effects on the
somatosensory cortex, the modulation of pain in DBS-responsive
patients extents to the spinal level.6 Because the patients were
assessed in the MED-on and dopamine exerts its effects also at
the spinal level,4 we hypothesize additive effects on descending
inhibitory control. The amount of NFR threshold increase (DBS-
ON compared to DBS-OFF) may serve as indicator for DBS pro-
gramming to treat PD-associated nociceptive pain.

We overcame the problem of increased muscle tone because
of inactivating DBS by assessing the NFR directly after turning
the DBS OFF and by using a new device allowing for comfort-
able stimulation. Verbal pain reports in both conditions and
results obtained in DBS-ON condition both, before, and fol-
lowing the DBS-OFF condition, underline the validity of our
observations.

Acknowledgments: We thank our patients for their participation and
patience during the application of the NFR. Open Access funding enabled
and organized by Projekt DEAL.
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Morbus Fabry and Parkinson’s
Disease—More Evidence for a

Possible Genetic Link

Although investigation of the potential role of lysosomal
storage disorders in Parkinson’s disease (PD) has been ongo-
ing since reports highlighted that Gaucher disease can be
accompanied by parkinsonism,1for Fabry disease (FD), an X-
linked recessive multisystem disorder caused by Galactosidase
gene (GLA) mutations, the potential relationship to PD has
not been studied until more recently2 and literature cited
therein. Here, we report the frequency of GLA variants in
252 PD patients retrospectively selected from our database
(mean age, 68.6 years; range, 33–93 years; 59.9% male).
With the systematic sequence strategy applied, we found a
mean α-galactosidase-A (GAL)-activity of 3.4 μM/
h � 1.44 μM/h (cutoff, <2,8 μM/h) and mean Lyso-
globotriaosylsphingosine (Lyso-Gb3) levels of 3.6 ng/mL
�1.30 ng/mL (cutoff, >3.5 ng/mL). By bidirectional Sanger

sequencing of all seven exons and flanking 5´untranslated
region with at least 20 base pairs of flanking intronic
sequences, we detected a total of 96 GLA variants in 57 indi-
viduals. None of these variants were classified as pathogenic/
likely pathogenic for FD according to the American College
of Medical Genetics and Genomics, inasmuch as most vari-
ants were intronic or in non-coding part of the gene.3 Most
had similar mean allele frequencies (MAF), as reported in
major genetic databases gnomAD.4 Nevertheless, two variants
predicted to alter the GLA protein were detected in four
patients (p.Asp182Asn and p.Asp313Tyr, both of uncertain
significance). Of these, p.Asp313Tyr (MAF, 0.85%; MAF in
general world population [GWP], 0.30%; P = 0.094; MAF in
European Non-Finnish Population [ENFP], 0.45%;
P = 0.209) drew our attention (Table 1). All three patients
displayed clinical FD features predominantly involving the
central nervous system and heart (Table 1), showing a lower
mean GAL-activity of 2.3 μM/h � 0.19 μM/h than cutoff
(P = 0.001) and normal mean Lyso-Gb3 level of 3.0 ng/mL
�0.33 ng/mL (P = 0.197). Because p.Asp313Tyr formerly
was considered to result in a “pseudodeficient allele” with a
pH-dependent enzyme activity, it failed to be classified as clin-
ically relevant or pathogenetic for FD. In recent literature,
however, this opinion has shifted, as p.Asp313Tyr may cause
predominantly FD nervous system manifestations associated
with a milder phenotype and later disease onset—a hypothesis
that our data support.5,6 We performed a meta-analysis with
a similarly-sized previous study,7 which screened 236 PD
patients in a multistep approach, including GLA next genera-
tion sequencing in females and all males with abnormal GAL
levels, thereby identifying four women with a p.Asp313Tyr
variant. By merging the data, MAF of the GLA p.Asp313Tyr
variant in PD patients clearly reached statistical significance
(P = 0.006 compared to MAF of the GWP/alone P = 0.021;
and P = 0.038 to ENFP/alone P = 0.068).7

In closing, ours is the first biochemically and genetically
systematic study of FD in patients with PD. The limited sam-
ple size and the lack of a control group make it challenging to
draw firm conclusions; nevertheless, we believe our study is
meaningful because it highlights anew the possible link
between the GLA p.Asp313Tyr variant and PD. Further stud-
ies involving larger cohorts are required because the possible
pathogenetic role might influence monitoring of p.Asp313Tyr
variant carriers and decisions involving potential enzyme
replacement therapy.
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