PN

&
P.I.‘W . .
o Al-Azhar International Medical Journal
Volume 3 | Issue 12 Article 28
12-1-2022

Effect of Repetitive Transcranial Magnetic Stimulation on
Essential Tremors

Ahmed Mohammed
neurology department, faculty of medicine, Al-Azhar university, Cairo, Egypt, dr.a.fathy2244@gmail.com

Mohamed Al-bahay Reda
neurology department, faculty of medicine, Al-Azhar university, Cairo, Egypt, ahmedf_2244@yahoo.com

Ahmad Ibrahim
neurology department, faculty of medicine, Al-Azhar university, Cairo, Egypt,
ahmadfarag291076@yahoo.com

Follow this and additional works at: https://aimj.researchcommons.org/journal

b Part of the Medical Sciences Commons, Obstetrics and Gynecology Commons, and the Surgery

Commons

How to Cite This Article

Mohammed, Ahmed; Reda, Mohamed Al-bahay; and Ibrahim, Ahmad (2022) "Effect of Repetitive
Transcranial Magnetic Stimulation on Essential Tremors," Al-Azhar International Medical Journal: Vol. 3:
Iss. 12, Article 28.

DOI: https://doi.org/10.21608/aim;j.2023.144999.1993

This Original Article is brought to you for free and open access by Al-Azhar International Medical Journal. It has
been accepted for inclusion in Al-Azhar International Medical Journal by an authorized editor of Al-Azhar
International Medical Journal. For more information, please contact dryasserhelmy@gmail.com.


https://aimj.researchcommons.org/journal
https://aimj.researchcommons.org/journal/vol3
https://aimj.researchcommons.org/journal/vol3/iss12
https://aimj.researchcommons.org/journal/vol3/iss12/28
https://aimj.researchcommons.org/journal?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol3%2Fiss12%2F28&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/664?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol3%2Fiss12%2F28&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/693?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol3%2Fiss12%2F28&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/706?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol3%2Fiss12%2F28&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/706?utm_source=aimj.researchcommons.org%2Fjournal%2Fvol3%2Fiss12%2F28&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21608/aimj.2023.144999.1993
mailto:dryasserhelmy@gmail.com

OPEN AIMJ

ORIGINAL ARTICLE

Effect of Repetitive Transcranial Magnetic Stimulation on Essential Tremors

Ahmed Fathy Mohammed Mohammed **M.B.B.Ch; Mohamed Al-Bahay M.G. Reda 'MD and
Ahmad Farag Ibrahim El-Adawy ‘MD.

*Corresponding Author:
Ahmed Fathy Mohammed Mohammed
dr.a.fathy2244@gmail.com

Received for publication June 19,
2022; Accepted December 22, 2022;
Published online December 22,2022.

doi: 10.21608/aim;j.2023.144999.1993

Citation: Ahmed F. , Mohamed A.
and Ahmad F.. Effect of Repetitive
Transcranial Magnetic Stimulation
on Essential Tremors. AIMJ. 2022;
Vol.3-1ssue 11 : 172-176.

Neurology Department, Faculty of

ABSTRACT

Background: The effects of cerebellar low-frequency repetitive
transcranial magnetic stimulation (rTMS) in individuals suffering from
essential tremor (ET) are controversial.

Aim of The Work: To evaluate repetitive transcranial magnetic
stimulation (rTMS) can help people with essential tremors.

Patients and Methods: This case study involved 30 subjects divided
into an active group of 15 ET patients and a sham group of another 15
ET patients who were treated in tertiary care at Al-Hussein and Sayed
Galal Hospitals, Al-Azhar University. The Fahn, Tolosa, Marin (FTM)
Tremor Rating Scale has been used to evaluate and scale tremors at
baseline, as well as a day, one month, two months, and three months
following the (sham and active) repetitive transcranial magnetic
stimulation sessions.

Results: The results of this study showed that repeated active rTMS over
the cerebellum enhanced total and specific subcores (tremor, drawing,
and functional disability).The influence lasted for 3 months following the
final session. The sham group's total and specific FTM subcores (tremor,
drawing, functional disability) showed no significant differences.
Conclusion: For patients suffering from severe essential tremor,
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cerebellar rTMS can be an effective therapy choice.

Keywords: Repetitive transcranial magnetic stimulation; Essential
tremor; Cerebellum.
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INTRODUCTION

Essential tremor (ET) is the most prevalent movement
disorder, with a global prevalence rate of 3.2 instances
per 1,000 people, increasing to 28.7 instances per
1,000 people in those over the age of 80. An ET is
defined by an isolated upper extremity action tremor
that has lasted at least 3 years and is not accompanied
by any neurological symptoms. However, some
individuals can experience a variety of other signs and
symptoms.* Tremor usually worsens with age leading to
increased disability of patients as well as loss of their
independence.?®®

Several treatments are available for ET such as
propranolol, primidone, topiramate, alprazolam and
botulinum toxin type A injection.* Despite
detrimental effects on life quality for patients,
medications traditionally used as the first-line
treatment for ET are neither effective enough nor
completely safe for a considerable number of
patients.’

Deep brain stimulation and other surgical procedures
such as thalamotomy may provide better unilateral
tremor control but, they are invasive and costly, and
many patients prefer not to select surgical therapeutic
options.®*” ET researchers have looked into non-
invasive brain stimulation (NIBS) methods like
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rTMS as options to conventional ET therapies during
the past decade.?*°

Repetitive TMS protocols are often utilized as
stimulation to inhibit cortical activity in specific
locations like the cerebellum to reduce tremors in ET
patients.”® The oscillating network hypothesis is the
theory that these stimulation protocols are based on.
They work by dynamically acting as oscillators in
numerous hyperactive brain areas that could lead to
tremors. 11¥12 One of the possible tremor networks is
the cerebello-thalamo-cortical circuit. As a result,
researchers predict that by using rTMS on the
cerebellum, they can diminish tremors in ET cases by
tuning down hyperactive cerebello-thalamo-cortical
circuits.”® The purpose of this research was to see if
rTMS can treat essential tremors and how it could change
the course of tremors. In addition, it aimed to illustrate the
best protocol that can be used for essential tremors.

PATIENTS AND METHODS

This study has been conducted in tertiary care units
at Al-Hussein and Sayed Galal Hospitals, Al-Azhar
University, on a total of 30 ET patients, divided
intol5 ET patients as an active group and 15 ET
patients as a sham group.

Eligibility criteria

Patients over the age of 18 who have been diagnosed
with ET or ET plus based on the consensus criteria
for movement disorders.** Despite receiving suitable
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medical therapy, the patient must have significant
residual tremors. We excluded patients with history of
seizures and those on tremor-inducing medications such
as central cholinergic drugs, central monoaminergic
drugs, peripheral adrenergic drugs, thyroid hormone
supplements, adrenocorticosteroids, anticonvulsants,
bronchodilators, as well as antidepressants. We also
excluded individuals who had metal or electronic
devices implanted in their bodies, like aneurysm clips or
coils, stents in the brain or neck, spinal cord stimulators,
deep brain stimulators, metallic implants in ears and
eyes, and baclofen pumps.

Methods and data collection

The selected participants have been randomized into
2 equal groups: one study (active) group and another
control (sham) group with the same inclusion and
exclusion criteria, and all of the patients continued on
the same medical treatment they were already
receiving. An active group composed of fifteen
patients with Essential tremors was studied (5 males
and 10 females) with a range of age between 18-70
years old. Patients in this group received 12 sessions
of sham rTMS (3 sessions per week for 4 weeks). A
sham group composed of fifteen patients with
Essential tremors was studied (7 males and 8
females) with a range of age between 18-81 years
old. Patients in this group received 12 sessions of
sham rTMS (3 sessions per week for 4 weeks).

Careful history taking

Personal history: name, age, sex, residence,
occupation, and particular habits of medical
significance; complaint: onset, course, and disease
duration; history of the present illness including
history of the tremors: onset, course, duration,
affected body parts, received treatment and the
response, and associated symptoms; past medical
history; drug and alcohol intake history; and family
history.

Investigations and assessment

Other causes of tremors were excluded by careful
history-taking and a full general and neurological
examination. Brain MRI to exclude structural brain
lesions and thyroid function tests. Clinical evaluation
and scaling of tremors using the Fahn, Tolosa, Marin
(FTM) Tremor Rating Scale’® has been done for both
active and sham groups at baseline,then 1 day, 1
month, 2 months, and 3 months for both active and
sham groups after the rTMS sessions.

Repetitive TMS procedure

We measured the RMT of the right abductor pollicis
brevis. RMT was defined as the lowest stimulus
intensity necessary to induce motor-evoked
potentials (MEPs) of at least 50 pV in at least five of
the ten consecutive trials. The stimulation intensity in
rTMS has been set to 90% of the RMT. For
cerebellar stimulation, the site was set as the
midpoint between the mastoid and inion. In turn,
every side of the cerebellum was applied. At twelve
sessions (three sessions per week, day after day for
four weeks), 1800 stimulations per day were applied
with a frequency of one Hz (900 stimulations to the
cerebellum on every side). Each 1Hz rTMS session is
comprised of 30 trains of 30 seconds each, separated
by 10 seconds. Having the sham group, similar rTMS
measures were considered, despite putting the coil
perpendicular to the scalp.

Ethical approval

The research was accepted by our faculty's ethical
committee, and patients and controls gave their
informed written consent before the enrollment.

Statistical analysis of the data

Data represented as (Mean + SE) unless otherwise
indicated. The Kolmogorov-Smirnov test has been
performed to test the data's normality. The Chi-
square test for qualitative information or percentages
and the Mann-Whitney test for non-parametric
information have been employed to compare the
clinical and physiological parameters of patients with
active and sham stimulation.Two ways and a one-
way repeated measure ANOVA was utilized to
compare (FTM) scores between active and sham
stimulation groups at the different times (baseline,
day one after sessions 1,2, and 3 months after).If
there was a significant difference between the means,
the different time points have been compared using
multiple comparisons with Bonferroni correction.
Two sample t-test among active and sham
stimulation groups; and a paired t-test among
baseline and day 1 within each group. Age and
duration of tremor were correlated with the TRS-A,
B, C, and overall scores using the Spearman non-
parametric test.For all statistical tests, a p-value of
more than 0.05 is deemed not significant. A p-value
of less than 0.05 is regarded as significant. A p-value
of less than 0.001 is regarded as highly significant.

RESULTS

There were about 12 (40%) men and 18 (60%) women among the 30 patients studied, with an average age of 35
years in the active group and 41 years in the sham group (Table 1). There was no significant difference between
sham group and active group as regard the gender, age, and tremor duration (Table 1).

There was a highly significant reduction in subscore A, B, and total score of the active group at day one, one
month, two months, and three months after the sessions compared to the baseline score (Table 2). There has been a
highly significant decrease in subscore C of the active group at day 1and 1 month, but not 2 months or 3 months

after the sessions compared to the baseline score (Table 2).

There was no significant difference in FTM subscore A, B, C, or total score of the sham group at day one, one
month, two months, or three months after the sessions compared to the baseline score (Table 3)

There was a highly significant difference in the global assessment score by the patient after treatment between the
active and sham groups (Table 4). There was no significant correlation between TRS-A, B, and C and total score
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and patient age at baseline, day one, one month, two months, or three months after the sessions. There was also no
significant correlation between TRS-A, B, and C and total score and duration of tremors at baseline, day one, one
month, two months, or three months after the sessions (Table 6).

Paramete Active Sham- Statistics P-
rs stimulation stimulation test Value
(N=15) (N=15)
Gender Male 5 (33.3%) 7 (46.7%) Chi square 0.456
Female 10 (66.7%) 8 (53.3%) test n.s.
X?=0.24
Age (years) (Mean+SE) 35.73£4.76 41.8 £4.75 MW test 0.262
Range (18 -70) Range (18 — 81) w-value n.s.
=205
Tremor 5.5+1.56 3.13+£0.42 MW test 0.752
duration w-value n.s.
(Year) =240.5
Table (1): Participant’s characteristics in active and sham-stimulation as regards demographic data.
Active stimulation Repeated ANOVA
Baseline Day 1 After 1 After 2 After 3 F-Value  P-value
month months months
Subclass A 14.7+15%  7.13+0.8°  7.82+#0.73" 8.740.8" 10.1+0.9° 981 <0.001
T-value (T=5.57)  (T=5.08) (T=4.39) (T=3.42)
P-value (p<0.001) (p=0.001) (p<0.006) (p=0.011)
SubclassB ~ 14.7+1.4%  7.1+0.8° 7.740.8"° 9.1+0.9° 9.6+0.9° 9.27 <0.001
T-value (T=544) (T=502) (T=4.02) (T = 3.64)
P-value (p<0.001) (p<0.001) (p =0.001) (p = 0.005)
SubclassC  11.0+1.1*  55+0.6°¢ 6.7+0.7%°  7.9+0.8**¢  92+0.8* 681 <0.001
T-value (T=4.74) (T=3.70) (T =2.66) (T = 1.56)
P-value (p<0.001) (p=0.004) (p=0.097) (p=1.0)
Total score  405+3.4%  19.6+1.9°  22.2+¢19°  257+22° 28.9+2.5°  10.99 <0.001
T-value (T =6.03) (T=5.28) (T =4.26) (T=3.35)
P-value (p<0.001) (p<0.001) (p=0.001) (p =0.013)
Total score 28.1% 13.6% 15.4% 17.9% 20.0%
(%)

Means that do not share a letter are significantly different (Bonferroni pairwise comparisons method, P < 0.5)

Table (2): ANOVA of the (FTM) score of an essential tremor patient prior to and following active stimulation.

Subclass A
Subclass B
Subclass C

Total score
Total score (%)

Sham stimulation

Baseline Day 1
132+12 124%12
13.4+09 126+1.0
102+06 9.1+06
36.8+25 341+26
25.6% 23.7%

After 1
month
128 +
1.15
13.1+1.0

9.7+0.6
35.7+25
24.8%

After 2
months
13.1+1.2

129+1.0
9.9+0.38

36.0 2.7
25.0%

After 3
months
133+1.1

13.3+1.0
104+ 0.6

37025
25.7%

Repeated ANOVA

F-Value  P-value

0.1 0.983
n.s.

0.11 0.980
n.s.

0.64 0.639 n.s

0.2 0.938 n.s

Multiple comparisons using Bonferroni correction revealed that the FTM TRS-A, B, and overall scores were
significantly lower in the active stimulation group at one day, one month, two months, and three months compared
to baseline.

However, in the sham group, there have been no significant differencesin FTM TRS-A, B, C, and total between
baseline, and immediately after 1 day, 1month, 2 and 3 months of sham stimulation.

Table (3): ANOVA of the (FTM) score of an essential tremor patient prior to and following sham stimulation.

Parameters Active stimulation Sham-stimulation Statistics test P-
(N=15) (N=15) Value
Global Mean + SE 15 2.267 £0.118 15 -0.20 £ 0.145 MW test <0.001
assessment w-value =345
by the patient .
after ttt Median 2 0

This table shows that there was a highly significant difference in global assessments by the patient after treatment
among the active and sham groups

Table (4): Comparison between Global assessments by the patient after treatment in active and sham groups.
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DISCUSSION

The age, gender, or duration of tremor of patients in
the active and sham groups did not differ
significantly in this study. Thus, any effect of age,
gender, or tremor duration on the change in ET
severity will be negligible. The effect of a course of
12 low-frequency (1 Hz) cerebellar rTMS on the
severity of tremor in individuals with essential
tremor was assessed in this single-blinded sham-
controlled study.The Fahn-Tolosa-Marin (FTM)
scale has been used to assess the severity of tremors
at baseline, as well as on day one, one month, two
months, and three months after intervention. The
FTM scale is divided into three subscales: tremor
severity rating (subscale A), motor task performance
(subscale B), and functional disability (subscale C).*®

Overall, there had been a significant influence of
rTMS observed in the present study on all aspects of
tremor at various points, as follows: there had been a
highly significant decrease in subscale A of the
active group at day 1, 1 month, and 2 months after
the sessions. Furthermore, there was a significant
reduction in subscale A 3 months after the sessions
compared to the baseline score. There has been a
highly significant decrease in the FTM total score
and subscale B of the active group on day one, one
month, two months, and three months after the
sessions compared to the baseline score. There has
been a highly significant reduction in subscale C of
the active group on day 1 and 1 month, but not 2
months, or 3 months after the sessions compared to
the baseline score.

These findings support and extend the findings of
Gironell et al. in 2002, who reported a transient
clinical decline in tremor after a single session of
cerebellar stimulation.’® and Popa et al. in 2013 who
noted a significant long-term (3 week) reductionin all
aspects of tremor after the application of 5
consecutive days of sessions on the posterior
cerebellum bilaterally.” The longer advantageous
impact reported in our study (3 months) is most
likely due to the stimulation sessions being repeated.
Also, the number of pulses in each session in our
study was 1800. These pulses targeted the midpoint
between the inion and the mastoid, compared to only
300 pulses applied 2 centimetres beneath the inion by
Gironell et al. in 2002.

Such findings also lend support to an emerging
theory regardingthe cerebellum itself being centrally
involved in the generation of ET and a presumed key
target for rTMS." Our findings contradicted the
findings of Shin et al. in 2019 who found no
improvement in either total or subscale FTM scores
measured immediately after intervention and 4 weeks
later, and Olfati, N. et al. in 2019 who found no
significant improvement in overall FTM scores in
rTMS compared to sham stimulation on day 5, day
12, or day 30 after application of a similar 1 Hz
cerebellar rTMS.. That can be explained by the
differences in the session numbers, the pulse
numbers per session, and the coil sites between the
present study and the two mentioned studies. Shin et
al.'® used a 5-session protocol with 1200 pulses per
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day implemented to the bilateral cerebellar
hemispheres and the coil was positioned three
centimeters lateral and one centimeter inferior to the
inion, whereas Olfati, N. et al.”® used a 5-session
protocol with 900 pulses and the coil was positioned
at 1/3 distance from the inion to the mastoid process.

The present results showed that the significant
reduction in the FTM subscale C has lasted only for 1
month unlike the reduction in the FTM subscale A,
subscale B, and total scale which has been lasting for
3 months. Parts A and B of the FTM tremor rating
score indicate the severity of the tremor as
determined by neurological examination, while part
C is determined by an interview regarding how much
the tremor impacted the patient's daily life."® The
disparity in sub-scale responses to the active rTMS
intervention suggests that reducing the severity of
tremor as evaluated by neurological examination
would not be enough to enhance patients' everyday
functions. In the present study, there has been no
significant difference in FTM subscore A, B, C, or
total score of the sham group at day one, one month,
two months, or three months after the sessions
compared to the baseline score.

These results agree with the results revealed by
Olfati, N. et al. in 2019," Shin et al. in 2019," and
Gironell et al *® in 2002 who reported no significant
reduction in FTM subscore A, B, C, or total score
after sham rTMS. A considerable, but not significant,
fall in the FTM scores in the sham group degree
noticed in day one indicating some placebo effect
after sham rTMS. And that was also reported by
Olfati, N. et al. in 2019 *° and Shin et al. in 2019.%8 In
this research, there has been no significant
association between TRS-A, B, and C and total score
and patient age or duration of tremors at baseline,
day one, one month, two months, or three months
after the sessions.

CONCLUSION

For patients suffering from severe essential tremor,
cerebellar rTMS can be an effective therapy choice.

Conflict of interest : none
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