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Tremor: A Video-Based Case-Series with
a Review of the Literature
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Abstract: Background: Holmes’ tremor (HT) is a low-frequency tremor characterized by a combination of rest,
posture, and action components. We are reporting the clinical features, neuroimaging findings, and levodopa

responsiveness in 12 patients with HT.

Cases: The majority of the patients were male (11/12). Dystonia was observed in 10 patients and the remaining
two patients had head tremor, a “forme-fruste” of cervical dystonia. The underlying etiologies were vascular
(n = 8), head trauma (n = 2), and tumor resection (n = 2). Neuroimaging showed isolated involvement of the
midbrain in four, thalamus in two, and basal ganglia and cerebellum in one patient each. A combination of the
lesion (thalamus and cerebellum = 2; cerebellopontine angle = 1, and cortical/subcortical = 1) was present in
four patients. Levodopa responsiveness was seen in 75% of patients including one with levodopa-induced

dyskinesia.

Literature Review: Of 139 patients from 49 studies, levodopa was tried in 123 patients. Improvement with
levodopa was seen in 71 patients (57.72%). No improvement with levodopa was observed in 33 patients (26.82%)
and details regarding therapeutic response were unavailable in 19 patients (15.44%).

Conclusions: Dystonia is an important clinical manifestation of HT. Levodopa responsiveness seen in the
majority of the patients is consistent with the hypothesis that nigrostriatal pathway damage is crucial for the

pathophysiology of HT.

Although eponymous with Gordon Holmes who provided a
rather detailed account of Holmes’ tremor (HT) in an essay titled
“On certain tremors in organic cerebral lesions” in 1904, it was
Benedikt who described this entity as early as 1889."% Holmes
chronicled this tremor as a coarse irregular 3 to 4 Hz tremor,
although present at rest would enhance markedly on assumption
of a posture. The clinical phenomenology of HT is complex and
might be accompanied by symptoms of dystonia, choreoathetoid
movements, and ataxia. A question has also been raised about
whether HT should be classified within the dystonic tremor syn-
dromes.” Considering the marked clinical heterogeneity there
has been a recent attempt to subclassify HT into two distinct

types, thalamic and midbrain types." However, the structural

lesions associated with HT have also been reported in the cere-
bellum, pons, medulla, and rarely multiple cortical sites.”>° The
pathophysiology of HT remains speculative and a parallel dys-
function of cerebellothalamic and nigrostriatal pathways has been
postulated to produce this type of tremor.* '” Furthermore, there
are various accounts of HT being responsive to levodopa
(t-dopa), which supports the role of striatonigral system in
the causation. There are several reports of responsiveness of HT
to L-dopa and to other dopaminomimetic agents; however,
a systematic review of L-dopa responsiveness has not been
published in the literature to the best of our knowledge. In this
paper, we report a series of 12 patients with HT and discuss the
clinical features, associated neurologic findings, localization of
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the incriminating lesion, imaging correlations, and response to

L-dopa treatment.

Case Series
Methods

This is a case series of 12 patients with HT who attended our move-
ment disorder clinic over the past 2 years and were diagnosed using
the recent consensus statement from the Movement Disorders Soci-
ety.'! Written informed consent was obtained from all patients for
the publication of their videos (see Videos 1 and 2). In addition to
demographic data details regarding age at the time of the brain lesion,
latency between brain lesion and tremor onset, characteristics of HT,
associated neurologic symptoms, etiology and localization of the brain
lesion based on neuroimaging findings, and the results of the treat-
ments were noted. We could obtain magnetic resonance imaging
(MRI) for 11 patients and computerized tomography of the head for
one (MRI not possible in case 8 because of ventriculoperitoneal
shunt) patient. All patients were treated with oral tablets of L-dopa +
carbidopa (Table 1). At the end of 6 months of treatment 1~dopa
responsiveness was assessed by the patients by means of the Patient
Global Impression of Change (PGIC) (range, 1-7).'* A PubMed sea-
rch was done, on March 31, 2022, using the keywords (t-dopa
AND Holmes’ tremor = 235, Holmes’ tremor AND Dopa-
mine = 389, and Holmes™ tremor AND Nigrostriatal = 95). After
removing the duplication, 257 articles were screened and 49 relevant
articles were included in our review of the literature (Table S1).
Additional PubMed search was also done using the keywords “Deep
brain stimulation in Holmes’ tremor.” After removing the duplica-
tion, 191 articles were screened and 28 relevant articles were
included in our review of the literature (Table S2).

Summary of Cases

Demographics

We had a total of 12 patients in our series, of which the over-
whelming majority were men (11/12; 91.66%). The mean +
(standard deviation [SD]) age of our patients was 31.08 + 14.24
(9-60) vyears and the mean £ SD latency between brain
lesion and tremor onset was 4.78 + 4.45 months (range,
5 days—1 year).

The Tremor

Seven of 12 (58.33%) of our patients, had tremor limited to a single
upper limb, among which the left upper imb was involved in five
patients (cases 1, 2, 3, 6, and 10) and the right upper limb in two
patients (cases 7 and 8). Four patients (33.33%) had ipsilateral upper
as well as lower limb involvement (cases 4, 5, 9, and 12). Bilateral
upper limbs were involved in only one patient (8.33%) (case 11). A
total of 83.33% of our patients (10/12) had a predominant distal
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component, and only two (cases 3 and 12) of them (16.66%) had
clear proximal predominance. Four patients (33.33%) had head
tremor (cases 4, 8, 11, and 12) including one with a titubatory head
tremor (case 12).

Other Neurologic Manifestations
Associated with HT

Dystonia was present in 83.33% (10/12) of patients, which were
more common in the upper limb (left upper limb = 4; right
upper limb = 1) followed by the neck (n = 4; cases 1, 4, 6, and
11). Two patients (cases 8 and 12) who did not have dystonia
had head tremor, which is considered a forme-fruste of cervical
dystonia. Hemi-dystonia was present in two patients (cases 4 and
10) and 16.66% (2/12) of patients had abnormal tongue move-
ments (one had dyskinesias and another had protrusion tremor).
Other neurological manifestations associated with HT in our
patients have been described in Table 2.

Etiology

Eight of our patients (8/12; 66.66%) had a stroke as the inciting
factor making it the major etiology of HT in our series and
among all these cases, 75% (6/8) had an ischemic etiology: two
patients had a vasculitic infarct secondary to tubercular meningitis
(cases 7 and 8), one alcoholic patient had hypertension and we
suspected an underlying cardio-embolic basis for his chronic
lacunar infarcts (case 6), one patient had a hemorrhagic infarct
because of cortical venous thrombosis (CVT) (case 5), and causes
of two patients could not be found (cases 2 and 3). Hemorrhagic
stroke was found in two patients: one had midbrain bleed
because of coagulopathy because of decompensated liver disease
(case 1) and another had midbrain hemorrhage because of an
arteriovenous malformation (case 4). Head trauma was causative
in two patients (2/12; 16.66%) (cases 9 and 10) and in two
(2/12; 16.66%) patients, HT followed resection of brain tumor
(cases 9 and 11).

Neuroimaging Findings

In eight patients, the lesion was localized to the midbrain
(n = 4), thalamus (n = 2), cerebellum (n = 1), and basal ganglia
(n = 1) (Fig. 1A-X). In three patients, a combination of the
lesion was observed (thalamus and cerebellum in cases 3 and 9;
the cerebellopontine angle in case 11) and in one patient with
CVT (case 5), the exact lesion localization could not be done

because of extensive cortical and subcortical involvement.

Treatment Response

In our case-series, all patients were treated with 1-dopa with a
dose  ranging from 300 to 600 mg (mean % SD:
358.33 + 103.74 mg) (Table 1). Eight of our patients (8/12;
66.66%) reported improvement after the r-dopa trial, but the
spectrum of response varied with five patients (5/12; 41.66%)
reporting very much improvement, three (3/12; 25%) of them
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Video 1. Videos showing clinical phenomenology of patients
(cases 1-6) with Holmes’ tremor. Case 1: a 30-year-old male
with a left upper limb tremor that has distal > proximal
components, is present at rest, exacerbates in the
outstretched position, and has a definite intention component
with terminal exaggeration. Left upper limb dystonic posturing
and cervical dystonia are also present. Case 2: a 55-year-old
male with a left upper limb tremor that is distal > proximal
predominant, is present at rest, in the outstretched position,
and the intention component is seen as well. Left upper limb
dystonic posturing is present. Case 3: a 20-year-old male with
left upper limb tremor that has proximal > distal predominance,
is present at rest, best appreciated when the arm is
outstretched and has an intention component. Left upper limb
dystonia is present. Case 4: a 26-year-old female with right
upper and lower limb tremulousness that is distal and proximal
is present at rest and a definite postural. She has right upper
and lower limb dystonia, cervical dystonia with head tremor,
and lingual dyskinesias. Case 5: a 35-year-old male with left
upper limb distal > proximal predominant tremor. It can be best
appreciated in a lateral wing-beating position. Left upper limb
dystonic posturing is evident. Case 6: a 60-year-old male with
a distal > proximal left upper limb tremor can be seen. A
definite exacerbation is present when his arm is outstretched
and an intention component with terminal exaggeration is
evident. Left upper limb and cervical dystonia are also
observed.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13501

reporting much improvement and one (1/12; 8.33%) reporting
minimal improvement. Three patients (25%) did not report any
improvement. Case 10 reported a good response with r-dopa,
but developed 1-dopa-induced dyskinesia in the left upper limb
after 3 months of therapy, which got better after amantadine was
started (100 mg tablets three times daily). In patients who
improved with L-dopa, both rest and action tremor improved
except in two patients (cases 5 and 9) where only rest tremor
improved. Pramipexole or other dopamine agonists were not
tried in our patients.

Literature Review

Levodopa Responsiveness

We have reviewed the data from 49 studies. Of 139 patients, L-
dopa was tried in 123 patients (Table S1). The most
common underlying etiology was stroke (n = 81), and head
injury (n = 18). Multiple other dopaminergic (amantadine = 8,
pramipexole = 6, piribedil = 2, carbergoline = 1, rotigotine = 1,

Video 2. Videos showing clinical phenomenology of patients
(cases 7-12) with Holmes’ tremor. Case 7: a 21-year-old male
with a right upper limb tremor that has distal > proximal
components, exacerbates in wing-beating position, and has a
definite intention component with terminal exaggeration. Mild
dystonic posturing and tremor are present in the right upper
limb, which is more evident in writing and spiral drawing. Mirror
dystonia is observed while writing with the left hand. Case 8: a
21-year-old male with right upper limb tremor with distal >
proximal predominance is present at rest. Increases when the
case raises his arm. “No-no” type head tremulousness is seen.
Case 9: a 24-year-old male with left upper limb tremor present
at rest, in the outstretched position, and with an intention
component that has terminal exaggeration. Left upper limb
dystonia is seen. Case 10: a 30-year-old male with left upper
limb tremor that is distal > proximal predominant, is present at
rest, is visible in the outstretched position, and has an
intention component as well. Left upper limb dystonic
posturing is present. The last segment of the video shows
florid levodopa-induced dyskinesias in the left upper limb.
Case 11: a 42-year-old male with bilateral upper limb
tremulousness (distal > proximal), better visible in the left
upper limb, can be seen at rest. His tremors increase when he
lifts his arms overhead and an intention component can be
seen in the left upper limb when he tries to touch his nose. Left
upper limb dystonia and cervical dystonia with head tremor is
also seen. Case 12: a 9-year-old boy with titubatory head
tremor at rest. The right upper limb tremor that is present at
rest and proximal is enhanced when the subject’s arm is
passively raised. Right lower limb tremor is present at rest and
has postural exacerbation as well.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13501

benserazide = 1, and entacopone = 1) drugs were used with or
without 1-dopa. The majority of the patients were also using
other and non-dopaminergic drugs (anticholinergics, antipsy-
chotics, antiepileptics, benzodiazepines, and beta-blockers) along
with L-dopa. Improvement with 1-dopa was seen in 71 patients
(57.72%). In 111 patients, response to L-dopa was evaluated in
the absence of other dopaminergic drugs and 63 patients had
improvement (56.75%), which was marginally less than the
global improvement of 57.72% not taking into account if t-dopa
was or was not combined with other dopaminergic medications.
No improvement with 1-dopa was observed in 33 patients
(26.82%) and details were not available regarding therapeutic
response in 19 patients (15.44%). Deep brain stimulation was per-
formed in eight of these patients, (partial response to 1-dopa
[n = 2] or no response [n = 6]). Lesional surgery was done on two
patients (because of arteriovenous malformation [n = 1] and poor
response to L-dopa [n = 1]). Botulinum toxin was used in one
patient who responded pootly to r-dopa. Only pramipexole was
used in four patients and three had some improvement in tremor.
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FIG. 1. Case 1: axial sections of T2-weighted (A) and gradient-recall echo (GRE) images (B) of magnetic resonance imaging (MRI) brain
show right midbrain hemorrhage. Case 2: axial fluid-attenuated inversion recovery (FLAIR) (C) and T2-weighted sections (D) of MRI brain
showed ischemic infarct in the right thalamus and occipital region. Case 3: axial diffusion-weighted (DWI) (E,F) and apparent diffusion
coefficient (ADC) sequences (G,H) of MRI brain show bilateral acute thalamic and cerebellar infarcts. Case 4: axial FLAIR MRI brain

(1) shows left mesencephalic hemorrhage. MR angiography (J) shows the causative left midbrain arteriovenous malformation. Case 5:
axial GRE MRI brain (K) shows multiple bilateral cortical hemorrhagic areas admixed with infarctions because of cortical venous
thrombosis. FLAIR MRI (L) is showing bilateral subcortical and periventricular white-matter changes. MR venography (M) shows
attenuated right transverse and superior sagittal sinuses. Case 6: axial T2-weighted axial MRI brain (N) shows multiple chronic lacunar
infarcts in the bilateral midbrain. Case 7: axial T2-weighted MRI brain images show left temporal lobe encephalomalacia with gliosis

(0) and left thalamic infarct (P). Case 8: axial sections of non-contrast computerized tomography (NCCT) of the head (Q) shows multiple
areas of hypodensity in the left basal ganglia region suggestive of a chronic infarct. Case 9: axial FLAIR MRI shows hyperintensities in the
left cerebellar region suggestive of gliosis (R) and GRE MRI shows microbleeds in the right thalamus (S). Case 10: axial sections of NCCT
head (T) and T2-GRE MRI brain show right mesencephalic hemorrhage (U). Case 11: pre-operative (V) and post-operative (W) axial FLAIR
MRI brain images show left cerebellopontine angle schwannoma. Case 12: coronal pre-operative FLAIR MRI (X) shows medulloblastoma.

Deep Brain Stimulation in
Holmes’ Tremor

We have reviewed the data from 28 articles (Table S2). Deep
brain stimulation (DBS) surgery was done in 52 patients with
HT. Thirty-two patients were male and eighteen were females
(data regarding two patients were not available). The most com-
mon underlying etiologies of HT were stroke (hemorrhagic: 18;

810 MOVEMENT DISORDERS CLINICAL PRACTICE 2022; 9(6): 805-815. doi: 10.1002/mdc3.13501

ischemic = 9), and head injury (n = 5). In hemorrhagic stroke,
cavernoma (n = 7) was the most likely cause. The sites for
DBS were the thalamus (isolated in 23, and combined with
subthalamic nucleus [STN] in six, globus pallidus interna [GP1i]
in five, and caudal zona incerta [cZI] in two patients), GPi
(n = 10), posterior-subthalamic-area (PSA) (n = 3), dentato-
rubrothalamic tract (DRTT) (n = 2) and the prelemniscal radia-
tions (n = 10). In the thalamus, unilateral ventral intermediate
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nucleus (VIM) was the most common site for the stimulation.
All patients had improvement in symptoms following DBS,
however in the majority of the studies the improvement was not
measured by specific tremor scales and the improvement in HT

had a variable range.

Discussion

The overwhelming majority of our patients happen to be males.
Our findings differ from the other large case series because they
have reported HT in an almost equal number of males and
females (Table 3).*° The latency between brain lesion and
tremor onset in our patients (mean £ SD: 4.79 + 4.44 months)
remains coherent with the literature. However, two of our
patients had acute onset of symptoms (latency = 7 days) follow-
ing ischemic stroke (case 3) and post-surgical procedure (case
12). The vascular disorders remain the leading cause in our series
as well with either ischemic or hemorrhagic causes being the
most frequent (~66.66%), which was similar to the other large

s 46,13
case series.

Two of our patients developed symptoms of HT
following resection of brain tumor and this type of presentation
has been rarely reported.>!*

Our case-series highlights the fact that the phenomenology
spectrum of HT is quite intriguing. Tremor sometimes may
change axis (eg, lateral hand tremor), depending on hand/arm
position (case 10). Rest tremor can be pronation supination and
then flexion and extension with arms outstretched, which some-
times may affect two or three fingers predominantly. These
nuances may be overlooked if not looked at carefully.

Dystonia was present in 10 (83.33%) patients and the
remaining two patients had head tremor, which is considered to
be a presenting feature of cervical dystonia."> Our findings are
significant considering that the previous case series had reported

*+% It may be possible

dystonia in a small number of patients only.
that dystonia was not looked at specifically in these patients.
Thalamic lesions have been reported in the majority of HT
patients with dystonia.” These findings are consistent with other
reports suggesting that tremor resulting from thalamic lesions do
not occur in isolation and are frequently associated with dysto-
nia'® In our patients, the thalamic lesion was present in four
patients only and dystonia was also present when the lesion was
localized elsewhere (midbrain, basal ganglia, and cerebellum).
One of the patients had a titubatory head tremor following the
surgical resection of medulloblastoma in the cerebellar region,
which is similar to another case we had reported earlier.'” Our
findings support the hypothesis that dystonia is a network
disorder where the cerebellum plays a significant role in the
pathogenesis.'®

Another important observation in our study is 1-dopa-respon-
siveness, which was seen in 75% of our patients. One of our
patients developed 1-dopa-induced dyskinesia after 3-month of
treatment and responded to oral amantadine. This type of pre-
sentation has not been reported in the literature to the best of
our knowledge. In our patients, improvement in r-dopa was

seen in both rest and action tremor except in two cases (5 and
9), where only rest tremor improved. Our findings are consistent
with other case series reporting 1-dopa responsiveness in all com-
ponents of tremor.*®

L-dopa responsiveness aligns with other data suggesting that
nigrostriatal tract involvement is important for the development
of HT. In 1992, Krack et al'® described two patients who dis-
played both cerebellar and parkinsonian signs, and based on that
observation, a suggestion was made that HT develops following
a combined lesion of the nigrostriatal as well cerebellothalamic
projections. Later, a study using fluorodopa (F-dopa) positron
emission tomography (PET) also showed that reduced putaminal
L-dopa labelling was appreciated in the HT patients further
revealing the role of disruption of the nigrostriatal system in the
pathogenesis of HT.”

Deuschl et al*® described a patient who, after undergoing a
right hemi-cerebellectomy, presented with a parkinsonian
resting tremor on the left side of his body and HT in the right
upper limb. This finding further supports that a lesion involv-
ing both the nigrostriatal pathway and the cerebellar projec-
tions is required for the occurrence of resting, posture, and
action tremor.>’ To bolster the case, several studies based on
animal models have suggested that a solitary lesion in the cer-
ebellar structures or the basal ganglia is not sufficient to
induce a combined form of resting, postural, and action
tremor in monkeys and that a lesion involving both structures
is required in the causation of HT.?"** Ohye et al* reported
a study where animal models of HT caused by stereotactic
lesions located in the midbrain ventromedial tegmental area
produced a 4 to 8 Hz rest and postural tremor. Pathological
examination of these lesions demonstrated damage to the sub-
stantia nigra pars compacta, nigrostriatal fibers, magnocellular
and parvocellular portion of the red nucleus, and superior cer-
ebellar outflow tract. Interestingly, in these animal models,
the tremor was often expressed in the elbow-flexed posture,
similar to what is seen in HT patients. Rare cases of HT with
perirolandic lesions with secondary Wallerian midbrain
degeneration have been reported, suggesting that the cortical
node of the cerebellar-BG-thalamic-cortical loop may cause
HT in some rare instances.”* However, that needs replication
by others.

There are several reports of the responsiveness of HT to other
dopaminomimetic agents.”> %’ Usage of dopamine agonist
pramipexole led to a dramatic reduction of the resting compo-
nent and gradual improvement of the kinetic component of HT
in a patient reported by Strecker et al.*> Similarly, in another
report, treatment with pramipexole led to stark improvement of
resting component of the tremor, whereas the intensity of the
postural tremor remained unchanged and after an additional dose
of 200 mg 1-dopa/day ameliorated the postural tremor as well. 2
This patient also had dopaminergic denervation in the striatum
ipsilateral to the lesion on B-CIT SPECT. Molecular studies have
also shown that serotoninergic terminals serve as a major site of
the conversion of exogenous L-dopa to dopamine in the dopa-
mine denervated striatum, which might explain this curious

28 . . . . L
case.”” Dopamine, by its action on direct as well as indirect
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pathways of the striatal circuit, stimulates D1, D2, and D3 recep-
tors, whereas dopamine agonist such as pramipexole has limited
efficacy because their agonist activity is limited to D2 and D3
receptors and it can, therefore, only function via the indirect

1?7 published a case series of

pathway.”® In a recent study, Shi et a
three patients with HT, who were evaluated using multimodal
3D medical imaging and treated with pramipexole. The authors
speculated that the pathogenesis of tremor in one patient with a
good response to pramipexole was different from the other two
patients with no or poor response.

In our review of literature, improvement with 1-dopa was
observed in 57.72% (71/123) of patients with HT (Table S1). In
other words, additional brain networks are likely to be involved,
which may also explain some patients with HT having normal

6,29,30 10
’ In a recent study, Joutsa et al

dopamine neuroimaging.
identified 36 lesions causing HT, which were scattered across
multiple different brain regions. The most relevant point found
by the authors was including the delineation of a brain circuit
composed of the red nucleus, GPi, ventral oralis posterior (VOP)
and pulvinar nuclei, pontomedullary junction, and three regions
in the cerebellum (cerebellar cortex and vermis in lobule VI, and
cerebellar cortex in lobule X). In addition, contrary to previous
assumptions, connectivity to VIM nuclei was not found to be
correlated with HT, suggesting that VOP nuclei may be a better
target for DBS in HT.

HT is, by definition, a combined tremor syndrome; this is
because of the co-existence of ataxia, pyramidal signs, and dysto-
nia in the majority of patients. With this in mind, the therapeutic
response to L-dopa may alleviate some aspects of the tremor,
meaning amplitude, rest versus postural versus kinetic or dystonic
components. This is mainly unexplored and an area of future
research. In addition to the r-dopa trial for HT patients, it is
important that the primary cause of brain lesion (eg, infectious,
demyelinating) should be treated first. HT patients may have a
strong proximal component with posture. There are some studies
showing that patients with proximal tremor or “wing-beating
tremor” can benefit from botulinum toxin injections in the teres
major, teres minor, and supraspinatus muscles.® This should be
suggested for patients not responding to L-dopa.

Certain limitations should be kept in mind before interpreting
the results of our study. First, our patients did not follow a stan-
dard protocol-based treatment, which may have affected the
clinical outcome. Second, 1-dopa responsiveness of tremor was
not objectively evaluated by a neurologist, but only subjectively
by the patients by means of the PGIC scale. Third, we have not
done any neuroimaging to support the dopaminergic deficiency.
Fourth, a detailed neurophysiological evaluation of tremor has
not been done. Finally, there were some limitations in the
review of literature also that was markedly affected by the
incomplete data provided in various studies. We were not able
to figure out the clinical and treatment details of a large number
of cases. Despite all these limitations, our case series has provided
a detailed phenotypic spectrum and r-dopa responsiveness in
patients with HT.

We also speculate that dystonia and tremor in HT may be

because of the involvement of the dopaminergic system and

814 MOVEMENT DISORDERS CLINICAL PRACTICE 2022; 9(6): 805-815. doi: 10.1002/mdc3.13501

could be validated in future studies. Disruption of dopaminergic
pathways in the pathogenesis of dystonia has been consistently

32-34
d.

reporte One classic example is the dopa-responsive dysto-

nia syndromes secondary to mutations in genes (GCH1, TH, and
SPR) encoding enzymes involved in dopamine synthesis.**>>
Dopamine receptor blockers frequently cause dystonia, further
supporting the role of this network in the pathophysiology of
dystonia.>® Neuroimaging studies have also provided evidence
for reduced availability of D, receptors in the striatum of gene-
associated dystonia (TOR1 and THAP) and other types of focal

. . 37
dystonia such as writer’s cramp.

Conclusion and Future
Perspectives

In this case series, we have highlighted that dystonia of variable
severity may be present in a majority of patients with HT. 1-dopa
responsiveness seen in 75% of our patients is consistent with
the hypothesis that nigrostriatal pathway damage is crucial for
the phenomenology of HT. Because dystonia is speculated to be
secondary to nigrostriatal pathway involvement, future studies
assessing L-dopa responsiveness may explore the differences in
HT with and without dystonia. Future areas of research on HT
should also include deep phenotyping of HT through detailed
clinical and functional/structural imaging studies. Furthermore, it
would be worthwhile to explore if 1-dopa responsive HT
patients would have a better response to STN DBS than to
VIM DBS.
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