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Introduction

A 30-year-old man with brainstem cavernoma experienced hemorrhage and was
operated in 2008. Six months after the operation, the patient presented with new
complaints of left arm tremor namely Holmes’ tremor. Neurological examination also
revealed left-sided internuclear ophthalmoplegia, left-sided mild paresis, and increased
deep tendon reflexes of the left upper extremity, truncal ataxia, and dysarthria. Brain
magnetic resonance imaging showed a postoperative cavity and gliosis at the level of
the superior and inferior colliculus in the right tegmentum and right red nucleus with
extension to the substantia nigra. Fahn-Tolosa—Marin tremor rating scale (TRS) for his
left upper extremity (Part A, score 6) was 11 for the proximal and the distal arm. After
the failure of medical treatment, the patient underwent right globus pallidum internus
and ventral intermediate thalamic nucleus deep brain stimulation. There were no side
effects related to the stimulation. Final TRS months after operation was 3 for the
proximal and 4 for the distal arm.

ment of HT is the ventral intermediate thalamic nucleus

Holmes’ tremor (HT), also called midbrain tremor, rubral
tremor, and myorhythmia, is an uncommon movement dis-
order that involves a combination of rest, postural, and
kinetic tremors, the latter having particularly disabling clini-
cal effects.” This tremor occurs as in pathologies affecting
cerebellar outflow pathways or the region of the red nucleus.?
The most commonly reported surgical target for the treat-
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(Vim).3-" However, with an increasing pathophysiological
understanding many other structures are being targeted
(either alone or in combination) with good results, such as
globus pallidum internus (GPi),'®> subthalamic nucleus
(STN),'® caudal zona incerta (cZI),'” and ventralis oralis
anterior (VOA) and posterior.> Among the cases treated
with deep brain stimulation (DBS), there is only one reported
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case of GPi DBS for the treatment of HT.'® In this report, we
present our case of HT which was treated with unilateral Vim
and GPi DBS. The difference between the surgical techniques
and the results are discussed on the basis of review of the
literature.

Case Report

A 30-year-old man presented in 2008 with sudden loss of
consciousness due to brainstem hematoma. Brain magnetic
resonance imaging (MRI) revealed a cavernoma located in the
posterior right midbrain and pons, extending through the
tectum and tegmentum to reach the substantia nigra
(=Fig. 1A, B). The patient was operated by suboccipital and
transtelovelar approach to expose the fourth ventricle and
resect the lesion. In the postoperative period hydrocephalus
developed which required ventriculoperitoneal shunt
placement.

Six months after operation, the patient presented with
new complains of left arm tremor. The tremor was found to
involve both the distal and proximal parts of the arm includ-
ing the shoulder. The tremor was a combination of rest and
postural low-frequency 4-Hz rhythmic movements exacer-
bating with intentional motion. He had accompanying dys-
tonic movements in the left upper extremity. He had very
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poor fine motor control of his left hand and was unable to
write legibly. The tremor was evaluated with the Fahn-
Tolosa-Marin tremor rating scale (TRS)18 for his left upper
extremity (Part A, score 6). However, due to the differential
involvement of the proximal and distal parts of the arm, the
tremor scoring was performed separately for the proximal
and distal upper extremity. Tremor score was 11 for the
proximal and for the distal arm. Other neurologic findings
included left-sided internuclear ophthalmoplegia, left-sided
paresis, and increased deep tendon reflexes of the left upper
extremity, truncal ataxia, and dysarthria. Brain MRI showed a
cavity and gliosis in the previous location of the cavernoma in
the brainstem. The lesion was located in the level of the
superior and inferior colliculus in the right tegmentum and
right red nucleus with extension to the substantia nigra
(=Fig. 1C-F). Electrophysiological investigations revealed
both rest and postural tremor with the frequency of 4 to
5 Hz. This characteristic tremor was more prominent in the
proximal arm and these findings were consistent with the
diagnosis of HT. Neuropsychological tests revealed reduced
anterograde visual memory, retrograde episodic memory,
attention in working memory, and verbal fluency. Trials of
L-dopa 450 mg/day (8 months) and Keppra (levetiracetam)
1000 mg /day (2 months) were applied; however, they were
ineffective to reduce the tremor. Surgical treatment with DBS

Fig.1 (A)Axial T2-weighted and (B) sagittal T1-weighted brain MRI of our patient demonstrating a bleeded cavernoma located in the posterior of
the right mesencephalon and pons, extending through the right tectum and tegmentum and right nucleus rubra and reaching the substantia
nigra. (C) Sagittal T1 weighted, (D) axial T2 weighted MRI at the level of the superior colliculus, (E) axial T2 weighted MRI at the level of the

inferior colliculus, and (F) coronal T2-weighted MRI after the microsurgical resection showing the cavity and gliosis in the previous location of the

cavernoma in the brainstem. MRI, magnetic resonance imaging.
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was decided after the failure of the medical treatment to
improve the tremor.

The surgical procedure was performed under local anes-
thesia and sedation using the Leksell (Elekta, Stockholm,
Sweden) stereotactic frame with ring system. The surgical
targets were the right GPi and Vim. Their positions were
localized anatomically by direct visualizing on T2-weighted
and inversion recovery MRI. FrameLink 2.0 software (Med-
tronic, Inc., Minneapolis, MN, USA) was used for the applica-
tion of computed tomography (CT)-MR fusion technique and
reformatted the MR image to the anterior commissure-
posterior commissure (AC-PC) plane to yield the calculated
coordinates for the GPi and Vim, with the aid of Schalten-
brand and Wahren stereotactic atlas. Quadripolar electrodes
(Model 3389, Medtronic, Inc.) were implanted in the right GPi
and Vim in a single session. Electrode targeting was con-
firmed for GPi using microelectrode recordings (MERs) which
demonstrated bursting pattern of the neurons (=Fig. 2A).
This pattern was observed to be the most active in the central
portion of our target, and continued to appear 3 mm below
the target point, where the electrodes were finally implanted.
Macrostimulation was performed for GPi and demonstrated
no side effects. For Vim, only macrostimulation was per-
formed without MER, which showed immediate response
of the distal tremor pause with no side effects. The final
stereotactic coordinates of the targeted right GPi were
16.3 mm lateral to the midline, 6.13 mm anterior to the
mid-commissural point, and 0.6 mm below the ACPC
plane, and for the right Vim they were 14.1 mm lateral to
the midline, 7.17 mm posterior to the mid-commissural
point, and at the same level than the ACPC plane
(=Fig. 2B). A dual-channel pulse generator (Kinetra Model
7428, Medtronic, Inc.) was connected to the leads and im-
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Fig. 2 (A) Intraoperative MRI showing the stereotactically targeted
right GPi and Vim, and the planned trajectory of the electrodes. (B)
MER of the right GPi demonstrating the burst pattern. (C) Postoper-
ative brain CT scan and (D) lateral plain radiograph showing the final
position of the electrodes in the right GPi and Vim. CT, computed
tomography; GPi, globus pallidus internus; MER, microelectrode re-
cording; MRI, magnetic resonance imaging; Vim, ventral intermediate
thalamic nucleus.
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planted subclavicularly in the right chest wall during the
same surgical procedure. No complication occurred during or
after the surgery. Postoperative cranial CT scan was obtained
and confirmed the position of the electrodes (~Fig. 2C, D).
The activation of the electrodes took place 3 days after the
surgery. The stimulation parameters were 1 V, 130 Hz, 90 ps,
with monopolar stimulation on contact O for both targets. Six
months after stimulation tremor showed improvement, es-
pecially the resting component. The effect of the Vim and GPi
stimulation was evaluated separately by individual activation
of the leads and it was found that the head tremor was
aggravated by Vim stimulation at high voltages. Final stimu-
lation adjustments were 3 V, 90 ps,100 Hz for the Vim and
3 V,210 ps, 130 Hz for the GPi, and the final TRS score for his
left upper extremity tremor (Part A, score 6) was 3 for the
proximal and 4 for the distal arm. There were no side effects
related to the stimulation.

Discussion

First described by Holmes in 1904,'® HT—also called rubral or
midbrain tremor—is a tremor defined by a combination of
rest and postural low-frequency rhythmic movements exac-
erbating with intentional motion. Diagnostic criteria of HT
are: (1) Rest and intention tremors are present with some-
times irregular presentation. In many patients postural trem-
or is also present. The tremor is often not as rhythmical as
other tremors. (2) Tremor is of low frequency, mostly below
4.5 Hz. (3) A variable delay (mostly 4 weeks until 2 years)
between the lesion and the first occurrence of the tremor is
typical." HT has been described as sequelae of trauma,?°
hemorrhage and ischemia,'* multiple sclerosis,”! vascular
malformation,?? and tumor.?> This tremor is also a compo-
nent of a constellation of symptoms known as Benedikt’s
syndrome that, in addition to tremor, manifests as oculomo-
tor palsy and contralateral hemiparesis. This occurs with
damage to the midbrain tegmentum, including fascicle of
the oculomotor nerve, cerebral and cerebellar peduncles, red
nucleus, and substantia nigra.

It is generally accepted that HT is a symptomatic tremor
which is known to occur after different lesions centered to the
brainstem/cerebellum and thalamus. Two systems, the dopa-
minergic nigrostriatal system and the cerebellothalamic sys-
tem must be lesioned according to pathoanatomical,?*
positron emission tomography (PET)% single photon emis-
sion computed tomography (SPECT),? and tractography stud-
ies.® Simply, HT can be considered as a combination of basal
ganglia and cerebellar tremor." The presence of concomitant
rest and kinetic tremor is explained by the combined dys-
function of the cerebellothalamic and nigrostriatal systems.'
The basal ganglia outflow pathway from the GPi exerts a
direct influence on not only the thalamus but also the
brainstem motor centers such as the pedunculopontine nu-
cleus related to the midbrain tegmental field that controls the
axial and proximal appendicular musculature via the de-
scending reticulospinal tract.'* Moreover, dysfunction of
the olivocerebellar system may similarly contribute to tremor
activity which is conveyed to the thalamus and the
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thalamocortical system, thus effective thalamic DBS excites
thalamocortical projections.?’ By high-frequency excitation,
thalamic DBS may mask the abnormal input of synchronous
oscillations to the motor cortex and therefore cancel the
rhythmic entrainment of spinal motoneurons and muscles.?’
In addition, Herzog et al?” found that neuromodulation of the
dopaminergic system by high-frequency stimulation of the
STN could drive downstream thalamic neurons resulting in
the activation of cortical areas in PET imaging. These findings
indicated that the pathophysiologic changes responsible for
the tremor generation may extend to include thalamocortical
and striatocortical circuits. The conclusion that the patho-
physiology of HT is centered upon both the motor striatal and
thalamic circuits was the basis of the authors to favor
electrode implanting at two different targets for the neuro-
modulation of these circuits.

The pathogenesis of a delayed HT after a pontine damage
has been considered to involve the dentato-rubro-olivary
system.'* In the present case, MRI showed a lesion in the
mesencephalon and pons, which was extending through the
tectum and tegmentum indicating transneuronal or trans-
synaptic degeneration secondary to the interruption of the
olivary afferent fibers of the pontine central tegmental tract
(=~Fig. 3). The latent period for the development of the tremor
is thought to be due to the plasticity of the affected systems,
especially the nigrostrial system. Dopaminergic denervation
followed by regeneration was demonstrated in SPECT and PET
studies of the dopaminergic systems.?” This aspect was
supported with the findings of improvement in such cases
treated with levodopa or dopamine agonists.26 However, well
reported levodopa-resistant cases, as our case, indicate that
structural changes in the dopaminergic system may not
exist.”? Gajos et al? performed Dopamine Transporter Scan
(DaT-Scan)in 6 HT patients with different etiologies. They did
not find significant abnormalities in the dopaminergic system

Fig. 3 A schematic drawing demonstrating the brainstem and the
location of the lesion and the possible affected pathways responsible
for the development of HT. (A) axial, (B) lateral, and (C) anterior
views. DN, dentate nucleus; ION, inferior olivary nucleus; HT, Holmes’
tremor; RN, red nucleus; SN, substantia nigra; VL, ventrolateral
thalamic nucleus.
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of the patients indicating that different pathophysiological
processes may lead to the development of the phenomenolo-
gy of HT.

Stereotactic Vim surgery, either thalamotomy or thalamic
stimulation, is a mainstay in the surgical treatment of par-
kinsonian or essential tremors.?® Its efficacy in tremor sup-
pression is superior to that of pallidotomy in parkinsonian
patients. Thalamic surgery interrupts the thalamocortical
output that controls distal appendicular musculature via
descending corticospinal and corticobulbar tracts. However,
it does not always produce satisfactory results in patients
with HT, particularly with respect to their proximal trem-
ors."> % On the other hand, GPi surgery influences the control
of otherwise inaccessible axial and proximal muscles. The GPi
has two output pathways projecting both to the motor
thalamus and the brainstem reticular formation, which con-
tribute to the ascending pallidothalamocortical pathway and
descending pallidoreticulospinal pathway, respectively.?® In
the somatotopy of the GPi obtained by intraoperative micro-
recordings, representative areas of the extremities were
located over a wide area and overlapped with each other,
thus contributing to the efficacy of pallidal surgery for
proximal tremor and generalized dystonia.3® GPi stimulation
can cause significant improvement in this component of
tremor due to the known effect of GPi stimulation in improv-
ing dystonia, as seen in this case.

Due to the limited efficacy of Vim surgery on proximal
tremors, the use of other or additional surgeries with greater
effects, for example, pallidal surgery>' or subthalamic area
stimulation,?? should be considered for the treatment of HT. A
review of the English and French literature using the Medline
database, showed 20 reported cases of HT treated with DBS
(=Table 1). Most of these patients were treated with good
results by Vim surgery. However, comparison of the results is
difficult, as different techniques of tremor evaluation have
been used. Quantitative tremor evaluation does not report
the effect on concomitant dystonia or other coexisting abnor-
mal movements. In addition, the details on the different
subtypes of tremor were not reported. Nevertheless most
patients had at least partial tremor improvement, docu-
mented for a follow-up period of at least 6 months. Interest-
ingly, the beneficial effect was achieved in five patients only
by dual stimulation, mostly in another part of the
vim.>”>1>17 Romanelli et al'® implanted a Vim DBS electrode
in a patient with HT and found improvement in the postural
and kinetic aspects of the tremor with no change in the
resting tremor. Subsequently, a second electrode was placed
in the STN with complete resolution of the tremor. In one case
study, however, Lim et al'® found that GPi DBS was more
effective in controlling upper extremity HT than either Vim or
VOA stimulation and that adding Vim/VOA stimulation pro-
duced little improvement. Additionally, Plaha et al'’ have
demonstrated that stimulation of the cZI effectively reduces
both the action and resting components of proximal and
distal tremors. They proposed that DBS of the cZI is likely to
suppress distal tremor by overriding oscillations in the ven-
trolateral nucleus, interpositus, and the inferior olivary (10)
nucleus, and proximal tremor by overriding oscillations in the
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interpositus, 10, and medial reticular formation (MRF)." In
the review, our case is considered the second case of HT to be
treated with Vim and GPi stimulation. We believe that in
addition to Vim stimulation for controlling the distal tremor,
GPi target is good choice for controlling the proximal tremor
especially for cases accompanied with proximal dystonia, as

in

our case. The effect of chronic GPi stimulation on the

proximal tremor was started to be noticed in the sixth
week with marked improvement of this tremor. During this
period, the Vim stimulation effect was stable since the
operation with significant improvement of the distal tremor.
These are the early results of our case and the patient is still
under follow-up. We believe that long-term results will be
better with established chronic stimulation.
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