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Abstract: We report the case of a 53-year-old man who was diagnosed with Holmes tremor and underwent deep brain stimulation of
the ventro-intermediate thalamic nucleus and posterior subthalamic area. We assessed the patients’ tremor with the Fahn-Tolosa-Marin
Tremor Rating Scale at 1, 3, 6, 12 and 24 months after deep brain stimulation. Deep brain stimulation relieved the patient’s tremor
during the 24-month follow-up period.
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Introduction

Tremor caused by midbrain diseases was first reported by Benedikt in 1889. The first Holmes tremor (HT) case was
described in detail by Holmes in 1904." This tremor is often secondary to nervous system diseases, such as stroke, brain
trauma, neurodegenerative diseases, and brain tumors, and the onset time is mostly 1~24 months after central nervous
system injury. Because the onset is closely related to injury to the midbrain and thalamus, it is also called midbrain
tremor and thalamus tremor. HTs are irregular often nonrhythmic and characterized by resting, postural, and intentional
low-frequency (<4.5 Hz) tremors involving the proximal and distal parts of the extremities. HTs seriously affect the
quality of life of patients, but the effect of drug treatment is not ideal. Most patients do not respond to medication;
therefore, surgical procedures have become the main treatment option.” The posterior subthalamic (PSA) tract containing
Zona incerta (Zi) and premature radiation (raprl) have been previously resected for tremor control. It is believed that the
Cerebello-thalamic junction of the PSA is related to tremor, and the somatotopic organization of the PSA can especially
improve the control of proximal tremors. In regard to stimulation, the results published in the literature show that the
therapeutic effect on the PSA may be equivalent to that on the ventro-intermediate thalamus (VIM) or even better than
that on the VIM. Testing the PSA is especially useful for case series of patients with severe proximal tremors and has
been found to have beneficial effects. The VIM is located on the back side of the PSA, allowing access to two structures
through a single electrode. In fact, a review of the relationship between the VIM lead position and tremor control showed
that more ventral contact can better control tremors, which is more likely to stimulate the PSA and achieve better tremor
control than does thalamic stimulation. HTs are rare, especially those that occur secondary to brainstem hemorrhage. The
clinical data of a patient with HT secondary to brainstem hemorrhage who underwent deep brain stimulation (DBS) and
experienced significantly relieved upper limb tremor and improved quality of life. This case can provide guidance for
clinical workers. Thus, neurologists can consider DBS for patients with HT.
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Case Report

A 53-year-old man with a 4-month history of tremor affecting mostly his left upper limb was referred to our department.
He had developed left limb numbness secondary to hypertensive brainstem hemorrhage 1 year prior. At that time, brain
computed tomography (CT) revealed acute hemorrhage in the right pons near the red nucleus (Figure 1A and B). Two

Figure | Image of a right pontine hemorrhage near the red nucleus. (A and B) Preoperative computed tomography image showing acute intracerebral hemorrhage in the
right pons near the red nucleus. (C and D) MR image showing that the brainstem hemorrhage was located in the right pontine arm. (E and F) Preoperative T2-weighted and
T-weighted axial magnetic resonance images revealing the resolution of hemorrhage. Encephalomalatic changes, cystic degeneration, and hemosiderin around the lesion

were also absorbed.
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weeks after brainstem hemorrhage, magnetic resonance imaging (MRI) revealed that the brainstem hemorrhage was
located in the right pontine arm and that it destroyed local brain tissue (Figure 1C and D).

Approximately 5 months after conservative management and physical therapy, the patient was able to care for and
feed himself. After approximately 6 months, the tremor gradually returned to the left upper limb and progressively
worsened. At that time, axial T2-weighted MR images revealed encephalomalatic changes, cystic degeneration, and
hemosiderin around the lesion (Figure 1E and F).

He was treated with several medications, including levodopa/benazepine and trihexyphenidyl, but none of them were
effective. He had no history of using neuroleptics or tremor-inducing drugs prior to or after brainstem hemorrhage and
had no family history of movement disorders. Quantitatively analyzed the results of the Fahn-Tolosa-Marin Tremor
Rating Scale (FTMTRS) to assess the degree of tremor. The FTMTRS is a widely used tremor assessment tool that
assesses tremor position (Part A), movement (Part B) and function (Part C). The patient’s FTMTRS score was 56, and he
could not draw the spiral of Archimedes.

According to the imaging examination, signs and symptoms, and medical history, the patient was initially diagnosed with HT.

We decided to use the VIM+PSA as a double target. Needle design: Through the planning system, the puncture path
through the VIM nucleus and PSA was designed, so that the electrode is placed at the PSA area as the target point and
passes through the VIM nucleus at the same time.

Surgical Procedure

Unilateral electrode implantation for DBS was performed under local anesthesia using a Leksell stereotactic frame and computed
tomography/magnetic resonance imaging fusion-guided targeting with a Leksell SurgiPlan (ELEKTA Instruments AB,
Stockholm, Sweden). A permanent quadripolar DBS electrode (Model 3387s, Medtronic, Minneapolis, MN, USA) was
implanted.

The electrode was implanted under local anesthesia. During the operation, a microelectrode recording needle was
used to record the electrical signal at 10 mm above the nucleus of the VIM. When it reached the VIM nucleus, the
typical tremor cell discharge was recorded, and when it passed through the VIM nucleus and continued to travel deep,
no signal area was recorded. After satisfactory positioning, the microelectrode recording needle was removed, the
stimulation electrode was implanted, and temporary tests were carried out during the operation to ensure that the front
two contacts of the stimulation electrode were located in the PSA and that the other two contacts were located in the
VIM nucleus. We identified the ventral thalamic border and tremor cells inside the VIM. After confirming that the tip
of the microelectrode reached the right PSA target and passed through the VIM, the microelectrode was removed, the
permanent electrode (Model 3387S, Medtronic, Minneapolis, MN, USA) was placed, and intraoperative test stimula-
tion was performed to verify tremor control in the absence of stimulation-induced side effects. During the operation,
the tremor symptoms in the patient’s left upper limb were obviously relieved without obvious side effects.
Postoperative CT was performed, and the images were merged with the preoperative MR images to verify the location
of the electrode. The results showed that the electrode position was accurate, and the electrode passed through both the
VIM and PSA simultaneously (see Figure 2A-C).

Figure 2 (A-C) The fusion results of preoperative MR and postoperative CT show that the position of the deep brain stimulation electrode was accurate, and the
electrode passed through both the VIM and PSA simultaneously.
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Furthermore, in merging with the atlas, we confirmed that the distal electrodes (contacts 0 and 1) were positioned at
the PSA and the proximal electrodes (contacts 2 and 3) at the VIM. The DBS electrode was connected subcutaneously to
a pulse generator (IPG, Activa RC, Medtronic, Minneapolis, MN, USA) that was implanted in the infraclavicular area
under general anesthesia.

Clinical Outcomes

The patient experienced a remarkable reduction in tremor from the microlesion effect. Stimulation was initiated 1 month
after surgery. The parameters were titrated to provide optimal tremor control without side effects. The initial DBS setting
had an amplitude of 1.9 V, a pulse width of 90 ps, and a frequency of 130 Hz with the electrode configuration using
contact 0-negative and C+ positive. When stimulation was applied through the most effective contact, the FTMTRS score
decreased to 11. The patient did not exhibit any stimulation-induced side effects at the time of discharge. Due to the
patient’s gradual tolerance to stimulation, in the next 24 months, the severity of tremor decreased and then slightly
increased. During the follow-up period, the FTMTRS score only increased to 21 points, with an amplitude of 2.4 V,
a pulse width of 90 ps and a frequency of 160 Hz.

Discussion

We reported a meaningful case of HT treated with double-target DBS, hoping to enlighten neurologists. HT is an
extrapyramidal disease that is mostly caused by pathological changes in the brainstem, cerebellum and thalamus, among
which the thalamus is the most frequently involved region.’ Its pathogenesis is still unclear, and it is generally believed
that the cerebellum-red nucleus-thalamus pathway and substantia nigra-striatum pathway are damaged.* The diagnostic
criteria refer to the tremor consensus formulated by the International Association for Dyskinesia in 1998:> 1) static and
intentional tremor, often accompanied by postural tremor; 2) usually lower than 4.5 Hz; and 3) late onset, more than 1~24
months after the primary disease. It has the following characteristics:® 1) it mostly involves the proximal muscles of
limbs; 2) it cannot be relieved by itself, and levodopa or receptor agonists may be effective; 3) the primary lesion is
located between the thalamus and midbrain; and 4) PET-CT may show a decrease in 18F-DOPA uptake in the ipsilateral
putamen and caudate nucleus. In addition, HT is a manifestation of midbrain red nucleus syndrome, which is often
complicated by limb hemiplegia, oculomotor nerve paralysis, and hypertrophic olivary nucleus degeneration.’

The main internal medicine used for treating HT is drug therapy, including levodopa, decarboxylation of peripheral
DOPA, enzyme inhibitors, benserazide, dopamine agonists, piribedil, antiepileptic drugs, clonazepam, central cholinergic
receptor blockers, phenoxide, and botulinum toxin injection.®

The correct selection and location of DBS targets is the key to successful operation.” At present, the commonly used
targets for DBS are the STN, GPi and VIM. Among them, STN and Gpi mainly improve the clinical symptoms (resting
tremor, myotonia and bradykinesia) of PD patients.'°

The VIM is invisible on the image, and it is mainly located by coordinates.'’ X: 12-14 mm, 11 mm beside the wall of
the third ventricle. Y: PC point 5-6 mm forward, 1/5th point behind the AC-PC connection. Z: 1-2 mm under AC-PC.
Imaging positioning of the PSA:'* The first horizontal line was constructed at the horizontal center of the maximum
diameter of the red nucleus, the second line (STN axis) was drawn from the foremost inner side to the rearmost outer side
of the STN, and the midpoint between the lateral margin of the red nucleus and the medial margin of the STN was
determined. The empirical target coordinates of the PSA were as follows:'® X: 10.8—13.4 mm from the midline. Y: 4.7—
7.9 mm after MCP; Z: 0.7-5.3 mm after MCP.

VIM has the most obvious therapeutic effect on tremor.'* However, clinically, we found that the curative effect of
VIM-DBS on tremor decreased over time:'> 1) resistance to electrical stimulation; 2) non-benign progression; and 3) side
effects such as balance problems and dysarthria.

The anatomical structure of the posterior subthalamic region (PSA) includes the following:'® the caudal Zi (cZi), the
pallidothalamic white matter, and anterior radiation (Raprl). Therapeutic effect of PSA-DBS:!” PSA can improve tremor,
rigidity, bradykinesia, a stiff pace and abnormal posture in PD patients and can also significantly relieve symptoms such
as movement fluctuations. The side effects of PSA-DBS,'® including dysarthria (cerebellopontine thalamic fiber
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involvement), paresthesia (medial colliculus), balance disorder, ataxia, muscle contraction (suspected internal capsule
involvement, abnormal muscle tone), and transient or short-term side effects, are mostly avoidable by program control.

According to many references, from three aspects,'® namely, effective control of tremor, fewer side effects, such as
balance, dysarthria, etc., and long-term effectiveness, we finally decided to adopt VIM+PSA double targets. Needle
design:*® Through the planning system, the VIM nucleus and PSA are designed at the same time, and then the electrode
puncture path is designed so that the electrode passes through the VIM nucleus and the PSA at the same time.

The results of using VIM DBS alone in HT patients are not satisfactory.”' For HT patients, larger-area stimulation or
multilead implantation may be necessary.**

In the process of double-target design, attention should be given to avoiding the sulcus, ventricle and intracranial
blood vessels.*® It is not necessary to force two targets to pass through at the same time during the operation, so PSA is
recommended as the first choice.?' Intraoperative electrophysiological monitoring and intraoperative temporary testing
are effective ways to determine the target.”* In the next 24 months, the tremor severity in our patient decreased and then
slightly increased.

Conclusions
PSA-DBS is an effective way to treat HT. Neurologists may consider PSA-DBS for HT. Through the double-target
surgical design, there may be more contact options during postoperative program control.
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