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INTRODUCTION

Holmes tremor (HT) is generally associated with cerebellum lesions, the midbrain, or the 
thalamus.[4,7] Due to the paucity of effective treatment options,[1,10] some patients are referred for 
surgery.[18] Although thalamotomy has been reported as a type of lesion therapy for pain relief in 
late-stage cancer,[5] HT tends to recur after the procedure and there are limited reports on surgical 
procedures to improve daily activity. Furthermore, the number of computed tomography (CT)-
guided thalamotomies is limited because they are classical and currently, magnetic resonance 
imaging (MRI)-guided thalamotomies are mainstream. Here, we present a case report of a patient 
with HT due to thalamic infarction with end-stage pancreatic cancer and a cardiac pacemaker 

ABSTRACT
Background: Herein, we present a case report of a patient with Holmes tremor due to thalamic infarction with 
end-stage pancreatic cancer who underwent successful computed tomography (CT)-guided ventralis intermedius 
nucleus (Vim) thalamotomy as palliative care.

Case Description: A 78-year-old man with gradually worsening involuntary movements on the left side of his 
body 2 years after a right thalamic infarction was referred to our institute. He had a history of chronic atrial 
fibrillation for which he was implanted with a cardiac pacemaker not compatible with magnetic resonance 
imaging. He also received adjuvant therapy for pancreatic cancer. As the involuntary movements interfered 
with his daily life, the patient elected for neurosurgical treatment despite having terminal cancer. Although 
the prognosis for pancreatic cancer was considered to be more than 6  months at the time of surgery, we 
performed CT-guided Vim thalamotomy under local anesthesia without pulse generator implantation 
considering the patient’s general condition. The involuntary movements of the left side of the body reduced 
following surgery, thus improving his quality of life (QOL). However, 6 months after thalamotomy, the patient 
died of pancreatic cancer.

Conclusion: Thalamotomy significantly reduced the involuntary movements immediately after the procedure. 
Therefore, thalamotomy can be performed under local anesthesia without the use of any device and may 
contribute to the improvement of QOL in terminal patients.
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who underwent a rare but successful CT-guided ventralis 
intermedius nucleus (Vim) thalamotomy as palliative care.

CASE REPORT

A 78-year-old man with a history of a pacemaker 
implantation for chronic atrial fibrillation not compatible 
with MRI and in the process of chemotherapy for pancreatic 
cancer visited our department complaining of severe left-
sided tremors. He had a right thalamic infarction 2  years 
before his visit and developed involuntary movements and 
dysesthesia on the left side of his body a few months later. 
As involuntary movements gradually aggravated and started 
interfering with his daily life, the patient was referred to our 
department for treatment. At the patient’s request, surgical 
treatment for symptom relief was considered. Although the 
prognosis for pancreatic cancer was considered to be more 
than 6  months at the time of surgery, we performed CT-
guided Vim thalamotomy under local anesthesia without 
pulse generator implantation considering the patient’s 
general condition.

Stereotactic CT scan with contrast was preoperatively used 
to identify the target and plan a safe trajectory to avoid blood 
vessels on the brain surface and around the ventricles. We 
targeted the area near the middle frontal gyrus that is at the 
lower end of the convergence range. The boundary between 
the posterior internal capsule and thalamus was aimed and 
targets were determined based on the site of infarction within 
the thalamus.

The preoperative stereotactic targeting (tip of the electrode) 
coordinates relative to the mid-commissural point and 
trajectory angles were as follows: 10.5  mm to the right, 
5.5  mm posterior, 1.0  mm superior, anterior commissure-
posterior commissure angle of 67.3°, and coronal plane angle 
of 28.5° to the right. Since the CT scan has difficulty showing 
a high-resolution structural image, we used the previous 
thalamic infarction as a landmark of the ventralis caudalis 
(Vc) nucleus and the border between the thalamus and the 
internal capsule. The tentative trajectory was aimed at the Vc/
Vim border.[12]

On the morning of surgery, a Leksell G frame (Elekta, 
Stockholm, Sweden) was attached to the patient’s head 
under local anesthesia, and subsequently stereotactic CT 
scan was performed. After a 4-cm straight skin incision, 
a burr hole was fashioned along the trajectory. Following 
dural opening, a thermocoagulation electrode was 
inserted to the target. Subsequently, macrostimulation was 
performed using 1-mm diameter, 4-mm length electrodes 
at 100 μs, 133  Hz up to 5  mA to confirm that no adverse 
effects occurred followed by radiofrequency coagulation 
at 70°C for 60 s. Another radiofrequency lesion was made 
along the trajectory, 2 mm anterior and 1 mm medial to the 

first lesion aiming at the border between the Vim and the 
ventralis oralis nucleus.

Following the surgery, the involuntary movements of the 
left side of the body reduced although ataxia remained. 
Postoperative CT showed an appropriate lesion in the right 
thalamus [Figure  1]. However, 6  months after surgery, the 
patient died of pancreatic cancer.

DISCUSSION

Although long-term follow-up was not performed, 
stereotactic thalamotomy was considered to be successful 
in the reported patient. Based on the previous papers, it is 
suggested that a larger lesion of the thalamotomy was more 
effective than a smaller lesion.[6,13] We attempted to coagulate 
the wide areas of ventrolateral nucleus with two lesions 
without significant adverse events such as paresthesia or 
motor weakness.

We conducted a literature search for all previous case 
reports and clinical research published in English on HT 
treated with thalamotomy since the Consensus Statement 
of the Movement Disorder Society coined the current 
definition of HT in 1998. PubMed, MEDLINE, and other 
databases such as OvidSP were searched using the following 
keywords: “radiofrequency thalamotomy” and “HT,” “rubral 
or midbrain tremor,” or “cerebellar outflow tremor.” Four 
reports and six cases of HT treated with radiofrequency 
thalamotomy have been reported [Table 1].[8,11,15,16] These six 
cases included three men and three women, with a mean 
age of 40.1  years. The most common etiology was stroke 

Figure 1: Postoperative image showing two lesions in the thalamus 
(yellow arrows) anterior to the previous infarction area. Orange 
dotted line indicates the border between the internal capsule and 
the thalamus.
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(one in the midbrain and one in the thalamus). In all the 
reports, Vim thalamotomy was performed, which included 
four on the left and two on the right side of the brain. The 
postoperative follow-up period ranged from 6 to 14 months. 
The clinical course of each case showed that in all cases, the 
tremor improved after surgery, and only one case showed 
recurrence of tremor 6-month postoperatively.[11] Long-term 
outcomes of thalamotomy in HT have not been reported; 
however, Bargiotas et al. reported long-term outcomes of 
deep brain stimulation (DBS) in HT, which showed that in 
three of four patients, the improvement of tremor did not 
sustain longer than 2–3 years and only one patient remained 

tremor free for up to 9  years.[2] In addition, at the 3-year 
follow-up after DBS, activities of daily living (ADL) scale 
scores in three of four patients worsened compared to those 
at baseline. Considering our literature review and the results 
of this study, thalamotomy can be considered as the surgical 
treatment of choice for HT instead of DBS. However, such 
cases are rare, and further investigations are needed to reveal 
the long-term outcomes of thalamotomy in HT and its 
comparison with DBS.

As the previous literature indicated, lesion therapy is 
considered to be a reasonable option in terminal cases. Keep 
et al. reported thalamotomy with gamma-knife surgery 

Table 1: Summary of radiofrequency thalamotomy for Holmes tremor as reported in the literature.

Authors 
and Year

No. of 
Patients

Sex Age at 
CNS 

lesion

HT Etiology Clinical 
Outcome 
Scale

Target Preoperative 
stereotactic 
coordinate* (X/Y/Z)

Outcome Follow‑up 
period

Kim et al., 
2002

1 M 26 Midbrain 
Germinoma

None Rt. Vim (15.0/−5.0/0) resting and 
postural tremors 
markedly 
improved, a 
mild kinetic 
tremor 
remained

14 months

Maki  
et al., 2015

1 F 57 Pontine 
hemorrhage

CRST Lt. Vim (15.5/−5.5/3.0) resting tremor 
stopped, kinetic 
tremor recurred 
6 months 
following surgery

6 months

Raina  
et al., 2016

3 M 50 Cerebellar MS None Lt. Vim Not mentioned tremor 
markedly 
improvement

Not 
mentioned

M 18 Midbrain stroke None Lt. Vim Not mentioned tremor 
markedly 
improvement

Not 
mentioned

F 9 Thalamus stroke None Lt. Vim Not mentioned tremor 
markedly 
improvement, 
not improved 
in the dystonic 
posture of the 
right hand

Not 
mentioned

Oliveira  
et al., 2017

1 F 43 HIV‑associated 
midbrain lesion

None Rt. Vim Not mentioned immediate 
complete 
resolution of 
tremor

6 months

Present 
Case

1 M 78 Thalamus stroke None Lt. Vim (10.5/−5.5/−1.0) Involuntary 
movements 
reduced 
following 
surgery

6 months

CNS: Central nervous system, HT: Holmes tremor, Vim: Ventralis intermedius nucleus, CRST: Clinical rating scale for tremor, MS: Multiple sclerosis, 
HIV: Human immunodeficiency virus. *The preoperative stereotactic targeting (tip of the electrode) coordinates relative to the mid-commissural point.
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for the palliative management of thalamic pain.[9] They 
concluded that thalamotomy is a safe and effective treatment 
that provides durable symptom control and improved the 
quality of life (QOL). Radiofrequency thalamotomy and 
gamma-knife thalamotomy cannot be considered the same 
because they differ in invasiveness and time to effect; in 
general, gamma-knife thalamotomy takes longer to show 
its effect.[14,17] In contrast, focused ultrasound thalamotomy 
is a new modality of tremor treatment that has potential in 
transcranial therapeutic manipulation, immediate efficacy, 
and procedural targeting. Since the simplicity and efficacy of 
focused ultrasound thalamotomy have been reported, it has 
the potential to be an alternative treatment to radiofrequency 
thalamotomy in cases such as the present one.[3] If the 
goal is palliative care, such as symptom control and QOL 
maintenance, radiofrequency thalamotomy may be useful 
because it excludes the risk of infection due to the insertion 
of a foreign body and decrease in QOL caused by the 
implantation of a pulse generator. In our case, the patient was 
in the late stage of pancreatic cancer, and the tremors of the 
left side of the body due to HT was the cause of the decline in 
his ADLs; therefore, Vim thalamotomy was performed at the 
patient’s request. As MRI was impossible due to the pacemaker 
implanted in the patient, CT-guided Vim thalamotomy 
under local anesthesia was performed, following which the 
postoperative ADL improved, contributing greatly to the 
improvement of the patient’s QOL in the terminal stage.

CONCLUSION

We report a case of Vim thalamotomy for thalamic infarction-
induced HT that showed significant improvement in tremors 
immediately after the procedure. According to the literature, 
the Vim thalamotomy outcome is acceptably favorable. The 
procedure can be safely performed under local anesthesia 
without the use of any device; hence, thalamotomy may 
contribute to the improvement of QOL in terminal patients.
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Commentary

The authors of this report went an extra mile to help the patient with disabling post-stroke tremor. Although there were 
many possible reasons to deny surgery (the advanced age, terminal disease, inability to have MRI), they decided to give 
the patient a chance for living the rest of his life (ended up being 6 months) with significant improvement in symptoms 
through a very elegant intervention performed under local anesthesia. The approach and the modality they used has 
been described in the past, but since the relative rarity of this condition precludes one from putting together a large 
clinical series, it would be worthwhile to review this case as it describes something that was probably the only reasonable 
way to manage this particular individual case. Instead of finding many excuses not to help this patient, the authors used a 
time-tested intervention (radiofrequency thermothalamotomy for tremor by far precedes currently used deep brain 
stimulation and MR-guided focused ultrasound thalamotomy) that is remarkably safe if performed by an experienced team.
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