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Abstract: Background: DBS (deep brain stimulation) is currently the golden standard in the surgical treatment of ET (es-
sential tremor). Despite the benefits of DBS, there remain situations where lesional surgery may provide an alternative. 

Objective: To perform a very long-term retrospective evaluation of thalamotomies for ET. 

Methods: Nine patients who underwent thalamotomy for ET during 1972–1999 (follow-up period 20.8±5.2 years) were 
assessed with regard to tremor scores, side effects, and quality of life, as well as lesion size and location. 

Results: All patients had tremor recurrence, although handfunction remained slightly better on the treated side than on the 
non-treated side. Side effects that could be attributed to the procedure were frequent and did in some cases result in a dis-
ability for the patient. Quality of life was poorer in this group than in an age-adjusted healthy population. No correlation 
between lesion size, location, and long-term outcome could be established. 

Conclusions: In this study population the benefits of thalamotomies were limited, while complications were frequent. 
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INTRODUCTION 

 Lesional procedures in the thalamus (thalamotomies) 
were introduced in 1954 by Hassler in the treatment of Park- 
insonian tremor and were later also used for ET [1]. After the 
introduction of Deep Brain Stimulation (DBS) by Benabid in 
1987, this technique has gradually replaced lesional surgery 
and DBS is at present the treatment of choice for ET [2]. 
DBS is considered to be a reversible technique with fewer 
risks, especially in bilateral procedures [3]. Disadvantages of 
DBS includehardware related complications, the high cost of 
the procedure, and the more cumbersome life-long follow-up 
[4]. The American Academy of Neurology gives thalamo- 
tomy evidence class C (probably effective) in a recent guide- 
line update [5].For these reasons lesional surgery has re- 
cently been discussed as an alternative to DBS in certain 
selected cases [4].We have therefore decided to review the 
long-term results of thalamotomies performed at our depart- 
ment by scoring the present symptoms and describing the 
presence of persistent neurological deficits which might be 
attributed to the procedure. 

PATIENTS AND METHODS 

 The study reviews patients with ET previously operated 
upon with lesions in the ventrolateral thalamus. Participation 
was offered to patients operated upon during 1972–1999 at 
the Department of Neurosurgery, University Hospital of 
Umeå. The study was approved by the local ethical board  
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and informed consent was obtained from the patients. The 
patients were identified from operation records and those 
under the age of 80 and not suffering from other neurological 
disorders were offered participation in the study. During this 
period 107 thalamotomies were performed on93 patients. Of 
these 93 patients, 39 were deceased, 39 were over 80 years 
of age, 4 had moved to a different administrative region, and 
2 were excluded due to recent stroke. Nine suitable patients 
(5 females) (operated upon during 1981–1996)were thus 
identified and included in the study. The follow-up was con-
ducted 20.8±5.2 years after the operation, when the patients 
had reached a mean age of 69.3±10.7 years.Patient 
characteristicsare presented in Table 1. 

Surgery 

 A stereotactic CT scan using the Laitinen stereoadapter 
was done in all patients, and an additional ventriculography 
in three patients [6]. The operation was performed with the 
Laitinen stereotactic frame [7]. Lesions were performed at on 
average 2.1±1.1 locations at 65–75˚C during 10–70 s, modu-
lated according to the tremor response. In one case (pat. 2) 
an ipsilateral re-thalamotomy was performed one year after 
the initial operation. One patient (pat. 9) underwent staged 
bilateral thalamotomies. The surgical details are presented in 
Table 2. 

Evaluation 

Clinical and Subjective 

 The patients in the study were offered an appointment at 
the outpatient clinic. During the consultation the patients 
were subjected to a full neurological assessment including 
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Table 1. Descriptives 

5 females/4 males 

Bilateral staged procedure 1 

Age at follow-up 69.3±10.7 

Follow-up period (years) 20.8±5.2 

ETRS at follow-up  

Total (max 144) 45.9±16.4 

Hand tremor and hand function treated side (item 5/6+ 11-14) (max 28) 12.8±5.8 

Hand tremor and hand function non-treated side (item 5/6+ 11-14) (max 28) 13.8±6.8 

Reoperation on the same side 1 

Lesion size (mm3) 39±17.3 

Mean coordinates (in relation to mid-commissural point, MCP)  

X 14.3±2.6 

Y -4.1±1.6 

Center of lesion 

Z 1.6±3.0 

X 15.9±3.3 

Y -1.7±3.8 

Superior border 

Z 4.9±2.9 

X 13.4±2.8 

Y -4.6±3.2 

Inferior border 

Z -1.1±3.4 

 

Table 2. Details Extracted from Operation Reports 

Patient No./Year Age Ventriculography/ 

CT 

Impedance at 

target 

Adjustment of 

coordinates 

Coagulation 

(target = 0mm) 

Effect/comments 

1/1989 41 CT 1250 Y, 1.5mm, ant  0 60 sec 75˚ Tremor free 

2/1985 + 1986 31 Ventriculography at 
first surgery, CT at 
second 

650 X, 1mm med 0 60 sec 75˚  Recurrence after 10 
days, reoperation 1 
year later 

3/1993 60 CT   0 10 sec 70˚ 
0 90 sec 74˚ 
+2 60 sec 74˚  
-1 30 sec 74˚ 

Some improvement, 
slight recurrence 
after 4 weeks 

4/1995 60 CT  3275 Y, 2mm ant +1 60 sec 70˚ 
+2 30 sec 70˚ 0 60 sec 
70˚ 

Improved after sur-
gery 

5/1996 64 CT 4025  -1 70 sec 70˚ 
+1 60 sec 70˚ 

0 30 sec 70˚ 

Improved after  
surgery 

6/1990 60 CT 800 Y, 2mm ant 

X, 2mm med 

0 60 sec 75˚ 

+1.5 60 sec 75˚ 

Improved after  
surgery  

7/1987 55 CT 800 X, 2mm med +2 30 sec 65˚  

0 60 sec 75 

Some improvement 
after surgery 

8/1994 43 CT 800 Y, 2mm ant -1.5 60 sec 75˚   

9/1981 right side 23 Ventriculography   30 sec 67˚ Improvement after 
surgery 

1985 left side 27 CT 700  0 60sec 75˚  
+1 60sec 75˚  
+2 60sec 75˚ 

Some improvement, 
recurrence at 3 
months 
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Table 3. Follow-Up Characteristics 

Patient 

No./gender/Age(yr)/follow-up (yr)  

Lesion: side/center of lesion/ 

volume/mean coordinates 

ETRStotal/treated hand*/ 

non-treated hand*  

Subjective effects and sideeffects 

1/M/61/20 Dx/sup post STN, PSA/57mm3/X13.8, 

Y-2.6, Z1.5  

41/10/21 Tremor recurrence after 10 years 

2/M/55/24 Sin /ant thalamus, Ci/43 mm3/X16.7, 

Y-5.1, Z5.1  

35/9/9 Transient tremor reduction. Per-

manent contralateral irregular 

jumping movement in arm and leg. 

Impaired balance, dysarthria, hy-

pophonia, ataxia, apraxia, burning 

sensation in right forearm, cogni-

tive impairment (memory, concen-

tration, reduced stress tolerance) 

3/M/76 /16 Sin/lat thalamus, 

STN/28mm3/X17.2,Y-7.4, Z0 

39/10/7 Transient tremor reduction 

4/M/75/15 Sin/post thalamus, 

STN/26mm3/X13.1, Y-3.4, Z1.9  

54/14/16 No tremor relief. Permanent bal-

ance impairment, weakness in 

contralateral leg, contralat ataxia, 

gait disturbance, speech difficulties 

(dysarthria, hypophonia, dystonic 

speech), dysphagia 

5/F/78/14 Dx/Vim/52mm3/X12.6, Y-5.2, Z4.2 50/18/13 Tremor recurrence to a certain 

degree 

6/F/80/20 Dx/Ci/28mm3/X17.7, Y-5.5, Z0.5 60/13/14 Transient tremor reduction. Per-

manent numbness in contralateral 

arm, drags contralateral leg 

7/F/78/23 Sin/lat post STN, Ci/28mm3/X15.8,  

Y-2.6, Z -1.3  

67/21/23 No tremor relief. Permanent con-

tralateral facial paralysis. Contra-

lateral ataxia, apraxia, dysmetria, 

reduced fine motor function 

8/F/69/26 Sin/thalamus, Ci/48mm3/X16.9  

Y-2.3, Z6.4  

55/18/20 Tremor recurrence 20 years after 

surgery, Permanent balance im-

pairment. Contralateral ataxia, 

apraxia. 

9/F/52/29 Dx /lat dors thalamus)/68mm3/X 11.7, 

Y -3.7, Z -0.1  

Sin/lat dors thalamus/12mm3/X9.9, Y-

4.1, Z-0.1 

12/2/2  Bilateral operation, left side not 

possible to evaluate on radiology 

(CT because of claustrophobia). 

Transient tremor reduction 

Abbreviations: STN, subthalamic nucleus; PSA, posterior subthalamic area; Ci, internal capsule; Vim, ventrolateral thalamus. 
* item 5/6 and 11–14. 

tremor evaluation using the Essential Tremor Rating Scale 
(ETRS) [8]. Patients were also actively interrogated in a 
standardized fashion regarding side effects that could be at-
tributed to thalamotomies. The following tests were also 
performed: Balance was assessed using Berg’s Balance 
Score (BBS); [9, 10] Speech was recorded and analyzed re-
garding dysarthria, dysphonia, and voice tremor by a panel 
of five speech-language pathologists. The material consisted 
of recorded voice samples reading a standard text, 1–6 sec-
onds sustained phonation (/ a /, / i / and / u /) and the pa-
tients’ self-assessments. Verbal fluency was evaluated using 
a standardized test [11]. Quality of life was examined with 
SF-36 and Quality of Life in Essential Tremor (QUEST) [12, 

13].. QUEST data were computed into a Summary Index 
(QUEST-SI) [13]. Lesion size and location were analyzed 

using MRI studies, while coordinates were calculated on the 
Frame link planning station®(Medtronic, Minneapolis, 
USA). When possible, calculations were performed on a 3 
Tesla MR (Philips Intera, The Netherlands) using a T1 
weighted volume examination with 1-mm slices and a T2 
weighted transaxial examination with 2-mm slices. However, 
in one patient (pat. 9), a stereotactic CT with 1-mm slices 
was performed because of claustrophobia.The volume of the 
lesions was calculated using the formula 4/3 rarbrc (a, b and 
c representing the different radii of the lesion).  

Statistics 

 The results are expressed as the mean ± standard devia-
tion and range. Correlation between lesion size and tremor 
scores was examined using Spearman’s correlation.  
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RESULTS 

 Effects and side effects found in this population are pre-
sented in Table 3 and are further described below.  

Tremor 

 During the interview all but two patients reported tremor 
reduction after the operation; however, none of the patients 
considered that they currently experienced any lasting effect. 
The longest tremor-free span was reported to be 20 years. 
When evaluated with the ETRS, the total score was 45.9±6.4 
(range 12–67). Hand tremor (Item 5/6) and hand function 
(Items 11–14) scored 12.8±5.8 (range 2–21) on the treated 
side and 13.8±6.8 (range 2–23) on the non-treated side. 

Side Effects 

 During the interview three patients reported that they 
regretted undergoing the procedure (pats. 2, 4, and 7) due to 
the severe side effects. Patient 2 reported (with our terminol-
ogy) permanent contralateral irregular jumping movements 
in the right arm and leg, ataxia, apraxia, impaired balance, a 
burning sensation in the right forearm, dysarthria, hypo-
phonia, cognitive impairment, and reduced stress tolerance. 
Similar symptoms were reported by patients 4 and 7 and, to a 
lesser extent, patients 6 and 8. Most of the reported motor 
symptoms were supported by the findings during the clinical 
examination.  

 Bergs balance test showed a mean score of 41.7±13.5 
(range 21–56), which is between acceptable and good bal-
ance. The item ”tandem standing” was generally the most 
impaired. When locomotion was tested during the neurologi-
cal examination eight patients exhibited abnormal tandem 
walking [14]. 

 Speech samples could be analyzed in 8 of the patients. 
Six of them were found to have speech problems in the form 
of abnormal voice quality (5 patients), voice perturbations 
(4), voice tremor (3), elevated tone of voice (3), abnormal 
articulation (3), and abnormal speech rate (2). The speech 
symptoms for one patient were sufficiently severe to be con-
sidered dysarthria, consistent with the patient’s self report.  

 Verbal fluency showed a large variation in age-adjusted 
results. While the results were in conformity with the normal 
population on the two simpler tasks, the patients performed 
worse on the two more complicated parts, especially Part S 
(generating as many five-lettered animals as possible begin-
ning with the letter S), where they achieved only 27.8% of 
the expected result.  

 Quality of life according to SF-36 was lower compared to 
a healthy Swedish population (Fig. 1) [15]. The overall 
QUEST-SI was 28.5±12.7, where ADL and psychosocial 
subscales were the most impaired. 

 Lesion size and location are given for each patient in 
Table 3. The mean size of the lesions was 39.0±17.3 mm3 
(range 12–68). A regression analysis of lesion size and 
ETRS for hand function and hand tremor (Items 5–6 and 11–
14) for the treated hand did not render any significant results. 
The mean coordinates of the centre of the lesion in relation 
to the mid-commissural point were X =14.3±2.6 (range 9.9–
17.7), Y=-4.1±1.6 (range -7.4– -2.3) and Z=1.6±3.0 (range -
1.3–6.4.) The lesions were located i various parts of the 

thalamus, internal capsule (CI), subthalamic nucleus (STN) 
and the posterior subthalamic area (PSA). 

DISCUSSION 

Tremor 

 In this series none of the patients considered that they 
had any positive remaining effect of the procedure at the 
evaluation. Some patients denied any effect at all, while the 
patient with the longest lasting effect reported a tremor-free 
period of 20 years. The ETRS scores at evaluation were 
high, at about the level usually seen in patients during preop-
erative assessment before DBS [16]. The treated side did, 
however, still have a slightly lower score regarding hand 
tremor and hand function (Items 5/6 and 11–14) compared to 
the non-treated side. This might suggest some lasting effect 
since it may be assumed that the patients at baseline had a 
more severe tremor in the treated hand. In the literature, 
beneficial results have also been reported in long-term 
evaluations [17-27]. In some patients the tremor has not been 
shown to recur during the follow-up time[22]. 

Side Effects 

 The severity and number of the side effects that the pa-
tients themselves believed to be caused by the operation 
were distressingly high. Even though it is difficult to be cer-
tain due to the long time which has passed since the opera-
tion, it seems natural to assume that most of these side ef-
fects were caused by the operation since they are in accord 
with previously reported side effects of thalamotomy. In a 
recent paper Schuurman et al., describe neurological side 
effects of surgery being more frequent after thalamotomy 
[28]. 

 The rate of persistent severe complications has been re-
ported to range from 9% to 28% [19, 20]. The most fre-
quently described side effects included cerebellar complica-
tions such as speech difficulties (dysarthria, dysphasia, hy-
pophonia), dysequlibrium, apraxia, ataxia, and gait distur-
bances, as well as contralateral weakness, most probably due 
to affection of the internal capsule [3, 19, 21-24, 26, 27, 29-
33]. Facial numbness and weakness as well as cognitive im-
pairment have also been described [19, 20, 27, 34]. 

 Balance is difficult to evaluate in these patients because 
impaired balance control is typical in ET, even in the early 
stages [32]. These deficits might be due to the cerebellar 
impairment in ET. Tandem movement is most often affected 
in ET, whereas normal gait suffers little impairment [14, 35]. 
Abnormal tandem walking, which is considered to be more 
than three missteps per minute, was seen in eight out of nine 
patients and should probably be interpreted as a manifesta-
tion of the disease rather than a side effect of the operation. 
When assessed by the BBS the group exhibited a good to 
acceptable balance. Three patients reported impaired balance 
after surgery, which, however, could not be verified in the 
neurological examination.  

 Speech impairment was observed in several of the pa-
tients. The analysis performed by speech-language patholo-
gists could not determine any consistent pattern of pathology 
in the group, but the affected speech features were compo-
nents associated with dysphonic voice and dysarthric speech. 
Thalamotomy has been reported to cause hypophonia, and 
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dysarthria is frequently reported [19, 31]. Dysarthria might 
be caused either by an affection of the cerebellothalamic 
fibresor by involvement of the internal capsule [36-41]. Even 
though the speech analysis demonstrated varying forms of 
speech abnormalities in most of our patients, only one was 
considered to have a dysarthria. This is in contrast to our 
clinical opinion and the reports from the patients. This dif-
ference is probably caused, however, by a difference in ter-
minology. 

 Verbal fluency was reduced in this series as compared to 
an age-matched normal population, especially concerning the 
most difficult task, where the patients achieved only 27.8 % 
of what was expected. This is in accord with the literature, 
where dysphasia has been reported in up to 42% of thalamo-
tomies in the dominant hemisphere [42, 43]. In a more recent 
series Schuurman et al. have shown the decline in verbal 
fluency to be equal after both left- sided thalamotomy and 
DBS [44]. 

 Quality of life was reduced in all patient compared to an 
age-matched healthy population. This is, however, known to 
be the case also in ET patients who have not undergone sur-
gery, especially in aspects related to psychosocial function-
ing [45]. Since only a few SF-36 profile shave been done on 
an ET population, it is difficult to speculate on what might 
be caused by the disease itself and what might be caused by 
side effects of the surgical procedure. Our patients had a 
more poor quality of life than the non-operated patients pre-
sented by Nguyen et al., and Lorenz et al., [46, 47] (Fig. 1). 
Their series did, however, consist of newly diagnosed pa-
tients and patients with probable ET. The QUEST-SI score 
was slightly higher, indicating slightly better quality of life, 
than in the literature in general [48]. The significance of this 
is difficult to evaluate, however, due to the small number of 
publications using QUEST. 

Radiology: Location of Lesion and Lesion Size 

 No correlation between lesion size and ETRS at follow-
up could be seen in our series. The lesions showed a wider 
distribution in both the thalamic and subthalamic area than 
might have been expected from the coordinates used during 
surgery. No correlation between location and tremor relief 
was seen. Regarding side effects, the lesions seemed to in-
volve the internal capsule in four patients, and all these pa-
tients exhibited contralateral motor side effects. 

 Attempts to relate effects and side effects to the size and 
localization of the lesion have been few in number. Some 
studies suggest no correlation between lesion size, location 
within the ventrolateral thalamus, and tremor reduction, but 
show the larger lesions to be associated with more complica-
tions [49, 50]. Other studies suggest the effective lesion to be 
approximately 40–70 mm3 [21, 26, 51]. The lesions seem to 
have varied considerably in size between different surgeons. 

Limitations 

 There are several limitations in this retrospective study. 
The most obvious problem is the lack of preoperative grad-
ing, such as ETRS, of tremor. However, to the best of our 
knowledge, there are no studies on thalamotomies where a 
preoperative ETRS has been used. It is important to notice 
that the evaluation of the effect of thalamotomies in this pa-
per are based on the patients’ subjective experience many 
years after surgery, and can hence never be considered to be 
equally reliable as a pre- and postoperative ETRS scoring. 
Regarding some of the symptoms, it is also difficult to know 
if they are a complication of the procedure or if they might 
be caused by the progress of the disease, or simply by natural 
aging. The small number of subjects studied in this paper is 
also a limitation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). SF-36 subscores. Comparison of SF-36 health profiles for patients in this study to healthy Swedish population [15] and the profiles 
for ET patients from the Nguyen et al., study (32 patients) as well as the Lorenz et al., study (102 patients) [46, 47]. 

Abbreviations: PF=physical functioning, RP=role physical, BP=bodily pain, GH=general health, VT=vitality, SF=social functioning, 
RE=role-emotional, MH=mental health. 
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 We can conclude, however, that thalamotomy did in this 
small series result in a temporary relief of tremor in some 
patients, ranging up to 20 years. Even if it seems likely that 
some effect was retained even at the evaluation, the patients 
did present a tremor level similar to patients considered for 
DBS. The severity and number of the side effects that the 
patients themselves believed to be caused by the operation 
were distressingly high, and most of these side effects are 
likely to have been caused by the operation. In some cases, it 
is possible that a more accurately placed lesion might have 
improved the effect and diminished the side effects. It is 
therefore possible that, in the future, the ongoing technical 
development might make thalamotomies an alternative to 
DBS. However, in this study of the very long-term effects of 
thalamotomies, the disadvantages clearly outweighed the 
benefits.  
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