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Abstract: BackgroundBackground: The role of deep brain stimulation in the treatment of dystonia has been widely
documented. However, there is limited literature on the outcome of lesioning surgery in unilateral dystonia.
ObjectiveObjective: We restrospectively reviewed our cases of focal and hemidystonia undergoing unilateral Pallidotomy
at our institute to evaluate the short-term and long-term outcome.
MethodsMethods: Patients who underwent radiofrequency lesioning of GPi for unilateral dystonia between 1999 and
2019 were retrospectively reviewed. All patients were evaluated using the Burke–Fahn–Marsden Dystonia
Rating Scale (BFMDRS) and Dystonia Disability Scale (DDS) preoperatively at the short term follow-up (<1 year)
and at long-term follow-up (2–7.5 years). Video recordings performed at these time points were independently
reviewed by a blinded movement disorders specialist.
ResultsResults: Eleven patients were included for analysis. The preoperative, short-term, and long-term follow-up motor
BFMDRS and DDS scores were 15.5 (IQR [interquartile range]: 10.5, 23.75) and 10.5 (IQR: 6.0, 14.5); 3.0 (IQR: 1.0,
6.0, P = 0.02) and 3.0 (IQR: 3.0, 8.0, P = 0.016); and 14.25 (IQR: 4.0, 20.0, P = 0.20) and 10.5 (IQR: 2.0, 15.0,
P = 0.71) respectively. For observers B, the BFMDRS scores at the same time points were 19 (IQR: 12.5, 27.0), 7.5
(IQR: 6.0, 15.0, P = 0.002), and 21 (IQR: 7.0, 22.0, P = 0.65) respectively. The improvement was statistically
significant for all observations at short-term follow-up but not at long-term follow-up.
ConclusionConclusion: Pallidotomy is effective for hemidystonia or focal dystonia in the short term. Continued benefit was
seen in the longer term in some patients, whereas others worsened. Larger studies may be able to explain this
in future.

Dystonia is described as sustained contraction of muscle causing
repetitive twisting and abnormal posture.1 Based on the etiology,
dystonia can be classified as primary, where the cause is genetic or
unknown, and secondary, if it is due to a known or unknown sec-
ondary insult. As this review spans over a long period starting from
1999 onward, we have continued to use the old classification.
“Hemidystonia” is referred to dystonia occurring in one half of
the body. Lesional surgeries have been offered to medically refrac-
tory patients.2–5 In 1976, Irving Cooper presented a large series of
thalamotomy for dystonia, with favorable outcomes.3 Later in
1983, Andrew et al. analyzed the results of 55 thalamotomy pro-
cedures in different types of dystonia and found that the hemi-
dystonia group with unilateral brain damage obtained most

benefit.4 However, these results have failed to be consistently rep-
licated, and several centers have had to perform a second surgery
on a different target.3,6,7 Thalamotomy also had a higher incidence
of complications, especially dysarthria, as compared to
pallidotomy.8–10 During the same period other researchers tried
subthalamic nucleus, pulvinar, centromedian, and sensory ventro-
lateral thalamic lesion.3,4,7,11,12 From the 1990s onward, the globus
pallidus internus (GPi) became a favored target for lesions surgery
in dystonia.13,14 There is however little literature on long-term
outcomes after pallidotomy for hemidystonia. We have been prac-
ticing pallidotomy for focal or hemidystonia patients since 1999,
and we present short-term and long-term outcomes in a cohort of
these patients.
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Patients and Methods
We retrospectively reviewed the medical records and pre- and
postoperative video recordings of all the patients who underwent
unilateral pallidotomy surgery for dystonia at Jaslok Hospital and
Research Centre between 1999 and 2019. Only patients with
focal dystonia (excluding task-specific dystonia) and hemi-
dystonia were included in this study. Patient records were ana-
lyzed for the data pertaining to demography, etiology, video
recordings, and Burke–Fahn–Marsden Dystonia Rating Scale
(BFMDRS) and Dystonia Disability Scale (DDS) scores.15 All
surgeries were done by one neurosurgeon (P.K.D.). The study
was approved by the institutional review board of our institute.

Patient Selection
Patients with stable dystonia for at least 1 year were selected for
the surgery (Table 1). Task-specific dystonia (though a focal dys-
tonia) has been excluded from this report as it is subjected to
thalamotomy and has been reported previously.16

Evaluation
All patients underwent BFMDRS and DDS scoring preopera-
tively, at short-term (12 months) and last/long-term (2–7.5 years)
follow-up, by unblinded local observer (observer A). Video
recordings were also performed at all these time points.
Observers B, K.B., and E.M. together, performed blinde"d eval-
uations of all the videos that were anonymized and randomized.
These evaluations were then compared with the results of the
authors’ team. As the DDS involved an assessment of activities of
daily living, a blinded evaluation was not possible, and therefore
author B performed BFMDRS rating only.

Pallidotomy Technique
Pallidotomy was performed using targeting based on magnetic
resonance imaging (MRI) fused with stereotactic computed
tomography (CT) scan. We performed thin-slice T2-weighted
and inversion recovery coronal MRI, perpendicular to the ante-
rior commissure (AC)–posterior commissure (PC) plane. On the
slice passing through the mammillary body, the pallidal target
was chosen just above the lateral one third of the optic tract.
This would usually fall 2 mm anterior to the mid-AC-PC point.
This target was confirmed to be within the gray matter of
postero-ventero-lateral GPi on the proton density axial MRI
and T2 MRI. The entry point was planned just anterior to the
coronal suture, 2.5–3.0 cm lateral to the midline. It was ensured
that the trajectory point at the level of AC–PC was within poste-
rior one third of the GPi and 2 to 3 mm lateral to the internal
capsule; if not, the laterality of the target or the trajectory would
need to be adjusted to achieve that. We performed microelec-
trode recording (MER) to define the boundaries of globus
pallidus externus and GPi. The recording was usually started
10 mm above the target and was stopped 1 mm above the target.
This was to avoid any damage to the optic tracts by sharp micro-
electrodes. A typical MER would demonstrate the globus
pallidus externus, a silent zone (external laminae), and the GPi.
Macrostimulation was performed to look for improvement and
side effects. We performed three tract recordings, central, poste-
rior, and medial, which helped us to define the posterior and
medial boundaries of GPi. Once we confirmed the target, we
used a 2 � 2-mm exposed tip Radionics electrode to make
lesions starting 4 mm above the target and extending up to the
target. The lesioning electrode was advanced at 2-mm incre-
ments. Usually three lesions were made. Initially a test lesion was
performed at 45�C for 60 seconds. If there was no significant

TABLE 1 Demography and follow-up details of dystonia patients

Case Age/sex Side of dystonia Etiology
Duration of

symptoms (yr)
Follow-up duration
Long term (yr)

1 25/M R hemi Secondary (encephalitis, missense
mutation in ITPR3 gene)

24 3

2 18/F Lt. hemidystonia Secondary (bacterial meningitis) 2.5 7.5

3 31/F L hemidystonia Primary (idiopathic) 3 5

4 60/M L hemidystonia Secondary (stroke) 3 3

5 32/M Lt. hemidystonia Secondary (encephalitis) 28 6

6 57/F L hemidystonia Secondary (viral meningitis) 10 7.5

7 56/M R focal (upper limb) Primary (idiopathic) 2.5 8.5

8 39/M L focal (upper limb) Secondary (hypoplastic splenium) 10 5.5

9 31/M R focal (forearm and hand) Primary (idiopathic) 9 2

10 60/M L hemidystonia Secondary (stroke) 6 Not available

11 18/M L hemidystonia Secondary (meningitis) 15 7

Abbreviations: M, male; R, right; F, female; L, left.
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deficit, a permanent lesion was performed at 70�C for
60 seconds. After lesioning at each station, the findings were
documented. Assessments were made for improvement in dysto-
nia, reduction in pain, and feelings of relaxation. The patient was
also evaluated for any motor deficit.

The visual fields were evaluated using confrontational
methods in the postoperative period for evaluating any gross
visual field deficits.

Postoperative Imaging
Postoperative CT scan or MRI was performed to rule out hem-
orrhage in all patients (Fig. 1). The postoperative CT scan was mer-
ged with the preoperative MRI, and the lesions were found to be
in the intended target region (Fig. 2). Postoperative imaging data
were available for 8 patients. Further analysis of the volume of the
lesion revealed that the average volume for patients with good
long-term outcome was 209 mm3 and for those with poor long-
term outcome was 160 mm3 (P = 0.25) (Table S1). The average
coordinates were 18.95 lateral and 2.5 mm anterior to mid-
commissural point at the AC–PC plane; once again the difference
between good and poor outcome patients was insignificant.

Statistics
We estimated the median and interquartile range for the scores.
We used the Wilcoxon matched pair signed-rank test to assess
the equality of matched pairs. As this study included observations
of the involved (unblinded, observer A) and the noninvolved
(blinded movement disorders specialists from different countries,
observers B) teams, we used the Bland–Altman plots to visualize
the difference in measurements between the blinded and
unblinded reviewers. A P-value <0.05 was considered statistically
significant.

Results
Of the 13 patients who underwent pallidotomy, follow-up was
available in 11 cases. Eight patients had hemidystonia (7 secondary
to lesions and 1 idiopathic) and 3 had focal dystonia (2 idiopathic
and 1 with a hypoplastic splenium of unknown cause) (Table 1).

Blinded scoring was possible at all but three-time points (one
short-term and two long-term) because of inadequate video
quality or missing video data. At short-term follow-up, there was
a 12.1 (80%) and 7.5 (49%) point improvement in (median)
BFMDRS scores, for observer A and observers B, respectively.
This improvement was statistically significant for both observers;
4 of 11 patients had complete/near-complete resolution of dys-
tonia (BFMDRS 0–2). At long-term follow-up, the improve-
ment in the median scores was zero, and it increased by 6.5
points, for Observer A and Observers B. This was statistically
insignificant for observer A (Table 2).

DDS scores were assessed only by observer A. There was a
6-point (67%) improvement in short-term follow-up, which was
completely lost at long-term follow up (Table 3).

Analyzing the data for primary (3 cases) and secondary dysto-
nia (8 cases) revealed that at short-term follow-up there was 83%
and 71% improvement in primary dystonia and 70% and 40%
improvement in secondary dystonia, for observer A and
observers B, for BFMDRS scores, respectively. This improve-
ment was lost at long-term follow-up for observer A, whereas
observers B continued to see an improvement of about 30% in
the case of primary dystonia. For secondary dystonia, on long-
term follow-up, observer A found almost no change, and
observers B documented worsening. These observations are
overall in line with the observations of the entire cohort, except
the long-term follow-up improvement seen in primary dystonia,
by observers B (Tables S2 and S3). As regards the DDS, the
scores improved by 73% and 0% in cases of secondary dystonia

FIG. 1. MRI (magnetic resonance imaging) T1-weighted (A) coronal and (B) axial sequence showing lesion in the right pallidum. The lesion
borders the inferior margin of the optic tract (A) and the medial margin of the internal capsule (B).
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and 63% and -37% for primary dystonia, at short-term and long-
term follow-up (Tables S4 and S5).

A comparison of interobserver variability between the blinded
and unblinded assessors found that both groups were coherent as
far as statistical significance was concerned. The Wilcoxon
signed-rank test comparing the percentage improvement
between the two groups at short-term and long-term follow-up
showed no significant difference between the two groups. The
interobserver variability data analyzed using Bland–Altman plots
also showed good agreement (Fig. 3).

Complications
Three patients experienced minor postoperative complica-
tions (2 pneumocephalus, 1 transient weakness), all of
which resolved spontaneously within the first postoperative
week. There were no visual field defects or gross cognitive
changes.

Discussion
Long-term follow-up data after unilateral pallidotomy for focal
dystonia and hemidystonia are limited. We present the long-term
follow-up of these patients. Independent review of the videos
and scoring of the same by movement disorders specialists (K.B.

and E.M.), not associated with the surgical team, provide further
strength to the observations of this study.

Between 1990 and 1998, after the resurgence in the interest
in pallidotomy, there were several papers on pallidotomy for pri-
mary dystonia and a limited number of papers on secondary
dystonia,12 most reports comprising single case studies5,17–19 and
limiting their analysis to short-term follow-up. Between 1996
and 2007, 29 cases of pallidotomy for primary and 40 cases for
secondary dystonia were reported in the literature, but only a
small number underwent evaluation using standardized mea-
sures.20 Lin et al. reported 18 patients who underwent bilateral
contemporaneous or staged pallidotomy for generalized dystonia
and found that 44% of patients showed improvement at
12-month follow-up19; average BFMDRS score improved by
13%. Seven patients developed adverse effects, including
hemiparesis and visual field defects, a few of them with more
than one adverse effect.

Horisawa et al. recently published the outcome of 69 patients
undergoing unilateral pallidotomy in primary dystonia. They
found that the total BFMDRS score improved from 11.2 � 14.7
preoperatively to 5.4 � 7.6 at last-available follow-up (51.8%
improvement, P < 0.001).21 The mean follow-up was
15.3 � 10.9 months. All these patients suffered from bilateral and
axial dystonia, and there was statistically significant improvement
in the axial symptoms also. However, the ipsilateral side had only
minor benefit. Long-term outcome of these improvements in
axial symptoms needs to be confirmed. Another study conducted

FIG. 2. Postoperative plot of lesion sites at the AC–PC (anterior commissure–posterior commissure) plane, with the x and y coordinates
scaled to the Schaltenbrand Wahren atlas AC–PC length. The variability in the lesion sites is due to the individual variability in the GPi
(globus pallidus internus) and therefore cannot be reproduced effectively here. However, each individual lesion when evaluated was
within the GPi. On the left side, the star, plus, and square represent cases 1, 4, and 6. On the right side, the star, triangle, diamond, circle,
and square represent cases 3, 5, 8, 9, and 11, respectively.
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TABLE 3 Dystonia Disability Scale scores for observer A

Case number
Preoperative Postoperative <1 yr Last follow-up as in December 2020

Dystonia Disability Scale Dystonia Disability Scale Dystonia Disability Scale

1 5 2

2 13 8 5

3 4 2 2

4 9 3 19

5 20 19 15

6 15 0 16

7 8 3 11

8 2 0 1

9 12 12 12

10 7 7 10

11 15 3 13

Median 9.0 3.0 11.0

IQR 5.0, 15.0 2.0, 8.0 2.0, 15.0

P-value 0.01 0.69

Abbreviation: IQR, interquartile range.

TABLE 2 BFMDRS scores of the patients

Observer A Observers B Observer A Observers B Observer A Observers B

Preoperative Preoperative
Postoperative

<1 yr
Postoperative

<1 yr
Last follow-up as
in December 2020

Last follow-up as
in December 2020

Patient
number

BFMDRS—
motor score

BFMDRS—
motor score

BFMDRS—
motor score

BFMDRS—
motor score

BFMDRS—
motor score

BFMDRS—
motor score

1 15 10 6 6 4 6

2 19.5 15 6 9.5 4.5 11

3 12 24 7 7 2 7

4 12 12 3 8 13.5 21

5 32 40 6 25.5 15 22

6 9 14 0 2 16 24.5

7 9 13 1 7 20 27

8 6 6 0 2 0 2

9 17 29 2 15 15

10 16 23 16 15 20 22

11 36 2 28

Median 15.0 14.5 3.0 7.5 15.0 21.0

IQR 9.0, 19.5 12.0, 24.0 1.0, 6.0 6.0, 15.0 4.0, 20.0 7.0, 22.0

P-value 0.002 0.002 0.18 0.65

Abbreviations: BFMDRS, Burke–Fahn–Marsden Dystonia Rating Scale; IQR, interquartile range.
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by Eltahawy et al. found only 10.6% improvement in 6 patients
with secondary dystonia undergoing pallidotomy or pallidal
DBS. They did not find any difference in outcome between
either procedure in their short follow-up.22 Our study had simi-
lar improvement in the BFMDRS and DDS scores, but this was
lost on long-term follow-up in a few cases. Contrary to other
reported series,19,21–23 we noted most of the short-term
improvements in the immediate postoperative period. One rea-
son could be the difference in the patient groups, as all the
reported series was for generalized dystonia.

Is the Long-Term Outcome
Definitely Poor?
There is only one case report on the long-term outcome of uni-
lateral pallidotomy for secondary dystonia, which showed symp-
tom progression over the long term. We analyzed our long-term
outcome in detail. We found symptom progression in 3 cases in

the same body segments (no new parts involved, cases 4, 6, and
7) as their long-term BFMDRS scores were worse than preoper-
ative scores (Table 2) (Video 1). If we exclude them, the
improvement will be 41% and 53% for observers A and B,
respectively (Video 2). Both these observations were statistically
significant. This is in line with the other reported series.21,23

Loher et al. noted that though there was sustained long-term
improvement after unilateral GPi DBS in hemidystonia patients,
some of the symptoms worsened after 2 years.24 A similar obser-
vation has been noted after thalamotomy for tremors.25 Chuang
et al.26 reviewed the natural history of 33 cases of secondary
hemidystonia. They noted that dystonia could progress from one
part to the other over a period of time, ranging from 2 months
to 23 years. Lee et al. also noted that dystonia could progress
over several years, ranging from several months to years, after
head trauma.27 This could be one explanation for worsening in
3 cases. The other explanation could be inadequate lesion; as
mentioned earlier, there are several reports in the literature to
suggest that.3,7,26 However, in the present series this was not the

FIG. 3. (A) Preoperative Bland–Altman plot with good coherence between the two observers. (B) Postoperative (short-term) Bland–Altman
plot with good coherence between the two observers. (C) Postoperative (long-term) Bland–Altman plot with good coherence between the
two observers.
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case, as there was no significant difference in the site of the lesion
nor the volume of the lesions between patients who had favor-
able and not-so-favorable long-term outcome. Also the total vol-
ume of the lesions was similar to those reported earlier.28,29

Therefore, the site and adequacy of the lesion were not the rea-
sons for differential outcome in the present series. The third
explanation, for which we do not have much evidence or sup-
port, is that this is the long-term side effect of the lesion.

This series has shown that there is a definite role for pallidot-
omy in the management of focal dystonia or hemidystonia. All
patients experienced short-term benefit, and the majority of the
other patients also experienced long-term relief (if we exclude
those patients with progression). In the majority of patients, the
quality-of-life improvement continued even at long-term
follow-up, and in a few where there was progression, surgery did
provide a relatively symptom-free/reduced symptom period.

The outcome after secondary dystonia has always been variable,
with some patients experiencing remarkable improvement, either
with lesioning or DBS, and some not having so much benefit,
which again is reflected in our experience. A larger series may be
helpful in defining the cohort of patients who may benefit in the
long term. Future prospective studies should also include
responder analysis to evaluate the benefits of pallidotomy. Palli-
dotomy is safe and has minimal morbidity in experienced hands.
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