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ABSTRACT

Objectives: Deep brain stimulation of the internal pallidum (GPi-DBS) is an established therapeutic
option in treatment-refractory dystonia, and the identification of factors predicting surgical
outcome is needed to optimize patient selection.

Methods: In this retrospective multicenter study, GPi-DBS outcome of 8 patients with DYT6, 9
with DYT1, and 38 with isolated dystonia without known monogenic cause (non-DYT) was as-
sessed at early (1-16 months) and late (22-92 months) follow-up using Burke-Fahn-Marsden
Dystonia Rating Scale (BFMDRS) scores.

Results: At early follow-up, mean reduction of dystonia severity was greater in patients with DYT1
(BFMDRS score: —60%) and non-DYT dystonia (—52%) than in patients with DYT6 dystonia
(—=32%; p = 0.046). Accordingly, the rate of responders was considerably lower in the latter
group (57% vs >90%; p = 0.017). At late follow-up, however, GPi-DBS resulted in comparable
improvement in all 3 groups (DYTB, —42%; DYT1, —44; non-DYT, —61%). Additional DBS of the
same or another brain target was performed in 3 of 8 patients with DYT6 dystonia with varying
results. Regardless of the genotype, patients with a shorter duration from onset of dystonia to
surgery had better control of dystonia postoperatively.

Conclusions: Long-term GPi-DBS is effective in patients with DYT6, DYT1, and non-DYT dysto-
nia. However, the effect of DBS appears to be less predictable in patients with DYT6, suggesting
that pre-DBS genetic testing and counseling for known dystonia gene mutations may be indi-
cated. GPi-DBS should probably be considered earlier in the disease course.

Classification of evidence: This study provides Class IV evidence that long-term GPi-DBS improves
dystonia in patients with DYT1, DYT6, and non-DYT dystonia. Neurology® 2015;84:895-903

GLOSSARY

ANOVA = analysis of variance; BFMDRS = Burke-Fahn-Marsden Dystonia Rating Scale; DBS = deep brain stimulation;
GPi = globus pallidus interna; THAP1 = THAP domain containing, apoptosis associated protein 1; TOR1A = torsin family 1,
member A (torsin A); Vim = ventralis intermedius.

Deep brain stimulation of the internal pallidum (GPi-DBS) is an established and safe therapeu-
tic option in otherwise treatment-refractory generalized and segmental dystonia.' A recent
prospective follow-up study has confirmed long-term benefit after 5 years.” However, it is
becoming increasingly clear that not all patients have an equally beneficial response to DBS
surgery. It is thus crucial to identify factors predicting the surgical outcome. Suggested predictors
for a good clinical outcome of GPi-DBS include absence of fixed skeletal deformities, younger
age at surgery, short disease duration, and positive DYT1 mutation status.’*
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Aside from DYTT dystonia, DYT6 dystonia
is another cause of monogenic isolated dysto-
nia.”® Both forms are autosomal dominantly
inherited, the penetrance is considerably
reduced (DYT1 30%, DYT6 40%),” and dys-
tonia is the single clinical manifestation apart
from tremor (=isolated dystonia)."” Whereas
nearly all DYT1 dystonia cases carry a single
3—base pair deletion in the 7ORIA gene,'" the
mutational spectrum of DYT6 dystonia is
much broader, with more than 50 thanatos-
associated domain  containing, apoptosis-
associated protein 1 (7HAPI) gene mutations
described to date.’” In both forms, dystonia
usually manifests in childhood or early adult-
hood, with a mean age at onset of 13
(DYT1)" and 19 (DYT6)’ years, respectively.
Both forms tend to generalize and the pheno-
typic spectrum is broad. However, there are
certain clinical symptoms that appear to be
more common in one or the other form.
Whereas DYT1 dystonia presents with a pre-
dominant leg and lower body distribution,
DYT6 dystonia often involves the upper half
of the body, including laryngeal adductor-type
dystonia, which occasionally culminates in
aphonia."

Recently published small case series have re-
ported a modest response of bilateral GPi-DBS
in 2 patients'* and an improvement of 15% to
55% in 4 patients with DYT6 dystonia."
While the motor function showed a moderate
to good response, speech involvement re-
sponded much less or not at all. A comparison
between 3 patients with DYT6 and 23 with
DYT1 dystonia suggested less robust results
in the first 2 postoperative years in DYT6 dys-
tonia and even some deterioration between the
second and third years despite adjustments of
stimulation parameters and repositioning of
one DBS electrode in one patient.'

Our aim was to systematically study the
observation of a possible differential response
to GPi-DBS according to dystonia genotype
in a larger patient sample; herein, we report
on a group of 8 patients with DYTG6 dystonia
who underwent bilateral GPi-DBS for dis-
abling dystonia refractory to medical treatment.
In this retrospective study, we compared their
postoperative outcomes with those of 9 patients
with DYT1 dystonia and 38 patients
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with dystonia without 7ORIA and THAPI

mutations.

METHODS Recruitment. Six German (Berlin, Hamburg,
Kiel/Wiirzburg, Liibeck, Rostock, Tiibingen) and one Canadian
DBS center (Toronto) participated in this study. Patients with
dystonia refractory to medical treatment who had undergone
bilateral GPi-DBS were contacted by mail. They were informed
about the ongoing project and were asked for their participation.
If they agreed, either their general practitioner or an investigator
of the referring DBS center took an EDTA blood sample and sent
it to the Institute of Neurogenetics, University of Liibeck, for
genetic analyses. Demographic and DBS-related data were
provided by the participating centers.

Standard protocol approvals, registrations, and patient
consents. Written informed consent was obtained from all par-
ticipating subjects and the study was approved by the local ethics

committees.

Genotyping. DNA was extracted from all blood samples and
screened for the known 3-nucleotide (GAG) deletion in the
torsin family 1, member A (torsin A) (7ORI1A) gene (DYT1).
All 3 coding exons and exon-intron boundaries of the 7THAPI
gene (DYT6) were sequenced as previously described.’” In
addition, blood samples were screened for mutations in the
GNAL gene (DYT25)."82° GNAL is the third confirmed gene
causing isolated dystonia but all included subjects screened
negative for pathogenic GNAL mutations. Patients with a
heterozygous GAG deletion in the TORIA gene and THAPI
mutation were considered to have DYT1 dystonia and DYT6
dystonia, respectively. Patients without mutations in these
genes (TORIA, THAPI, GNAL) were considered to have non-
DYT dystonia.

Statistical analysis. The primary endpoint of the study was the
change in the motor score of the Burke-Fahn-Marsden Dystonia
Rating Scale (BFMDRY) at early (1-16 months postoperatively)
and late (22-92 months postoperatively) follow-up. Furthermore,
the BEMDRS disability score was assessed preoperatively to
estimate the impact of dystonia on daily activities before
surgery. Chi-square tests were done for categorical and analyses
of variance (ANOVAs) for continuous variables. No corrections
for multiple comparisons were performed. Repeated-measures
ANOVA and subsequent Sidak post hoc tests were used to
compare pre- and postoperative  BEMDRS motor scores.
Responder analysis with =25% improvement of the BEMDRS
motor score was done to assess the number of patients with a
clinically relevant DBS effect.” For the change of BEMDRS
motor score at early and late follow-up and its potential
predictors, 2 group-spanning, step-wise, multivariate linear
regression models were generated with “age at onset,” “years
until surgery,” and “preoperative BEMDRS motor score” as
independent variables. Values are shown as mean * SD.
Statistics were performed using SPSS version 21.0 (IBM Corp.,
Armonk, NY); the level of significance was set at p < 0.05.

In this study, we aimed to assess the clinical efficacy of GPi-
DBS for patients with DYT6 dystonia compared to patients with
DYT1 dystonia and non-DYT dystonia. Because of the retrospec-
tive design, this clinical therapeutic intervention study will pro-
vide Class IV evidence.

RESULTS Subjects. The 54 patients included had an
average age at onset of 26.4 = 19.7 years (range 2-63
years) (see table 1 for detailed demographic data).



[ Table 1 Demographic and dystonia- and DBS-related information

DYT6 DYT1 Non-DYT p Value
No. 8 9 377
Distribution, generalized/segmental/focal 5/3/0 8/0/1 12/20/5 0.020°
Sex, M/F 71 3/6 24/13 0.064
Family history, positive/negative/unknown 4/3/1 5/4/0 4/29/4 0.017°
Age at onset, y
Mean (SD) 10.0 (3.3) 11.2 (6.6) 34.1 (19.6) <0.001°
Range 6-15 2-23 6-63
Years until first DBS
Mean (SD) 27.0 (10.8) 20.1 (11.1) 17.0 (11.7) 0.096
Range 11-46 5-41 1-52
BFMDRS scores, preoperative
Motor, mean (SD) (n = 55) 37.0 (15.9) 43.8 (30.7) 28.1 (18.4) 0.10
Disability, mean (SD) (n = 30) 7.8(2.7) 14.3 (7.8) 7.5(3.9) 0.0442
Responder rate motor BFMDRS, n (%)
Early follow-up (1-16 mo) 47 (57.1) 717 (100) 34/37 (91.9) 0.019°
Late follow-up (22-92 m) 6/7 (85.7) 5/8 (62.5) 20/22 (90.9) 0.173

Abbreviations: BFMDRS = Burke-Fahn-Marsden Dystonia Rating Scale; DBS = deep brain stimulation.

2 Significant values.

Patients with complex dystonias were not included. In
the monogenic cases, dystonia manifested on average
more than 15 years earlier than in patients with non-
DYT (F = 11.4, p < 0.001), although there was
considerable overlap. The family history was more
likely to be positive in patients with DYT1 and
DYTG6 dystonia (each =50%) than in patients with
non-DYT dystonia (x> = 12.1, p = 0.017). Sex
distribution did not differ between groups (x> =
5.5, p = 0.064). The average duration until the first
DBS surgery (19.2 = 11.8 years) was not different
between groups (F = 2.5, p = 0.096). Regarding the
distribution of dystonic signs, all patients with DYT1
dystonia except one with focal leg dystonia presented
with generalized dystonia, whereas patients with
DYT6 dystonia (table 2) had either generalized or
segmental dystonia (x*> = 11.6, p = 0.020). Among
the non-DYT dystonia cases, patients were stimulated
because of generalized (n = 12), segmental (n = 20,
including Meige syndrome (n = 3), or a focal form of
treatment-refractory dystonia, i.e., cervical dystonia
(2), truncal dystonia (2), and dystonic voice and
head tremor (1). Stimulation settings for patients
with  DYT6 dystonia at the latest follow-up
examination are given in table 3.

Effect of GPi-DBS on dystonia. Before surgery, patients
with DYT1 dystonia had BFMDRS disability scores
almost twice as high as any of the other 2 groups

(F= 3.5, p = 0.044) (table 1). The BEMDRS motor

score also tended to be higher in the DYT1 group (¥ =
24, p = 0.10).

Repeated-measures ANOVA of the BFMDRS
motor score for baseline and early follow-up (1-16
months) assessment was performed using datasets
from 7 patients with DYT6, 7 with DYT1, and 37
with non-DYT dystonia. Apart from a main effect of
time point (F = 48.9, p < 0.001), there was a trend
toward an interaction of time point X group (F =
3.2, p = 0.051). At early follow-up, the mean reduc-
tion of dystonia severity was stronger in patients with
DYT1 (—60%) and patients with non-DYT (—52%)
dystonia than in patients with DYTG6 dystonia
(—32%) (figure, D). According to the results of the
ANOVA, the rate of responders was considerably
lower in the group of patients with DYT6 dystonia
at eatly follow-up (x> = 7.9, p = 0.019; table 1).
These data suggest lower efficacy of GPi-DBS in
DYTG6 at an early postoperative time point.

For 6 patients with DYT6, 6 with DYT1, and 22
with non-DYT dystonia, BEFMDRS motor scores were
available for all 3 time points (baseline, carly, and late
follow-up). Here, repeated-measures ANOVA revealed
a main effect of time point (F = 21.5, p < 0.001)
whereas there was no interaction of time point X
group (F = 0.4, p = 0.77) (figure, E). Likewise, the
responder rate was comparable between groups (x> =
3.5, p = 0.173; table 1). Thus, GPi-DBS resulted in a
sustained improvement in all 3 patient groups without
significant differences on a group level (BFMDRS
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GPi and Voa right
GPi bilateral

GPi bilateral

GPi and STN bilateral
GPi bilateral

GPi bilateral

GPi bilateral

GPi bilateral and
Vim left

first surgery DBS site

Years until
19
11
21
33
46
23
29
34

Age at first
surgery

28
20
44
56
38
43
40

Laryngeal, craniocervical, moderate

upper and lower limbs
Eyes, orofacial, laryngeal (adductor

type), cervical (predominant
retrocollis), bibrachial, trunk
Oromandibular grimacing, laryngeal

Eyes, orofacial, laryngeal, cervical,
(adductor type), upper and lower

upper and lower limbs, trunk
Cervical, bibrachial (right >> left)

limbs with myoclonic jerks of left-
with dystonic hand tremor

Tremulous dystonia left hand/arm,
writer's cramp right hand

sided extremities

Cervical (mobile), right hand/arm

Symptoms at surgery

Onset site
Arm
Larynx
Arm

Neck

Leg

Leg

Hand
Hand

Family
history
Unknown
Positive
Negative
Negative
Positive
Positive
Positive
Negative

onset, y

Age at
9

9

6

11

10

15

14

6

Dystonia
Segmental
Generalized
Generalized
Generalized
Generalized
Generalized
Segmental
Segmental

Sex
Male
Male
Male
Female
Male
Male
Male
Male

Center
Berlin
Berlin
Hamburg
Toronto
Rostock
Tubingen
Tubingen
Tubingen

1

]
¢.197_198delAG;

, .21

p.E66VfsX19

p.E66VIsX19
deep brain stimulation; GPi = globus pallidus interna; STN = subthalamic nucleus; Voa = ventralis oralis anterior.

2 Genetic results were reported previously.*”
DBS results were reported previously.1*

c.68A>C, His23Pro

c.38G>A, p.Argl3His
c.46A>G, p.Lys16GIlu
¢.77C>T, p.Pro26Leu
c.[72?_642+2dell}|
¢.197.198delAG;

THAP1 mutation

c.2delT, p?
Ex2_3del

Code
L-4155°
L-6264
L-3969%
L-40712
L-4318*
TUE_BC
TUE_BP
TUE_AE

[ Table 2 Detailed information on DYT6 dystonia patients

Abbreviations: DBS

[e0)
©
@
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motor score at late follow-up: DYT6, —42%; DYTT,
—44%; and non-DYT, —61%).

For multivariate regression analysis (n = 45), one
significant outlier (L-4214, non-DYT group) was
excluded (Grubbs test, p < 0.05).

“Years unl surgery” were positively correlated with
the change of the BEMDRS motor score both at early
follow-up (n = 45, » = 0.52, p < 0.001) accounting
for 27% of the difference in the variances (figure, F)
and at late follow-up (n = 30, » = 0.37, p = 0.046)
accounting for 14% of the difference in the variances.
Thus, patients with early DBS surgery had a more
beneficial outcome than patients who underwent
DBS later in the disease course. “Age at onset” and
“preoperative BEMDRS motor scores” were not asso-
clated with a change of the BEMDRS motor score.

DBS of multiple sites in THAPI mutation carriers. The
primary DBS target in all patients was the GPi
Because of a suboptimal effect of GPi stimulation, 3
patients with DYT6 dystonia subsequently underwent
another DBS surgery with a different brain target. No
patients with DYT1 and non-DYT dystonia
underwent a secondary stereotactic operation.

Patient L-4071 (Toronto, video 1 on the Neurology®
Web site at Neurology.org) showed first signs of gener-
alized dystonia at the age of 11 years. Her family history
was negative. Genetic testing revealed a pathogenic
heterozygous mutation in the 7THAPI gene
(c.46A>G, p.Lys16Glu). Data on functional analysis
and probable pathogenicity of this mutation were
reported previously.'” At the age of 44 years, she under-
went bilateral GPi-DBS (Kinetra, DBS lead model
3387, Medtronic, Minneapolis, MN; for the anatom-
ical position of the implanted leads, see table 4).
Because there was no improvement in cervical and
truncal dystonia, a second pair of DBS electrodes was
implanted into the posterior portions of each GPi 1 year
later, but again without benefit on the axial dystonia.
Four years later, she additionally received bilateral sub-
thalamic nucleus stimulation (Kinetra, DBS lead model
3387; Medtronic) because of a persistent DBS failure.
Shortly thereafter, all GPi and subthalamic nucleus
DBS hardware were removed because of infection.

Patient L-4155 (Berlin, video 2) is a 38-year-old
male  heterozygous 7HAPI mutation  cartier
(c.68A>C, p.His23Pro") with tremulous dystonia
of the left arm and dystonic ulnar deviation of the left
hand since the age of 9 years. He received DBS electro-
des for unilateral GPi stimulation at the age of 28 years
(Kinetra, DBS lead model 3387; Medtronic). Eighteen
months later, unilateral thalamic DBS contralateral to
the affected body side was performed in the ventralis
oralis anterior nucleus (lead model 3387) because of
the persistent disabling arm tremor. High-frequency
stimulation as well as low-frequency (60 Hz)
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[ Table 3 Stimulation parameters of the 8 patients with DYT6 dystonia at latest follow-up

Motor BFMDRS % change early follow-up
Motor BFMDRS % change late follow-up
DBS no.
1
Stimulator/lead type
Frequency (Hz)/pulse width (ns)/amplitude (V)

Active contacts

Stimulator/lead type
Hz/ps/V

Active contacts

Stimulator/lead type
Hz/ps/V

Active contacts

Stimulator/lead type
Hz/ps/V

Active contacts

Stimulator/lead type
Hz/ps/V

Active contacts

Stimulator/lead type
Hz/ps/V

Active contacts

Abbreviations: BFMDRS = Burke-Fahn-Marsden Dystonia Rating Scale; DBS = deep brain stimulation; GPi = globus pallidus interna; NA = not available; ND = not done; STN = subthalamic nucleus; Vim = ventralis

intermedius; Voa = ventralis oralis anterior.
?Voa DBS electrode turned off 4 years after surgery.

L-4155*
+8

+0

ND
ND
ND

Kinetra 3387
130/90/2.0

1— 2—

Target: right Voa
Kinetra 3387
130/90/1.5

il=2=

L-6264
-70

=75

Kinetra 3387, Activa PC 3389
180/90/3.2

il=

Kinetra 3387,4 Activa PC 3389
180/90/3.2

il=

® Shortly after STN-DBS, all DBS electrodes were removed because of hardware infection.
¢ Assessment before STN-DBS; electrode contacts 0-3.
9Initially Kinetra/reimplantation of Activa PC 2011 because of hardware infection 2010.

L-3969
-19

-27

Target: left GPi
Kinetra 3389
145/180/3.6
2— 3—

Target: right GPi
Kinetra 3389
145/180/3.6

2— 3—

L-4071°

-31°

Kinetra 3387
130/60/2.0

B2=38=

Kinetra 3387
130/60/1.7
o

Target: left GPi
Kinetra 3387
130/330/3.0
o

Target: right GPi

Kinetra 3387
130/330/2.8

2—

Target: left STN

Kinetra 3387
130/60/3.0
3,

Target: right STN

Kinetra 3387
130/60/3.2
3,

L-4318
—41

-37

Activa PC 3387
160/60/2.0

Q=

Activa PC 3387
160/60/2.5

2= &r

TUE_BC
NA
-63

Kinetra 3387
210/120/5.0

0-1+

Kinetra 3387
210/180/7.0

1- 3+

TUE_BP
-61

NA

Activa PC 3387
130/210/3.7

0- 2+

Activa PC 3387
130/210/3.8

0- 2+

TUE_AE
-36

-56

Activa PC 3387
125/210/5.5

0+ 1-

Activa PC 3387
125/210/5.8
0-1-2+
Target: left Vim
Activa PC 3387
125/120/1.7

©=il=
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Figure Effect of deep brain stimulation of the internal pallidum on dystonia severity in DYT6, DYT1, and non-

DYT dystonia
A DYT6 B DYT1
100 - 100-,
§ 80 80+
o
E 60 - 60-
%)
x
Q 40 4 40—
=
L
m 20+ 20
0 T T 1 0 T T - 1
Preop 1-16 m 22-92 m Preop 1-16 m 2292 m
C Non-DYT B Mean BFMDRS motor score
100 —_— (2 time points)
60 - == DYT6 (n=7)
§ 80 - =@= DYT1 (n=7)
g 60 - 40 - = Non-DYT (n=37)
%)
o
g 40 -
= 20
m 20 %
L — ;X":l‘:?ﬁ il 0 1
Preop 1-16 m 22-92 m Preop 1-16 m
E Mean BFMDRS motor score F Regression model
(3 time points) (early follow-up)
60 =
5 == DYT6 (n=6) ® Years until surgery
5 <@ DYT1 (n=6) 01— 90— T
E 40 4~ Non-DYT (n=22) & 2 40 60
() © O
x O E ®
© 0 %
g 20 5% 50
o A, "\ xX =
: & -5 o p=0.52
—— : ‘ %, o® p<0.001
reop 1-16m 22-92m 100 . L CIR

BFMDRS motor scores in single cases with DYT6 (A), DYT1 (B), and non-DYT (C) dystonia. (D, E) Mean scores for patients in
which BFMDRS data were available for 2 and 3 time points, respectively. (F) The correlation of “years until surgery” and "%
change of the BFMDRS motor score.” BFMDRS = Burke-Fahn-Marsden Dystonia Rating Scale; preop = preoperative.

stimulation did not improve dystonic symptoms, and
the stimulator was turned off 4 years later.

TUE-AE (Tuebingen, video 3), a 44-year-old
male carrier of a heterozygous 7HAP! mutation
(c.[72—2_642+2dell;[=], Ex2_3del, p.2L[=]),
experienced first symptoms of a subsequently gener-
alizing dystonia at the age of 6 years. Thirty-four years
later, at the age of 40 years, he underwent bilateral
GPi-DBS (Activa PC, DBS lead model 3387; Med-
tronic) with moderate improvement of dystonia.
Aged 42 years, bilateral thalamic DBS (ventralis inter-
medius [Vim] nucleus) was performed to improve
control of a progressive dystonic tremor of the head
and the upper limbs, more pronounced on the right.
In follow-up examinations, the tremor improved

Neurology 84 March 3, 2015

significantly but was still moderately disabling. The
right Vim DBS electrode was not active.

DISCUSSION The present report describes the short-
and long-term follow-up outcome of bilateral pallidal
neurostimulation in 54 patients with genetic and
nondetermined forms of isolated treatment-refractory
dystonia. At long-term follow-up, GPi-DBS in
DYTG6 dystonia was as efficient as in DYT1 and
genetically nondetermined dystonia, although an
carly postoperative beneficial response to DBS was
less likely in DYTG dystonia. Additional DBS of
another pallidal area (n = 1) or other brain regions
(n = 3) was performed in 3 of 8 patients with DYT6
dystonia 1 to 2 years after the initial operation. This



[ Table 4 Anatomical position of the implanted DBS electrodes ]

Left Right

Procedure X Y 4 X Y 4
L-4071

1st DBS (anterior GPi) 229 215 -39 21.4 51 -4.0

2nd DBS (posterior GPi) 216 25 1.4 214 -0.0.9 -27

3rd DBS (STN) 9.3 =82 -6.6 8.1 =87 @8
L-4318

GPi 20.0 2.0 6.0 20.0 2.0 6.0

Abbreviations: DBS = deep brain stimulation; GPi = globus pallidus interna; STN = subthalamic nucleus.

Data are in millimeters.

reflects the therapeutic challenge in individual patients
with DYT6 dystonia who have difficult-to-control
dystonia. Revision of the lead position (internal
pallidum) was previously reported in another patient
with DYT6 dystonia.'® It is remarkable that 2 of the
3 patients studied here were revised for intractable
dystonic tremor. To date, no prospective treatment
studies are available for tremor associated with
dystonia, and there are no data available on the
frequency of dystonic tremor in DYT6 dystonia.
Several targets including the internal pallidum as well
as subthalamic and thalamic areas were attempted with
good response to DBS in most refractory cases with
dystonic tremor (for review, see reference 21). One
retrospective  report on 10  patients  suggested
combined GPi- and Vim-DBS in patients with
coexistent  severe dystonia and dystonic tremor,
whereas patients with only mild dystonia and
predominant dystonic tremor may benefit more from
Vim-DBS.*?* Apart from another DBS surgery in
nonresponsive cases, careful adjustments of stimulation
parameters over several years may also result in better
symptom control in selected cases, e.g., in L-4318 (Dr.
Wittstock, personal communication, 2014; video of this
patient is shown as video 4).

Even though DYT1 mutation cartier status was
described to be predictive of a beneficial response to
bilateral GPi-DBS up to 10 years postoperatively,**>2*
our results highlight that dystonia may also worsen in
several patients who were initially responsive to DBS
(figure, B). In our study cohort, the mean improvement
of the motor BEMDRS score was less striking in pa-
tients with DYT1 dystonia (early follow-up, —44%;
late follow-up, —60%) than in most other studies.
One important factor is the rather low number of pa-
tients with DYT1 dystonia included into this study,
which may give rise to higher variability of data. In
accordance with other reports, however, the current
study confirms the predictive value of years until sur-

gery for DBS outcome, i.e., patients with a shorter

duration from onset of dystonia to surgery had a higher
likelihood of having a better control of dystonia post-
operatively.” It can be assumed that an earlier time point
of DBS may to some extent prevent secondary compli-
cations such as fixed musculoskeletal abnormalities
(e.g., scoliosis) and cervical myelopathy, which cannot
be sufficiently influenced by pallidal neurostimulation.
This study has several limitations. Although this is
the largest sample of patients with DYT6 dystonia re-
ported to date, the number of analyzed DBS cases is
still relatively small. There is a high temporal variability
in both the early and late follow-up time point because
of the retrospective design and the involvement of mul-
tiple DBS centers using different postoperative proto-
cols. Another weakness is the lack of data on quality
of life. Improvement on a dystonia motor scale does
not automatically imply an improvement of quality
of life as was previously shown in stimulated patients
with generalized dystonia.”® Thus, prospective multi-
center studies including data on quality of life and
nonmotor aspects of dystonia are warranted.
Long-term bilateral pallidal stimulation reduces
dystonic signs in otherwise intractable DYTG,
DYTT1, and non-DYT dystonia. The beneficial effect
of GPi-DBS appears to be less predictable in DYT6
dystonia than in other forms of isolated dystonia. Of
note, patients with DYT6 dystonia are probably more
likely to receive subsequent DBS at the same or
another brain target because of an insufficient control
of dystonia or dystonic tremor. The high likelihood
of subsequent additional neurosurgical procedures in
THAPI mutation carriers suggests that eligible patients
with severe dystonia should be screened for mutations
in the THAPI gene before GPi-DBS. Identified
THAPI mutation carriers who are referred for GPi-
DBS should be informed about the risk of primary
treatment failure and possible secondary interventions.
Given the data of the present study, GPi-DBS should
nevertheless not be withheld from patients with dis-
abling DYTG6 dystonia. Because GPi-DBS appears to
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be more beneficial in patients with a shorter duration
from onset, this treatment option should probably be
considered earlier in the disease course of patients with
severe dystonia of any kind. Finally, prospective studies
on DBS in patients with different clinical types of dys-
tonia are warranted to systematically address not only
the genotype but also the phenotype as a predictor for
the postoperative outcome.
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