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1CHRU Montpellier, Hôpital Gui de Chauliac, Service de Neurochirurgie, Montpellier, France
2INSERM, U661, Montpellier, France
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Abstract: Long-term efficacy of internal globus pallidus
(GPi) deep-brain stimulation (DBS) in DYT1 dystonia and
disease progression under DBS was studied. Twenty-six
patients of this open-label study were divided into two
groups: (A) with single bilateral GPi lead, (B) with a second
bilateral GPi lead implanted owning to subsequent worsening
of symptomatology. Dystonia was assessed with the Burke
Scale. Appearance of new symptoms and distribution accord-
ing to body region were recorded. In the whole cohort, sig-
nificant decreases in motor and disability subscores (P <
0.0001) were observed at 1 year and maintained up to
10 years. Group B showed worsening of the symptoms. At
1 year, there were no significant differences between Groups

A (without subsequent worsening) and B; at 5 years, a signif-
icant difference was found for motor and disability scores.
Within Group B, four patients exhibited additional improve-
ment after the second DBS surgery. In the 26 patients, signif-
icant difference (P 5 0.001) was found between the number
of body regions affected by dystonia preoperatively and over
the whole follow-up. DBS efficacy in DYT1 dystonia can be
maintained up to 10 years (two patients). New symptoms
appear with long-term follow-up and may improve with addi-
tional leads in a subgroup of patients. � 2010 Movement
Disorder Society
Key words: DYT1 dystonia; DBS; internal pallidum; dis-

ease progression

Primary DYT1 dystonia is an autosomal dominant

movement disorder caused by a unique 3-base pair de-

letion (c.907delGAG) in the TOR1A gene on chromo-

some 9q34, leading to loss of a glutamate residue in

the C-terminal region of the ATP-binding protein tor-

sinA.1 This mutation is a major cause of childhood-

onset dystonia. Response to drug therapy is usually

transient and unsatisfactory; botulinum toxin injections

are rarely indicated.2

Following ablative surgeries in the treatment of

movement disorders3–5 and the advent of deep-brain

stimulation (DBS) for treating Parkinson’s disease and

essential tremor6,7 it has been known since 1999 that

DBS of the internal globus pallidus (GPi)8,9 is an

effective symptomatic treatment for primary dystonic

and hyperkinetic syndromes. Several groups have

reported on the efficacy of GPi DBS for the treatment

of primary dystonia.10–13 Little is known about

the very long-term results of DBS, the progression of

the signs and the efficacy over time in the DYT1

population.

The primary aims of this study were to observe the

durability of the initial response to pallidal stimulation

and the evolution of the DYT1 motor phenotype during

DBS. The study also aimed to establish whether the
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eventual worsening of symptoms despite DBS was due

to underlying disease progression, loss of efficacy of

DBS with time, or to a combination of both factors.

Long-term follow-up of DBS effects in dystonia

patients is even more important than in other groups

treated by DBS since it concerns patients who are

much younger and therefore need to be followed over

decades.

PATIENTS AND METHODS

Study Design

This is an open-label study conducted in the Aca-

demic Centre of Montpellier, France. Patients tested

positive for the DYT1 gene mutation14 received clinical

assessment and were videotaped according to a

standardized protocol preoperatively and then at 6 and

12 months postoperatively and every year thereafter

up to 10 years. Clinical assessments were carried out

by at least two physicians trained in movement dis-

orders (L.C., B.B., and P.C.) by using the two sections

of the Burke-Fahn-Marsden Dystonia Rating Scale

(BFMDRS).15

Twenty-six consecutive patients (16 female) were

recruited from November 1997 to April 2004. The

inclusion criteria were as follows: genetically con-

firmed DYT1 mutation; segmental or generalized dys-

tonia; follow-up post-DBS of at least 3 years; normal

neurological examination except for dystonia; absence

of severe psychiatric disorders or other comorbidity

increasing the surgical risks or compromising the clini-

cal follow-up; lack of response to pharmacological

treatments.

The whole population was first studied with bilateral

single GPi electrode DBS. The mean preoperative

scores (motor and disability) were compared with the

mean worst scores with DBS to check for the response

to stimulation. The mean follow-up at which the

patients reached the best as well the worst scores were

recorded. Scores at 3, 4, and 6 years were compared

with scores at 1 year to establish whether a loss of effi-

cacy occurred over time. From 7 to 10 years the popu-

lation was too small to allow relevant statistical analy-

sis. Nevertheless, individual evolution for each patient

followed longer than 6 years is shown in Figure 2.

Due either to a subsequent worsening of dystonia or

because of incomplete initial therapeutic effect (defined

as less than 50% improvement in the motor scores),

subsequently, patients were divided into Groups A and

B according to whether they had received a second

pair of bilateral GPi electrodes or not. Group A

(18 patients) had a single pair of electrodes in the GPi

during the whole follow-up, meanwhile Group B

(8 patients) received a second pair of GPi electrodes.

The second pair of electrodes occurred after at least

1 year of follow-up with the first pallidal electrodes, to

reach steady state on these electrodes. According to

the response to the second implantation within Group

B, patients were divided in Groups B1 (significant

additional improvement) and B2 (without significant

additional improvement).

According to the motor subscale of the BFMDRS,

nine body regions were identified and named by letters

from A to I as follows: A, eyes; B, mouth; C, speech

and swallowing; D, neck; E, right upper limb; F, left

upper limb; G, trunk; H, right lower limb; and I, left

lower limb. The total number of body regions affected

preoperatively was calculated. Postoperatively, each

time a new body part was affected by dystonia with

the stimulation ‘‘ON,’’ it was added to the number of

regions affected preoperatively. The number of body

regions involved by the disease at the time of the first

surgery and at last follow-up have been compared

(Table 1).

The frequency and severity of adverse events were

also monitored.

Medication was modified during the second year of

follow-up, in order not to interfere with the initial

response to DBS. All the patients provided written

informed consent for surgery.

Surgical Procedure

Quadripolar electrodes (model 3389, Medtronic)

were implanted bilaterally in the posteroventral GPi16

in all 26 patients in a single procedure under general

anesthesia. Additional electrodes were implanted in the

GPi of eight patients (Group B). The targets were cho-

sen by direct visualization on MRI, and confirmed im-

mediately afterward by postoperative stereotactic MRI

while still under general anesthesia. The electrodes

were connected to the neurostimulators (Itrel 2, Itrel 3,

Soletra or Kinetra, Medtronic) within 5 days of elec-

trode implantation.

Electrical Settings

Patients received stimulation in monopolar or bipolar

mode with the following parameters: frequency

130 Hz; pulse width 450 lsec; amplitude between 0.3

and 2.1 V, according to the clinical response and the

mode of stimulation (Table 2).
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TABLE 2. Motor scores of the 26 patients before the first DBS surgery, at best with a single pair of leads, before implantation
of an additional pair of leads, and at last follow-up, as well as the corresponding electrical settings

Case

Motor
scores (/120)

before first DBS
Best motor
(/120) scores

Motor
scores (/120)
before leads
addition

Motor score
at last

follow-up

Settings at
best before
addition Settings at last FU

1 81 0 No 0 R 1.7V E1- R 1.7V E1-
L 1.7V E1- L 1.8V E1-

2 97,5 15 No 27 R 1.8V E1- R 1.7V E1- E2-
L 1.5V E0-E1- L 1.5V E0-E1-

3 63 1 No 5 R1.8V E1- R 1.7V E0-E1-E2-
L 1.5V E1- L 1.4V E0-E1-

4 76 0 30 30 R 1.5V E1- R (post)1.3VE1-;
R (ant) 1.0V E0-E1-

L 1.5V E1- L (post) 1.4V E1-E2-;
L (ant) 2.0V E1-E2-

5 35,5 25 No 29.5 R 1.3V E1- R 1.3V E1-E2-
L 1.3V E1- L 1.7V E1-E2-

6 51 0 No 15 R 1.3V E1-E2- R 1.5V E1-E2-
L1.3V E1-E2- L 1.6V E1-E2-

7 24 0 No 15.5 R 1.8V E1- R 1.5V E1-
L 1.7V E1- L 1.1V E0-E1-E2-

8 37,5 4 21 6 R 2.0V E1-E2- R CH1 (post) 1.0VE1- E2-;
R CH2 (ant) 1.1V E1-

L 2.0V E1-E2- L CH1 (post) 1.0V E1-E2-;
L CH2 (ant) 1.0 V E1-

9 37 0 16.5 4 R 1.7V E0-E1- R CH1(ant) 1.9VE0-E1-;
CH2 (post) 1V E1-

L 1.7V E0-E1- L CH1 (ant) 1.5V E1-E2-;
CH2 (post) 1.4V E1-E2-

10 65,5 9.5 30 8,5 R 2.1V E1-E2- R (ant) CH1 1.2V E1-E2-;
R (post) CH2 0.9 V E1-E2-

L 1.4V E1-E2- L (ant) CH2 1.1V E1-E2-;
L (post) CH1 1.4V E1-E2-

11 84,5 28 No 28 R 1.5V E0-E1-E2- R 1.6V E0-E1-E2-
L 1.5VE0-E1-E2- L 1.4V E0-E2-E2-

12 69 0 No 2 R 1.6V E1- R 1.3V E2-
L 1.5 V E2- L 1.3V E1-

13 46 28 29 35 R 1.7V E0-E1-E2- R CH1 (post) 1.3V E3-;
CH2 (ant) 1.4V E1-E2-

L 1.7V E0-E1-E2- L CH1 (post) 1.5VE1-;
CH2 (ant) 1.0V E0-E1-

14 35,5 0 31 0 R 1.4V E1- R CH1 (ant) 0.9V E0-E1-;
R CH2 (post) 0.8V E1-

L 1.6V E1- L CH1 (ant) 1.0V E1-E2-;
L CH2 (post) 1.4V E1-E2-

15 28 1 No 2 R 1.8V E1- R 1.3V E1-E2-
L 1.8V E1- L 1.6V E1-E2-

16 38 0 No 2 R 1.1V E1- R 1.4V E1-
L 1.1V E1- L 1.1V E1-E2-

17 67 9.5 No 16 R 1.5 E1-E2- R 1.5V E1-E2-
L1.8V E0-E1- L 1.5V E0-E1-E2-

18 64 0 No 0 R 1.6 V E1- R 1.3V E1-
G 1.5 V E1- G 1.3V E1-

19 101,5 48 57 54 R 1.8V E1-E2- R CH1 (post) 1.0V E1-E21E3-;
CH2 (ant) 1.3V E1-E21

L 1.8V E1-E2- L CH1 (post) 1.3V E1-E21;
CH2 (ant) 1.3V E1-E21

20 27,5 9 No 10.5 R 0.3V E1- R 0.3 V E1-
L 1.1V E1- L 1.1V E1-

21 61,5 19 No 25 R1.3V E2-E3- R1.3V E2-E3-
L1.3V E2-E3- L1.3V E2-E3-

22 51 23 No 41 R 0.8V E1-E2- R 1.3V E01E1-E2-E31
L 0.9V E1-E2- L 1.0V E01E11E2-

23 40 0 No 5 R 1.4V E1- R 2V E1-
L 1.4V E1- L 1.1V E1-

24 42 3 No 3 R 1.6V E1-E2- R 1.6V E1-E2-
L 1.5V E1- L 1.5V E1-

25 60 0 No 0 R 1.0V E1- R 1.0V E1-
L 1.0V E1- L 1.0V E1-

26 112 46.5 53,5 69 R 1.6V E1-E2- R CH1(ant) 0.9V E0-E1-;
CH2 (post) 1.2V E1-E21

L 1.6V E1-E2- G CH1(ant) 1.4V E0-E1-;
CH2 (post) 1.2V E1-E21



Statistical Analysis

Statistical analysis was performed with the R free

software environment for statistical computing (Free

software Foundation’s GNU). The mean 6 SD was

used for quantitative variables. Discrete variables are

presented as absolute numbers and percentages.

If the sample variance did not differ with an alpha

of 0.05 (F test for equality of variance) with a normal

distribution (Shapiro-Wilk test), statistical comparisons

of observed values were performed using a two-tailed

t test. Owing to the small sample size and the fact that

some of the data were not normally distributed, com-

parisons were performed using a Mann-Whitney U test

for independent and continuous variables. Wilcoxon

signed-rank tests, with corrections if necessary, were

used for the matched and continuous variables and for

the eight patients who received additional electrodes to

illustrate the difference between the two subgroups,

even if the population (subgroup B1: 4 patients, sub-

group B2: 4 patients) was too small to allow relevant

statistical analysis.

RESULTS

The clinical characteristics of the patients and their

treatments are shown in Table 1.

Results of the Whole Population

For the 26 patients (16 children), the mean age at

disease onset was 8.1 6 2.8 years (6–20 years) and

21.6 6 15.6 years (8.5–65.5 years) at surgery.

The mean follow-up period for the 26 patients was

6.2 6 1.9 years (3–10 years).

Comparison of Pre- and Postoperative Scores

The mean worst postoperative scores (motor: 23.3 6
19.2, disability: 7.4 6 6.7) at long-term follow-up

were significantly lower (P < 0.0001 for both parts)

than the mean preoperative scores (motor: 57.5 6
23.9, disability: 14.9 6 7.1).

Motor and Disability Scores Evolution with DBS

Scores evolution with DBS for the 26 patients

is presented in Figures 1A, B and 2A, B and in Table

3, which compares the mean scores at 3, 5, and 6 years

with the mean preoperative scores.

The mean follow-up period when the best (motor

and disability) scores were obtained was 1.7 6 1.2

years and 1.9 6 1.5 years, respectively and for the

worst (motor and disability) scores 4.35 6 2.1 years

and 3.03 6 2.3 years, respectively.

FIG. 1. BFMDRS motor and disability subscores evolution for the whole population (white plots), as well as for Group A (gray plots) and Group
B (black plots). At 10 years, plots are missing because disability score is zero for the two patients.
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Worsening of the scores (motor and disability)

occurred in some individuals at more than 3 years fol-

low-up, but comparison of the scores at different time

points for the whole population showed that the effi-

cacy of DBS did not decrease significantly over a pe-

riod of up to 10 years after surgery.

Complete initial therapeutic response with persist-

ence of the improvement over time has been observed

FIG. 2. (A) Motor scores evolution for each patient; (B) disability scores evolution for each patient; (C) evolution of motor scores in subgroup
B1; (D) evolution of motor scores in subgroup B2.
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FIG. 2. (Continued)
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(Patients 1, 12, 18, 24, and 25) as well as more limited

initial responses (5, 13, 19, 21, 22, and 26). In other

patients (3, 4, 6, 7, 9, 14, 16), after an initial complete

therapeutic response, recurrence of previously con-

trolled signs or the appearance of new signs also

occurred. In accordance with these findings, the addi-

tion of a second pair of leads in several patients (8, 9,

10, and 14) led to an improvement in the therapeutic

effect obtained by single bilateral GPi leads probably

due to a somatotopic organization within the GPi.17–19

For example, in Patient 8, the initial lead implanted

was anteriorly placed and permitted control of the axial

and lower limb dystonia only. The additional leads

were implanted posterior to the first leads, and com-

pletely suppressed the residual dystonia involving the

upper limbs. On the contrary, in patient 9, after an ini-

tial complete response, a second lead was implanted

more anteriorly within the GPi in order to control the

recurrence of the lower limb dystonia.

Comparisons Between Group A and B

The mean of age at symptoms onset for group B

was 7.2 6 0.9 years and 8.4 6 3 years for Group A

(P 5 0.297). The mean of age at first DBS surgery

was 12.9 6 4.9 years for Group B and of 25.5 6 16.7

years for Group A (P 5 0.04).

For group B, the mean follow-up with second DBS

was of 2.16 6 1.6 years.

The mean preoperative motor score for Group B

was of 63 6 30.3 and of 54.7 6 20.9 for group A (P
5 0.567).

The mean preoperative disability score for Group B

was 17.4 6 8.7 (6–30) and 13.8 6 6.3 (3–25) for

Group A (P 5 0.367).

No significant differences were found between the

two groups at 1, 3, and 4 years follow-up for both

scores. At 5 years follow-up, significant differences

were found between the two groups in motor (P 5
0.01) and disability (P 5 0.025) scores.

In Group B, the difference between the preoperative

scores before first surgery and the scores before the

second surgery remained significant for both motor (P
5 0.008) and disability (P 5 0.016) scores.

Evolution with Additional Lead Implantation:

Group B

At the time of the second pair of electrodes implan-

tation the mean follow-up with DBS was 4.8 6 1.9

years (1.5–7 years) and the mean of age was 17.7 6
4.8 years (12–27 years). No significant differences

were found for Group B between the scores before im-

plantation of the additional electrode (motor: 33.5 6
14.4; disability: 9.5 6 4.9) and at last follow-up

(motor: 25.8 6 25.6; disability: 7.8 6 7.7).

Patients could be classified into two subgroups

according to the motor scores evolution after the sec-

ond implantation: B1 (four patients) with significant

improvement (P 5 0.017) and B2 (four patients) with-

out significant improvement (P 5 0.339). Comparing

the baseline scores (before the first operation) of the

two subgroups, there was a trend for a significant dif-

ference (P 5 0.05), showing that the group which

TABLE 3. Comparison (first two lines) between preoperative scores and 1, 3, 4, 5 and 6 yrs postoperative scores for the whole
population. Lines 3 to 5 and 6 to 8 compare the motor and disability scores between Groups A and B

Before surgery 1 yr after surgery 3 yr after surgery 4 yr after surgery 5 yr after surgery 6 yr after surgery

Motor scores of the
26 patients

57.51 6 23.94 13.88 6 16.26
(P < 0.0001)

15.65 6 17.38
(P < 0.0001)

16.25 6 17.11
(P < 0.0001)

14.78 6 21.10
(P 5 0.001)

15.64 6 17.63
(P 5 0.003)

Disability scores of the
26 patients

14.92 6 7.11 5.11 6 5.55
(P < 0.0001)

4.38 6 5.27
(P < 0.0001)

4.95 6 5.10
(P < 0.0001)

5.1 6 6.21
(P 5 0.001)

6.2 6 6.22
(P 5 0.008)

Group A motor scores 54.69 6 20.92 11.5 6 14.58 12.13 6 14.55 12.56 6 14.17 8.95 6 11.41 13.68 6 10.90
Comparison of the

motor scores
between
Groups A and B

P 5 0.560 P 5 0.538 P 5 0.093 P 5 0.157 P 5 0.010 P 5 0.223

Group B motor score 63.87 6 30.29 19.25 6 19.49 23.56 6 21.48 23.62 6 20.95 31.5 6 25.60 25.5 6 22.36
Group A disability score 14.57 6 6.90 4.73 6 5.54 4.21 6 5.24 4.25 6 4.66 3.61 6 5.04 4.37 6 4.37
Comparison of the

disability scores
evolution between
Groups A and B

P 5 0.367 P 5 0.338 P 5 0.128 P 5 0.117 P 5 0.021 P 5 0.415

Group B disability score 15.85 6 8.13 6.14 6 5.87 4.85 6 5.75 6.57 6 6.05 7.85 6 7.60 8.28 6 7.65
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improved after the implantation of the second electrode

had less severe baseline scores than the group that did

not. Nevertheless, no significant difference was

recorded when comparing the preoperative scores of

Groups A and B. This renders difficult to interprete the

influence of the initial disease severity on the response

to DBS. Comparing the response at 1 year after the

first DBS surgery, no significant difference was

recorded between the two subgroups (P 5 0.113).

Number of Regions Involved by the Disease; Does

Disease Progression Occur with DBS?

Before surgery, 162 (6.2 6 1.5) body parts were

affected by dystonia for the whole cohort (Table 1).

During the total follow-up period (pre- and postopera-

tive), 176 (6.8 6 1.5) body parts were affected by dys-

tonia. The number of regions involved during the

whole follow-up and independently on DBS therapy,

was significantly higher than before DBS (P 5 0.001)

suggesting disease evolution.

Adverse Events

There were no hemorrhagic complications. Hard-

ware-related complications included two extension

cable breakages (Patients 5 and 9) and one spontaneous

early IPG dysfunction after 3 months (Patient 18).

Hardware infections occurred in Patients 4 and 10.

The mean life span for the IPGs was 3.1 years.

DISCUSSION

We studied the durability of the GPi DBS efficacy

in 26 patients with primary DYT1 dystonia with a fol-

low-up period of at least 3 years and up to 10 years.

All the patients underwent the same surgical procedure,

clinical assessment, and protocol for electrical settings,

which allowed comparisons between patients.

The initial efficacy of GPi DBS in DYT1 and other

primary dystonias has been evaluated previously but the

reported follow-up did not exceed 3 years.13,20 Loher

et al.21 reported follow-up longer than three years in a

heterogeneous dystonia population of nine patients con-

cluding that DBS maintains symptomatic and functional

improvement with long-term follow-up. The younger age

of our patients may partially explain the evolution of the

disease with DBS. However, this study included only

one late onset DYT1 dystonia patient with a follow-up

of 5 years. Cersosimo et al.22 reported on one DYT1

patient treated by GPi DBS and followed for more than

3 years with a limited overall improvement.

The heterogeneity of the effect of DBS in primary

dystonia has been reported previously.23 Several factors,

including surgical protocols, contact position within the

target,24,25 DYT1 status,9–11,24 age at surgery11 but espe-

cially disease duration26 could all be part of the explana-

tion for the observed differences in results.

Notwithstanding the fact that the overall response pat-

tern was very satisfactory, the evolution of dystonia with

DBS was different from one patient to another. Patients

with dystonic storm responded as well as patients in a

stable clinical condition. The location of the electrodes

was verified by the postoperative MRI confirming opti-

mal lead placement. The severity of dystonia preopera-

tively did not influence the outcome of DBS. Neverthe-

less, patients without significant improvement with addi-

tional lead implantation (B2) exhibited more severe

preoperative motor scores than patients with improve-

ment following additional lead implantation (B1).

With follow-up extending up to 10 years, worsening

of the motor and disability scores of the patients with

DBS has been observed in the population of DYT1

dystonia, sometimes after even 5 years during which

patients were free of symptoms. Symptoms occurred in

the body parts previously involved, in new body parts,

or in both.

Group A (higher age at surgery) did not require the

additional leads meaning that worsening of symptoms

occurs more rarely in older patients receiving DBS sur-

gery. DBS early administered allows a better response

but will not prevent from disease progression.

Numerous studies have focused on the pathophysio-

logical mechanisms involving the mutated torsinA pro-

tein.27 Nevertheless, little is known about the relation-

ships between the genotype, pathophysiology and the

broad phenotype of the disease. Identification of new

interactors of torsinA as Printor and coworkers28 opens

new fields of investigation. Variations in the initial

therapeutic response to DBS and sustained efficacy

could be linked to the complex pathophysiological

mechanisms of the disease with the implication of pop-

ulation specific genetic modifiers in incomplete pene-

trance or clinical variability.29,30

DBS has been described as being an adaptable ther-

apy but in our experience long-term adaptability was

limited. Increasing the number of activated contacts

and/or the voltage does not always provide additional

improvement and control of all the signs in patients

who respond to the therapy.

An off-stimulation test would be of great interest to

measure the actual extent of the disease several years af-

ter DBS surgery. In the present work, we certainly

under-estimated the new signs of the disease that would
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occur, since patients were indeed benefiting from the

DBS therapy. The delay of recurrence of symptoms in

dystonia is variable from one patient to another, taking

anything from a few minutes up to several months. This

makes difficult the design of standardized off-stimulation

protocols for the whole population.

CONCLUSIONS

In primary DYT1 dystonia, GPi DBS efficacy is

maintained up to ten years follow-up. The natural

course of childhood onset DYT1 dystonia can be

severe, with life-threatening complications. With DBS

treatment, all the patients survived during the follow-

up period, regardless of the severity of dystonia before

surgery.

DYT1 dystonia seems to be a progressive disease

even with DBS. With follow-up longer than 3 years,

there is recurrence of signs or emergence of new signs,

which cannot always be controlled by single lead im-

plantation. In some patients, multiple electrodes within

the GPi could be helpful in controlling the residual

signs of the disease.
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ing sources from Université Montpellier 1 and several
patients associations (AFM, VLM, AMADYS-LFCD). For
the past year, Doctor Philippe Coubes was consultant for
Medtronic Company.

Author Roles: LC: Research Project (Conception, Organi-
zation, and Execution); Statistical analysis (Design and Exe-
cution); Manuscript (Writing of the first draft). XV: Research
Project (Organization); Statistical analysis (Execution);
Manuscript (Review and critique). VG: Research Project
(Execution); Statistical analysis (Review and critique); Manu-
script (Review and critique); PR: Research Project (Concep-
tion); Statistical analysis (Design); Manuscript (Review and
critique). BB: Research Project (Execution); Statistical analy-
sis (Review and critique); Manuscript (Review and critique).
GC-B: Research Project (Organization); Statistical analysis
(Review and critique); Manuscript (Review and critique). ST-
G: Research project (Organization); Manuscript (Review and
critique). HE: Manuscript (Review and critique). MC:
Research Project (Organization). PC: Research Project (Con-
ception); Statistical analysis (Review and critique); Manu-
script (Review and critique).

REFERENCES

1. Ozelius LJ, Hewett J, Kramer P, et al. Fine localization of the
torsion dystonia gene (DYT1) on human chromosome 9q34:
YAC map and linkage disequilibrium. Genome Res 1997;7:483–
494.

2. Opal P, Tintner R, Jankovic J, et al. Intrafamilial phenotypic vari-
ability of the DYT1 dystonia: from asymptomatic TOR1A gene
carrier status to dystonic storm. Mov Disord 2002;17:339–345.

3. Cooper IS. 20-year followup study of the neurosurgical treatment
of dystonia musculorum deformans. Adv Neurol 1976;14:423–452.

4. Iacono RP, Kuniyoshi SM, Lonser RR, Maeda G, Inae AM,
Ashwal S. Simultaneous bilateral pallidoansotomy for idiopathic
dystonia musculorum deformans. Pediatr Neurol 1996;14:145–148.

5. Vitek JL, Zhang J, Evatt M, et al. GPi pallidotomy for dystonia:
clinical outcome and neuronal activity. Adv Neurol 1998;78:
211–219.

6. Benabid AL, Pollak P, Gervason C, et al. Long-term suppression
of tremor by chronic stimulation of the ventral intermediate
thalamic nucleus. Lancet 1991;337:403–406.

7. Pollak P, Benabid AL, Gross C, et al. Effects of the stimulation
of the subthalamic nucleus in Parkinson disease. Rev Neurol
(Paris) 1993;149:175–176.

8. Coubes P, Echenne B, Roubertie A, et al. Treatment of early-
onset generalized dystonia by chronic bilateral stimulation of the
internal globus pallidus. Apropos of a case. Neurochirurgie
1999;45:139–144.

9. Coubes P, Roubertie A, Vayssiere N, Hemm S, Echenne B.
Treatment of DYT1-generalised dystonia by stimulation of the
internal globus pallidus. Lancet 2000;355:2220–2221.

10. Cif L, El Fertit H, Vayssiere N, et al. Treatment of dystonic syn-
dromes by chronic electrical stimulation of the internal globus
pallidus. J Neurosurg Sci 2003;47:52–55.

11. Coubes P, Cif L, El Fertit H, et al. Electrical stimulation of the
globus pallidus internus in patients with primary generalized dys-
tonia: long-term results. J Neurosurg 2004;101:189–194.

12. Vidailhet M, Vercueil L, Houeto JL, et al. Bilateral deep-brain
stimulation of the globus pallidus in primary generalized dysto-
nia. N Engl J Med 2005;352:459–467.

13. Kupsch A, Benecke R, Muller J, et al. Pallidal deep-brain stimu-
lation in primary generalized or segmental dystonia. N Engl J
Med 2006;355:1978–1990.

14. Frederic M, Lucarz E, Monino C, et al. First determination of
the incidence of the unique TOR1A gene mutation, c.907del-
GAG, in a Mediterranean population. Mov Disord 2007;22:884–
888.

15. Burke RE, Fahn S, Marsden CD, Bressman SB, Moskowitz C,
Friedman J. Validity and reliability of a rating scale for the pri-
mary torsion dystonias. Neurology 1985;35:73–77.

16. Laitinen LV, Bergenheim AT, Hariz MI. Leksell’s posteroventral
pallidotomy in the treatment of Parkinson’s disease. J Neurosurg
1992;76:53–61.

17. Kishore A, Panikar D, Balakrishnan S, Joseph S, Sarma S. Evi-
dence of functional somatotopy in GPi from results of pallidot-
omy. Brain 2000;123:2491–2500.

18. Vayssiere N, Van Der Gaag N, Cif L, et al. Deep brain stimula-
tion for dystonia confirming a somatotopic organization in the
globus pallidus internus. J Neurosurg 2004;101:181–188.

19. Romanelli P, Esposito V, Schaal DW, Heit G. Somatotopy in the
basal ganglia: experimental and clinical evidence for segregated
sensorimotor channels. Brain Res Brain Res Rev 2005;48:112–
128.

20. Vidailhet M, Vercueil L, Houeto JL, et al. Bilateral, pallidal,
deep-brain stimulation in primary generalised dystonia: a pro-
spective 3 year follow-up study. Lancet Neurol 2007;6:223–229.

21. Loher TJ, Capelle HH, Kaelin-Lang A, et al. Deep brain stimula-
tion for dystonia: outcome at long-term follow-up. J Neurol
2008;255:881–884.

298 L. CIF ET AL.

Movement Disorders, Vol. 25, No. 3, 2010



22. Cersosimo MG, Raina GB, Piedimonte F, Antico J, Graff P,
Micheli FE. Pallidal surgery for the treatment of primary general-
ized dystonia: long-term follow-up. Clin Neurol Neurosurg
2007;110:145–150.

23. Alterman RL, Tagliati M. Deep brain stimulation for torsion dys-
tonia in children. Childs Nerv Syst 2007;23:1033–1040.

24. Tisch S, Zrinzo L, Limousin P, et al. Effect of electrode contact
location on clinical efficacy of pallidal deep brain stimulation in
primary generalised dystonia. J Neurol Neurosurg Psychiatry
2007;78:1314–1319.

25. Houeto JL, Yelnik J, Bardinet E, et al. Acute deep-brain stimula-
tion of the internal and external globus pallidus in primary dysto-
nia: functional mapping of the pallidum. Arch Neurol 2007;64:
1281–1286.

26. Isaias IU, Alterman RL, Tagliati M. Outcome predictors of pal-
lidal stimulation in patients with primary dystonia: the role of
disease duration. Brain 2008;131:1895–1902.

27. Ozelius LJ, Hewett JW, Page CE, et al. The early-onset torsion
dystonia gene (DYT1) encodes an ATP-binding protein. Nat
Genet 1997;17:40–48.

28. Giles LM, Li L, Chin LS. Printor, a novel torsinA-interacting
protein implicated in dystonia pathogenesis. J Biol Chem 2009.

29. Risch NJ, Bressman SB, Senthil G, Ozelius LJ. Intragenic Cis
and Trans modification of genetic susceptibility in DYT1 torsion
dystonia. Am J Hum Genet 2007;80:1188–1193.

30. Frederic MY, Clot F, Cif L, et al. Is the early-onset torsion dys-
tonia (EOTD) linked to TOR1A gene as frequent as expected in
France? Neurogenetics 2008;9:143–150.

299CLINICAL COURSE OF DYT1 DYSTONIA WITH DBS

Movement Disorders, Vol. 25, No. 3, 2010




