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Abstract

As dystonia may represent a severe disease with pos-
sible fatal outcome or physical or social incapacity, and
considering the limited efficacy of drug treatments
(excepted doparesponsive dystonia), efforts have been
made since the 1950s to propose alternative treatment.
In this paper, an overview of the works done by neuro-
surgeons over fifty years to treat severe dystonia is pre-
sented. In this area of therapeutical research, the pio-
neering contribution of Irving Cooper is presented and
discussed, and the way his publications were evaluated
emphasized. Undoubtedly, Cooper observed striking
improvement after performing basal ganglia lesions in
patients with generalized dystonia, even in the long
term. It should be noted that he early made almost the
same statements as today’s preliminary observations
regarding the clinical criteria for the selection of good
responders to brain functional surgery. However, the
message was lost, given the amount of critics Cooper
received, and, probably, the way he required to present
them. This point emphasize the need we are today to
carry out carefully designed, controlled, double-blind
studies in this area.
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Introduction

Dystonia is a potentially severe disorder of the
motor system for which there are limited therapeu-
tic resources. As dystonia, in its generalized form,
imposes involuntary sustained muscle contractions,
leaving the imprint of torsion movements or abnor-
mal posture, it may become a cause of severe motor
disability and even in some cases (with the so-
called “dystonic storms”) life-threatening. Because
drug treatments are almost ineffective (with the
exception of levodopa in dopa-responsive dystonia,
which deserves systematic trial), surgical solutions
have been advanced for young adults and children
as early as the 1950s, with sometimes spectacular
results. This brief review attempts to update the
contribution of surgical procedures used in the past
and the recent renewal of interest in this approach.

Selective denervation surgery, which has been pro-
posed for cervical dystonia refractory to treatment
with botulinum toxin, will not be included in this
paper, which deals exclusively with brain surgery.

The contribution of Irving S. Cooper

Irving Cooper is one of the inventors of func-
tional surgery. In October 1951, when he acciden-
tally tied off the choroid artery of a Parkinson’s dis-
ease patient, he discovered that producing a pallidal
ischemic lesion stopped tremor without causing a
motor deficit. Extending this technique to other
Parkinson’s disease patients, he came to prefer a
direct lesion, which avoided the risk related to vari-
able vascularization depending on the anterior
choroid artery territory, which sometimes included
the internal capsula. Later, Cooper moved his
lesion site from the pallidum (pallidotomy) to the
thalamus (thalamotomy), and operated on nearly
10,000 Parkinson’s disease patients until levodopa
treatment was discovered. 

Before the time of levodopa therapy, Parkinson’s
disease often evolved toward a severe generalized
dystonic syndrome. In the patients he operated on
for tremor, Cooper rapidly observed that the dys-
tonic symptoms disappeared in relation to clinical
efficacy, which led him to operate on patients suf-
fering from primary dystonia as soon as the early
1950s. The results he obtained, in particular in
dystonia musculorum deformans (or Ziehen-
Oppenheim disease, today known as early limb
onset primary generalized dystonia and mainly,
although not exclusively, related to DYT1 muta-
tion), were often remarkable. From a rapidly grow-
ing series, he published detailed accounts in one
early article (1), in his book Involuntary Movement
Disorders (2), and reported his experience with
226 patients in a tremendous article published in
1976 (3).

Unquestionably, Cooper obtained nearly com-
plete cures, as shown in the photographs of his
many publications, even in the long term. It is
nowadays fair to observe that Cooper was never in
favor among his peers. In his book The Vital Probe,
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he tells how he rapidly found himself on the wrong
side of Paul Bucy, the head of postwar American
neurosurgery, and Houston Merritt, the powerful
head of the American Academy of Neurology (4).
The lively discussions following the presentation of
his 1976 paper (3), or more recently, the retrospec-
tive view contribute by Lang in a review article (5)
on the diagnosis of his patients (some of which,
after careful examination of the published photo-
graphs, may have been suffering from psychogenic
dystonia according to Lang), reveal the atmosphere
surrounding his research. As with much of what
Cooper did (cerebellar and thalamic stimulation in
epilepsy, thalamic stimulation in dystonia, etc.), a
rigorous, independent evaluation (without being
inquisitorial, as was often the case brought against
Cooper’s works) was lacking, leaving the medical
community with the impression of a wasted effort.
Most definitely, the accumulated experience of
Irving Cooper, who died prematurely in 1985,
would have helped orient today’s surgery in the
selection of patients and target sites.

The decline of thalamotomy

Cooper’s results, although controversial, aroused
a definite interest and several surgical teams fell in
behind him. As Cooper had abandoned the initial
target of the internal globus pallidus (the area cov-
ered by the anterior choroid artery) for the thala-
mus, firmly established as a target in Parkinson’s
disease and in certain tremors, thalamotomies
became the rule.

During the 1980s and up to 1995, several articles
reported disappointing results in the treatment of
various forms of dystonia using thalamotomy (6-
7). This led to the impression that beyond rare
spectacular improvements (approximately one-
quarter of patients), thalamotomy showed little
efficacy and was potentially a source of severe side
effects, particularly when it was bilateral, as was
often necessary in the generalized forms of the dis-
ease. Moreover, these studies did not provide evi-
dence for an etiological or clinical subgroup pre-
senting a favorable prognosis, with generalized
idiopathic dystonia sometimes made up of patients
with the least improvement (6), in strong contrast
to what is observed today. At the end of the 1980s,
the impression was that thalamotomy led to a good
result in only 25% of cases, and the rate of unde-
sirable side effects was unacceptably high (7).

Emergence of chronic deep brain stimulation

The effects of deep brain stimulation had long
been known. During the 1950s and 1960s, in order
to identify the best definitive lesion placement site,
surgeons and neurophysiologists carried out intra-
operative electrical stimulations in the operating
room, which allowed them to infer the effect a

lesion would have at this anatomical site. Thus, the
observation that tremors, for example, disappear
following local application of high-frequency stim-
ulation was a decisive argument in favor of placing
the lesion in that area. In 1960, Hassler observed
that high-frequency pallidal stimulation could
remove dyskinesia, while low-frequency stimula-
tion at the same site aggravated it (9). It was only
in the 1970s that the idea emerged that stimulation
could be applied chronically, beyond the operating
room, but stimulation protocols were not yet estab-
lished. Thus, in 1977, Mündinger stimulated
patients presenting with cervical dystonia 1-
2 hours a day, with favorably judged results (10).
Andy (11) and then Cooper (12) reported larger
series of patients with thalamic stimulations. The
targeted nuclei were the motor relays of the basal
ganglia. The stimulation parameters were not those
used today. These pioneering articles did not spec-
ify the methodology governing stimulator adjust-
ments, and in particular whether a rigorous study of
the different parameters (intensity, pulse width,
stimulation frequency) was conducted. The results,
in the end not very favorable (in Cooper’s series of
dyskinetic subjects, the patients presenting with
dystonia were less sensitive to the intervention),
undoubtedly do not meet today’s scientific assess-
ment standards. Concurrently, other teams
observed that stimulation of the sensory nucleus of
the thalamus, using low frequencies producing
paresthesia, could improve secondary dystonia in
the same way as tactile stimulation (13, 14).

Return to the pallidum : lessons drawn from
Parkinson’s disease

Following the later stages of the development of
dystonia surgery requires returning to the first tar-
get of stereotaxic surgical technique : Parkinson’s
disease. After the discovery of the therapeutic
effect of levodopa, surgical treatment for
Parkinson’s disease was interrupted and taken up
again only 10 years later, when the undesirable
effects of levodopa therapy appeared. Dyskinesia
induced by levodopa was a major target of therapy,
rekindling an interest in surgical solutions. While
in France deep brain stimulation developed rapidly,
with the discovery of the remarkable effect of
stimulating the subthalamic nucleus, the United
States and Canada, in particular, returned to the old
target of posteroventral pallidotomy (PVP). 

It was quickly found that PVP was the source of
a number of problems, notably poor neuropsycho-
logical tolerance of the bilateral intervention. Its
efficacy in Parkinson’s disease remained modest,
but the remarkable effect on levodopa-induced
dyskinesia made a less restricted use of the treat-
ment possible, with finally, notable functional
improvement. Extending the concept from dyski-
nesia to primary dystonia, these same teams
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proposed PVP for children suffering from general-
ized dystonia, with rapidly encouraging results (15,
16). The idea only had to come back across the
Atlantic for pallidal stimulation to be applied for
this indication.

Pallidal target in the treatment of primary gen-
eralized dystonia

The observation of the remarkable efficacy of
pallidum stimulation in a child presenting with pri-
mary generalized dystonia, the gravity of which
required keeping the child in the ICU (17), led
Coubes’ team in Montpellier to recommend the
intervention in severe forms of idiopathic dystonia,
particularly in children (18-20). Many other teams
in France (in Paris, Grenoble, and Lille), but also in
Germany, Switzerland, and Great Britain have
since reported on their experience (21-34). Even
though the number of patients reported in the liter-
ature remains rather small, a certain number of
notions were beginning to emerge : the mutation of
the DYT1 gene as the cause of the majority of dys-
tonia cases with onset in one limb during childhood
could be a factor of a good prognosis, although
patients not presenting the mutation could also be
considerably improved. The so-called mobile
forms of dystonia, i.e., those during which sponta-
neous abnormal movements overcame fixed pos-
tures, were more rapidly improved. In general,
authors agreed that the progression of improvement
linked to stimulation required several weeks or
months, even if certain symptoms were rapidly
improved. However, it must be recognized that a
study providing rigorous evaluation of these data is
still lacking. A crucial point such as the position of
the surgical target within the pallidum is still under
debate (Which part of the globus pallidus interna ?
Is the external part of the pallidum proscribed ?). 

The results obtained can be very extensive and
spectacular and sustainable improvements have
been reported. Generally, the improvement on dys-
tonia scales for idiopathic generalized form can
range from 50% to 95%. Data on the secondary
forms of dystonia are much more scattered and it is
not clear whether the pallidum is the ideal target for
these patients (35). Finally, in the focal or segmen-
tary forms, in particular cervical dystonia not
improved by botulinum toxin, some teams have
had good results (on average 50% improvement on
the scales used), perhaps even better results for the
associated pain phenomena.

Conclusion

Today is most certainly a time of promising
development in dystonia treatment. It could even be
said that we are now reaching that point with dys-
tonia, as was the Parkinson’s diseae DBS treatment
in 1995-6, when subthalamic nucleus stimulation

was increasingly showing excellent results around
the world. However, certain aspects point to a need
for patience. Contrary to Parkinson’s disease, the
physiopathology of dystonia remains excessively
obscure and currently there is no functional model
for the basal ganglia in this disease. Moreover, dys-
tonia is not a specific disorder based on homo-
genous pathogenicity. Patients differ greatly in
clinical semiology (fixed or mobile dystonia, asso-
ciated neurological signs, topographies, etc.) and
the variety of etiologies. What has been learned
from surgical successes obtained in DYT1+ dysto-
nia can not necessarily be applied directly to other
forms of dystonia. There is today a strong need for
carefully conducted, well-designed, controlled and
double-blind studies.
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