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Summary: The surgical treatment of Parkinson’s disease has
been through a revival phase over the last 20 years with the
development of deep brain stimulation (DBS). Thalamic DBS
was developed first and has proven to be a very effective
treatment for tremor. The limitation is the lack of effect on
other symptoms. Other targets were therefore investigated, and
the procedure was applied to the subthalamic nucleus (STN)
and the internal globus pallidus (GPi). STN stimulation can
improve a wide range of symptoms and is currently the pre-
ferred target for many patients. Nevertheless, the morbidity

seems higher than with other targets, and the selection criteria
have to be quite strict. When STN DBS is not advised, thalamic
DBS remains an option for patients with severe tremor, and GPi
stimulation for those with severe dyskinesias. DBS remains a
symptomatic treatment for a limited number of patients; it does
not seem to alter the disease progression, and many patients are
not suitable. There is, therefore, the need for further research
into other targets and other approaches. Key Words: Parkin-
son’s disease, deep brain stimulation, subthalamic nucleus, glo-
bus pallidus pars interna, thalamus.

INTRODUCTION

The first line of treatment for Parkinson’s disease re-
mains dopaminergic medications. Deep brain stimulation
(DBS) can provide additional help for selected patients
whose symptoms are not controlled sufficiently by medica-
tion. DBS has progressively replaced brain lesioning, such
as thalamotomies and pallidotomies, over the last 20 years.
After a few earlier reports on the use of DBS,1,2 the first
target in the modern era of DBS was the ventro-intermedi-
ate nucleus (Vim) of the thalamus in 1987.3 Thalamic DBS
was initially performed contralateral to thalamotomies to try
to reduce the morbidity of bilateral procedures, particularly
on speech and balance.1 In view of its efficacy on tremor,
adaptability, and low morbidity, thalamic DBS was pro-
gressively performed bilaterally,4 and the positive effect on
tremor was confirmed. Thalamic DBS provided limited ef-
fect on other symptoms, however, such as limb bradykine-
sia or rigidity, and no favorable effect on gait and balance.
The limits to the effectiveness of thalamic DBS led to

the application of this procedure to new targets, the in-
ternal globus pallidus (GPi) and the subthalamic nucleus
(STN), in parallel in 1993.5–7 The application of DBS to
the GPi was based on the noted similarities of the effect

of a lesion and high-frequency stimulation to the thala-
mus and the knowledge on the effect of pallidotomies.8

The application to the STN was based on basic research
work on the STN in 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP)–treated monkeys; the animals dis-
played an excess of activity in the STN and improvement
of parkinsonian symptoms with lesions or high-fre-
quency stimulation of the STN.9–11

STN has progressively become the preferred target for
DBS for Parkinson’s disease, because it has been found to
have a positive effect on a wide range of symptoms. Nev-
ertheless, both thalamic and GPi DBS have their place and
should not be neglected. It has also become clear that the
existing targets are not suitable for every parkinsonian pa-
tient; in particular, dopa-refractory symptoms are not im-
proved. There remains a need for further research to iden-
tify new target areas to improve symptoms refractory with
the existing targets or to develop different approaches to
parkinsonian treatment—in particular, gene or cell therapy.
Here we review the benefits and side effects of the

three DBS procedures, define criteria for patient selec-
tion, and discuss the future of the surgical treatment of
Parkinson’s disease.

SURGICAL PROCEDURE

In most surgical centers, the electrodes are implanted
under local anesthesia for thalamic and STN DBS,
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to allow intraoperative stimulation and assessment of
symptoms and side effects and allow microrecordings if
desired. Although STN implantation is also possible un-
der general anesthesia (particularly in the most severe
cases), a comparative study has shown only a slight
difference in the benefits between implants under local or
general anesthesia.12 GPi implantations are often per-
formed under general anesthesia, because the acute effect is
not as clear with this target.
The target is usually located using a combination of

methods, which vary according to the surgical center.
Stereotaxic MRI is used in most centers. The STN and
GPi are visible on MRI pictures13 (Fig. 1), but the
thalamic nuclei are not visible on standard MRI ma-
chines and identifying the target in the thalamus re-
quires indirect targeting using atlas coordinates. In
surgery, microrecordings are used in many centers to
localize neuronal activity typical of a nucleus,14,15

although the safety of this process has been ques-
tioned.16 Local field potentials have also been sug-
gested to help in the identification of the STN, al-
though their role is not fully established.17 Acute
electrical stimulation and assessment of the clinical
effect during surgery is particularly useful for the
thalamus and the STN.
During thalamic implant, the benefit is assessed on

tremor and the main side effects are dysarthria, sensory

effects, muscle contractions, and cerebellar signs. During
STN implant, improvement of limb rigidity, tremor and
bradykinesia is observed as well as the inducement of
dyskinesias. In the STN area, side effects of stimulation
can be highly variable and include, for example, sensory
effects, eye movements, vegetative symptoms, dysar-
thria, and muscle contractions.
The electrodes most frequently implanted at present

are quadripolar electrodes with 1.5-mm-long contacts, sep-
arated with a 0.5-mm gap for the STN and GPi (model
3389; Medtronic, Minneapolis, MN) and a 1.5-mm gap for
the thalamus and GPi (model 3387, Medtronic). The con-
nectors and the battery are implanted under general anes-
thesia in the same sessions, or a few days later. The battery
currently available is either dual channel (Kinetra,
Medtronic) or single channel (Soletra, Medtronic). A
larger range of equipment is expected to become avail-
able in the near future.
The main risks of surgery for all target areas are in-

tracranial bleeding, reported in 1% to 4% of patients, and
infection, reported in 2% to 18% of patients, in different
studies.18–28 In rare cases, seizure is observed. Hardware
problems such as lead fracture or battery failure have
also been reported,19,20,26 and are estimated at 4.3% per
electrode.29 Side effects are reviewed in the following
sections for each target individually.

FIG. 1. Targets for deep brain stimulation in Parkinson’s disease. Coronal view of the three targets (A): the subthalamic nucleus is
represented in yellow, the globus pallidus in orange, and the thalamus in green. Axial MRI images show the globus pallidus (B) and the
subthalamic nucleus (C).
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POSTOPERATIVE FOLLOW-UP

The adjustment of electrical parameters can begin as
soon as the patient is well enough and ready to collab-
orate. Symptoms can be improved for a short time after
surgery by the physical implantation of the electrodes;
however, this implant effect usually wears off after a few
weeks.
The first step of the adjustment process is to determine

which of the four contacts is the most effective for each
side. The electrical parameters used are relatively similar
for the three targets. The frequency must be greater than
100 Hz, and 130 Hz is the most often used. The range of
voltage is usually between 2 V and 4 V. The pulse width
is usually 60 �s, occasionally 90 �s, and tends to be
higher in GPi DBS. Monopolar stimulation is generally
preferred, unless side effects limit the increase in volt-
age. For thalamic DBS, the voltage can be set immedi-
ately to an effective level. For STN DBS, the voltage has
to be progressively increased in parallel with adjustment
of medications, otherwise there is a risk of worsening
dyskinesias or inducing neuropsychiatric side effects.
With GPi DBS, it can be more difficult to assess a direct
effect on symptoms of change in electrical parameters.
Patients implanted with DBS need long-term fol-

low-up by a specialist team. Stimulation parameters have
to be adjusted from time to time, as well as medication.
The existing batteries have to be replaced approximately
every 4 to 7 years, although new generations of batteries
are likely to last longer and some models will be re-
chargeable.
Infections can also occur some time after surgery, and

patients should take preventive antibiotics in appropriate
circumstances. Some medical devices, such as monopo-
lar coagulation, should not be used in DBS patients;
diathermy is strictly forbidden. Cranial MRI can be done
only under very restricted conditions of energy delivery
and using a receiver–transmitter head coil.

THALAMIC DBS

Beneficial effect
The main effect of thalamic stimulation is to improve

contralateral limb tremor.1,4,30–35 A small effect on limb
bradykinesia and rigidity can be observed, but this could
be related to the improvement in tremor making move-
ment easier.32 Gait and balance do not improve after
thalamic DBS.32,35,36 Improvement in daily living activ-
ities and quality of life has been reported.32,34,37 To
provide additive beneficial effect against tremor (as well
as other symptoms), drug dosage is not usually reduced
after thalamic DBS.32 The benefit on tremor can be
maintained for more than 5 years.33,35 A multicenter
study with 6 years of follow-up for 38 parkinsonian
patients confirmed the persistence of the benefit on

tremor, but a worsening of axial scores and a loss of
improvement in activities of daily living.38

Some patients develop other symptoms that have in the
long term become more troublesome than the tremor.39

Some of these patients have later undergone DBS in the
STN,40 although today, in the majority of those patients,
the STN target would have been chosen first. Neverthe-
less, thalamic DBS remains a useful treatment for pa-
tients with severe tremor who are considered not suitable
for STN DBS.

Target-related side effects
Dysarthria is reported in up to 20% of patients after

bilateral thalamic DBS.32,35 Balance can deteriorate in
3% to 10% of patients, particularly after bilateral proce-
dures.32,35 In some patients, those side effects are related
to the amplitude of stimulation and are therefore adjust-
able. This is not always the case, however, and patients
with balance difficulty and marked dysarthria before sur-
gery should be considered carefully for the risk of dete-
rioration. Disease progression also seems to play a role in
the incidence of dysarthria.38 Paresthesias are frequent
and usually transient when the stimulation is turned on.
Thalamic stimulation does not have any major effect on
cognitive functions, although only a few studies have
focused on this matter.41,42

In the long term, some patients can develop some
tolerance to the effect of the stimulation and experience
rebound of tremor when stimulation is stopped.43 To try
to prevent this development, patients are usually advised
to stop the stimulation at night or when it is not needed.

PALLIDAL DBS

Beneficial effect
The most constant beneficial effect of GPi DBS is

against dyskinesias, ranging between 50% and 76% im-
provement on dyskinesia scales (Table 1).18–21,43–47 This
effect is maintained over time for at least 4 or 5
years.24,46 It is a direct effect of the stimulation, because
none of the studies show a significant reduction of the
levodopa equivalent dosage (Table 1). The on-drug mo-
tor score usually remains unchanged.19,24,44,45,47 The ef-
fect of GPi DBS on the duration and severity of off
symptoms is variable, with Unified Parkinson’s Disease
Rating Scale (UPDRS) III improvement ranging from
26% to 56% (Table 1). Some studies have reported a loss
of the benefit against off symptoms over time,24,46 and a
reduction of duration of off-phases has been reported in
some studies19,20,44,45 (Table 1). The type of off-drug
symptoms improved also varies between studies, some
reporting an effect on limb symptoms only, others re-
porting an additional effect on axial symptoms.48 The
complexity of the GPi might explain this variability of
effect.49,50 Some studies have reported an improvement
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in quality of life, largely related to the improvement in
dyskinesias.51

Target-related side effects
GPi DBS tends to have a low rate of morbidity in most

studies.46,47,52 The side effects related to the voltage
include paresthesias, muscle contraction, and visual
flash, in particular from the most ventral contacts. Stim-
ulation of the most ventral part of the GPi area may also
worsen akinesia, both off and on medication.49,50 Dys-
arthria, weight gain, eyelid-opening apraxia, confusion,
and cognitive decline have also been described.18–20,44,47

Psychiatric problems are rare. Stimulation parameters
tend to be higher with GPi DBS than with STN DBS and
so the battery life can be shorter.53

STN DBS

Beneficial effect
STN DBS is an effective treatment for selected patients

with Parkinson’s disease. Off motor symptoms can improve
dramatically; the percentage of improvement in most stud-
ies is between 40% and 60% (Table 2).22,23,26–28,54–56

Limb bradykinesia, rigidity, and tremor usually improve,
as do some axial symptoms. Axial symptoms—in par-
ticular gait difficulty, including balance and freezing—
improve with STN stimulation if they are levodopa sen-
sitive. Levodopa-induced dyskinesias also improve over
time, with usually a greater than 50% reduction on dys-
kinesia scales (Table 2).22,23,26–28,54–57 This improve-
ment is probably related to a reduction in drug dosage.
Off dystonia can improve as well.58 The effect on speech

can be variable and intelligibility can deteriorate.59 Med-
ications have typically been reduced after STN DBS by
30% to 50% (Table 2). Nevertheless, reducing medica-
tions excessively could increase the risk of developing
apathy or depression.60

All the studies with long-term follow-up have shown
some decline of benefit over time.22,26,27,47,55 Axial
symptoms such as freezing, postural stability, and speech
deteriorate both off and on medications. A number of
patients also developed dementia in the follow-up
period.22,26,28 This progression of symptoms and the ap-
pearance of dementia years after surgery is compatible
with disease progression, but in the absence of a long-
term control group it is difficult to be sure whether the
surgery has affected disease progression or not. A study
suggests that the incidence of dementia up to 3 years
after STN DBS is similar to that reported in medically
treated patients, with the same risk factors of older age,
hallucinations, and poorer executive functions.61 Animal
studies have suggested a possible neuroprotective role of
STN DBS,62 but so far this has not been established in
humans.
Quality of life improves after STN DBS,56,63–67 and

this improvement correlates with motor benefit.65 In sup-
port of this finding, the physical markers for quality of
life are reported to improve significantly, but other as-
pects such as mental, emotional well-being, social sup-
port, cognition, and communication show no improve-
ment.66,67 The improvement in quality of life is
maintained over time.64,65 The caregiver’s quality of life
can also improve. 64 Nevertheless, two studies have

Table 1. Selected Studies of Deep Brain Stimulation of the GPi in Parkinson’s Disease

Reference
Type of
Study N (Bi)

Follow-up,
mo

% Change in
UPDRS-III,*
Off Med

% Change in
UPDRS-III,*
On Med

% Reduction,
LID†

% Reduction,
Time Off‡

Rodrigues et al.48

(2007)
Prosp 20 (11) 35 �46§ N.S.§ 76§ NA

Volkman et al.24

(2004)
Prosp, open 11 (11) 12/36/60 �56/�46/N.S. �50/�55/N.S. 58/63/64 78/78/83¶

Durif et al.45

(2002)
Prosp 6 (5) 12/24/36 �26/�38/�32 N.S./N.S./N.S. N.S./N.S./50 25/40/N.S.

Kumar et al.19

(2000)
Prosp, multi 22 (17) 6 �31 N.S. 68 71.79

Lyons et al.20

(2002)
Prosp 9 (6) 48.5 �37 �39 64.28 18.2

Loher et al.21

(2002)
Prosp 16 (10) 12 �41§ �33§ 71§ NA

Ghika et al.44

(1998)
Prosp 6 24 �50 N.S. 65 50

Studies were selected on the basis of a larger number of patients and longer duration of follow-up.
Bi � bilateral; LID � levodopa-induced dyskinesia; med � medication; multi � multicenter; NA � not available; NC � no change; N.S. �
not significant; open � open-label; prosp � prospective; UPDRS � Unified Parkinson’s Disease Rating Scale.
*In the on-stimulation condition, with respect to preoperative scores. Negative values (minus sign) indicate a reduction in the scores and
therefore an improvement. †Scales used to score dyskinesia differed across studies. ‡Scored using the UPDRS-IV items 36–39. §Data shown
for bilateral pallidal stimulation only. ¶Percentage of patients with less than 25% of the waking day in off time.
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Table 2. Selected Studies of Deep Brain Stimulation of the STN in Parkinson’s Disease

Reference Type of Study N
Follow-up,

mo
% Change in UPDRS-

III,* Off Med
% Change in UPDRS-

III,* On Med
% Reduction,

LID†
% Reduction,
Time Off‡

% Reduction,
LEDD

Wider et al.28

(2007)
Prosp 37 6/12/60 �44/�47/26 NA/NA/�26 85/83/85 87/76/84 83/67/57

Deuschl et al.56

(2006)
R (STN/MT) 156 (78/78) 6 �41/NC �22/NC 50/4 4.2 h/NC 50/8

Krack et al.22

(2003)
Prosp 49 12/36/60 �66/�59/�54 �20/�7/�47 63/68/58 NA/NA/NA 59/63/63

Østergaard et al.27

(2006)
Prosp 22 48 �55 N.S.§ 90 67 29

Schüpbach et al.26

(2005)
Prosp 30 6/24/60 �59/�69/�54 �36/�43/NC NA/NA/67 81/85/73 64/63/58

Rodriguez-Oroz
et al.55 (2004)

Prosp, double-
blind, cross-over

10 48 �62 NA 53 NA 50

Krause et al.25

(2004)
Prosp 24 30 �38 NA 70 16 30

Herzog et al.23

(2003)
Prosp 20 24 �57 �35 85 NA 67

Kleiner-Fisman
et al.57 (2003)

Prosp 25 24 �39 N.S. 66 58 42

Studies were selected on the basis of a larger number of patients and longer duration of follow-up.
LEDD � levodopa equivalent daily dose; LID � levodopa-induced dyskinesia; med � medication; MT � medical treatment; NA � not available; NC � no change; N.S. � not significant;
Prosp � prospective; R � randomized; STN � subthalamic nucleus; UPDRS � Unified Parkinson’s Disease Rating Scale.
*Scores in the on-stimulation condition, with respect to preoperative scores. Negative values (minus sign) indicate a reduction in the scores and therefore an improvement; positive values (plus
sign) indicate an increase and therefore worsening in the UPDRS-III scores. †Scales used to score dyskinesia differed across studies. ‡Scales used to score time off differed across studies. §Not
significant compared with baseline (before surgery); worsening compared with 1 year after surgery.
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shown quality of life does not improve as much in older
patients.68,69 A study has pointed out the maladjustment
of some patients to the after-DBS life seems to be of
multifactorial origin and warrants further study.70

Some improvement in nonmotor symptoms has been
reported, such as in constipation,71 sleep,71,72 sensory
complaints,72,73 and some bladder complaints,74 as well
as urodynamic parameters.75

A randomized study has confirmed the superiority of
STN DBS to medical management at 6 months follow-
up.56 Some studies have shown that STN DBS is a cost-
effective treatment of advanced Parkinson’s disease.76,77

Target-related side effects
Side effects are not infrequent after STN DBS; they

include dysarthria, neuropsychiatric problems (such as
mood change, confusion, and apathy), eyelid opening
apraxia, weight gain, and stimulation-induced dyskine-
sia. The confusion, weight gain, and stimulation-induced
dyskinesia tend to be limited to the first postoperative
period.
Akinesia can be worsened in particular if the elec-

trodes are placed too deep. Some side effects including
neuropsychiatric problems ranging from depression or
apathy to mania, and these can occur some time after
surgery. Patients should be monitored for neuropsychi-
atric problems. Some of the problems can be related to a
reduction in drug dosage (depression and apathy, in par-
ticular60) or can be induced by the stimulation (mania,
for example78); both factors may apply.
Many studies have looked at changes in cognitive

functions after surgery. The most constant finding is a
decline in verbal fluency.79,80 A meta-analysis81 has
shown a significant, albeit small, decline in executive
functions and verbal learning and memory and has con-
firmed a moderate decline in semantic and phonemic
verbal fluency. In the majority of patients, those changes
do not have a clinically meaningful effect on daily living
activities.80 The challenge is to identify patients with
cognitive problems before surgery, because they are at
risk of a more significant decline afterwards.82

COMPARISON OF GPI AND STN DBS

Fifteen years after the start of application of DBS to
the STN and GPi, there is still a scarcity of comparative
data between the two targets. STN was quickly preferred
to GPi, especially because of the perceived marked and
more reliable effect on off-symptoms (in particular, gait
and balance). Some of the early studies of GPi DBS had
also raised the possibility of some loss of benefit over
time.24 Therefore, a larger number of studies have been
done on STN, and with a larger number of patients, than
with GPi DBS.

A number of studies, often in small populations of
patients, have included a group of patients with implan-
tation in the GPi and another group with implantation in
the STN (Table 3).46,47,53,83–85 The only such random-
ized and blinded study,52 in 10 patients with STN im-
plants and 10 patients with GPi implants, with follow-up
at 12 months, has shown little difference between the
groups: a 48% improvement of the UPDRS III in the
STN group and 39% improvement in the GPi group.
Dyskinesias were reduced by 62% with STN DBS and
89% with GPi DBS. The reduction in medication was
greater in the STN group.
These results are very similar to those of an open,

nonrandomized, multicenter study that included a larger
number of patients: 91 patients with STN DBS and 36
with GPi DBS.46 A longer follow-up of that study (over
3–4 years) has shown similar improvement.47 Several
smaller, open, single-center studies including both STN
and GPi groups have confirmed the efficacy of both
targets against off symptoms and dyskinesias.18,84,85

Nevertheless, bradykinesia and, to a lesser degree, axial
symptoms are better improved with STN.
The mechanism of action of STN and GPi DBS on

dyskinesias appears to be different. GPi DBS seems to
have a direct effect against dyskinesias, even if medica-
tions are not reduced. With STN DBS, the reduction in
medications seems largely responsible for the reduction
in dyskinesias. The drug dosage is rarely reduced after
GPi DBS. The more stable drug dosage in the GPi pop-
ulation could contribute to the lower psychiatric morbid-
ity. Most studies report a lower rate of side effects (in
particular, psychiatric side effects) with GPi DBS46,47,52.
There is still a place for GPi DBS, especially in the
population of patients considered at risk of psychiatric
problems after STN DBS. A randomized study has also
demonstrated the superiority of STN DBS relative to
pallidotomy.86

PATIENT SELECTION

The decision whether to operate upon a patient is
primarily based on a risk versus benefit assessment. The
most disabling symptoms that at times limit the patient’s
activity and quality of life should be identified, to assess
if they are likely to respond to surgery. It is important to
assess whether these symptoms are dopa-sensitive or
dopa-induced, because these are as a general rule more
likely to respond to surgery.87 A dopa challenge helps in
assessing these aspects. For STN DBS it is particularly
important to assess whether gait difficulty (in particular,
freezing and balance) are dopa-sensitive, because these
improve only if dopa-sensitive. The place of STN DBS
in patients with dopamine dysregulation syndrome or
side effects from dopaminergic medication is not fully
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Table 3. Studies Comparing Deep Brain Stimulation of the STN and GPi in Parkinson’s Disease

Study Type of Study FU, mo Target N
Age/Duration
of PD, yr

% Change in
UPDRS-III,*
Off Med

% Change in
UPDRS-III,*
On Med

% 2
LID†

% 2 Time-off/%
1 On, without
Dyskinesia† % 2 LEDD

Anderson et al.52

(2005)
R, blind 12 STN 10 61/15 �48 N.S. 62 NA/NA 38

GPi 10 54/10 �39 N.S. 89 NA/NA 3
Rodriguez-Oroz et al.47

(2005)
Multi, prosp, NR 46 STN 49 60/15 �50 N.S. 59 56/271 35

47 GPi 20 56/15 �39 N.S. 76 45/169 NC
Peppe et al.83 (2004)‡ Prosp, NR 2 STN 8 59/13 �55¶ �21¶ N.S.¶ NA/NA NA

GPi �43§ �20¶ 77¶ NA/NA NA
STN�GPi �57§ �19¶ 67¶ NA/NA NA

DBS Study Group46

(2001)
Prosp, NR,
double-blind�

6 STN 91 59/14 �49 �26 58 61/174 37

GPi 36 56/15 �37 �27 67 35/129 NC
Volkmann et al.53

(2001)
Retrosp, NR# 12 STN 16 60/13 �67 N.S. 91 100**/NA 65

GPi 11 57/11 �54 N.S. 83 82**/NA NC
Krause et al.84 (2001) Prosp, NR 12 STN 12 59/15 NA†† �20 58 64/NA stable

GPi 6 59/14 NA†† �9 58 NC/NA 1††

Krack et al.85 (1998) Retrosp, NR 6 STN 8 51/16 �71 N.S. 41 NA/NA 56
GPi 5 51/16 �39 N.S. 82 NA/NA NC

FU � follow-up; GPi � internal globus pallidus; LEDD � levodopa equivalent daily dose; LID � levodopa-induced dyskinesia; multi � multicenter; NA � not available; NC � no change;
NR� nonrandomized; N.S.� not significant; Off-med� off medication; On-med� on medication; prosp� prospective; stim� stimulation; R� randomized; retrosp� retrospective; STN�
subthalamic nucleus; UPDRS � Unified Parkinson’s Disease Rating Scale; 2 � decrease; 1 � increase.
*Scores in the on-stimulation condition, with respect to preoperative scores. Negative values (minus sign) indicate a reduction in the scores and therefore an improvement. †Scales used to score
dyskinesia differed across studies. ‡Implantation into both GPi and STN in all the patients. §Compared with the condition off-medication and off-stimulation. ¶Compared with the condition
on-medication and off-stimulation. �Double-blind with respect to site of stimulation. #Both groups in series, not in parallel. **Percentage of patients reporting a reduction in the off periods.
††No numeric data available.
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established and, although these patients can im-
prove,24,88–90 they are also at risk of worsening.91

No specific age cutoff has been defined for DBS.
Decisions for or against DBS in the elderly population
should be individualized, taking into account the grade of
disability, risk factors for complications, general life ex-
pectancy, and the patient’s motivation. Unilateral proce-
dures could be an option in some of patients who are
otherwise at too high a risk for a bilateral procedure.
Thalamic and GPi DBS are usually considered a pre-
ferred choice in the older population.
Regarding disease duration, it is unknown which is the

shortest duration for surgical consideration. A multi-
center study is in progress to evaluate the effect of STN
DBS earlier in the course of the disease.92 The potential
and expected benefits of an earlier DBS approach should
be to improve not only motor disability but also quality

of life, by treating patients before personal, social, and
professional degradation occurs.
The risk assessment involves an evaluation of the gen-

eral condition of the patient (in particular, cardiovascular
state), as well as a psychiatric history and cognitive
function. Cognitive functions should be assessed in de-
tail, to exclude patients with cognitive decline. A cranial
MRI scan is usually performed, to exclude vascular dis-
ease, atrophy, or focal lesions.93 Speech and swallowing
have to be assessed, because of the risk of deterioration
after surgery. Antiaggregant, anticoagulant, and nonste-
roidal anti-inflammatory treatment should be stopped for
2 weeks before and after surgery (Table 4).
Patients and their families should be given detailed

information about the procedure, the risks, and the po-
tential benefits as well as the limitations of any surgery.
The patient’s and the family’s expectations must be fully
addressed. The choice of target depends on the profile of
symptoms and the risk factors. Table 5 lists criteria of
selection more specific of each target. The criteria tend to
be more selective for STN DBS.

FUTURE OF DBS

There is still some variability in the improvement ob-
served in patients after DBS procedure, as well as side
effects from surgery. Refinement in target localization,
possibly with high-field MRI, and refinement in patient
selection might assist. The development of a new gen-
eration of equipment with smaller batteries lasting longer
will be beneficial. The possibility of using stimulators to
deliver a different type of electrical signal is also under
investigation, including the use of a device recording
brain activity and then delivering adapted electrical
pulses.
Although DBS can have a major effect on a range of

symptoms, only a small group of parkinsonian patients
are suitable for the existing procedures. Many very dis-
abled patients are at too high risk. Patients with dementia
or severe psychosis are at risks of these symptoms wors-

Table 4. General Criteria for Deep Brain Stimulation for
Parkinson’s Disease

Inclusion Criteria
Diagnosis of idiopathic Parkinson’s disease (Brain
Bank Criteria)
Minimum disease duration of 5 years
Dopa-responsiveness*
Absence of atypical signs (exclude Lewy body disease,
multiple system atrophy, progressive supranuclear
palsy)

Exclusion Criteria
Cognitive impairment, behavioral disturbances or
severe psychiatric diseases
Neurosurgical contraindications
Anticoagulant therapy or coagulopathies
Immunosuppressant treatment
Neuroradiological contraindications (severe brain
atrophy, extensive white matter lesions, focal lesions
in basal ganglia or in the trajectory of the track)
Significant medical problems
General contraindication to surgery
Age: caution indicated if over 70 years old

*Dopa responsiveness is defined as �40% reduction in UPDRS
motor scores after administration of an effective dose of levodopa,
with respect to scores in the off-medication state.87

Table 5. Target Selection Criteria for Deep Brain Stimulation in Parkinson’s Disease

STN GPi Vim

PD features Medically intractable motor
fluctuations, dyskinesia,
or tremor. Major
disability from off-
symptoms.

Medically intractable motor
fluctuations. Major disability
from dyskinesias.

Medically intractable tremor. No major
disability from other parkinsonian
symptoms. High risk for STN.

Concerns Dysarthria and dysphagia.
Balance and gait
problems non–dopa-
responsive. Psychiatric
problems.

STN a concern because of age,
psychiatric history, or
cognition problems.

Speech and balance problems.

GPi � globus pallidus internus; STN � subthalamic nucleus; Vim � ventral intermediate nucleus of the thalamus.
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ening. Other patients are unlikely to benefit from the
existing surgical procedures, in particular patients with
dopa-refractory freezing and balance problems. Another
limitation of DBS is that, according to present knowl-
edge, it has only a symptomatic effect and does not alter
the progression of the disease. At 5 years after DBS,
many features are not as good as after 1 year; in partic-
ular, axial symptoms such as gait, balance, and speech
often deteriorate. A number of patients also develop
dementia. There remains a need to identify new targets or
different approaches to the treatment of Parkinson’s dis-
ease.
In the case of dopa-refractory gait, there is hope that

another target could be used. Preliminary results of DBS
in the pedunculopontine nucleus (PPN) area have shown
improvement of some aspects of gait in a few cases.94–96

The PPN differs from the other DBS targets, because an
inactivation of this area would be expected to worsen the
symptoms, whereas for all other targets both lesions and
DBS have similar effects and the DBS is usually consid-
ered to have an inhibitory-like effect. For PPN DBS,
lower frequency stimulation has been used, and this is
likely to have an activation effect. The results are still
preliminary, and many aspects are still debated, such as
the exact position of the implanted electrodes.97,98 An-
other limit of the existing data is the small number of
patients and the lack of clinical details.
There is at present no real surgical alternative to DBS.

Dopaminergic cell transplant and intraputaminal delivery
of glial cell line-derived neurotrophic factor (GDNF)
have shown some improvement in a small number of
patients, but these procedures have been stopped because
of side effects and lack of consistency in the effect in the
present form.99 Nevertheless, the principle of this treatment
has been demonstrated, that it can work in some patients,
and this might lead to other approaches based on the same
principles. Other forms of restorative treatment are being
investigated, in particular gene therapy.100 Those ap-
proaches might in the future replace DBS for many patients.
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