Personal View

Subthalamic neurostimulation for Parkinson’s disease with
early fluctuations: balancing the risks and benefits

Gunther Deuschl, Yves Agid

Electrical stimulation of the subthalamic nucleus is an established treatment for patients with advanced Parkinson’s
disease with pharmacologically unresponsive fluctuations. Compared with pharmacological treatment, subthalamic
neurostimulation significantly improves motor symptoms, particularly during the phases of poor response to drug
treatment, and reduces the severity of dyskinesias. Importantly, it also significantly improves quality of life and other
integral measures of disease severity. The treatment response can last for more than 10 years, although there is no
evidence that levodopa-resistant symptoms are delayed by subthalamic neurostimulation. At present, the mean
disease duration for patients at the time of implantation is 12 years. In a recent study (EARLYSTIM) in patients with
a disease duration of 7-5 years and fluctuations for 1-5 years, similar improvements in clinical outcomes were
reported. These findings suggest that neurostimulation of the subthalamic nucleus could be used earlier in the
disease course for carefully selected patients if the benefits of the treatment are weighed against the surgical risks and
the lifelong need for specialised care by an experienced team. As mobility is consistently improved during the times
with poor mobility by reducing fluctuations and delaying levodopa-sensitive complications, we propose that this

treatment changes the disease course.

Introduction

Parkinson’s disease is a progressive disease that is charac-
terised by tremor, rigidity, bradykinesia, and postural
disturbances. These motor symptoms can initially be
controlled with levodopa and other dopaminergic drugs,
but motor fluctuations and dyskinesias develop after a few
years leading to progressive motor dysfunction and
deterioration in quality of life (QoL). The motor
fluctuations, which are characterised by rapid changes
between good response to dopaminergic drugs (the on
state) and phases of immobility resulting from poor
response to the drugs (the off state), lead to increasing
disability as the disease progresses. Dyskinesias are mostly
seen during the on state. High-frequency deep brain
stimulation (DBS) of the subthalamic nucleus (STN) is an
established treatment for advanced Parkinson’s disease
with motor fluctuations."” At present, patients who
undergo STN neurostimulation are a mean of 60 years old
and have a mean disease duration of 12 years.*” The
outcomes of treatment are satisfying provided strict
inclusion criteria are followed.*" Findings from the recent
EARLYSTIM trial have shown superiority of STN
neurostimulation compared with medical treatment at a
mean of 7-5 years after disease onset, when patients are
just beginning to experience fluctuations.”* At present, we
calculate that STN neurostimulation is used in fewer than
2% of all patients with Parkinson’s disease, mainly because
of the possible risks of surgery.

In this Personal View, we aim to address the question of
whether use of this intervention can be extended to
improve the QoL of patients with early fluctuating
disease. We therefore discuss three key issues: (1) the
efficacy of STN neurostimulation for the treatment of
Parkinson’s disease; (2) whether patients with Parkinson’s
disease should receive STN neurostimulation at an earlier
stage of disease; and (3) whether STN neurostimulation
could delay or modify the course of the disease.
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STN stimulation for Parkinson'’s disease

Effects on disease symptoms

The effects of STN neurostimulation on the symptoms of
Parkinson’s disease are summarised in figure 1, which
shows in a schematic way the outcomes of the procedure
on mobility. Compared with drug treatment, the most
relevant effect of STN neurostimulation is the improve-
ment of motor function during the off state, in particular
the severity of motor symptoms in the off state and the
duration of the off state. In effect, this improves the
mobility of patients during the times of the day when it
would otherwise be at its poorest and thereby enables
them to return to a daily life that can be planned. The
extent of improvement in motor symptoms during the
oftf state is therefore the most relevant clinical out-
come. Furthermore, STN neurostimulation results in a
reduction in the subjectively measured off time and in
the severity of dyskinesias during the on state.

There have been six appropriately powered randomised
controlled studies*”* that compared STN neurostimulation
with best medical treatment or stimulation of the internal
segment of the globus pallidus as well as a meta-analysis of
22 case series and of small controlled trials (figure 2).* In
these studies, the improvement of mobility during the off
state (stimulation on and medication off; figure 1) ranged
from about 35% to 50%,**"* with one exception of only
25%.°* Possible reasons for the differences in efficacy of
neurostimulation have been discussed elsewhere.” The
improvement in mobility during the off state explains the
improvement in activities of daily living during the off
state (25-50%,***” with one exception of about 10%).° The
off time was reduced by between 25% and 68%. After STN
neurostimulation the levodopa equivalent dose could be
reduced by between 31% and 58% compared with baseline.
The controlled studies have also shown that STN neuro-
stimulation significantly improves the on state by an
average of 15-5%,***" with one exception® in which there
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Figure 1: Main effects of subthalamic neurostimulation in patients with Parkinson’s disease

Different states of mobility (black line) that might occur during day and night time and how they are measured in a standardised way in clinical studies. The immobile state
(blue), the mobile state (green), and the mobile with troublesome dyskinesia state (red) are represented. Changes between these states can be measured using the unified
Parkinson’s disease rating scale (UPDRS) during the levodopa test; patients are assessed without any medication in the morning (medication off) and after a supramaximal
dose of levodopa (medication on). After surgery patients can be assessed with the stimulator turned on (stimulation on) or off (stimulation off). Medication and stimulation
changes can be combined after surgery. The most important clinical outcome is mobility during the stimulation on and medication off condition, when medication no
longer works but stimulation is still effective because it is maintained for 24 h. During the stimulation on and medication on condition the optimum effect of medication
and stimulation can be detected. During these conditions parkinsonian symptoms (UPDRS Ill, motor score) and activities of daily living (UPDRS II, ADL) can be assessed. Data
on the severity of dyskinesias during the preceding week are measured by use of a questionnaire. The number of hours in the off state (red bars) or mobile state with or
without dyskinesia are recorded in a patient diary, in which the patient records their level of mobility and dyskinesias every hour. The main effects of subthalamic neuro-
stimulation are the improvements during the worst state (ie, stimulation on and medication off) because neurostimulation improves mobility even without medication (1),
the shortening (and improvement) during the off states (2), and the reduction of dyskinesias (3). Mobility during the on state is only slightly improved (not shown).

was a worsening of symptoms (figure 2). As expected, the
improvement seen in the on state in most studies is lower
than that in the off state owing to a ceiling effect of
levodopa plus neurostimulation. During the on state the
reduction in dyskinesia by 40-60% contributes strongly to
the overall improvement of the patients’ mobility. Despite
differences in the efficacy between studies, these data
show that STN neurostimulation has a consistent effect on
key parameters of mobility in Parkinson’s disease.

The most robust score to assess the power of an
intervention for Parkinson’s disease is the Hoehn and
Yahr scale,® which classifies patients into five stages
according to unilateral or bilateral symptoms, postural
stability, and need for help. Figure 3 shows the Hoehn and
Yahr scores of patients during baseline and after STN
neurostimulation from two controlled studies of STN
neurostimulation for which original data were available:
one in patients with advanced disease (mean disease
duration 13-4 years [SD 5-7])* and the other in patients
with early fluctuating disease (7-5 years [SD 2-9)) in the
EARLYSTIM trial.? The improvement in score was
substantial for both stimulation groups. The greatest
improvements in scores were reported for patients with
poor Hoehn and Yahr scores at baseline. On average,
patients with advanced disease and scores of 4 or 5 at
baseline improved to a disease stage close to 3 after
stimulation. For the patients with early fluctuating disease
and scores of 3 or 4, stimulation led to an improvement in
scores to below 2-5. By contrast, in patients in the best
medical treatment groups who had high Hoehn and Yahr
scores at baseline there was only a slight improvement in

scores of about 0-5, and for those with low scores at
baseline there was even a slight worsening in scores.
Owing to the floor effect of this scale, major improvements
of patients with a Hoehn and Yahr score below 2-5 cannot
be expected. Taken together, these findings show that in
the off state of fluctuating Parkinson’s disease STN neuro-
stimulation profoundly improves the motor features of
the disease measured with the Hoehn and Yahr scale to an
extent that is unparalleled by medical treatment. Addi-
tionally, this conclusion can be applied to patients with
early fluctuating disease, who seem to improve to a similar
degree to patients with advanced disease.

Stability of symptomatic improvements

Several studies on the long-term responsiveness of
Parkinson’s disease symptoms to STN neurostimulation
have been reported over the past decade. Figure 4 shows
findings from eight studies with 5-year follow-up
periods”? and three studies with follow-up periods of
8-10 years®™” that assessed the effects of STN neuro-
stimulation on symptomatic improvement. In these
studies, the unified Parkinson’s disease rating scale III
(UPDRS III) motor and UPDRS II activities of daily living
scores (both in the stimulation on and medication off
state) progressively worsened over time but were still
better than the scores in the medication off state before
surgery. Although these studies are from different
populations, they show surprising consistency. However,
the different Parkinsonian symptoms do not respond
uniformly: whereas improvements in tremor, rigidity,
and dyskinesia were maintained over time, axial
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Figure 2: Effects of subthalamic neurostimulation on motor score, activities of daily living, off time, dyskinesia, and levodopa equivalent daily dose

The results of six randomised controlled studies in patients with advanced disease (the neurostimulation group only)*”*? and one meta-analysis® are shown. Only intragroup
changes are reported, rather than a comparison with the appropriate control group. Improvements of the motor score and activities of daily living were measured after

6 months,' 1year,*”® or 2 years.>* All bars show percentage of the baseline values (100%). Missing bars indicate that the corresponding data were not available for that
particular study. UPDRS=unified Parkinson’s disease rating scale. *Mobility was measured during the stimulation on and medication off state with the UPDRS Ill (motor
score) and UPDRS Il (activities of daily living). TMobility was measured during the stimulation on and medication on state with the UPDRS Ill (motor score).

symptoms, speech, and gait worsened over time (figure 4).
Additionally, levodopa equivalent daily dose, measured
according to established standards,*” was maintained at
low levels. Parkinson’s disease seems to ultimately lead to
dementia after decades.” So far, there is no evidence
that STN neurostimulation can shorten or delay the
occurrence of these late stages of Parkinson’s disease.

The differences in responsiveness of parkinsonian
symptoms to STN neurostimulation has led to new
combinations of symptoms in patients after stimulation,
which are not typically noted in patients with Parkinson’s
disease who have not had stimulation.” Although these
long-term studies had large dropout rates, owing to death
of the patients and loss to follow-up, and do not have
control groups, they provide meaningful evidence for the
very-long-term benefits of STN neurostimulation on
symptoms of Parkinson’s disease.

Effects on QoL

In Parkinson’s disease, QoL" and related measures,
namely activities of daily living (UPDRS II)* and psycho-
social scales (scales for outcomes in Parkinson’s disease—
psychosocial [SCOPA-PS]),” progressively worsen in
association with disease stage. QoL is an integral
assessment, including motor, non-motor, cognitive, and
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emotional dimensions, and although summary scores on
QoL scales worsen as disease progresses,** the different
dimensions of QoL are not equally affected. QoL was the
main outcome parameter for two studies in patients with
advanced Parkinson’s disease’* and in the EARLYSTIM
trial of patients with early fluctuating disease.” Figure 5
shows data for advanced disease’ and early fluctuating
disease.” In both studies the mean values of the Parkinson’s
disease questionnaire 39 (PDQ-39) at baseline were higher
(ie, worse) for subscores that are strongly influenced by
motor aspects of the disease (eg, mobility, activities of daily
living, bodily discomfort, emotional wellbeing, and stigma)
than for parameters that are less influenced by motor
aspects (communication, cognition, and social support)
(figure 5). Interestingly, although baseline values differed
between the two studies,*” the poorer scores on all PDQ
subscales in patients with advanced disease® were proporti-
onal to those in patients with earlier disease,” suggesting
that lower QoL in patients with advanced disease could be
explained by disease progression.

STN neurostimulation improves QoL substantially, as
shown consistently in controlled and uncontrolled studies.
Figure 5 shows this improvement for patients who under-
went STN neurostimulation with advanced disease’ after
6 months and with early fluctuating disease” after
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Figure 3: Hoehn and Yahr scores of patients at baseline (medication off) and follow-up (stimulation on and
medication off)
Data from two studies were analysed: (A) a trial in patients with advanced disease with 6 months’ follow-up* and

(B) the EARLYSTIM trial in patients with early fluctuating disease with 2 years’ follow-up.” Patients were grouped
according to their Hoehn and Yahr stage during the off state at study entry (left-hand side of each graph). At follow-up
(right-hand side of each graph), the outcome for each group is displayed as the mean value. In both studies, there were
only minor improvements in Hoehn and Yahr score in the best medical treatment group, whereas the neurostimulation
groups improved substantially. Patients with higher Hoehn and Yahr scores had a more pronounced improvement in
their score than those with lower scores owing to the floor effect of the scale. Hoehn and Yahr stages are as follows:
stage 1, unilateral disease; stage 2, mild bilateral disease without balance problems; stage 25, mild bilateral disease with
balance problems; stage 3, mild-to-moderate bilateral disease, balance problems, independent in daily activities;

stage 4, severe disability, able to walk and stand with some assistance; and stage 5, wheelchair bound or bedridden.
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24 months. Most QoL dimensions were improved to a
similar percentage in both studies after stimulation despite
different baseline values (figure 5). The control populations
in both studies, who received best medical treatment,
showed slight worsening in QoL between baseline and
follow-up (data not shown).*

We conclude that STN neurostimulation improves QoL
both in early fluctuating disease and in advanced stages
of the disease even if medical treatment no longer does.
The extent and profile of improvement is similar for both
groups of patients. No other treatment for Parkinson’s
disease improves QoL to a similar extent as does STN
neurostimulation.*®

Adverse events: weighing the risks

For DBS studies, adverse events are grouped into those
related to surgery, to the implanted device, and to the
stimulation or drug treatment. Surgical complications of

STN stimulation are well studied, with several large
documented cohort studies and reviews,”* including
controlled and uncontrolled studies. Overall mortality was
0-4% at 30 days after surgery in a study of 1183 consecutive
patients treated with DBS*” and 0-1% in a recent meta-
analysis of 109 studies with 6237 patients.” The risk for
intracerebral haemorrhage ranges from 1-6%* to 5% after
DBS,® and the risk of asymptomatic haemorrhage is
0-9-1-9%.** However, not all studies routinely had post-
operative imaging to enable detection of asymptomatic
haemorrhages. The percentages of any serious adverse
events with permanent sequelae in these studies were
1-0%* and 1-1%.“ The number of penetrations with an
electrode is a risk factor for intracerebral haemorrhage and
is estimated to be 1.-57% per penetration (95% CI
1-26-1-95%).* There is no relation between intracranial
haemorrhage and age, sex, or duration of disease, but
there is a significant positive relation with the number of
microelectrodes used.”

Patients treated with DBS experience other surgically
related adverse events including neurological symptoms
(eg, effects on cognition and speech, hemiparesis,
dysesthesia, and hemiplegia) in 0-72% and psychiatric
symptoms (eg, depression, cognitive impairment, and
major psychosis) in 0-31%.* Overall, there is no neuro-
psychological decline after DBS,**** but frontal cognitive
functions, namely verbal fluency” and performance on the
Stroop test, are worse than those of control individuals.
This effect on frontal cognitive functions is unlikely to be
related to stimulation but rather to small surgical lesions
along the trajectory of the electrode.® Witt and colleagues*
have shown that electrode trajectories intersecting
particularly with the caudate nuclei significantly increased
the risk for a decline in global cognition and working
memory performance. The most common long-term
hardware-related side-effect is infection associated with
the system, mainly skin infections, which account for
4-5% to 15% of all infections over 5 years of follow-up.”*
By contrast, intracerebral infections seem to be rare
Other complications include electrode migration® and
lead fracture.” Up to 5-7% of patients receiving DBS need
lead revision,® and the stimulator has to be surgically
replaced after 4-7 years.®* Overall, surgical complication
rates differ widely among different centres.

Postoperative and long-term management of patients
receiving DBS needs special expertise. Neuropsychiatric
problems such as postoperative confusion, depression,
apathy,” suicides,”” and impulse control disorders™ can
occur, particularly shortly after the operation. Findings
from EARLYSTIM suggest that the patient group seeking
this treatment, rather than the stimulation itself, is the
reason for the higher risk for suicidality in surgically
treated patients” (see later). Apathy, anxiety, and
depression are closely related to postoperative drug
management and can be controlled by adequate
modulation of levodopa treatment*” Impulsive
behaviours are a complication of DBS,*** but DBS can

www.thelancet.com/neurology Vol 12 October 2013
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Figure 4: Long-term responsiveness of Parkinson’s disease symptoms to subthalamic neurostimulation

Improvement in clinical outcomes after neurostimulation from eight long-term studies over a 5-year period* and three studies with 8-10 years' follow-up®? are shown. Symptom severity is shown as a
percentage of the preoperative worst state (medication off) indicated by the 100% line. The results of each study are represented by dots and the bar shows the mean value of the studies. Although several
outcomes are improved over the observation period, symptoms such as speech, gait, and postural stability were closer to the baseline off state values or even worse. UPDRS Ill motor and UPDRS Il activities
of daily living scores were measured in the stimulation on and medication off state. UPDRS IV complications were measured for the preceding week. All subscores were compared in the stimulation on and

medication off state: resting tremor, rigidity, limb akinesia, speech, postural stability, and gait. LEDD=levodopa equivalent daily dose. UPDRS=unified Parkinson'’s disease rating scale.

also improve impulse control disorders when drug is then followed by a long period of fluctuating disease.
treatment is managed appropriately.”** Neurostimulation is particularly beneficial during this

Among the motor symptoms, gait problems, speech period of fluctuating disease. Late-stage disease is
problems, and eyelid opening apraxia might need special ~ characterised by levodopa-resistant symptoms such as
adaptation of stimulation and drug treatment. Weight dementia, hallucinations, and falls,” which are unlikely to
gain® and sleep disorders® can occur. Special expertise of be improved by neurostimulation. Therefore, patients
a multidisciplinary team is needed for management of could have a longer favourable course of their disease,
patients with a stimulation implant to avoid the risk of by delaying motor fluctuations, if they receive STN
suboptimum treatment of motor symptoms®* and even neurostimulation earlier.

social maladaptation.®* As discussed earlier, the EARLYSTIM study”?” has
attempted to answer the question of whether STN neuro-
Treatment at an earlier stage of disease stimulation earlier in the disease course leads to better

If STN neurostimulation is efficacious at a mean of outcomes than medical treatment alone.”® Patients were
12 years after the disease onset and shows enduring effects  included when the diagnosis of Parkinson’s disease was
for atleast 10 years (figure 4), why should this not be trueat ~ deemed established (ie, at least 4 years after disease onset),
an earlier stage of the disease and why should implantation  if the patient had a levodopa response of at least 50%, and
not be done earlier? There are two reasons not to undertake ~ fluctuations and dyskinesias for no longer than 3 years.
STN neurostimulation earlier in the disease course. First, 251 patients with a mean disease duration of 7-5 years and
dopamine-replacement treatments with levodopa and mean age of 52-5 years were randomly assigned to receive
dopamine agonists are effective in patients with a STN neurostimulation plus best medical treatment or
favourable response to those treatments—ie, those with a  best medical treatment alone and were followed up for
selective lesion of the nigrostriatal dopaminergic pathway. 2 years. Compared with the medical treatment group, the
Second, diagnostic accuracy is limited during the first primary outcome of QoL (PDQ-39) was significantly
years of the disease because atypical parkinsonism can improved by 27% in the stimulation group (p<0-001).
mimic Parkinson’s disease for a long period of time during ~ All major secondary outcomes were also significantly
the early stages of the disease.*” Nevertheless, intervention ~ improved in the stimulation group compared with the
with STN neurostimulation earlier in the disease course medical treatment group: the motor score of the UPDRS
could prevent the development of motor complicationsata  III in the off medication state was 49% lower, the UPDRS
much earlier timepoint and before long-term sequelae 1II in the off medication state was 42% lower, the severity
occur, such as psychosocial limitations and deterioration of  of levodopa-induced complications (UPDRS IV in the
QolL. Parkinson’s disease is progressive, starts with a stimulation on and medication on state) was 74% lower,
honeymoon period during which the drugs work well, but  and the on time was 18% longer. Psychosocial functioning
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Figure 5: Quality of life in patients with Parkinson’s disease before and after subthalamic neurostimulation

The spider diagrams show the results of the PDQ-39% (summary index and subscores) at baseline (A) and the percentage improvement after neurostimulation

(B) in patients with advanced Parkinson’s disease with a mean disease duration of 13-4 years® and in patients with early Parkinson’s disease with a mean disease
duration of 7-5 years at baseline.” Results are presented as absolute scores at baseline (A) and as the percentage change between baseline and follow-up (B). Most of
the scores in the two cohorts differ by a third or more at baseline (A) suggesting that worsening of the scores is related to disease progression (higher scores indicate
worse quality of life). Compared with baseline, quality of life was improved to a similar percentage after neurostimulation (B) in both patient groups for most of the
dimensions, although there were differences for communication, cognition, and activities of daily living. PDQ-39=Parkinson’s disease questionnaire 39.

was improved by 25% in the stimulation group compared
with the medical treatment group. Similar differences
were noted for depression and anxiety. Cognitive decline
was not significantly different between the treatment
groups. The levodopa equivalent daily dose was reduced
by 39% in the stimulation group and increased by 21% in
the medication group compared with baseline. Patients in
the best medical treatment group showed no improvement
from baseline in their mobility or QoL during the 2-year
study period, which is disappointing with respect to the
potential of medical treatment at this disease stage. This
finding occurred despite the levodopa equivalent daily
dose being increased from 950-3 mg to 1196-1 mg in the
group who received best medical treatment alone.”

In the EARLYSTIM study,” adverse events were more
common in patients who received STN neurostimulation
than in those in the medical treatment group, mainly
because of an increased incidence of mild adverse events
related to the surgery. Serious adverse events unrelated to
surgery were more common in the best medical treatment
group (n=52) than in the stimulation group (n=24), with
worsening of mobility, fluctuations, psychosis, impulse
control disorders, and anxiety being the most common. In
the stimulation group, depression and injuries were
more common. 26 surgical complications occurred in
22 patients (17-7%), which all resolved after 2 years except
for mild scarring in one patient. Surgical complication
rates have been inconsistently reported in other studies
but seem to be higher in patients with advanced disease:
18%,° 23%,* and 23-4%.* The low incidence of surgical

sequelae in the EARLYSTIM study” is possibly because of
the younger age of the patients at operation. Unscheduled
visits, which were offered for all health problems, were
more common in the best medical treatment group
(n=343 visits) than in the stimulation group (n=277).

Suicides or suicidal attempts occurred in three patients
in the medical treatment control group and in four patients
in the stimulation group.” Hence, the two groups had a
similar suicidal risk, which was also reported in a recent
post-hoc analysis® of another controlled trial;*however, the
risk in most of the neurostimulation studies is higher than
that for patients with Parkinson’s disease in general.*
These findings suggest that patients who are interested in
undergoing surgery have a higher risk for suicidality,
rather than this being a specific effect of neurostimulation.
This is an important finding of EARLYSTIM and needs to
be addressed during selection and follow-up of patients
who are treated with STN stimulation.

We conclude that EARLYSTIM has provided coherent
evidence in favour of STN neurostimulation with regard
to the important motor, non-motor, and holistic outcome
parameters for Parkinson’s disease and has shown
limited long-term sequelae except for risk of suicidal
behaviour. However, despite the promising outcomes of
this study, the results should be interpreted with caution
in clinical practice: patients were carefully selected for
inclusion in the trial according to strict criteria (panel)
and in the absence of contraindications, and the
study was done at highly experienced centres with
multidisciplinary teams."
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Modification of disease course

The mechanisms of nerve cell death in Parkinson’s disease
have been studied for more than 30 years, but as yet there is
no coherent explanation for the progressive degeneration
of brain dopaminergic neurons.” Several types of molecular
abnormalities have been identified, such as high production
of free radicals in the substantia nigra” decreased
production of trophic factors by glial cells (astrocytes),” a
deficit in mitochondrial function,” proteasomal dys-
function,” an exacerbated inflammatory process,” and the
spreading and accumulation of a-synuclein These
processes are probably not affected by neurostimulation,
but subsequent network changes due to nigral degeneration
could be involved in the disease process; in particular, an
excess of glutamate could contribute to the mechanisms of
nerve cell death. Intact nigral dopaminergic neurons are
controlled directly by a glutamatergic projection from the
STN to the substantia nigra. Thus, an excess of glutamate
could accelerate dopaminergic nerve cell death because
glutamate becomes toxic in various pathological situations.”
Additionally, overactivity of the STN occurs in Parkinson’s
disease,”” leading to excessive production of glutamate in
the vulnerable substantia nigra.

If the notion of overactive production of glutamate
contributing to dopaminergic nerve cell death is correct,
one way to reduce the rate of dopaminergic degeneration
would be to reduce the overactivity of the STN. Pretreat-
ment of the STN with lesions, high-frequency stimulation,
or near-infrared light treatment led to a significant
reduction in dopaminergic cell death in the substantia
nigra in 6-hydroxydopamine and 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine rat®* and monkey®®* models of
Parkinson’s disease. These findings suggest that use of
prolonged continuous high-frequency stimulation of the
STN might not only improve motor symptoms, but might
also decrease the rate of dopaminergic cell death, thereby
reducing disease progression.

However, clinical data supporting this hypothesis are
sparse. Hilker and colleagues® found that the rate of loss
of dopaminergic terminals in patients treated with STN
neurostimulation was similar to that in medically treated
patients, which was interpreted as a strong argument
against any neuroprotective role of STN neurostim-
ulation. Moreover, there is no evidence that neurosurgery
can improve some major non-motor symptoms, such as
dementia and falls, that occur late in the disease. Also,
preliminary data do not suggest a delay of mortality after
STN neurostimulation.®

Another difficulty is the design of a clinical study to test
whether STN neurostimulation causes neuroprotection.
Such a study would need full randomisation against a
large cohort of patients receiving best medical treatment
and a very long observation period, which is neither
ethically nor logistically feasible. However, very large
registries, which can control for the different confounders,
could be of use. Also, future clinical studies will need to
address the issue of an improved disease course over
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Panel: Suggested criteria for neurostimulation of Parkinson’s disease at an early

disease stage

+ Definite diagnosis of Parkinson’s disease (>4 years, without conflicting evidence)*

+ Excellent response to levodopa (=50%)*

+ Fluctuating disease, even if only mild*

+ No cognitive disturbances (Mattis score 2130)*
+  No major comorbidities*

+  No major depression (Beck depression score Il <25)* or other psychiatric

contraindications*
+ No neurosurgical contraindications*
+  Brain MRI without significant lesions*
+ Stable social situation
+ Realistic expectations from surgery

+ Access to an experienced multidisciplinary team for patient selection, surgery,

programming, and long-term care*

*Inclusion criteria for EARLYSTIM.”

a patient’s lifetime in a more holistic manner. Major
disease-related effects such as severe on—off fluctuations,
which limit patients’ abilities to plan their day, inability to
manage daily living because of daytime sleepiness, or pain
and other non-motor disabilities are important factors for
patients.” These outcomes are best measured with non-
motor,*® QoL,*” and activities of daily living scales,” or even
rough measures such as the Hoehn and Yahr staging for
Parkinson’s disease. Additionally, these studies must
assess late-stage outcomes,”” such as hallucinations,
dementia, nursing-home placement, and death.”

Conclusions

Although the evidence for neuroprotection in Parkinson’s
disease with stimulation is poor, STN neurostimulation
seems to be superior to medical treatment, even when
more holistic treatment outcomes are taken into account.
The available data show that STN neurostimulation
improves the overall disease burden to a greater extent
than does medical treatment. In six large, methodologically
sound studies of STN neurostimulation in advanced
disease and in early fluctuating disease,”” the most
relevant outcome parameters were improved for an
assessment period of 6 months to 2 years compared with
best medical treatment. Even Hoehn and Yahr scores in
the medication off state and QoL were significantly
improved. The uncontrolled long-term studies (over
5-10 years) of patients with advanced Parkinson’s disease
suggest that the effect of STN neurostimulation is
maintained, because the patients have better outcomes in
the medication off state than at baseline up to 10 years
after the operation, although signs of disease progres-
sion, particularly axial symptoms, bradykinesia, and
deterioration in general mobility did occur.

STN neurostimulation might cause a change in the
disease course in the sense that levodopa-sensitive
complications of the disease are postponed. In the short
and medium term, STN neurostimulation is treating and
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Search strategy and selection criteria

We did a Medline search to identify controlled studies that compared neurostimulation of
the subthalamic nucleus with best medical treatment or stimulation of the internal segment
of the globus pallidus in more than 50 patients with Parkinson'’s disease. Reports published
in English before June 2013 were included. The search terms were “deep brain stimulation”,
“Parkinson”, and “controlled”. The search revealed six studies that met the criteria, of which
two compared stimulation of the subthalamic nucleus with stimulation of the internal seg-
ment of the globus pallidus. We undertook another search for long-term studies of cohorts
that received subthalamic neurostimulation for Parkinson’s disease. Seven studies were
identified that followed up patients for 5 years and three studies for 8-10 years. Findings from
case series and small controlled studies are covered by other reviews on the topic. Predefined
outcome parameters were collected from these studies and compared. Group statistics were
not applied. Data from a German study on quality of life in patients with advanced disease
and data from the EARLYSTIM trial were compared for specific outcomes.
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preventing motor and non-motor fluctuations, and it
improves dyskinesia and socially disabling tremor. The
improvement of the symptoms of the off state, which limit
normal life, is unparalleled by medical treatment. Patients
can plan daily activities instead of retreating from social
life and becoming dependent on carers. Problems due to
high drug doses occur less frequently after STN neuro-
stimulation because drug treatment can be reduced and
simplified. In particular, impulse control disorders and
dopaminergic-induced psychoses, which are dramatic life
events that change social relations and interpersonal
relations within families, are less common. Findings from
the controlled studies discussed in this Personal View
provide the background for the hypothesis of a modification
of the disease course after STN neurostimulation.

In the late stage of Parkinson’s disease, when levodopa-
resistant symptoms start to dominate the clinical features,
STN neurostimulation provides only limited benefit and
has led to new combinations of symptoms.* Akinesia and
gait problems are no longer well treated but, unlike
patients under medical treatment alone, patients treated
with STN neurostimulation at this stage do not have
motor fluctuations, tremor, and rigidity. There is no
evidence that dementia, autonomic disturbances, and
nursing-home placement can be postponed, and the late
stage of the disease remains a serious challenge for
patients, carers, and physicians.

Thus, the Parkinson’s disease course seems only to be
modified substantially by STN neurostimulation during
the intermediate period, after patients have started to
experience fluctuations and before they develop severe
levodopa-resistant and stimulation-resistant symptoms.
Because this intermediate period can last for decades,
particularly in young patients, the option of earlier
stimulation might be of interest to more patients than are
treated at present. Results of the EARLYSTIM study”
suggest that STN neurostimulation is more effective than
best medical treatment even at earlier stages of the disease
(7-5 years of disease duration) when fluctuations and
dyskinesias start to affect patient wellbeing. If undertaken

earlier during the disease course, STN neurostimulation
might therefore induce a “second honeymoon for
Parkinson’s disease”.” Findings from EARLYSTIM" show
a non-converging difference in QoL between stimulation
and best medical therapy over a 2-year period in a
population of patients with early Parkinson’s disease.
Whether patients with early fluctuating disease who
received stimulation will still have a better disease course
when they reach the disease duration of the patient groups
with advanced disease (11-14 years disease duration) is
unknown. This question will be answered with follow-up
data from the EARLYSTIM study. Future studies will also
need to address the issue of prolongation of patients’
lifetime and the differences in disease course over the
lifetime. Methodologically, these factors will be challenging
to assess because the outcomes for such studies would
need to include late-stage milestones such as dementia,
hallucinations, nursing-home placement, and death.”

At present, STN neurostimulation for patients with
Parkinson’s disease with early fluctuations seems
scientifically justified and could change our treatment
approach to Parkinson’s disease. The benefits of STN
neurostimulation for patients with early fluctuations need
to be weighed against the risks of surgery. Severe surgical
side-effects can limit the use of STN neurostimulation, but
the findings from EARLYSTIM suggest that earlier surgery
might be associated with fewer surgical sequelae.” At
present, STN neurostimulation has regulatory approval in
Europe for Parkinson’s disease with no restrictions for
early fluctuating disease, whereas in the USA it is not
approved for early fluctuating disease. Choosing STN
neurostimulation or maintaining medical treatment alone
should remain an individual decision between the patient
and the neurologist, within current regulatory guidelines.
The most important predictors for good outcomes are
levodopa sensitivity of the symptoms, the scarcity of
cognitive disturbances, and several conditions outlined in
the panel. We believe this treatment should be reserved for
carefully selected patients and should be managed by
experienced multidisciplinary teams.

Contributors
Both authors contributed equally to all parts of this work.

Conflicts of interest

GD has received lecture fees from Orion, Lundbeck, Medtronic, Desitin,
Teva, and Pfizer and has served as a consultant for Teva, Novartis, Sapiens,
and Medtronic. He has received royalties from Thieme publishers. He is a
German government employee and receives through his institution
funding for his research from the German Research Council, the German
Ministry of Education and Health, and Medtronic. YA has received lecture
fees and travel stipend from Medtronic and Servier. He is a French
government employee and has received grants from the French Ministry
of Health and Medtronic.

Acknowledgments
GD is supported by the German Research Council (SFB 855).

References

1 Fox SH, Katzenschlager R, Lim SY, et al. The Movement Disorder
Society evidence-based medicine review update: treatments for the
motor symptoms of Parkinson’s disease. Mov Disord 2011;
26 (suppl 3): S2-41.

www.thelancet.com/neurology Vol 12 October 2013



Personal View

2 Fasano A, Daniele A, Albanese A. Treatment of motor and
non-motor features of Parkinson’s disease with deep brain
stimulation. Lancet Neurol 2012; 11: 429-42.

3 Deuschl G, Schade-Brittinger C, Krack P, et al. A randomized trial of
deep-brain stimulation for Parkinson’s disease. N Engl ] Med 2006;
355: 896-908.

4 Williams A, Gill S, Varma T, et al. Deep brain stimulation plus best
medical therapy versus best medical therapy alone for advanced
Parkinson’s disease (PD SURG trial): a randomised, open-label trial.
Lancet Neurol 2010; 9: 581-91.

5  Follett KA, Weaver FM, Stern M, et al. Pallidal versus subthalamic
deep-brain stimulation for Parkinson’s disease. N Engl | Med 2010;
362: 2077-91.

6  Okun MS, Gallo BV, Mandybur G, et al. Subthalamic deep brain
stimulation with a constant-current device in Parkinson’s disease: an
open-label randomised controlled trial. Lancet Neurol 2012;

11: 140—49.

7  Odekerken VJ, van Laar T, Staal MJ, et al. Subthalamic nucleus
versus globus pallidus bilateral deep brain stimulation for advanced
Parkinson’s disease (NSTAPS study): a randomised controlled trial.
Lancet Neurol 2013; 12: 37-44.

8  Kleiner-Fisman G, Herzog J, Fisman DN, et al. Subthalamic nucleus
deep brain stimulation: summary and meta-analysis of outcomes.
Mov Disord 2006; 21 (suppl 14): S290-304.

9  Welter ML, Houeto JL, Tezenas du Montcel S, et al. Clinical
predictive factors of subthalamic stimulation in Parkinson’s disease.
Brain 2002; 125: 575-83.

10 Charles PD, Van Blercom N, Krack P, et al. Predictors of effective
bilateral subthalamic nucleus stimulation for PD. Neurology 2002;
59:932-34.

11 Herzog J, Volkmann J, Krack P, et al. Two-year follow-up of
subthalamic deep brain stimulation in Parkinson’s disease.

Mov Disord 2003; 18: 1332-37.

12 Schupbach WM, Rau ], Knudsen K, et al. Neurostimulation for
Parkinson’s disease with early motor complications. N Engl | Med
2013; 368: 610-22.

13 Deuschl G, Schupbach M, Knudsen K, et al. Stimulation of the
subthalamic nucleus at an earlier disease stage of Parkinson’s
disease: concept and standards of the EARLYSTIM-study.
Parkinsonism Relat Disord 2013; 19: 56-61.

14 Weaver FM, Follett K, Stern M, et al. Bilateral deep brain stimulation
vs best medical therapy for patients with advanced Parkinson
disease: a randomized controlled trial. JAMA 2009; 301: 63—73.

15 Krack P, Hariz MI. Parkinson disease: deep brain stimulation in
Parkinson disease-what went wrong? Nat Rev Neurol 2010;

6: 535-36.

16 Hoehn MM, Yahr MD. Parkinsonism: onset, progression and
mortality. Neurology 1967; 17: 427-42.

17 Gervais-Bernard H, Xie-Brustolin ], Mertens P, et al. Bilateral
subthalamic nucleus stimulation in advanced Parkinson’s disease:
five year follow-up. | Neurol 2009; 256: 225-33.

18 Krack P, Batir A, Van Blercom N, et al. Five-year follow-up of
bilateral stimulation of the subthalamic nucleus in advanced
Parkinson’s disease. N Engl | Med 2003; 349: 1925-34.

19  Moro E, Lozano AM, Pollak P, et al. Long-term results of a
multicenter study on subthalamic and pallidal stimulation in
Parkinson’s disease. Mov Disord 2010; 25: 578-86.

20 Piboolnurak P, Lang AE, Lozano AM, et al. Levodopa response in
long-term bilateral subthalamic stimulation for Parkinson’s disease.
Mov Disord 2007; 22: 990-97.

21 Romito LM, Contarino MF, Vanacore N, Bentivoglio AR, Scerrati M,
Albanese A. Replacement of dopaminergic medication with
subthalamic nucleus stimulation in Parkinson’s disease: long-term
observation. Mov Disord 2009; 24: 557-63.

22 Schupbach WM, Chastan N, Welter ML, et al. Stimulation of the
subthalamic nucleus in Parkinson’s disease: a 5 year follow up.

J Neurol Neurosurg Psychiatry 2005; 76: 1640—-44.

23 Simonin C, Tir M, Devos D, et al. Reduced levodopa-induced
complications after 5 years of subthalamic stimulation in Parkinson’s
disease: a second honeymoon. J Neurol 2009; 256: 1736—41.

24 Wider C, Pollo C, Bloch ], Burkhard PR, Vingerhoets FJ. Long-term
outcome of 50 consecutive Parkinson’s disease patients treated with
subthalamic deep brain stimulation. Parkinsonism Relat Disord 2008;
14: 114-19.

www.thelancet.com/neurology Vol 12 October 2013

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

45

46

47

48

Fasano A, Romito LM, Daniele A, et al. Motor and cognitive
outcome in patients with Parkinson’s disease 8 years after
subthalamic implants. Brain 2010; 133: 2664-76.

Zibetti M, Merola A, Rizzi L, et al. Beyond nine years of continuous
subthalamic nucleus deep brain stimulation in Parkinson’s disease.
Mov Disord 2011; 26: 2327-34.

Castrioto A, Lozano AM, Poon YY, Lang AE, Fallis M, Moro E.
Ten-year outcome of subthalamic stimulation in Parkinson disease:
a blinded evaluation. Arch Neurol 2011; 68: 1550-56.

Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE.
Systematic review of levodopa dose equivalency reporting in
Parkinson’s disease. Mov Disord 2010; 25: 2649-53.

Hely MA, Reid WG, Adena MA, Halliday GM, Morris JG. The
Sydney multicenter study of Parkinson’s disease: the inevitability of
dementia at 20 years. Mov Disord 2008; 23: 837—44.

Rodriguez-Oroz MC, Moro E, Krack P. Long-term outcomes of surgical
therapies for Parkinson’s disease. Mov Disord 2012; 27: 1718-28.
Schrag A, Jahanshahi M, Quinn N. How does Parkinson’s disease
affect quality of life? A comparison with quality of life in the general
population. Mov Disord 2000; 15: 1112-18.

Maetzler W, Liepelt I, Berg D. Progression of Parkinson’s disease in
the clinical phase: potential markers. Lancet Neurol 2009; 8: 1158-71.
Martinez-Martin P, Carod-Artal FJ, da Silveira Ribeiro L, et al.
Longitudinal psychometric attributes, responsiveness, and
importance of change: an approach using the SCOPA-psychosocial
questionnaire. Mov Disord 2008; 23: 1516-23.

Klotsche ], Reese JP, Winter Y, et al. Trajectory classes of decline in
health-related quality of life in Parkinson’s disease: a pilot study.
Value Health 2011; 14: 329-38.

Peto V, Jenkinson C, Fitzpatrick R. PDQ-39: a review of the
development, validation and application of a Parkinson’s disease
quality of life questionnaire and its associated measures. | Neurol
1998; 245 (suppl 1): S10-14.

Martinez-Martin P, Deuschl G. Effect of medical and surgical
interventions on health-related quality of life in Parkinson’s disease.
Mov Disord 2007; 22: 757-65.

Doshi PK. Long-term surgical and hardware-related complications
of deep brain stimulation. Stereotact Funct Neurosurg 2011; 89: 89-95.
Kimmelman J, Duckworth K, Ramsay T, Voss T, Ravina B,

Emborg ME. Risk of surgical delivery to deep nuclei: a meta-
analysis. Mov Disord 2011; 26: 1415-21.

Blomstedt P, Bjartmarz H. Intracerebral infections as a complication
of deep brain stimulation. Stereotact Funct Neurosurg 2012; 90: 92-96.
Zrinzo L, Foltynie T, Limousin P, Hariz MI. Reducing hemorrhagic
complications in functional neurosurgery: a large case series and
systematic literature review. | Neurosurg 2012; 116: 84-94.

Voges ], Hilker R, Botzel K, et al. Thirty days complication rate
following surgery performed for deep-brain-stimulation. Mov Disord
2007; 22: 1486-89.

Williams AE, Arzola GM, Strutt AM, Simpson R, Jankovic J,

York MK. Cognitive outcome and reliable change indices two years
following bilateral subthalamic nucleus deep brain stimulation.
Parkinsonism Relat Disord 2011; 17: 321-27.

Witt K, Daniels C, Reiff ], et al. Neuropsychological and psychiatric
changes after deep brain stimulation for Parkinson’s disease:

a randomised, multicentre study. Lancet Neurol 2008; 7: 605-14.
Witt K, Granert O, Daniels C, et al. Relation of lead trajectory and
electrode position to neuropsychological outcomes of subthalamic
neurostimulation in Parkinson’s disease: results from a randomized
trial. Brain (in press).

Vergani F, Landi A, Pirillo D, Cilia R, Antonini A, Sganzerla EP.
Surgical, medical, and hardware adverse events in a series of

141 patients undergoing subthalamic deep brain stimulation for
Parkinson disease. World Neurosurg 2010; 73: 338—44.

Falowski S, Ooi YC, Smith A, Verhargen Metman L, Bakay RA.

An evaluation of hardware and surgical complications with deep
brain stimulation based on diagnosis and lead location.

Stereotact Funct Neurosurg 2012; 90: 173-80.

Guridi ], Rodriguez-Oroz MC, Alegre M, Obeso JA. Hardware
complications in deep brain stimulation: electrode impedance and
loss of clinical benefit. Parkinsonism Relat Disord 2012; 18: 765-69.
Anheim M, Fraix V, Chabardes S, Krack P, Benabid AL, Pollak P.
Lifetime of Itrel IT pulse generators for subthalamic nucleus
stimulation in Parkinson’s disease. Mov Disord 2007; 22: 2436—39.

1033



Personal View

1034

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Bronstein JM, Tagliati M, Alterman RL, et al. Deep brain stimulation
for Parkinson disease: an expert consensus and review of key issues.
Arch Neurol 2011; 68: 165.

Thobois S, Ardouin C, Lhommee E, et al. Non-motor dopamine
withdrawal syndrome after surgery for Parkinson’s disease:
predictors and underlying mesolimbic denervation. Brain 2010;
133: 1111-27.

Voon V, Kubu C, Krack P, Houeto JL, Troster Al Deep brain
stimulation: neuropsychological and neuropsychiatric issues.

Mov Disord 2006; 21 (suppl 14): S305-27.

Voon V, Krack P, Lang AE, et al. A multicentre study on suicide
outcomes following subthalamic stimulation for Parkinson’s disease.
Brain 2008; 131: 2720-28.

Thobois S, Lhommee E, Klinger H, et al. Parkinsonian apathy
responds to dopaminergic stimulation of D2/D3 receptors with
piribedil. Brain 2013; 136: 1568-77.

Volkmann J, Daniels C, Witt K. Neuropsychiatric effects of
subthalamic neurostimulation in Parkinson disease. Nat Rev Neurol
2010; 6: 487-98.

Krack P, Hariz MI, Baunez C, Guridi ], Obeso JA. Deep brain
stimulation: from neurology to psychiatry? Trends Neurosci 2010;
33:474-84.

Moum SJ, Price CC, Limotai N, et al. Effects of STN and GPi deep
brain stimulation on impulse control disorders and dopamine
dysregulation syndrome. PLoS One 2012; 7: €29768.

Lhommee E, Klinger H, Thobois S, et al. Subthalamic stimulation in
Parkinson’s disease: restoring the balance of motivated behaviours.
Brain 2012; 135: 1463-77.

Lim SY, O’Sullivan SS, Kotschet K, et al. Dopamine dysregulation
syndrome, impulse control disorders and punding after deep brain
stimulation surgery for Parkinson’s disease. | Clin Neurosci 2009;
16: 1148-52.

Bannier S, Montaurier C, Derost PP, et al. Overweight after deep
brain stimulation of the subthalamic nucleus in Parkinson
disease: long term follow-up. J Neurol Neurosurg Psychiatry 2009;
80: 484-88.

Chaudhuri KR, Schapira AH. Non-motor symptoms of Parkinson’s
disease: dopaminergic pathophysiology and treatment. Lancet Neurol
2009; 8: 464-74.

Allert N, Markou M, Miskiewicz AA, Nolden L, Karbe H. Electrode
dysfunctions in patients with deep brain stimulation: a clinical
retrospective study. Acta Neurochir (Wien) 2011; 153: 2343—49.
Volkmann J, Moro E, Pahwa R. Basic algorithms for the
programming of deep brain stimulation in Parkinson’s disease.
Mov Disord 2006; 21 (suppl 14): S284-89.

Okun MS, Tagliati M, Pourfar M, et al. Management of referred deep
brain stimulation failures: a retrospective analysis from 2 movement
disorders centers. Arch Neurol 2005; 62: 1250-55.

Agid Y, Schupbach M, Gargiulo M, et al. Neurosurgery in
Parkinson’s disease: the doctor is happy, the patient less so?

J Neural Transm Suppl 2006; 70: 409-14.

Schupbach M, Gargiulo M, Welter ML, et al. Neurosurgery in
Parkinson disease: a distressed mind in a repaired body? Neurology
2006; 66: 1811-16.

Wenning GK, Geser F, Krismer F, et al. The natural history of
multiple system atrophy: a prospective European cohort study.
Lancet Neurol 2013; 12: 264-74.

Williams DR, de Silva R, Paviour DC, et al. Characteristics of two
distinct clinical phenotypes in pathologically proven progressive
supranuclear palsy: Richardson’s syndrome and PSP-parkinsonism.
Brain 2005; 128: 1247-58.

Schupbach WM, Maltete D, Houeto JL, et al. Neurosurgery at an
earlier stage of Parkinson disease: a randomized, controlled trial.
Neurology 2007; 68: 267-71.

Weintraub D, Duda ], Carlson K, et al. Suicide ideation and
behaviours after STN and GPi DBS surgery for Parkinson’s disease:
results from a randomised, controlled trial.

J Neurol Neurosurg Psychiatry 2013; published online May 10.
DOI:10.1136/jnnp-2012-304396.

Schapira AH, Olanow CW. Neuroprotection in Parkinson disease:
mysteries, myths, and misconceptions. JAMA 2004; 291: 358-64.
Damier P, Hirsch EC, Zhang P, Agid Y, Javoy-Agid F. Glutathione
peroxidase, glial cells and Parkinson’s disease. Neuroscience 1993;
52:1-6.

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

Agid Y, Ruberg M, Javoy-Agid G, et al. Are dopaminergic neurons
selectively vulnerable to Parkinson’s disease? In: Narabayashi H,
Nagatsu T, Yanagisawa N, Mizuno Y, eds. Parkinson’s disease: from
Dbasic research to treatment. New York: Raven Press, 1993: 148—64.
Hirsch EC, Jenner P, Przedborski S. Pathogenesis of Parkinson’s
disease. Mov Disord 2013; 28: 24-30.

Olanow CW, Brundin P. Parkinson’s disease and alpha synuclein: is
Parkinson’s disease a prion-like disorder? Mov Disord 2013; 28: 31-40.
Beal MF, Brouillet E, Jenkins BG, et al. Neurochemical and histologic
characterization of striatal excitotoxic lesions produced by the
mitochondrial toxin 3-nitropropionic acid. | Neurosci 1993; 13: 4181-92.
Bergman H, Wichmann T, DeLong MR. Reversal of experimental
parkinsonism by lesions of the subthalamic nucleus. Science 1990;
249: 1436-38.

Wichmann T, DeLong MR, Guridi ], Obeso JA. Milestones in
research on the pathophysiology of Parkinson’s disease. Mov Disord
2011; 26: 1032—41.

Maesawa S, Kaneoke Y, Kajita Y, et al. Long-term stimulation of the
subthalamic nucleus in hemiparkinsonian rats: neuroprotection of
dopaminergic neurons. | Neurosurg 2004; 100: 679-87.

Harnack D, Meissner W, Jira JA, Winter C, Morgenstern R,

Kupsch A. Placebo-controlled chronic high-frequency stimulation of
the subthalamic nucleus preserves dopaminergic nigral neurons in a
rat model of progressive parkinsonism. Exp Neurol 2008; 210: 257-60.
Carvalho GA, Nikkhah G. Subthalamic nucleus lesions are
neuroprotective against terminal 6-OHDA-induced striatal lesions
and restore postural balancing reactions. Exp Neurol 2001; 171: 405-17.
Piallat B, Benazzouz A, Benabid AL. Subthalamic nucleus lesion in
rats prevents dopaminergic nigral neuron degeneration after striatal
6-OHDA injection: behavioural and immunohistochemical studies.
Eur ] Neurosci 1996; 8: 1408-14.

Shaw VE, Keay KA, Ashkan K, Benabid AL, Mitrofanis J.
Dopaminergic cells in the periaqueductal grey matter of
MPTP-treated monkeys and mice; patterns of survival and effect of
deep brain stimulation and lesion of the subthalamic nucleus.
Parkinsonism Relat Disord 2010; 16: 338—44.

Shaw VE, Spana S, Ashkan K, et al. Neuroprotection of midbrain
dopaminergic cells in MPTP-treated mice after near-infrared light
treatment. | Comp Neurol 2010; 518: 25-40.

Wallace BA, Ashkan K, Heise CE, et al. Survival of midbrain
dopaminergic cells after lesion or deep brain stimulation of the
subthalamic nucleus in MPTP-treated monkeys. Brain 2007;

130: 2129-45.

Hilker R, Portman AT, Voges ], et al. Disease progression continues in
patients with advanced Parkinson’s disease and effective subthalamic
nucleus stimulation. J Neurol Neurosurg Psychiatry 2005; 76: 1217-21.
Toft M, Lilleeng B, Ramm-Pettersen J, et al. Long-term efficacy and
mortality in Parkinson’s disease patients treated with subthalamic
stimulation. Mov Disord 2011; 26: 1931-34.

Martinez-Martin P, Rodriguez-Blazquez C, Kurtis MM,

Chaudhuri KR. The impact of non-motor symptoms on health-
related quality of life of patients with Parkinson’s disease.

Mov Disord 2011; 26: 399-406.

Chaudhuri KR, Rojo JM, Schapira AH, et al. A proposal for a
comprehensive grading of Parkinson’s disease severity combining
motor and non-motor assessments: meeting an unmet need.

PLoS One 2013; 8: 57221.

Martinez-Martin P. Instruments for holistic assessment of
Parkinson’s disease. | Neural Transm 2013; 120: 559-64.

Rascol O, Fitzer-Attas CJ, Hauser R, et al. A double-blind, delayed-
start trial of rasagiline in Parkinson’s disease (the ADAGIO study):
prespecified and post-hoc analyses of the need for additional
therapies, changes in UPDRS scores, and non-motor outcomes.
Lancet Neurol 2011; 10: 415-23.

Schupbach MW, Welter ML, Bonnet AM, et al. Mortality in patients
with Parkinson’s disease treated by stimulation of the subthalamic
nucleus. Mov Disord 2007; 22: 257-61.

Coelho M, Ferreira JJ. Late-stage Parkinson disease. Nat Rev Neurol
2012; 8: 435-42.

Kempster PA, O’Sullivan SS, Holton JL, Revesz T, Lees AJ.
Relationships between age and late progression of Parkinson’s
disease: a clinico-pathological study. Brain 2010; 133: 1755-62.
Tanner CM. A second honeymoon for Parkinson’s disease?

N Engl ] Med 2013; 368: 675-76.

www.thelancet.com/neurology Vol 12 October 2013



	Subthalamic neurostimulation for Parkinson’s disease with early fluctuations: balancing the risks and benefits
	Introduction
	STN stimulation for Parkinson’s disease
	Effects on disease symptoms
	Stability of symptomatic improvements
	Effects on QoL
	Adverse events: weighing the risks

	Treatment at an earlier stage of disease
	Modification of disease course
	Conclusions
	Acknowledgments
	References




