
Since Benabid and colleagues introduced chronic deep brain stim-
ulation (DBS) in the late 1980s,1,2 DBS therapy has gained
increasing acceptance as a treatment for a variety of neurological
conditions. The procedure involves the placement of stimulating
electrodes into a “deep” brain target. DBS utilizes stereotactic and

physiological guidance (microelectrode recording) to refine placement of
what will potentially be life-long brain implants. The precise mechanism
of action of stimulation continues to be a topic of debate. Several sources
have suggested that the effects of DBS result both from local inhibition of
cells and from distal fiber excitation.3-6 The “neuromodulatory” action of
stimulation has been attributed to cellular changes in both rate and in fir-
ing pattern7,8 The net result of the neuromodulation seems to mimic a sur-
gical brain lesion,9-11 and has been referred to as an “informational lesion”
by some authors.8 Though research into its mode of and mechanism of
operation continues, it is clear that DBS is an effective treatment for select
cases of Parkinson disease (PD).12-17

Though stimulation therapy has not been prospectively tested against
lesion surgery (pallidotomy, thalamotomy, and subthalamotomy), retro-
spective comparisons18-20 and clinical experience has resulted in a shift
towards DBS as the treatment of choice in many centers worldwide. DBS
is reversible and adjustable, and bilateral DBS significantly lessens the seri-
ous side effects (pseudobulbar, speech, and cognitive side effects)18,19,21-24

that can be associated with bilateral lesions. In the past, authors have
argued that DBS has fewer acute side effects than lesion therapy.18,25
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However, reports of adverse DBS events have grown as physi-
cians have gained more long-term experience with the proce-
dure.26 Though partially a reflection of improved documenta-
tion, this is also a reflection of the problems that can arise with
long term device implantation. 

DBS has achieved FDA approval and has become a main-
stream therapy for highly selected PD patients. A push for 
earlier intervention is growing. Is it possible that earlier is bet-
ter in the setting of a neurodegenerative disease such as PD?
Do we have the evidence to support such a hypothesis? 
We must clarify what is meant by “earlier intervention” if 
we are to address these questions. 

In this review, we discuss data and arguments for and
against early therapy, and we will better define what is meant
by “early therapy.” General neurologists, though playing a vital
role in screening potential candidates for neurostimulation,
should be advised that experienced DBS centers are best
equipped to conduct the multidisciplinary/interdisciplinary
evaluation required to determine a patient's suitability for DBS
treatment.

Early Deep Brain Stimulation in Parkinson Disease
The strongest arguments for performing early DBS hinge on
demonstrating that stimulation is disease modifying. The

sobering fact is that after two decades of searching for a “neu-
roprotective therapy” in PD, researchers remain empty-hand-
ed. The bar for proving disease modification is high, and we
must ask ourselves if DBS meets that bar.

Evidence Supporting Disease Modification
The subthalamic nucleus (STN) is known to be physiological-
ly overactive in PD, and connects to the globus pallidus inter-
na (GPi) and substantia nigra pars reticulata (SNr).6,27 Some
authors have suggested that DBS might slow neurodegenera-
tion in PD by mediating a decrease in subthalamic nucleus
(STN) “excitotoxicity.”28,29 This hypothesis is supported by
findings of glutamatergic damage in both primate and rodent
models of PD.30,31 Improvement in indirect measures of
dopaminergic loss in humans, such as the amount of “off time
and off scores” when “off” of stimulation, has provided partial
support for this premise.32 “Off-stimulation” studies are subject
to the criticism that washout times may not have been ade-
quate to prove neuroprotection.33 Evidence from long term
studies of DBS.2,32,34,35 suggests that despite chronic stimulation,
PD progresses, and that some DBS failures can be ascribed to
disease progression.36

DBS may in some cases reduce levodopa requirements. If
levodopa could be shown to worsen disease progression, this
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would be a point in favor of early DBS. Several studies have
shown that medication requirements are reduced following
STN DBS37-39 and, to a lesser degree, with pallidal targets.39

However, despite a host of animal and in vitro studies, there
remains considerable disagreement over whether levodopa
treatment is toxic, protective, or neither to the basal ganglia.40,41

Animal models of chronic levodopa exposure show a
decrease in inhibitory neurotransmitters in the striatum as well
as the substantia nigra,42 suggesting the potential presence of
glutamate mediated toxicity. The metabolism of levodopa can
generate free radicals, hydrogen peroxide, and quinones, all
potentially harmful to cellular components.33,40 Human trials
on the effects of levodopa have also been performed. The ELL-
DOPA study is one of the largest. The trial was designed to
examine the benefits of different dosages of levodopa therapy
administered early in the course of PD.43 Researchers compared
patients receiving either placebo or levodopa (at doses of 150,
300 or 600mg/day) via motor scales and β-CIT SPECT scans
(an imaging modality used as a marker for intact nigrostriatal
dopaminergic neurons). The study yielded somewhat contra-
dictory findings. In favor of neuroprotection, patients in the
levodopa-treated arms performed better on motor scales than
patients receiving placebo even after medication washout.
There was a higher rate of motor fluctuations and dyskinesias
in the 600mg/day (higher dose) group and a larger decrease in
striatal DAT binding (indicative of neuronal dopaminergic
loss). It remains unclear whether these results can be explained
by insufficient washout, or by other factors. It has been argued
that levodopa may be neuroprotective but this is not a widely
held or accepted belief in the field.

More direct measures of dopaminergic loss in humans have
also failed to provide support for the idea that DBS retards dis-
ease progression.44 Hilker and colleagues employed F-fluo-
rodopa positron emission tomography (PET) to quantify the
loss of dopaminergic function in patients with STN DBS.
They did not find a significant difference between rates of
decline in their sample compared to published reports utilizing
medical therapy alone.44 It should be noted that patients in the
Hilker study had advanced PD, with an average disease dura-
tion of 12.6 years and mean Hoehn and Yahr PD stage of 3.6.
This leaves open the possibility that DBS in early PD might
have neuroprotective tendencies, but this is of course specula-
tion. Currently, there are not enough data to support the exis-
tence of disease-modifying effects of DBS as a reason for early
intervention.

DBS to Delay Motor Fluctuations and Dyskinesia
Early DBS could be advocated for on the basis of delaying the
onset of motor fluctuations or dyskinesias, if this could be
shown true—a notion also recently explored in dopamine ago-

nist trials.45-47 Motor fluctuations are widely thought of by cli-
nicians as a marker of disease progression. They often present
as a decreased responsiveness to medication.48 Mild wearing off
is a particularly common manifestation and is seen in 40 to 75
percent of patients in the first five years of treatment.43,49,50 In
addition to ongoing dopaminergic loss, fluctuation of synaptic
dopamine levels may also play a major role in motor fluctua-
tions. There is evidence that STN DBS stabilizes synaptic
dopamine concentrations in the striatum,51 and DBS may act
to alleviate levodopa-related motor fluctuations by a similar
mechanism. 

DBS decreases motor fluctuations and improves “on” time
in well-selected cases of advanced PD. The best known long-
term study of DBS for PD was performed by Krack, Benabid,
and colleagues.34 Dramatic improvements were seen in motor
fluctuations following five years of therapy.34 Nutt and col-
leagues have commented that the decrease in motor fluctua-
tions with STN DBS may be primarily a function of a decrease
in inter-dose trough disability, rather than prolongation of the
medication effect.52 DBS smoothes motor fluctuations and
augments peak levodopa response.52 Studies of whether early
DBS may be used to prevent these fluctuations, or retard their
progression, have yet to be performed.

Early DBS might be considered disease modifying if it
could be shown to affect the mechanisms underlying the long-
term development of disabling levodopa-induced dyskinesias.
The underlying pathology of dyskinesia has been hypothesized
to involve an interaction between several factors: glutamatergic
overactivity at a neuronal level,53 altered striatal output induced
by upstream pulsatile dopamine exposure,54 and disinhibition
of motor cortex via excessive outflow through the thalamocor-
tical pathway.55,56 Though dyskinesias have been thought to be
limited to systems with nigrostriatal damage, there have been
reports of dyskinesia induction by damage to other basal gan-
glia circuitry.57 It remains unknown whether DBS of damaged
basal ganglia circuitry at an early stage could prevent some or
all of these factors. 

Indirect evidence that stimulation affects the circuitry
responsible for dyskinesia can be found in comparative trials of
STN and GPi stimulation.58 In Anderson’s series, though the
STN group experienced a greater reduction in medications, the
GPi group had a greater reduction in dyskinesias,56 suggesting
a mechanism of action beyond medication reduction. STN
DBS is now thought to suppress dyskinesia through medica-
tion reduction, while GPi stimulation does so through a direct
anti-dyskinetic effect which may be GABA mediated.59 The
interpretation of comparative studies of GPi and STN DBS is
clouded by the many differences in methodology, technique,
outcome variables, and experience in comparative trials of sur-
gical targets.60,61 One question that trials of early intervention in
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PD will have to address is which surgical target is best.
Though sparse, there is direct data on the effect of early

intervention on motor fluctuations. A recently published study
of relatively early DBS (defined by a Hoehn and Yahr stage ≤3,
and disease duration of five to 10 years) revealed that DBS
reduced levodopa-induced motor fluctuations by 83 percent at
18 months following implantation.62 This study was not
designed to examine disease modification. Admittedly, such a
study is difficult to design. To convincingly prove disease mod-
ification, a study would require large numbers of patients,
long-term follow-up, and potentially a control group of
patients qualified to receive surgery. 

In summary, there is insufficient evidence from available
studies at this time to make a strong argument for early DBS
solely on the basis of delaying patient progression to motor
fluctuations. 

Potential Benefits of Early 
Intervention for Medication Reduction
Several studies have shown that medication requirements are
reduced following bilateral STN DBS37-39 and, to a lesser
degree, GPi DBS.39 Proponents of earlier DBS may argue that
the lifetime exposure to dopaminergic medications would be
reduced. Decreasing medication exposure could lead to signif-
icant benefits: reduction in medication related adverse events,
reduction in levodopa-induced dyskinesia, and a decrease in
medication-induced hallucinosis and sleepiness. 

The frequency and severity of levodopa-induced dyskinesias
are reduced when levodopa dosage is reduced. Kleiner-Fisman’s
2006 metanalysis of STN DBS outcome data was pooled from
22 studies and reported an average medication reduction of 56
percent, with a mean reduction in dyskinesia of 69 percent.38

This is comparable to Schupbach and colleagues’ recently pub-
lished study of early DBS, which reported a medication reduc-
tion of 57 percent.62

The benefit in these studies could be considered supportive
of early DBS. Many experts in PD would counter that dyski-
nesia is often not bothersome to PD patients and that medica-
tion reduction should not be the primary aim of an invasive
surgical procedure. Van Gerpen and colleagues noted that even
after 10 years of treatment with levodopa only 12 percent of
patients (in their series) experienced dyskinesia that could not
be adequately controlled with medication adjustments.63

Dopaminergic medications may also be associated with side
effects that have the potential to impair quality of life.
Medication dose has been shown to correlate with pathological
sleepiness and impaired daytime alertness.64 Though perhaps
insufficient to justify the risk of surgery on its own, ameliorat-
ing the social and professional burden of medication-induced
somnolence could be an important impetus to opting for sur-

gery. However, medication dosage is not always the central fac-
tor in the development of hallucinations in PD patients.
Merims and colleagues reported that patients with and without
hallucinations were taking statistically similar doses of medica-
tion.65 It may be difficult to argue for earlier surgical interven-
tion solely on the basis of preventing future medication-
induced side effects such as hallucinations.

Potential Benefits of Early Intervention for Cost 
A number of authors have argued that there is a potential cost
savings from DBS when compared to medical management,
mainly due to reductions in overall morbidity and reduced
medication usage.66-69 Comparisons of STN DBS to best med-
ical treatment revealed an initial increase in cost (due to a sub-
stantial price-tag for implantation),68,69 but these estimates were
followed by a subsequent savings because of medication reduc-
tion and reduced morbidity.67 In one sample, total treatment
cost increased by 32 percent in the first year and decreased by
54% in the second.67 The incremental cost of improving the
UPDRS score by one point following STN DBS ranges from
24066 to 979 euros67,69 in the literature. Patients on more expen-
sive medication regimens, such as apomorphine, may have
even greater cost savings.69

Proponents may argue that early DBS may improve the
cost-benefit analysis and tilt the scale toward surgery. Features
that may shift the advantage toward DBS include decreased
medication,66 attenuation of on-off fluctuations,67 and an
improved ability to perform activities of daily living (ADLs).69

These features may be expected to be maintained over the life-
time of a properly managed device, and may translate into cost
savings. 

Most prospective cost-benefit analyses have covered periods
of only one to two years.66,67,69 Hardware complications, battery
changes, and explantation/reimplantation are all events that
can affect the fiscal benefit of DBS over time. There are cur-
rently no head to head cost-effectiveness comparisons of an
early versus a later cohort. When performing cost analyses
investigators should be aware that the cost of surgery, program-
ming, and medication adjustments as well as complication
management will differ between countries and healthcare sys-
tems.

Earlier DBS for Improved Quality of Life
The hope of more years with an improved quality of life
(QOL), and of preserving normal levels of social and profes-
sional function,70 might represent a compelling reason to inter-
vene earlier in the course of PD. Multiple trials have examined
the effect of DBS for QOL in advanced PD, with an overall
improvement documented in 61 percent using generic meas-
ures, and 34 percent with PD-specific QOL scales directed
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toward STN-DBS patients.38,71 Martinez-Martin and colleagues
reviewed QOL improvement following medical therapy (seven
to 29 percent generic and 11 to 16 percent specific global
improvement) and pallidotomy (32 percent generic and 25
percent specific global improvement)71 in patients with PD and
discovered less improvement in these groups. 

The Parkinson’s Disease Questionnaire (PDQ-39) has been
the most consistently used scale for QOL changes following
DBS.14,69,72-80 The PDQ-39 is divided into several QOL
domains: mobility, ADL, cognition, communication, emotion-
al well-being, social support, stigma, and bodily discomfort.
Overall improvements following DBS ranged in studies from
14 to 62 percent at follow-up time points of six to 12
months.14,69,72-77,79 Of the subscale scores, mobility, ADL, stigma,
emotional well being and bodily discomfort consistently
revealed greater improvement.74 Interestingly, some studies
with longer follow-up intervals have revealed that benefits in
non-motor aspects of health related QOL such as bodily dis-
comfort and stigma, are among the most durable: at 18 months
after implantation, Siderowf and colleagues observed a PDQ-
39 subscale improvement of 20 to 30 percent in mobility and
ADL domains, and a 30 to 40 percent change in social stigma
and bodily discomfort.80

Other observations that can be drawn from these studies
include total QOL improvement linearly tracking motor ben-
efit,79 mobility and ADL score improvement.81 Lyons and col-
leagues noted that of the physical domains—tremor, rigidity,
and bradykinesia—only improvements in bradykinesia were
associated with improvements in patients’ self assessment of
total QOL or ADLs.81

QOL improvement in “earlier DBS” has been explored
recently in the work of Schupbach, Maltête, and colleagues.62

In their cohort (mild to moderate PD, duration of five to 10
years, mean age 48 years) they discovered an overall QOL
improvement of 24 percent at 18 months. DBS also yielded a
69 percent reduction in motor symptoms and 57 percent
reduction in medication dosage. The total QOL improvement
at one year (45 percent) compared favorably with the afore-
mentioned studies of DBS for advanced PD.45,74

Older patients with STN DBS were found to have lower
QOL and motor score improvements when compared to a
group of younger patients.82,83 This difference in QOL outcome
was hypothesized by the authors to stem either from a higher
burden of poorly responsive symptoms (such as postural insta-
bility), less improvement during “off” time,82 or a lack of phys-
iological reserve in the elderly.83

The interpretation of QOL data is clouded by the fact that
patients may recall their function as being “better” than it actu-
ally was prior to DBS,78 leading to an underestimation of
improvement. Despite this confound, relatively earlier DBS

has been argued to be at least as good as, and perhaps better
than, late-DBS at improving patients’ quality of life.
Sustainability of QOL benefit will have to be demonstrated
and long-term comparative studies performed before “earlier
DBS” can be confidently sold as an advantage over current
standard of care. 

Earlier DBS for Non-motor Improvement
Non-motor symptoms in PD cover a variety of manifestations
including mood, cognitive, behavioral, sleep, autonomic, and
sexual dysfunction.84,85 These features have been reported to be
mostly unchanged following surgery, with the exception of
mild mood changes, sleep improvement, and perhaps constipa-
tion,85 although the topic has not been carefully examined. 

Patients have been observed to develop fluctuations in
mood and cognitive symptoms, often in a manner analogous to
the development of motor fluctuations. Although investigators
have argued that patients with cognitive non-motor fluctua-
tions improve following DBS in the domains of cognitive flex-
ibility,86 psychomotor speed, and working memory,87 these
improvements have not been universally seen. Depressive
symptoms seem to at least mildly improve in some cases and
BDI scores have shown improvement across studies.88

Many available studies of non-motor symptoms are con-
founded by medication reduction, frontal lobe penetration,
and the lack of a validated instrument for measurement of
these symptoms. One group has recently published on a vali-
dated non-motor scale before and after STN DBS.89

It is generally believed that non-motor features improve less
consistently than motor features following DBS. It would be
difficult to make an argument for early intervention based on
non-motor features alone. If future studies reveal more robust
non-motor benefits for DBS, particularly if they can be shown
to be greater than those achieved during the best medication
“on”, then this factor’s importance in deciding on early inter-
vention will increase in value. 

Earlier DBS to Reduce Surgical and Adverse Event Risk
Neurosurgical procedures in general seem to have higher com-
plication rates in older patients.90 Comparative complication
data between earlier age DBS versus later age DBS is relatively
sparse.82,83 In Schupbach’s recent study, patients receiving rel-
atively early DBS did not experience hemorrhage, infection, or
skin erosion during the 18 months of the trial. Though extrap-
olations may be made based on the relative “youth” of the can-
didate population for early DBS (48.4 years old in Schupbach’s
series62), firm conclusions cannot be drawn. 

Younger patients tend to have less brain atrophy, and may
be at lesser risk for subdural bleeds.91 This lack of atrophy could
translate to a decreased frequency of intraoperative hemor-
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rhage. The incidence of symptomatic intraoperative hemor-
rhage may range from approximately one to four percent
depending on the reported DBS series38,92-94 and may occur at a
fivefold higher rate in hypertensive patients.95 Hemorrhages
increase with chronic hypertension,23 and hemorrhage frequen-
cy would be expected to decrease with the shorter hypertensive
disease duration and in a younger patient population. The abil-
ity to tolerate an awake DBS operation is likely improved in a
young and less advanced (i.e., shorter disease duration) PD
patient, but we lack sufficient data to support this supposition.

In patients with advanced PD, late complications such as
skin erosion or infection may occur in as many as 14 percent.96

There is also increased concern for postoperative cognitive dys-
function in those over the age of 69.97 Patients in earlier stages
of PD may be better able to attend the requisite frequent pro-
gramming sessions, and to participate more actively in physi-
cal, occupational, and speech therapy. Taken together, the risk
of adverse events would be expected to be less if operating on a
patient at an earlier stage of PD. Data supporting this view is
sparse. When discussing the expected frequency of adverse
events in earlier DBS, one must clarify if a younger age or
shorter disease duration is being cited.

Conclusion: What Do We Mean When We Say Early?
A recent study suggests that DBS in less advanced cases (lower
UPDRS scores) may be reasonably feasible and efficacious.62

Trials published in the literature to date have not included
patients with short disease durations (1-4 years), or patients
without motor fluctuations. The neuroprotective effects of sur-
gery have not been substantiated, and cannot be ethically used
to argue for earlier intervention in individual patients. There is
certainly a solid argument evolving for cost savings with early
DBS, however arguments based on motor, non-motor, and
quality of life features have less evidence base at this time. Well
constructed and adequately powered clinical trials with careful-
ly conceived endpoints will need to be performed to settle the
questions surrounding early intervention. 

‘Early DBS’ covers several scenarios. Consider the example
of a 60-year-old patient diagnosed with PD two to four years
prior, experiencing life-altering disability from tremor despite
maximal combinations of levodopa, dopamine agonists, and
anticholinergics. Most clinicians and multidisciplinary surgical
teams would agree that this could be a reasonable case for early
intervention. 

A more controversial case for ‘early’ intervention would be
that of a 60-year-old patient two-hour levodopa dose intervals,
experiencing mild dyskinesia as well as on-off fluctuations
(regardless of disease duration), with minimal off time. The
patient might desire DBS, believing the surgery to be
inevitable, with the goal of minimizing the surgical risks of

hemorrhage and cognitive deterioration. Though not all
experts would agree that surgery should be performed in such
a case, the scenario does represent a rational argument for ear-
lier intervention.

In our opinion, the most controversial scenarios for ‘early’
intervention are: 

1. Patients who have not yet received levodopa or standard
of care medication therapy.

2. Patients who have been diagnosed less than five years .
3. Patients without motor fluctuations, or patients just

beginning to manifest motor fluctuations.
4. Patients seeking to reduce or discontinue medication

with short disease durations (<5 years).
5. Patients with short disease durations (<5 years) and non-

disabling and non-bothersome dyskinesia.
6. Patients who desire to continue working and want DBS

in hopes of continuing to do so for a longer time period (some
centers view this as non-controversial despite a lack of evi-
dence-based studies).

7. Patients with short disease durations (<5 years) seeking
improvement in non-motor manifestations. 

We believe that patients who fall into these categories
should have DBS performed only in the context of an IRB-
approved clinical research trial. 

There are several reasons for not performing DBS routinely
in the above situations. There is a higher chance of confusing a
Parkinsonian disorder (such as multiple system atrophy) with-
in the first five years of diagnosis, and DBS has not conclusive-
ly been shown to benefit patients with ‘Parkinson plus’ syn-
dromes. Also, PD is not one disease but a syndrome. Patients
with fewer than five years of PD may have an insufficient
symptom history for proper surgical stratification. For exam-
ple, some patients with tremor predominant PD will continue
to function well for decades on dopaminergic therapy alone.
Currently we have no way to easily identify such patients who
may never need surgery, and therefore we cannot remove them
from the surgical candidate pool. 

There are ongoing studies of early intervention underway in
the both the U.S. and in Europe. Though we expect that this
data will shed light on the more controversial issues regarding
this debate, it is unlikely to settle it. The data from each study
will be specific and based on individual study design. Levodopa
and the motor UPDRS are currently used as the best pre-oper-
ative indicator of symptomatic benefit for DBS in PD. They
may be less useful in indicators in ‘early’ scenarios. 

Designing early intervention trials to create or revise 
outcome measurements will be challenging. Early interven-
tion trials will be costly, and the follow-up required longer
that what we have come to think of as standard for the field.
The data from these trials will also be necessary for the 

April 2008 Practical Neurology 29



formulation of rational criteria under which early intervention
can be considered. 

Many centers have been shifting toward earlier implantation
of DBS devices. Physicians should keep in mind that earlier
DBS translates to more potential for adverse events over the
lifetime of a patient, and therefore to more programming visits
and battery changes. Patient commitment and patient per-
ceived benefits must be carefully considered when deciding
whether or not to perform surgery at an earlier stage of
Parkinson’s disease.98 This review did not address the many eth-
ical issues involved in determining when early intervention is
appropriate. Future research should be directed at these issues.
Finally, when one hears the phrase “early intervention,” it is
important to stop and consider what the speaker might actual-
ly mean. PN
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