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Objective: This study aimed to assess the effectiveness of chronic bilateral STN-S in improving the
functional status of PD patients compared with patients treated with drugs alone.
Methods: Controlled study of disability index changes over 12 and 24 month chronic STN stimulation. Of
39 patients with advanced PD meeting CAPSIT criteria for STN-S, 23 underwent surgery; 16 patients
decided against surgery and continued on drug schedule adjustments. Functional status was measured
using the Activities of Daily Living section of the Unified Parkinson’s Disease Rating Scale (UPDRS-ADL),
Brown’s Disability Scale, and Functional Independence Measure. UPDRS motor score and subscores for
selected items, levodopa equivalent daily dose, and Beck Depression Inventory scores were also
monitored.
Results: T12 follow up data were available for all 39 patients and T24 data for 13 STN-S and 8 control
subjects. Compared with controls, STN-S patients experienced significant or highly significant
improvements in all independence measures at both 12 and 24 months (time 6 treatment effect T12:
F=19.5, p = 0.00008; T24: F=6.2, p = 0.005). Forward stepwise regression for independent predictors
of the yearly rate of UPDRS-ADL score modification in the entire sample showed that treatment was the
only factor significantly associated with functional status change (beta coefficient 20.54, t value 22.5,
p = 0.02), whereas other variables—UPDRS motor score, BDI, and age at disease onset and enrolment—
were not in the equation.
Conclusion: STN-S is an effective therapeutic option in advanced PD. It induced a consistent improvement
of functional abilities over two years to an extent that was not achieved with drug therapy alone.

B
ilateral chronic subthalamic nucleus stimulation
(STN-S) is an effective treatment1–3 for the symptomatic
control of advanced Parkinson’s disease (PD). The

surgical approach is highly resource intensive and thus
requires extensive documentation to support its effectiveness
and safety.4 5 Adequate study designs and a more compre-
hensive assessment, evaluating the patient’s point of view
and changes in functional status as well as symptom relief,
have been recommended.6–8

Our investigation aimed to assess prospectively the overall
impact of chronic bilateral STN-S on the functional status of
patients with PD; disability indices were monitored in a
cohort of patients with PD treated with drugs alone.

METHODS
Design of the study
Non-equivalent pretest–post-test control group study of
disability changes over 12 and 24 months chronic STN
stimulation.

Patient selection
Patients were eligible for the study if they met the
internationally agreed criteria for deep brain stimulation.9

Hence we enrolled patients with advanced PD if they showed
clinical fluctuations or side effects from drug therapy leading
to moderate to severe disability and were no longer having
significant advantages from drug scheduling adjustments.
Patients who met the requirements of the Core Assessment
Program for Surgical Interventional Therapies in Parkinson’s
disease (CAPSIT)10 and gave informed consent to the
operation were considered as cases (STN-S group). Those
patients who decided against surgery acted as controls.

Primary outcome
We employed a uniform structured assessment protocol
which included both generic (Activity of Daily Living section
of the Unified Parkinson’s Disease Rating Scale11 (UPDRS-
ADL)) and disease specific measures of disability (Brown’s
self-assessment Disability Scale (B’DS)12 and the Functional
Independence Measure (FIM),13 which was administered by
a certified specialist). Because the UPDRS-ADL is considered
conceptually unsound by some researchers,14 a separate
statistical analysis was also performed by pooling the
UPDRS-ADL disability subscores (that is, speech, hand-
writing, cutting food, dressing, hygiene, turning in bed, and
gait) according to the procedure described by Hariz et al.15 The
B’DS is a specific and reliable self-evaluation questionnaire
addressing domains of instrumental performances and
provides information on the difficulties experienced by
patients in ADL and leisure activities. The score ranges from
0 (no disability) to 100 (worst possible condition). FIM—the
most widely applied scale of disability—focuses on care
needs, scoring them from 18 (complete dependence) to 126
(full independence). We included this scale to gain insight
into the relative impact of PD on functional status using
domains that are usually applied to non-PD individuals with
disabilities.

Abbreviations: BDI, Beck Depression Inventory; B’DS, Brown’s self-
assessment Disability Scale; CAPSIT, Core Assessment Program for
Surgical Interventional Therapies in Parkinson’s disease; FIM, Functional
Independence Measure; H/Y, Hoehn and Yahr; LEDD, levodopa
equivalent daily dose; PD, Parkinson’s disease; STN-S, subthalamic
nucleus stimulation; UPDRS-ADL, Unified Parkinson’s Disease Rating
Scale Activities of Daily Living
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Since advanced PD is characterised by motor fluctuations,
the patients’ functional abilities may vary even within the
same day, ranging from a very poor to a nearly ‘‘normal’’
condition. For all three scales, scores were given by asking
patients how they usually (that is, most times) performed
each activity during the day.

Secondary outcome
We considered the overall impact of chronic STN-S on
neurological status (that is, the cardinal signs and symptoms
of the disease) as secondary outcome and used the UPDRS-III
for assessment because this scale addresses motor signs. The
neurological status of all the patients included in the study
was evaluated both in ‘‘defined-OFF’’ and ‘‘defined-ON’’
medication condition10 16 at T0, T12, and T24; in the STN-S
group, the patients were assessed after surgery both in ON
Stim-OFF Med and in ON Stim-ON Med conditions.
We studied the occurrence and severity of given motor

symptoms such as postural reflex, gait, freezing, drooling,
speech, falls, and dyskinesias separately using the relevant
UPDRS subscores; the daily rate of OFF-hours was also
recorded in both groups. The self-evaluation Beck Depression
Inventory (BDI)17 was administered to monitor mood. In
addition, the patients underwent a structured neuropsycho-
logical assessment aimed at excluding cognitive impairment
in the mnesic, attentive, visuospatial, executive, praxic, and
language domains.18–24 We also calculated the total levodopa
equivalent daily dose (LEDD).25

Assessment procedure
A standard battery of clinical, cognitive, and functional tests
was administered at the time of assessment for eligibility
(T0), and at 12 (T12) and 24 (T24) months by researchers
experienced in scale administration. The results of previous
evaluations were not available to either patients or raters.
Interobserver variability in functional scale ratings was
assessed before the study using analysis of variance for
repeated measures and obtaining reproducibility index values
greater than 0.80 for the UPDRS-ADL, UPDRS-III, and FIM
scores.

Management of the patients
The neurosurgical procedure applied in the STN-S group has
been previously described by Capecci et al26; we followed
Volkmann et al27 recommendations for the adjustment of the
drug schedule and electrical parameters.
The controls continued to be treated via adjustments in

drug therapy and non-pharmacological strategies according
to the international guidelines for advanced PD manage-
ment28 29 based on a problem solving approach.30 Patients
were seen at intervals of at least three months to address
emerging problems and adopt appropriate management
strategies.

Data analysis
Group comparability
Baseline personal, clinical, and functional characteristics
were compared with unpaired t tests for parametric data
(age, disease duration, LEDD) and the Mann–Whitney U test
for non-parametric data (UPDRS score and subscores, daily
rate of OFF hours, and the remaining functional scale
scores).

Primary outcome
To check for differences in the evolution of the functional
status between the two groups, we included the disability
scores as dependent variables in a two way analysis of
variance for repeated measures, comparing the functional

trends of the two groups of patients and considering time and
treatment effects both separately and cumulatively.
To control for possible confounding variables related to

personal or clinical characteristics, we also assessed the
strength of the relation between all the possible determinants
of functional status and the annual modification rate of each
disability index. This rate was computed according to the
equation: (ScoreT02ScoreT12)/ScoreT0*100), and was used as
the dependent variable of a forward stepwise regression
analysis aimed at extrapolating predictive factors of func-
tional evolution. Independent variables other than group
allocation (that is, surgical v conservative approach) added to
the regression model were: age at enrolment, age at disease
onset, T0 scores for UPDRS-ADL, BDI, UPDRS-motor section
and UPDRS items postural reflex, gait, freezing, drooling,
speech, falls, and dyskinesias. The independent variables
were individually added or deleted from the model at each
step of the regression (depending on F to enter (=0.0001) or
F to remove (=0.0)) until the ‘‘best’’ regression model was
obtained.

Secondary outcome
We monitored the secondary outcome indices in both groups
and analysed these using descriptive statistics. We made
within group comparisons using a paired t test for parametric
data and Wilcoxon’s test for non-parametric data. ‘‘Time 6
treatment’’ effects were investigated using two way analysis
of variance for repeated measures.
All analyses were performed using the Statistica for

Windows (STAT-SOFT, 1993) package.

RESULTS
Between July 2000 and July 2002, 426 patients with PD (219
men and 207 women; mean (SD) age 58.9 (10.8) years, range
38–79; mean disease duration 8.45 (5.7) years, range 1–22)
were referred to the movement disorders outpatient centre of
our department for counselling, adjustments in drug therapy,
or rehabilitation. There were 276 patients (64.8%) with
Hoehn and Yahr31 (H/Y) stage III–IV.
Although we enrolled 294 cases with disease related

disability, most could not be considered for surgery due to
the following reasons: symptom duration ,5 years (n=19);
age .70 years (n=127); dementia (n=84); non-drug
related major behavioural disorders (n=23); concomitant
cerebrovascular disease (n=41); and other non-neurological
diseases (that is, severe comorbid diseases, or cardiac
pacemaker or other devices preventing magnetic resonance
examination; n=96).
Overall, 42 patients with advanced PD (H/Y stage III–IV)

underwent a structured evaluation following the CAPSIT
recommendations. Since three were not eligible for STN-S
because of MRI evidence of brain atrophy or subcortical
vascular lesions, 39 patients were finally included in the
STN-S group. Of these, 23 (12 men and 11 women; mean age
59.5 (7.5) years, mean disease duration 12.8 (4.2) years;
median H/Y stage IV) underwent surgery within two months
(mean 45 (12) days) of enrolment (STN-S group); the
remaining 16 patients (six men and 10 women, mean age
62.2 (6.5) years; mean disease duration 10.3 (4.2) years;
median H/Y stage IV) decided against surgery, mainly
because of fear of operation and served as controls.
However, four of these patients then changed their minds
and underwent surgery 13, 14, 16, and 17 months after
enrolment, thus withdrawing from the study. Their data are
included in the 12 month follow up results only.
T12 (mean 12 (1.2) months) follow up data were available

for all 39 patients and T24 (mean 24 (1.7) months) data for
13 STN-S patients and eight controls. The baseline character-
istics of the patients who completed T24 follow up were as
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follows: the STN-S group had seven women and six men (age
58.1 (6.8) years; disease duration 12.2 (4.1) years; median
H/Y stage IV (range III–IV)) and the control group had six
women and two men (age 62.2 (7.7) years; disease duration
8.4 (2.0) years; median H/Y stage IV (range III–IV)). One
STN-S patient died of a heart attack 18 months after surgery,
four controls dropped out after T12 to undergo surgery, and
13 subjects have not yet completed T24. The flow of patients
through the study is shown in fig 1.
Between group comparisons ruled out differences in baseline

clinical, demographic and functional data. Surgical complica-
tions were observed in two patients: one had a right capsulo-
thalamic haemorrhage leading to mild left hemiparesis
(motricity index: upper limb 75%; lower limb 80%) and one
developed infection at the site of the pulse generator, which
healed with antibiotics. Data on these patients were included in
the outcome analysis according to an intention to treat basis.

Evolution of functional status
In the STN-S group all disability indices improved at T12 as
measured by a decrease in the UPDRS-ADL score of ,52%
(p,0.00001) with respect to T0, which was preserved at T24;
in the controls this score showed a non-significant trend
towards deterioration at both time points. Two way analysis
of variance yielded a significant ‘‘time6 treatment’’ effect in
the STN-S compared with the control group (T12: F=19.5;
p=0.00008; T24: F=6.2; p=0.005). The separate analysis
of UPDRS-ADL disability item confirmed the effectiveness
of STN-S in improving functional outcome in PD patients
(time6 treatment effect T12: F=8.8; p=0.005; T24: F=13.2;
p=0.00004). The B’DS score improved both at T12 and T24; the
‘‘time 6 treatment’’ effect was significant (T12: F=11.8;
p=0.002; T24: F=6.5; p=0.007). STN stimulation induced a
non-significant increase in the FIM score at T12 and T24,
whereas the ‘‘time 6 treatment’’ effect was significant (T12:

Patients consecutively referred for Parkinson's disease
(26 July 2000 to 26 July 2002) and surveyed for eligibility

n = 426

Assessed for STN-S
(CAPSIT recommendations10): n = 42

Eligible: n = 39

n = 384 not assessed for surgery due to:

• no disability (good control of symptoms
with drug therapy)
• disease duration <5 years
• age >70 years
• dementia
• major psychiatric disorders
• cerebrovascular disease
• other (terminal illness, cardiac
pacemaker)9

Age: 59.5 (7.5) years
Sex (F/M): 11/12
Disease duration: 12.8 (4.2) years
Hoehn and Yahr clinical stage: IV (median)

STN-S: n = 23

n = 3 not elegible due to
cortical atrophy and/or
vascular disease related

lesions detected on
MR images

T12
n = 23

T24
n = 13

Nine patients have not yet completed T24;
one died of a heart attack

Age: 62.2 (6.5) years
Sex (F/M): 10/6
Disease duration: 10.3 (4.2) years
Hoehn and Yahr clinical stage: IV (median)

Controls: n = 16

T12
n = 16

T24
n = 8

Four patients have not yet completed T24;
four patients dropped out of STN-S

Figure 1 Flow of patients through the study, and the demographic and clinical data of the enrolled patients. STN-S, subthalamic nucleus stimulation.
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F=4.7; p=0.04; T24: F=3.6; p=0.04) due to the deterior-
ating scores of controls. The mean trends of primary outcome
measures in the two groups are given in table 1.

Change in neurological status
After surgery, both motor symptoms and daily rates of OFF-
periods were markedly reduced in all patients. The improve-
ment in UPDRS motor score in ‘‘defined-OFF’’ condition was
,53% at T12 (UPDRS-III: T0=38.3 (11.6), T12=17.9 (11.7);
Wilcoxon’s test, z score 4.2; p=0.0001) and was preserved at
T24 (UPDRS-III: 18.0 (4.7)) (table 2).
The daily OFF-period rate decreased by 90% in all 23 STN-S

patients. In particular, clinical items from different UPDRS
sections showed highly significant reductions: rate of
dyskinesia (z score 4.0; p,0.0001), tremor (z score 4.3;
p,0.0001), and sensory symptoms (z score: 3.9; p,0.0001),
whose scores tended to 0 in all subjects. The change was
significant for axial symptoms such as gait (z score 3.8;
p,0.001), freezing (z score 2.6; p,0.01) and falls (z score 2.0;
p=0.04), whose scores decreased although not uniformly
among the patients. Speech disorders and drooling were
unaffected (see table 2). No significant changes in the ‘‘OFF’’
UPDRS motor score were recorded in controls at any time
during the study, whereas the OFF daily rate exhibited a
progressive increase (by,25% at T24: Wilcoxon’s test, z score
1.9; p,0.05) (see table 2).
In the STN-S group, LEDD was significantly reduced at T12

(T0=987.9 (427.0) mg; T12=708.0 (311.0) mg; paired t
test, 5.3; p,0.0001) and showed a further, though non-
significant, decrease at 24 months (T24=561.0 (347.0) mg);
in controls it remained unchanged throughout the study
(time6 treatment effect: F=4.5; p,0.05).

Mood tended to improve at T12 in STN-S patients, whose
mean BDI score decreased from 14.4 (6.9 to 9.5 (2.6)
(Wilcoxon’s test z score 2.3; p=0.02) and remained stable
at T24 (9.5 (4.1)); in the control group changes were not
significant (mean BDI scores: T0=13.5 (6.4), T12=10.5
(4.9), T24=8.5 (4.9); Wilcoxon’s test, not significant) (see
table 2). Neuropsychological assessment ruled out the onset
of dementia in all subjects during follow-up.

Predictors of functional scale score deterioration
Stepwise regression analysis was performed only on T12 data,
due to the small T24 sample.
First, the analysis sought independent predictors of annual

modification in the UPDRS-ADL score (UPDRST02UPDRST12/
UPDRST0*100) in the whole population. The following
variables were introduced in the model: age at enrolment;
age at disease onset; baseline UPDRS-ADL and UPDRS-III
scores, and subscores for postural reflex, gait, freezing,
drooling, speech, falls, and dyskinesias; BDI score; and
treatment.
The analysis extrapolated surgical treatment (beta coeffi-

cient 20.54; t value 22.5; p=0.02) as the main independent
predictor of the decrease in the disability score (R=0.48;
R2=0.23; adjusted R2=0.16; F=3.2440; p,0.05; SE of
estimate 26.4). Among the other variables, only the UPDRS
‘‘falls’’ subscore was in the equation, although it did not
achieve significance in predicting functional evolution at T12.
When the analysis employed B’DS score change as a

dependent variable, the findings overlapped with those
already obtained with the UPDRS-II scale, showing an
independent predictive value of ‘‘treatment’’ in the forward
stepwise regression (beta coefficient 20.99; t value 25.1;

Table 1 Trends in the mean (SD) of the primary outcome measures in the two groups and results of two way analysis of
variance for the strength of the cumulative ‘‘time 6 treatment’’ effect (this included the main effect of between groups
(comparison between groups at each time) and repeated measures (comparison over time of individual scores) factors

STN-S Controls Time6 treatment p value

Time point (no of cases) T0 (23) T12 (23) T24 (13) T0 (16) T12 (16) T24 (8) T12 T24

UPDRS-ADL 16.6 (4.1) 8.0 (4.6) 10.6 (3.3) 14.4 (4.7) 14.9 (6.0) 16.3 (7.9) 0.00008 0.005
UPDRS-ADL disability items 12.5 (2.5) 6.4 (5.2) 6.6 (4.4) 8.6 (2.7) 8.5 (3.1) 10.4 (4.1) 0.005 0.00004
B’DS 41.8 (23.4) 18.3 (11.6) 19.0 (13.5) 35.3 (15.5) 41.9 (26.4) 42.8 (25.6) 0.002 0.007
FIM 108.2 (17.9) 117.6 (4.8) 118.2 (4.6) 113.6 (9.4) 106 (11.5) 101.2 (16) 0.04 0.04

UPDRS-ADL disability items is a composite subtotal of scores from: speech, handwriting, cutting food, dressing, hygiene, turning in bed, and gait.
B’DS, Brown’s Disability Scale; FIM, Functional Independence Measure; STN-S, subthalamic nucleus stimulation; UPDRS-ADL, Unified Parkinson’s Disease Rating Scale for
Activity of Daily Living.

Table 2 Trends of secondary outcome measures in the two groups and results of two way analysis of variance for the strength
of the cumulative ‘‘time 6 treatment’’ effect

STN-S Controls
Time6 treatment
p value

Time point (no of cases) T0 (23) T12 (23) T24 (13) T0 (16) T12 (13) T24 (8) T12 T24

UPDRS-III OFF (mean (SD)) 38.3 (11.6) 17.9 (11.7) 18.0 (4.7) 37.4 (5.1) 39.8 (6.3) 41.7 (7.9) ,0.0000 0.001
UPDRS-III ON (mean (SD)) 10.2 (8.2) 11.7 (8.7) 13.5 (8.5) 12 (9.2) 13 (5.4) 14 (5.8) NS NS
OFF daily rate mean ((SD)) 46.1 (1.8) 5.9 (6.4) 5.2 (6.3) 38.1 (15.5) 42.1 (4.6) 45.8 (8.9) ,0.0000 0.0001
Rate of dyskinesia (median (quartiles)) 2 (1–3) 0 (0–1) 0 (0–1) 1 (1–2) 2 (1–2) 2 (1–3) 0.00008 0.01
Drooling (median (quartiles)) 0 (0–1) 0 (0–1) 1 (0–1) 0 (0–1) 0 (0–1) 1 (0–1) NS NS
Speech (median (quartiles)) 2 (1–2) 1 (0–2) 2 (1–3) 0 (0–1) 0 (0–1) 1 (0–2) NS NS
Tremor (median (quartiles)) 2 (1–3) 0 (0–1) 0 (0–1) 1 (1–2) 1 (1–2) 2 (1–2) 0.0001 0.001
Gait (median (quartiles)) 2 (1–2) 1 (0–1) 1(1–2) 1 (1–2) 2 (1–2) 2 (1–2) 0.01 0.05
Freezing (median (quartiles)) 2 (0–3) 1 (0–2) 1 (1–2) 1 (1–2) 2 (1–2) 1 (1–2) 0.04 NS
Postural reflex (median (quartiles)) 2 (1–2) 1 (0–2) 1 (1–2) 1 (0–1) 1 (0–2) 1 (0–2) 0.007 0.007
Falls (median (quartiles)) 0 (0–1) 0 (0–0) 0 (0–0) 0 (0–1) 0 (0–0) 1 (0–1) 0.05 NS
Sensory symptoms (median (quartiles)) 2 (1–2) 0 (0–0) 0 (0–1) 1 (1–2) 2 (1–3) 2 (1–2) 0.0001 0.001
LEDD (mean (SD)) 987.87 (427.0) 708.0 (311.0) 561.0 (347.0) 961.19 (474.0) 1032.4 (356.6) 922.5 (289.1) 0.0005 0.05
BDI (mean (SD)) 14.4 (6.9) 9.5 (2.6) 9.5 (4.1) 13.5 (6.4) 10.5 (4.9) 8.5 (4.9) NS NS

BDI, Beck Depression Inventory; LEDD, levodopa equivalent daily dose; NS, not significant; UPDRS-III, Unified Parkinson’s Disease Rating Scale Motor section.
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p=0.00009). As regards FIM score modifications, the
regression analysis did not identify any predictive factor
among those introduced in the model.

DISCUSSION
STN-S has consistently been shown to attenuate the motor
symptoms of PD and to decrease the daily dosage of
medication, thus reducing drug related motor complications
and, according to some reports, relieving attendant disabil-
ity.2 9 31 25 32–34 In fact, the few studies addressing the overall
impact of chronic neuromodulation on functional status fail
to provide conclusive results owing to inconsistent disability
assessment tools and the lack of control data about disease
course without surgery.35

The case-mix in our study can be considered as represen-
tative of Parkinson’s outpatients referred to specialised
movement disorder centres for counselling, as it included a
large proportion of patients with advanced disease compared
with samples from general practice described in community
based studies.36 37 The rates of fluctuations, dyskinesias,
behavioural disturbances, and dementia substantially overlap
with literature reports.38 39

In our study, a significant functional improvement was
recorded irrespective of the disability index applied as
dependent variable. In particular, the UPDRS-ADL score
improved by approximately 52% and B’DS by 56%, whereas
the FIM score increased by about 8% from baseline. The
benefits observed at T12 were preserved at T24.
These improvements, which are in line with the literature

in terms of both extent and direction,2 32 are even more
striking if compared with the slight but clear deterioration
experienced by control patients. Better results have been
obtained9 25 40 using the Schwab and England scale41; how-
ever, though routinely applied by neurologists, its clinometric
properties have never quite been established.14

We chose not to discriminate between functional status in
ON and OFF conditions because the evaluation of ADL
disability requires a comprehensive measure, as recently
pointed out by Goetz and coworkers in laying down the
recommendations for UPDRS-ADL administration.42 43 The
ADL section of UPDRS is health specific, valid, reliable, and
widely used, despite the charges of poor construct validity for
mixing impairment with disability domains.14 44 In this
context, Hariz and coworkers extrapolated the items regard-
ing functions from those assessing impairments.15 In the
present study, separate analyses of the total UPDRS-ADL
score and of the composite subscore according to these
authors failed to yield different results, thus confirming the
overall positive impact of STN-S on the multiple aspects of PD
related disability.
Our interest in appraising independence via patient self-

assessment led us to adopt Brown’s scale. This tool—albeit
reliable and good at evaluating disease specific disabilities
throughout illness progression12 45—is heavily dependent on
patients’ views of their abilities and, ultimately, influenced by
their tendency to underestimate their difficulties.45 We
included it especially with the aim of excluding the
expectation bias of the raters, who could not be blinded to
group allocation; on the other hand, we considered that the
typical patients’ expectation bias would have worn off by the
time of the yearly assessments.
The FIM is a generic tool that barely captures disability

arising from the motor impairment typical in patients with
PD (that is, not absence but slowness of movement). It
showed a ‘‘ceiling effect’’ possibly accounting for the modest
changes observed in our patients.
Although comparison of the results obtained in the STN-S

group with the evolution of the condition observed in control
subjects strengthens the case for the surgical option, the fact

that patients were not randomised may have influenced our
findings. The choice of a non-equivalent design was dictated
by the fact that it would have been difficult and unethical to
delay by two years a treatment whose efficacy in controlling
motor symptoms is firmly established.8 32 The decision to
monitor clinical evolution without interfering with the
timing of surgery may thus have introduced a bias. To
counter it, we tried to see whether, after excluding
differences in the baseline features of the patients from the
two groups, any independent variables other than treatment
could explain the variance of disability indices and affect
intragroup differences. The stepwise regression analysis
confirmed the key role of chronic STN neuromodula-
tion, whose impact exceeded that of any other clinical
predictor.
Mood strongly affects the functional status of patients with

a chronic disease.46 Depression is a frequent complication of
PD,47 48 possibly enhanced by STN-S,49–51 that has also been
charged with increasing suicide risk.52 In the present study,
BDI scores improved significantly in STN-S patients from T0
to T12 and T24 and did not change in the control group.
Secondary outcome analysis confirmed the symptomatic
relief provided by chronic STN-S, which was reflected in a
significant reduction in both UPDRS-III scores and global
amount of medication (LEDD) taken, with figures compar-
able to those reported in other studies.2 25 32 40 The improve-
ment observed at 12 months was preserved at two years and
was achieved independently of either disease duration or
severity, in line with a recent report demonstrating that
amount of preoperative levodopa complications did not
influence postoperative outcome.53

The results of this study argue for taking the surgical
option in advanced PD. However, estimating the final impact
of this strategy on the overall disease burden should also take
into account the proportion of patients eligible for STN-S.
Based on internationally accepted criteria,9 10 less than 10% of
all PD patients consecutively referred to our movement
disorders centre between July 2000 and July 2002 and 13% of
those with disease related disability were eligible for surgery.
Advanced age, dementia, and concurrent illness were the
commonest causes of exclusion.

Conclusion
Our investigation shows that selected patients with advanced
PD benefit significantly from chronic STN neuromodulation,
with consistent and stable improvements in motor and func-
tional abilities compared with patients managed with drugs
alone. No available pharmacological option is currently cap-
able of affecting functional status to the same extent.48 54–56

Specific, rather than generic, disability scales are reliable and
comprehensive tools to measure treatment outcomes. In
particular, the UPDRS-ADL scale proved to be a sensitive
evaluation tool capable of reflecting the multifaceted aspects
of functional impairment associated with PD. Community
based cost–benefit appraisal studies are needed to confirm
the impact of surgical treatment on the social and economic
burden of disease.
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