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Objectives: In the field of Parkinson disease (PD) research, many studies have
shown that deep brain stimulation (DBS) can soften side effects, which arise during
long-term medical therapy. This study focuses on the changes in depressive symp-
toms, quality of life (with the subdivisions physical and mental health), activities of
daily living, and subjective memory functioning in PD patients testing the baseline
and the outcome 1 year after DBS.

Methods:
applied to compare PD-DBS patients (n = 22) with best medically treated PD patients
(PD-BMT; n = 28), subjects with mild cognitive impairment (MCl, n = 43) and healthy

controls (n = 25) in the above-mentioned domains. The used questionnaires included

For the first time, the reliable change index (RCI) methodology was

the revised Beck Depression Inventory (BDI-II), the Short Form (36) Health Survey
(SF-36), the Bayer Activities of Daily Living Scale (B-ADL), and the Forgetfulness
Assessment Inventory (FAI).

Results: The reliable change indices show high constant or improved results of the
PD-DBS patients in the domains subjective memory (85.7%-100.0%), activities of
daily living (60.0%-90.0%), physical health summary (77.8%), depressive symptoms
(61.9%), and mental health summary (50.0%) in comparison with the PD-BMT, MCI,
and control group.

Conclusions: DBS is an established alternative to best medical treatment of PD.
The comparisons between the PD-DBS and PD-BMT groups do suggest that the
domains mental health, depressive symptoms, and physical health benefit most, while
the domains activities of daily living and subjective memory functioning are rather
constant. Nevertheless, further research is needed to identify mechanisms and pre-

dictors that lead to improvement in individual cases.
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1 | INTRODUCTION

Deep brain stimulation (DBS) of the subthalamic nucleus is an
established treatment for severe motor complications in Parkinson dis-
ease (PD), and since it is usually a lifelong therapy, it is essential to
carefully evaluate beneficial and inadvertent effects in the long term.
Studies demonstrate a remarkable improvement of motor symptoms
in PD patients, whereas psychosocial impacts of DBS surgery includ-
ing social adjustment, coping strategies, and mental health-related
quality of life may be variable.** It is particularly difficult to determine
whether the postoperative nonmotor deficiencies are related to the
progression of the disease itself, to surgery or permanent stimulation.

The gold standard to evaluate the nonmotor symptoms in PD
would be a randomized controlled trial, but this is not suitable for
assessing single patients in the clinical setting—therefore, the reliable
change index (RCI) analysis has been designed.” The RCI analysis is
capable of examining the influence of the disease progression over
time and measures the real change in an individual case. Additionally,
the standardized effect size according to the classification of Cohen
has been calculated to assess the practical relevance of the changes.
Recent studies have used this RClI methodology to assess the cogni-
tive changes of deep brain stimulated Parkinson patients,®** but so
far, no study has used it on measuring the psychosocial outcome.

The purpose of this study was to test the hypotheses that there
are no differences in the change of the domains depressive symptoms,
health-related quality of life, activities of daily living, and subjective
memory functioning between the outcome of single PD-DBS patients
compared with the PD-BMT, mild cognitive impairment (MCI), and
control group. Another important aim was to test practice effects of
the DBS surgery on nonmotor symptom changes despite the progres-
sion of the disease itself by comparing the PD-DBS with the PD-BMT
group as well as controlling for neurodegenerative effects by compar-
ing the PD-DBS with the MCI group and aging effects by comparing
the PD-DBS patients with a healthy control.

2 | METHODS

2.1 | Study design

The current data are part of a larger research project, the Vienna Mild
Cognitive Impairment and Cognitive Decline in Parkinson Disease
Study (VMCI-CD-PD Study). The VMCI-CD-PD Study is a prospective
cohort study including consecutive, community-dwelling PD patients
who attend the movement disorder clinic for assessment of their Par-
kinsonism. The study protocol was in accordance with the Helsinki
Declaration and approved by the Ethical Committee of the Medical

University of Vienna.

2.2 | Data collection

The study collective (n = 118) was divided into four groups. Two

groups consisted of PD patients—one group received best medical
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Key points

e This study focuses on changes in depressive symptoms,
quality of life (with the subdivisions physical and mental
health), activities of daily living, and subjective memory

functioning in PD 1 year after DBS.

e We compare PD-DBS patients with best medically
treated PD patients, subjects with mild cognitive

impairments and healthy controls.

e For comparison, we used the reliable change index (RCI)
methodology.

e The comparisons between the PD-DBS and PD-BMT
groups do suggest that the domains mental health,
depressive symptoms, and physical health benefit most,
while the domains activities of daily living and

subjective memory functioning are rather constant.

treatment (PD-BMT; n = 28) and the other received DBS and best
medical treatment (PD-DBS; n = 22). PD patients with motor symptom
duration of at least 5 years, good response to levodopa and/or apo-
morphine, and drug resistant motor complications or drug resistant
tremor were included. Patients suffering from secondary parkinsonian
syndromes, atypical Parkinsonism, and patients with severe cognitive
impairments, such as dementia and uncontrolled mental disorders,
were excluded. In addition, subjects with comorbidities and structural
brain lesions that precluded DBS surgery had to be excluded from the
study. The evaluation was performed during the “on-state.”

One group included patients with MCI (n = 43) defined according
to the Petersen criteria. These patients complain about a defective
cognition and show an abnormal cognitive function for their age but
do not fulfill criteria for dementia. Activities of daily living are unim-
paired.}? The healthy control group (n = 25) consisted of individuals
without PD and without cognitive impairment.

Test-retest interval was 12 months. The Mini-Mental-State Exam-
(MMSE)—to state’®>—and  the
“Wortschatz-Test” (WST-IQ)—to asses verbal intelligence levels and

ination assess the cognitive
speech comprehension'*—were used as comparability parameters
between the different groups. Furthermore, all study participants
had to answer the following study relevant questionnaires:

Beck Depression Inventory (BDI-Il) is a 21-item instrument to
quantify the level of depression by asking how often the subject felt
certain ways within the past 2 weeks rated on a 4-point scale ranging
from O (no symptoms) to 3 (very intense symptoms) with a maximum
score of 63. The results categorize the severity of depressive symp-
toms in minimal (0-13), mild (14-19), moderate (20-28), and severe
(29-63); scores above 10 indicate clinically relevant depressive
symptoms.t>t¢

Short Form (36) Health Survey (SF-36) is a 36-item questionnaire
constructed to survey health-related quality of life delivering an 8-

scale profile of functional health and well-being scores as well as a
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physical and mental health summary, the latter two being used in the
current study. The score ranges from O to 100—lower scores reflect
worse subjective quality of life.l”

Bayer Activities of Daily Living Scale (B-ADL) is a 25-item ques-
tionnaire used to assess instrumental (eg, shopping and food prepara-
tion) and noninstrumental (eg, managing everyday activities and
finding the way) activities of daily living. Ratings on a 10-point scale
between “never” and “always” sum up to a total score between O
and 10—higher scores reflect increased impairment of everyday
activities.*®

Forgetfulness Assessment Inventory (FAI) is a 16-items question-
naire used to measure subjective memory complaints scored on the
basis of a 5-point scale between “never” and “very often.” For statisti-
cal analysis, the average score across all items was used—higher scores
reflect poorer subjective memory functioning.'?

All groups were comparable for age, education, WST-1Q, and BDI-II
and did not show statistically significant differences for age, educa-
tion, WST-1Q, and BDI-Il. The MMSE score showed a significant group
difference P = .001 (n? = .085) with a small to medium effect. The
follow-up analysis via linear contrasts revealed that the healthy con-
trol group had higher MMSE values compared with the other groups
(Ps <.019). The difference for the patient groups was negligible. See
Table 1 for details.

2.3 | Statistical analyses

As PD is a progressive disorder, neuropsychological follow-up mea-
surements are particularly important in individual case diagnosis. A
distinction has to be made between general and differential changes
in cognition. Thus, cognitive decline is also possible with constant fine
motor skills or unchanged affectivity. Even therapeutic measures can
influence cognitive, affective, or psychosocial variables. Temporary
changes due to medication, impaired motor functioning, depressive
symptoms, short-term fluctuations, or freezing need to be taken into
consideration. In order to meet those demands, the retest reliability
(ret), which was, in this study, retrieved via correlation analysis, has to
be known. As a broadly examined phenomenon in serial assessments

in neuropsychological research, practice effects—due to natural recov-

to be acknowledged and minimized by using the adjusted RCI formula

that controls it.>2%-21

RCl = ((X2 = X1) = (Mg = M1))*SED. (1)

The difference (X, - X4) describes the individual change in perfor-
mance of a test person. (M, - M) reflects the practice effect on
retesting of the respective group—PD-BMT, MCI, or control. The stan-
dard error of difference (SED) is useful for the individual case diagno-
sis for elderly people, since it allows distinguishing between cognitive
deterioration due to illness and general age-related degradation of

cognitive capacity.>?°22

SED — (2*SEM2)‘ 2)

SEMZSD\/ <1_rtt)- (3)

Ringendahl assumes that a change is significant for a z value of
+1.64 (P = .05, one-tailed).?° So these values are used to calculate
the confidence intervals for determining the upper and lower limits
for significant changes. The results of the individual DBS test persons
RCls are then compared with the limits of the PD-BMT, MCI, and con-
trol group.

Cl = +1.64*SED + (M3 = My). (4)

To assess the practical relevance of changes found by the RCI
comparisons, the standardized effect size has been calculated using
the pretest-posttest-control (PPC) design for Cohen d. This estima-
tion uses the pretest and posttest mean values of the treatment
group (T, referring to the PD-DBS patients) and control group
(C, referring to the PD-BMT, MCI and healthy control) as well as a
pooled pretest standard deviation (SD,). Although the bias of this
equation is quite small when the size of each group (n) is greater
than 10, a bias adjustment (cp) is added to get an approximately
unbiased result.?® The absolute values of Cohen d can be interpreted
as follows:|d| > 0.20 is a small,|d|> 0.50 is a medium, and|d|> 0.80 is
a large effect.?*

(MpostT - Mpre,T) - (Mpost,c - Mpre,C)

ery, intervention, or prior exposure to the questionnaires used—have Gopez = o SDpre ' )
TABLE 1 Description of the patient base
Group n m/f Age? Education® MMSE WST-1Q BDI-II
Control 25 8/17 64.44 (£5.48) 11.64 (+3.64) 29.24 (+.78) 110.33 (+11.31) 9.12 (+6.82)
MCI 43 24/19 65.17 (£6.84) 11.67 (+4.09) 28.30 (£1.28) 108.40 (£11.99) 10.19 (+6.16)
PD-BMT 28 15/13 63.10 (+7.43) 10.57 (+2.64) 28.43 (£1.20) 103.93 (£9.49) 9.21 (+5.69)
PD-DBS 22 10/12 59.69 (+10.28) 10.77 (£3.69) 28.36 (£1.50) 107.62 (£13.59) 9.77 (£6.91)
Total 118 57/61 63.50 (+7.66) 11.24 (+3.61) 28.54 (£1.26) 107.58 (£11.68) 9.65 (+6.28)
Significance .148 459 .001 153 .889

Abbreviations: BDI-Il, Beck Depression Inventory; m, male; f, female; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; PD-BMT,
best medically treated Parkinson disease group; PD-DBS, Parkinson disease patients with deep brain stimulation; WST-1Q, vocabulary test.

2In years.
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SDpre = \/(nT - 1>SDW€'T e 1)5Dpre‘c~, (6)

nr+nc-2
4(nr+nc-2)-1

3 | RESULTS

Based on the 95% confidence intervals for deterioration and improve-
ment of the PD-BMT, MCI, and healthy control group, comparisons
with the individual RCI results of the PD-DBS patients were made.
Necessary factors to calculate the confidence intervals are presented
in Tables 2-4—including raw values of all PD-DBS patients as well as
mean values and standard deviations for all groups. The results of
the RCI analysis comparing the PD-DBS patients with the calculated
confidence intervals of the PD-BMT, the MCI, and healthy control

group can be seen in Table 5.

Psychiatry

3.1 | PD-DBS versus PD-BMT

The RCI analysis showed an improvement of 42.86% and a deteriora-
tion of 38.10% of the PD-DBS patients for depressive symptoms (BDI-
1) with no effect (|d,pc2| = .000). The SF-36 physical health summary
improved in 44.44% and deteriorated in 22.22% of the PD-DBS
patients with a large effect (|dypcol = .920). Equal improvements and
deteriorations were found for the SF-36 mental health summary—
each 50.00% with a small effect (|dypcol = .262)—as well as the
B-ADL activities of daily living—each 10.00% with a medium effect
(Idppc2l= .603). Subjective memory functioning (FAI) did not change
in 76.19%, worsened in 14.29%, and improved in 9.52% of the PD-
DBS patients with no effect (|dpc2|= .147).

3.2 | PD-DBS versus MCI

Again, the depressive symptoms (BDI-II) depicted an improvement of
42.86% and a deterioration of 38.10% of the PD-DBS patients with

TABLE 2 Individual raw test and retest values for the PD-DBS group
Depressive Symptoms Physical Health Summary Mental Health Summary Activities of Daily Living Subjective Memory
(BDI-I1) (SF-36) (SF-36) (B-ADL) Functioning (FAI)

Subject X5 -
ID X1 Xz Xo-X1 Xi1 X2 Xo-X1 Xi X2 Xo-X1 Xi Xz Xo-X1 X1 X2 X1

1 3.00 2.00 -1.00 2690 47.84 20.94 6238 56.50 -588 179 116  -0.63 131 207 0.76
2 14.00 19.00 500 2161 2436 275 5398 4210 -1188 835 340 -495 327 287 -040
3 12.00 5.00 -7.00 - - - - - - - 0.17 - 325 000 -3.25
4 10.00 - - - - - - - - 748 600 -1.48 3.06 375 0.69
5 7.00 10.00 300 2336 18.62 -4.74 5209 61.94 985 448 420 -0.28 338 294 -044
6 17.00 32.00 1500 2126 29.08 782 3739 3726 -0.13 600 4.64 -1.36 1.81 2.00 0.19
7 500 10.00 500 3499 2383 -11.16 4498 58.67 1369 416 363  -0.53 294 333 0.39
8 0.00 9.00 9.00 2638 30.18 380 5321 5075 -246 3,60 304 -056 273 325 0.52
9 6.00 4.00 -200 30.67 23.89 -6.78 4370 6298 19.28 160 1.64 0.04 206 230 0.24
10 8.00 11.00 300 2788 27.88 0.00 4344 4344 0.00 204 204 0.00 138 1.38 0.00
11 4.00 4.00 0.00 - 38.33 - - 60.05 - 1.60 339 1.79 287 3.07 0.20
12 2400 17.00 -7.00 2427 2898 471 41.39 48.33 6.94 492 3.84 -1.08 1.94 250 0.56
13 16.00 11.00 -5.00 31.08 39.22 8.14 3948 4954 1006 - 8.57 - - 3.36 -
14 4.00 3.00 -1.00 2443 27.72 3.29 6449 67.67 318 3.70 1.44 -2.26 1.88 219 0.31
15 2400 1400 -10.00 3437 37.87 350 3404 4414 1010 248 236 -0.12 293 375 0.82
16 6.00 4.00 -200 33.60 41.18 7.58  49.59 49.07 -0.52 100 1.68 0.68 200 0.00 -2.00
17 12.00 8.00 -400 3234 4573 13.39 4707 56.83 976 300 180 -1.20 290 275 -015
18 20.00 400 -16.00 4241 5221 9.80 30.35 47.60 1725 272 1.96 -0.76 206 231 0.25
19 5.00 9.00 400 4315 48388 573 5650 3496 -2154 148 204 0.56 250 3.00 0.50
20 9.00 12.00 300 3742 4856 1114 5163 3132 -2031 316 492 1.76 356 294 -0.62
21 1.00 1.00 0.00 - 51.97 - - 58.63 - 136 108 -0.28 294 225 -0.69
22 8.00 4.00 -400 4470 4796 326 56.66 56.05 -0.61 100 152 0.52 269 288 0.19

Abbreviations: B-ADL, Bayer Activities of Daily Living Scale; BDI-Il, Beck Depression Inventory; FAI, Forgetfulness Assessment Inventory; SF-36, Short
Form (36) Health Survey; X4, individual test value; X,, individual retest value; X, — X;, difference between retest and test value (gray-shaded fields stand

for individual improvement).
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TABLE 3 Mean values and standard deviations of all study groups

PD-DBS PD-BMT MCI Control n
Parameter Mean SD n Mean SD n Mean SD n Mean SD n Total
BDI-Il Depressive symptoms test 9.76 71 21 9.21 57 28 10.19 62 43 912 68 25 117
Depressive symptoms retest 9.19 7.2 8.64 7.2 9.19 6.3 900 71
SF-36 Physical health summary test 31.16 74 18 41.63 82 23 4616 102 37 4853 7.6 20 98
Physical health summary retest 35.78 10.9 3897 112 4424  10.6 48.79 7.0
Mental health summary test 47.91 9.4 52.36 6.3 4990 105 48.69 9.2
Mental health summary retest 4995 10.0 52.34 9.1 52.48 8.2 50.74 87
B-ADL  Activities of daily living test 2.20 21 20 1.99 1.1 28 191 8 40 166 0.6 25 113
Activities of daily living retest 2.79 1.4 2.45 1.8 2.25 1.6 1.61 05
FAI Subjective memory functioning test 2.55 07 21 2.50 0.7 27 3.12 0.6 42 270 06 24 114
Subjective memory functioning retest 2.45 1.0 2.51 0.7 2.95 0.6 282 0.7

Abbreviations: B-ADL, Bayer Activities of Daily Living Scale; BDI-Il, Beck Depression Inventory; FAI, Forgetfulness Assessment Inventory; MCI, mild cog-
nitive impairment group; PD-BMT, best medically treated Parkinson disease group; PD-DBS, Parkinson disease patients with deep brain stimulation; SD,

standard deviation; SF-36, Short Form (36) Health Survey.

TABLE 4 ry, SEM, SED, and Cl

Parameters for PD-BMT [ SEM
Depressive Symptoms (BDI-II) .83 2.37
Physical Health Summary (SF-36) 81 3.57
Mental Health Summary (SF-36) .28 5.36
Activities of Daily Living (B-ADL) 27 0.98
Subjective Memory Functioning (FAI) .86 0.25

Parameters for MCI
Depressive Symptoms (BDI-II) .64 3.71
Physical Health Summary (SF-36) .60 6.42
Mental Health Summary (SF-36) 66 6.08
Activities of Daily Living (B-ADL) .32 0.68
Subjective Memory Functioning (FAI) .57 0.40

Parameters for Control
Depressive Symptoms (BDI-II) .83 2.79
Physical Health Summary (SF-36) 49 5.39
Mental Health Summary (SF-36) .58 6.01
Activities of Daily Living (B-ADL) .85 0.24
Subjective Memory Functioning (FAI) 64 0.35

SED SD M; - My Cl- Cl+ n

3.36 57 -0.57 -6.07 4.94 28
5.04 8.2 -2.66 -10.93 5.61 23
7.58 6.3 -0.02 -12.45 12.40 23
1.39 11 0.47 -1.80 2.74 28
0.35 0.7 0.04 -0.61 0.54 27
5.24 6.2 -1.00 -9.60 7.59 43
9.08 10.2 -1.92 -16.81 12.97 37
8.59 10.5 2.62 -11.47 16.72 37
0.96 0.8 0.34 =il.2% 191 40
0.56 0.6 -0.16 -1.08 0.76 42
3.94 6.8 -0.12 -6.58 6.34 25
7.63 7.6 0.26 -12.25 12.77 20
8.50 9.2 2.05 -11.88 15.98 20
0.33 0.6 -0.05 -0.59 0.50 25
0.50 0.6 0.12 -0.69 0.94 24

Abbreviations: B-ADL, Bayer Activities of Daily Living Scale; BDI-Il, Beck Depression Inventory; Cl-/Cl+, confidence intervals; FAI, Forgetfulness Assess-
ment Inventory; MCI, mild cognitive impairment group; M, - M4, difference between retest- and test-mean-value reflecting practice effects on retesting;
PD-BMT, best medically treated Parkinson disease group; r, retest reliability; SED, standard error of difference; SEM, standard error of measurement; SD,

standard deviation; SF-36, Short Form (36) Health Survey.

no effect (|dypc2l = .067). The SF-36 physical health summary showed
that 38.89% improved whereas 22.22% of the PD-DBS patients dete-
riorated with a medium effect (|dypco| = .696). Mental health summary
showed an improvement in 44.44% and deterioration in 50.00% of the
PD-DBS patients with no effect (|dpc2| = .057). Activities of daily living
(B-ADL) showed no change in 70.00% with a medium effect (|d,pco|=
.613). Subjective memory functioning (FAI) portrayed no change in
90.48% of the PD-DBS patients with no effect (|dppca|= .114).

3.3

| PD-DBS versus healthy control

The depressive symptoms (BDI-Il) showed an improvement of 42.86%
and a deterioration of 38.10% of the PD-DBS patients with no effect
(Idppc2l = .064). The SF-36 physical health summary presented 38.89%
improved and 22.22% of the PD-DBS patients deteriorated with a
medium effect (|dppc2| =.580), while the mental health summary showed
an improvement in 44.44% of patients and deterioration in 50.00%
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of the patients with no effect (|d,pc2| = .000). Activities of daily living (B-
ADL) depicted a deterioration of 40.00% and improvements in 30.00%
of the patient with a small effect (|dppc2|= .313). Subjective memory
functioning (FAI) portrayed no change in 90.48% of the PD-DBS
patients with a small effect (|dp,c2|= .346).

Over all, the reliable change indices show high constant or
improved results of the PD-DBS patients in the domains subjective
memory (85.7-100.0%), activities of daily living (60.0-90.0%), physical
health summary (77.8%), depressive symptoms (61.9%), and mental
health summary (50.0%) in comparison with the PD-BMT, MCI, and

control group.

4 | DISCUSSION

The primary aim of this study was to assess the effect of DBS on
depressive symptoms, physical and mental health-related quality of
life, activities of daily living, and subjective memory functioning. An
RCI analysis was performed to compare the PD-DBS patients with a
PD-BMT, an MCI, and a healthy control group. The results in all
domains showed improved, constant, and worsened results. Overall,
there was a change in individual patients, but the change was very
heterogeneous with gains and losses.

Many studies cover the issues of depression in PD patients with
and without PD-DBS surgery, but none of them has used the BDI-II
questionnaire to enquire the severity of depression, nor have any of
these studies used RCI analyses. Most of them do present conflicting
results regarding the change in depressive symptoms in PD-DBS
patients, while recent meta-analyses performed by Combs and Couto,
however, verify the improvements also found in the current study.?>2%

The majority of the studies investigating quality of life demon-
strated an improvement of the physical health—which is no surprise
since DBS is known for its fast effects on the physical symptoms—
and no change or even deterioration of the mental health summary
due to the high expectations of the patients, the progression of PD
itself, or side effects of the surgery.?*272% As for the current study,
the physical health summary showed improvements throughout all
comparisons. The mental health summary improved in almost half of
PD-DBS patients when compared with the PD-BTM, MCI, and healthy
control group, while a deterioration of half of the PD-DBS patients in
all three comparisons could be demonstrated. These results indicate
that further research is needed to be able to quantify the extent of
possible mental side effects in specific patients.

The B-ADL questionnaire was used in this study because of its
applicability on patients with mild to moderate cognitive impairment.
However, there are no other comparable studies using this score to
assess activities of daily living in PD-DBS patients. The PD-DBS group
showed no changes in comparison with the PD-BMT and the MCI
group, while compared with the healthy control, a slight deterioration
was found. These results indicate that DBS has no adverse or improv-
ing effects on PD patients regarding activities of daily living. The
results of the comparison between the PD-DBS participants and the

healthy control indicate that further research is needed to be able to

quantify possible procedural side effects aside from possibly more
impairment due to the nature of PD.

Subjective memory functioning (FAI) change of PD patients after
neurosurgery has not been investigated so far. The current study
revealed that the subjective memory functioning after PD-DBS
showed no change in all comparisons. Since over three quarter of
the PD-DBS patients achieved constant results, it is reasonable that
PD-DBS has no adverse effects on subjective memory.

Some limitations have to be taken into consideration when
interpreting these findings. Unfortunately, not all PD-DBS study par-
ticipants answered all questionnaires, so there are some missing
values, which had to be taken out of consideration (see Table 2).
Due to the small sample size, only medium to large effects reached
statistical significance. Natural regression effect is a limitation that
might falsify the results by the means that the posttest measurements
are shifted towards the middle of the distribution. Another limitation
concerns the RCl—the fact that the test is taken twice does not neces-
sarily guarantee that the variable is measured with the same precision.
The elapsed time between the two tests can affect the reliability of
scores across that period—shorter retest intervals lead to higher, lon-
ger intervals to lower reliability coefficients (ry). The confidence inter-
val characterizes the range of feature expressions in which 95% of the
measured values are located and consequently represents another
restriction for the RCI comparison, because the bigger the range of

values is, the less precise the estimation becomes.?%42?

5 | CONCLUSION

In summary, DBS can be seen as an established alternative to the best
medical treatment of PD. The results of the current study suggest that
there are no general conclusions about the psychosocial improvement
or deterioration that could be expected from the PD-DBS surgery.
However, it supports results of other studies regarding the enhance-
ment of depressive symptoms and general physical quality of life
aspects. Furthermore, it mostly proved no changes for activities of
daily living (B-ADL) and subjective memory (FAI).

In order to be able to estimate the psychosocial outcome after the
deep brain stimulation individually for each patient as precisely as pos-
sible—despite the still existing uncertainties about the mechanisms
and emerging impairments—further studies are necessary in order to
find predictors for improvement or worsening and to develop optimal

individual therapy options.
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