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Neuropsychological changes following deep brain
stimulation surgery for Parkinson’s disease:
comparisons of treatment at pallidal and
subthalamic targets versus best medical therapy

Johannes C Rothlind," Michele K York,? Kim Carlson,® Ping Luo,® William J Marks Jr,*
Frances M Weaver,>® Matthew Stern,” Kenneth Follett, ®° Domenic Reda,? for the

CSP-468 Study Group

ABSTRACT

Background Deep brain stimulation (DBS) improves
motor symptoms in Parkinson's disease (PD), but questions
remain regarding neuropsychological decrements
sometimes associated with this treatment, including rates
of statistically and clinically meaningful change, and
whether there are differences in outcome related to
surgical target.

Methods Neuropsychological functioning was assessed
in patients with Parkinson’s disease (PD) at baseline and
after 6 months in a prospective, randomised, controlled
study comparing best medical therapy (BMT, n=116) and
bilateral deep brain stimulation (DBS, n=164) at either the
subthalamic nucleus (STN, n=84) or globus pallidus interna
(GPi, n=80), using standardised neuropsychological tests.
Measures of functional outcomes were also administered.
Results Comparison of the two DBS targets revealed few
significant group differences. STN DBS was associated with
greater mean reductions on some measures of processing
speed, only one of which was statistically significant in
comparison with stimulation of GPi. GPi DBS was
associated with lower mean performance on one measure
of learning and memory that requires mental control and
cognitive flexibility. Compared to the group receiving BMT,
the combined DBS group had significantly greater mean
reductions at 6-month follow-up in performance on
multiple measures of processing speed and working
memory. After calculating thresholds for statistically reliable
change from data obtained from the BMT group, the
combined DBS group also displayed higher rates of decline
in neuropsychological test performance. Among study
completers, 18 (11%) study participants receiving DBS
displayed reliable decline by multiple indicators in two or
more cognitive domains, a significantly higher rate than in
the BMT group (3%). This multi-domain cognitive decline
was associated with less beneficial change in subjective
ratings of everyday functioning and quality of life (QOL).
The multi-domain cognitive decline group continued to
function at a lower level at 24-month follow-up.
Conclusions In those with PD, the likelihood of
significant decline in neuropsychological functioning
increases with DBS, affecting a small minority of patients
who also appear to respond less optimally to DBS by other
indicators of QOL.

Trial registration number NCT00056563 and
NCT01076452.

INTRODUCTION

Deep brain stimulation (DBS) improves motor
symptoms and quality of life (QOL) in Parkinson’s
disease (PD),' but it has also been associated with
decrements in neuropsychological function, includ-
ing reductions in verbal associative fluency, working
memory, and learning and recall efficiency.®”’
Reliable change (RC)® ° and other statistical
methods’ have been utilised to document higher
rates of decline following DBS.'™'*  Available
studies have suggested considerable heterogeneity
in neuropsychological outcomes in patients with
PD 6-12 months after surgery, with some indivi-
duals showing large changes and others showing no
change or even improved test performance.'”
Questions remain about the rate of more robust
DBS-related cognitive decline determined through
aggregation of results across multiple outcome
measures.

The clinical significance of declines in neuro-
psychological test performance following DBS
surgery also remains unclear. In prior naturalistic
studies of PD, impairment in neuropsychological
functioning has been found to impact everyday
functioning and QOL.'* However, the few studies
that have examined clinical correlates of declines in
neuropsychological function following DBS have
not found an association with QOL.’ 7

The aims of the present study are to (a) compare
DBS at subthalamic nucleus (STN) and globus palli-
dus interna (GPi) targets to best medical therapy
(BMT) with regard to treatment-related change in
neuropsychological test performance over a
6-month follow-up, including differences in rates
of RC on specific tests and more globally across
broad domains of neuropsychological function and
(b) explore the clinical significance of changes in
neuropsychological test performance through an
examination of their association with changes in
QOL following treatment.

METHODS

Study sites and patients

The details regarding the recruitment and assess-
ment of patients, surgical interventions and
follow-up have been described previously®> ' In
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brief, 316 patients were enrolled at seven Veterans Affairs and
six affiliated university medical centres. Patients with idiopathic
PD who were at least 21 years of age were eligible if they had
disease that was assessed as stage 2 or higher on the basis of the
Hoehn and Yahr Disability Scale while not receiving antiparkin-
sonian medication, had a response to levodopa, had persistent
and disabling symptoms (eg, motor fluctuations and/or dyskinae-
sia) despite optimal medical therapy, had at least 3 h per 24 h
period with poor motor function or symptom control and had
been on stable medical therapy for at least 1 month. Exclusions
included clear evidence of dementia (MMSE <25 or Mattis
dementia rating scale (DRS) >2 SD below the mean of healthy
age-matched peers).

Interventions

Patients randomised to BMT were managed by study movement
disorders neurologists, applying state-of-the-art care to achieve
best symptom control and optimal functioning. Patients rando-
mised to DBS were further randomised to bilateral DBS surgery
at either the STN or GPi and underwent surgery within
1 month of the study baseline evaluation. Lead implantation
was accomplished using stereotactic techniques with MRI or CT
guidance, with initial targets based on standard coordinates for
STN and GPi and further refinements made using intraoperative
physiological mapping and test stimulation.

Assessment procedures

The study utilised a battery of neuropsychological tests to assess
multiple broad domains of neuropsychological functioning at
baseline and after 6 months of treatment with either BMT or
DBS (cataloged in table 2). Patients were assessed in the
on-medication state at baseline and follow-up, and those in the
DBS group were also in the on-stimulation state. Alternate
forms of the learning and memory challenges were administered
at the two assessments in a counterbalanced order to limit the
effect of repeated exposure to the same stimuli. Patients also
completed the Parkinson Disease Questionnaire-39 (PDQ-39) at
each study session. Patients provided written informed consent.

Statistical analyses

To reduce the number of tests in the neuropsychological battery,
and to confirm and further guide grouping of neuropsycho-
logical tests, an exploratory factor analysis was conducted. Since
it is reasonable to assume that factors exhibit some degree of
correlation, an oblique method of rotation, specifically promax
rotation, was used. A test was deemed to significantly load on a
factor if its standardised regression coefficient was >0.3. The
number of factors was chosen by examining a scree plot to
determine the number of factors with the largest eigenvalues
and then examining the eigenvalues of each factor. Five factors
were extracted that correspond to broad domains that we have
labelled processing speed, working memory, learning and
memory, executive function and language (see online supple-
mentary appendix A).

To compare rates of abnormal cognitive decline across treat-
ment groups, we first calculated RC Cls and practice-adjusted
thresholds for RC® '® based on the test—retest data of the BMT
group. For each test, thresholds were based on 90% ClIs sur-
rounding the mean change scores observed in the BMT sample,
with adjustment for mean change score on that test. To generate
even more robust psychometric criteria for cognitive decline
over the study interval, study participants who displayed a statis-
tically RC on at least one-third of the individual measures used
to assess a specific domain were classified as having displayed a

RC in that domain (see online supplementary appendix A). The
standard for a single-domain decline was adjusted for each
instance of statistically reliable improvement by requiring one
additional instance of reliable decline in that domain. In order
to identify the potential effects of treatment on the rate of more
robust (multi domain) cognitive decline, we further classified
individual study participants based on whether they displayed
multi-domain cognitive decline, defined as a statistically reliable
decline on at least one-third of the measures in two or more of
the five broad domains.

To examine mean group differences in cognitive outcomes at
6 months, multiple t-test were carried out to compare STN and
GPi DBS targets (and the combined DBS group) to BMT on
individual neuropsychological scores. Non-parametric analyses
(* tests) were utilised to compare rates of single-task, single-
domain and multi-domain decline across treatment groups.
Univariate analyses (t tests) were employed to determine
whether multi-domain cognitive decline is associated with
changes in activities of daily living (ADLs) or other aspects of
QOL following DBS, as assessed using the PDQ-39.

To address missing data we conducted various sensitivity ana-
lyses involving study completers, including multiple imputation
of individual neuropsychological scores and a worst case scen-
ario where all missing outcomes correspond to decline in a par-
ticular test. Results based on the analysis of domains did not
change appreciably with these sensitivity analyses.

RESULTS

Three hundred and sixteen patients with PD were enrolled in
the study. Initially, 255 patients were randomised to receive
BMT (n=134) or bilateral DBS (n=121). Following the termin-
ation of recruitment to the BMT arm of the study, an additional
56 patients were randomised to GPi or STN DBS, including five
already randomised to BMT (figure 1). Participant withdrawals
and missed visits are further described in figure 1. In sum, 182
individuals were assigned to DBS, with 164 included in the
present analysis. Of the original group, two died before
6-month follow-up, nine participants withdrew consent and
three other participants were lost to follow-up. Three others
randomised to the DBS arm missed their 6-month visit for
unspecified reasons. Of the nine participants who withdrew
consent, seven did so due to medical or psychological problems
occurring during the study. The reasons that two others with-
drew consent and three participants were lost to follow-up are
unknown.

Eighty-four per cent of the study participants were men, 69%
were married and most (>95%) were Caucasian. The mean age
for the combined sample was 61.7 (SD=8.8) years (range
37-83 years). GPi and STN groups did not differ on any vari-
ables at baseline (see table 1). As documented previously,® the
BMT subgroup had been diagnosed with PD and treated with
PD medication for a significantly longer period of time than the
DBS group.

Neuropsychological outcomes

Comparison of the GPi and STN groups revealed no significant
differences in baseline neuropsychological test performance. In
comparing the outcome following DBS for the two surgical
targets, just 3 of the 25 change scores showed a statistically sig-
nificant group difference. These group differences were small
and did not fall in a consistent pattern, with performance on
one test (Stroop word reading) declining to a greater extent
within the STN group than GPi, and performance on the
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Figure 1  Enrolment and outcome
assessment (BMT, best medical
therapy; DBS, deep brain stimulation;

255 randomised to BMT or DBS; 61 assigned to DBS after BMT arm closed

316 subjects enrolled:

DBS randomised to STN or GPi

GPi, globus pallidus interna; STN,
subthalamic nucleus).

134 randomised to best
medical therapy

121 randomised to deep
brain stimulation
(61GP1i, 60 STN)

56 assigned directly to DBS
5 assigned to DBS after
BMT arm closed
(26 GPi, 25 STN)

12 withdrew

— 5 cross-over to
DBS when BMT
arm closed

1 died
3 missed visit [

12 withdrew
1 died -
1 missed visit

117 patients completed
6-month assessments

107 patients completed
6-month assessments
(56 GPi, 51 STN)

57 patients completed
6-month assessments
(24 GPi, 33 STN)

(117 BMT; 80 GPi DBS; 84 STN DBS)

281 included in the analysis

Hopkins Verbal Learning Test (HVLT) declining more in the
GPi group (see table 2).

Because the two DBS groups showed a similar level of change
overall, results for the two surgical targets were subsequently
pooled, and the combined DBS group was compared with the
BMT group. In these group-level analyses, the DBS group
showed statistically significantly greater decline (or lack of
improvement) at 6 months on multiple measures of processing
speed and working memory (see table 2). Follow-up analysis of
covariance adjusting for isolated small baseline group differences
did not alter the main study findings.

Table 1 Baseline demographic and clinical features

RC results for individual tests

Rates of RC did not differ significantly between the two surgical
groups with the exception of the Digit Symbol coding task, on
which a significantly higher rate of decline was observed in the
STN DBS subgroup (11.1% compared with 1.3% in GPi DBS;
p=0.04). Within the combined DBS group, elevated rates of
statistically reliable decline were observed for several measures
of processing speed and working memory (see table 3). There
were no significant group differences in rates of improvement,
except for the significantly lower rate of improvement displayed
by the combined DBS group on the Wisconsin card sorting test

BMT (n=116) GPi DBS (n=80) STN DBS (n=84)

Mean SD Mean SD Mean SD p Value
Age (years) 62.3 8.9 61.3 8.9 61.3 8.5 0.68
Education (years) 14.8 3.0 143 31 15.2 33 0.17
Years since diagnosis 12.8 5.5 11.0 47 11.0 5.0 0.02
Years on PD medication 12.2 5.3 10.4 46 10.1 44 0.004
Hoehn-Yahr off medication 33 0.9 3.2 0.8 3.4 0.9 0.48
Hoehn-Yahr on medication 2.4 0.5 23 0.7 23 0.6 0.73
Blinded on med UPDRS Il 23.2 10.5 22.2 124 21.2 11.8 0.49
Blinded off med UPDRS IlI 431 11.2 41.6 12.6 42.8 16.7 0.72
Total levodopa dosage (mg) 1290.1 550.2 1284.0 490.7 1291.5 549.8 >0.99

BMT, best medical therapy; DBS, deep brain stimulation; GPi, globus pallidus interna; PD, Parkinson's disease; STN, subthalamic nucleus; UPDRS, unified Parkinson’s disease rating

scale.
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Table 2 Group differences: baseline and change in neuropsychological test performance at 6 months

BMT GPi DBS STN DBS
Baseline Change Baseline Change Baseline Change
Measure N Mean SD Mean SD Per cent N Mean SD Mean SD Per cent N Mean SD Mean SD Per cent
Processing speed
WAIS-III digit symbol 114 43.7 16.7 0 10.1 0.1 75 47.1 15.8 -1.9 8 -4.1 81 479 15.7 -2.9 10.2 —6.1*
WAIS-IIl symbol search 115 22.2 8.2 0.2 5.3 0.9 78 23 7.8 -13 5.4 5.5 84 23.6 8.2 =25 6.5 -10.7*
Trail making test A 115 45.1 25.1 1 18 2.2 79 44 20.1 4.1 37.2 9.3 84 49 30.5 —-0.7 24.2 1.5
Trail making test B 112 131.2 76.7 9.1 60.9 6.9 79 125.2 73.6 11.6 59.4 9.3 81 127.7 69.1 9.7 50.8 7.6
Animal naming 115 19.9 5.9 —-0.9 4.8 -4.8 79 20.5 5.6 -2.7 5.3 -133 83 20 5.8 -23 45 —11.3*
Grocery naming 116 21.6 6.4 0.7 5.8 33 80 23.2 6.3 -2.6 5.3 =111 84 235 6.1 —4.1 6.2 —17.3*
Stroop word reading 110 83 17.6 =11 10.6 -1.4 76 84.9 19.4 -1.2 14.5 -1.4 78 87.4 15.5 -5.2 1.3 -5.9t
Stroop color naming 109 58.3 13.2 —-0.7 9.3 -1.2 76 60.4 133 -34 11.9 5.7 78 59.3 10.8 -4.7 9.6 —7.8*
Stroop color word 109 31 9.7 0.5 8.4 1.6 76 33.2 10.1 -2.1 9.3 —6.4 78 32.9 83 -2.8 6.3 —8.4*
Working memory
WAIS-II digits forward 116 10.1 2 —-0.2 1.8 -2.3 79 104 24 -03 2 -3 84 10 22 —-0.2 1.8 -23
WAIS-III digits backward 116 5.9 1.7 0.1 1.6 22 79 6.4 2 -03 2 —4.2 84 6 1.8 -0.1 1.7 -2
WAIS [II letter-number 114 84 2.6 0.4 1.8 43 79 9.2 2.8 —-0.6 2.6 —6.2 81 9.4 2.6 -0.7 2.2 -7.5%
Phonemic fluency (F,A,S) 114 35.9 14.2 0.5 8.6 13 79 36.7 133 -5 10.8 -13.6 83 37.2 15.4 -4.6 9.7 —12.4*
WAIS Il arithmetic 114 13 3.7 -0.1 2.3 -1.1 77 13.6 34 —-0.7 1.9 -5 82 13.1 34 —-0.5 22 -34
WAIS Il similarities 113 22.6 5.8 0.8 33 3.8 77 22.6 5.3 —-0.7 3.2 -3.2 83 233 5.3 -0.7 34 -2.9*
Language
Boston naming test 114 56.1 42 0.4 1.9 0.6 79 55.1 45 0.5 22 1 81 55.4 4.7 0.4 24 0.7
Learning and memory
HVLT trials 1-3 total 115 21.7 5.4 -0.2 4.6 —-0.8 79 21.9 45 -0.8 44 -3.7 82 211 5.6 0.9 4.7 4.0t
HVLT-R delayed recall 115 6.7 34 —-0.2 3 =25 79 7 3.1 =11 3 —-15.3 82 6.5 3.6 0.1 3 1.9t
HVLT-R recognition 115 9.8 2 0.2 24 2.1 78 9.8 1.8 0 2.1 -0.3 81 9.9 1.9 0.1 2 1
BVMT-R trials 1-3 total 116 16.8 7 0.1 6.3 0.3 79 16.3 14 —0.2 6.6 -1.2 83 17 1.7 —0.7 16 —43
BVMT-R delayed recall 116 6.8 3.1 0.4 2.7 6.4 78 7 3.1 —0.8 26 -11.3 83 6.9 3.2 —0.2 2.7 -33*
BVMR-R discrimination 116 5 1.2 0.2 1.5 3.1 79 5.1 1.2 —-0.1 1.2 -2 83 5.2 1 —0.1 1.6 -23
Executive functioning
WCST total errors 114 24.9 11.7 -04 1.3 -1.7 79 23.7 10.7 0 8.7 -0.2 81 23.1 9.3 —-0.2 9.5 —-0.9
WCST preservations 114 173 12.4 -2.1 1" —-12 79 15.6 11.6 —-0.2 12.4 -1.1 81 14.4 8.2 0 9.2 -0.1
Stroop interference index 109 6 5.6 0.7 7.5 1" 76 7.2 7.4 0.1 8.9 1.7 78 5.6 73 1.5 6.9 26.7

All means in Table 2 refer to raw, unadjusted scores.

*p Value for BMT versus GPi and STN<0.05.

tp Value for GPi versus STN<0.05.

BMT, best medical therapy; BVMT, brief visuospatial memory test; DBS, deep brain stimulation; GPi, globus pallidus interna; STN, subthalamic nucleus; WAIS, Wechsler adult intelligence scale.
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Table 3 RC parameters, practice-adjusted thresholds for RC, and rates of reliable decline by group

Per cent
Adjusted RC (90%) declining
Test-retest
coefficient Mean difference SD RC 90% Lower 5% Upper 5% BMT DBS
Processing speed
WAIS-III digit symbol* 0.81 0.0 10.06 16.54 —-16.52 16.57 5.2 6.1
WAIS-III symbol searcht 0.80 0.2 5.3 8.72 —8.53 8.91 5.2 134
Trail making test A 0.73 1.0 17.91 29.47 —30.44 28.49 2.6 73
Trail making test B 0.76 9.1 59.02 97.07 —106.18 88.0 5.2 5.5
Animal namingt 0.65 -0.9 4.79 7.88 -8.83 6.93 2.6 11.0
Grocery namingt 0.61 0.7 5.82 9.57 —8.86 10.27 7.8 18.9
Stroop word readingt 0.82 -0.7 10.56 17.37 —18.50 16.23 43 11.0
Stroop colour naming 0.76 =11 9.26 15.23 —15.93 14.53 43 85
Stroop colour word 0.68 0.5 8.29 13.63 —13.12 14.13 2.6 4.9
Working memory
WAIS-III forward 0.63 -0.2 1.75 2.88 -3.12 2.65 2.6 6.1
WAIS-III backward 0.66 0.1 1.56 2.57 —2.44 2.70 43 73
WAIS Il letter-numbert 0.76 0.4 1.80 2.97 -2.61 333 3.4 19.4
Phonemic fluency (FA,S)t 0.82 0.8 8.63 14.19 -13.73 14.65 6.3 16.5
WAIS 1l arithmetic 0.82 -0.1 2.28 3.6 -3.90 3.62 5.2 73
WAIS 11l similarities 0.83 0.5 331 5.45 —4.60 6.30 6.9 12.8
Language
Boston naming test 0.90 0.4 1.85 3.04 -2.68 3.40 6.3 85
Learning/memory
HVLT trials 1-3 total 0.64 -0.2 4.58 753 —7.69 7.36 34 6.1
HVLT-R delayed recall 0.59 -0.2 3.01 4.95 -5.12 4.79 34 3.7
HVLT-R recognition Discrimination 0.24 0.2 2.41 3.97 -3.76 417 6.0 3.7
BVMT-R trials 1-3 total 0.62 0.1 6.24 10.27 —-10.21 10.32 5.2 85
BVMT-R delayed recall 0.64 0.4 2.73 4.50 —4.07 4.93 34 55
BVMR-R discrimination index 0.23 0.2 1.47 2.4 -2.26 2.57 5.2 43
Executive functioning
WCST total errors 0.49 —-0.4 11.30 18.58 —18.17 18.99 5.2 6.7
WCST perseverative Responses# 0.55 -2.1 10.93 17.98 —15.90 20.06 6.9 3.1
Stroop interference index 0.12 0.7 7.52 12.37 -11.71 13.03 3.4 3.7

*Decline more common in subthalamic nucleus (11.1%) than globus pallidus interna (1.3%; p<0.05).

+BMT versus DBS difference significant (p<0.05).

$No difference in rate of decline, but BMT showed higher rate of improvement (7.9% vs 2.5%; p<0.05).

BMT, best medical therapy; DBS, deep brain stimulation; RC, reliable change.

(WCST) perseverative response measure, an index of executive
function (p=0.05).

Rates of multi-domain cognitive decline

To further evaluate the extent to which individual study partici-
pants were showing cognitive decline following treatment, we
aggregated RCs for each individual, classifying relevant study
participants as a decliner in a particular domain (see table 4).
Approximately 20% of participants in each treatment group
declined on a single dimension (group difference NS). After
aggregating further to identify instances where individuals
showed statistically significant deterioration in multiple domains
of neuropsychological function, non-parametric analyses docu-
mented that DBS was associated with a higher rate of multi-
domain cognitive decline. Eighteen of 164 study participants in
the DBS group (11%) displayed multi-domain cognitive decline,
compared with just 4/116 (3%) in the BMT group (p=0.024).
Further inspection of the pattern of RCs revealed that the DBS
subgroup with multi-domain cognitive decline showed an
average of 6.8 statistically reliable declines on individual neuro-
psychological tests, with an average of 0.25 tests improving. In

contrast, within the DBS subgroup without multi-domain cogni-
tive decline (n=146), a mean of 1.5 tests declined and mean of
0.9 improved.

The surgical target was not correlated with the rate of multi-
domain cognitive decline (7/80 (9%) of the GPi group displayed

Table 4 Rates of reliable decline by cognitive domain

BMT (N=116) DBS (N=164)

Decline Decline
Cognitive domain n Per cent n Per cent p Value
Processing speed 3 2.6 " 6.7 0.16
Working memory 5 43 23 14.0 0.008
Executive function* 13 11.2 20 123 0.85
Learning/memory 6 5.2 8 49 1.0
Language 7 6.0 14 8.6 0.50
Multiple domains 4 3.5 18 10.9 0.02

*Higher rate of improvement in BMT on some measures.
BMT, best medical therapy; DBS, deep brain stimulation.
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Table 5 Change in PDQ-39 self-report of functioning at 6 months

DBS—multi- DBS-+multi-

domain domain

cognitive cognitive

decline (n=132) decline (n=15)

Mean SD Mean SD p Value
PDQ-39 total score —80.3 105.3 —-20.8 82.5 0.04
ADL -17.2 19.1 -5.6 243 0.03
Mobility —-16.0 21.2 -5.9 234 0.07
Communication -2.8 213 6.4 24.7 0.09
Emotional well-being -8.2 18.8 0.0 9.7 0.09
Social support =15 18.4 4.4 20.1 0.24
Cognition -5.5 183 —-0.8 24.6 0.34
Bodily discomfort -94 19.7 -9.8 20.5 0.94
Stigma —-14.8 241 —145 21.1 0.95

ADL, activities of daily living; DBS, deep brain stimulation; PDQ-39, Parkinson Disease
Questionnaire-39.

multi-domain cognitive decline, versus 11/84 (13%) in the STN
group; p=0.37). While detailed analyses of factors predicting
multi-domain cognitive decline are beyond the scope of the
present study, we compared the DBS/no multi-domain cognitive
decline and DBS/multi-domain cognitive decline groups with
regard to stimulation parameters for each DBS lead at the
6-month follow-up evaluation (unipolar vs bipolar mode, ampli-
tude, pulse width and rate). These analyses documented only
one significant group difference, with pulse width for the left
lead significantly lower in the individuals experiencing multi-
domain cognitive decline than in the DBS/no multi-domain cog-
nitive decline group (mean=75.9 (SD=60) vs 85.3 (SD=60),
p<0.05).

QOL outcome associated with multi-domain cognitive

decline

As documented previously,® patients who undergo DBS surgery
commonly experience significant improvements on the PDQ-39.
However, the multi-domain cognitive decline group in our
sample did not demonstrate the same improvement in QOL
seen in the DBS subgroup as a whole (p<0.035, see table 5).
Multi-domain cognitive decline was a significant negative pre-
dictor of PDQ-39 total score and score on the subscale assessing
ADLs.

Neurocognition and QOL at 24 months compared in
individuals with and without multi-domain cognitive decline
To examine whether the more robust cognitive declines affecting
the small subgroup of individuals receiving DBS treatment
endure over a longer follow-up interval, we examined group dif-
ferences from the 24-month study visit on two measures that
are among the most commonly reported and sensitive indicators
of neuropsychological decline following DBS (verbal associative
fluency), and on our global indicator of QOL (PDQ-39 total
score). These comparisons at 24 months reveal a significant
group difference on all three measures at the longer follow-up.
The Mean Animal Naming for DBS/no multi-domain cognitive
decline was 17.4 (SD=5.6) vs 11.4 (SD=5.5) for DBS/multi-
domain cognitive decline p<0.0001. The Mean Phonemic
Fluency for DBS/no multi-domain cognitive decline group was
42 (SD=11.7) vs 30.9 (SD=8.0) for DBS/multi-domain cogni-
tive decline (p<0.0003). The PDQ-39 total mean for DBS/no
multi-domain cognitive decline group was 302.7 (SD=122.6) vs

377 (SD=136.2) for DBS/multi-domain cognitive decline
(p<0.03).

DISCUSSION

The present study expands on our previously published analyses
of neuropsychological outcomes associated with DBS®, and our
findings of small differences associated with STN versus GPi
target.”® The present investigation focused on a larger sample of
patients with DBS than in our previous analyses of 6-month
follow-up,® and the current analyses compared outcomes by sur-
gical target. In contrast to our previous publications, the present
study also analysed a larger number of outcomes and incorpo-
rated a wider array of group comparison methods and RC
thresholds, further documenting the rate of single-test and
multidimensional cognitive decline under different treatment
conditions.

The results of the current study are consistent with results
from previous publications'® 17 '8 in identifying only isolated,
small GPi versus STN target differences in neuropsychological
change after DBS. In keeping with earlier studies,”> '® there are
indications of slightly greater reductions in aspects of processing
speed following STN treatment. However, the present investiga-
tion also documents greater reductions in verbal learning and
recall in participants receiving DBS at the GPi target. These
target differences in neuropsychological outcomes of DBS are
small, and they must be interpreted with added caution given
the absence of statistical correction for multiple comparisons. In
the absence of formal adjustment for multiplicity, we have
reported all comparisons to allow readers to perform their own
adjustments. Moreover, the basis for the small target differences
remains uncertain. The typically greater reductions in dopamin-
ergic medication following STN compared with GPi DBS may
play a role in the more pronounced decline in aspects of pro-
cessing speed in the former group. Conversely, the slightly
higher educational attainment and larger representation of
women in the STN group may play a role in the target differ-
ences on the HVLI observed following treatment favouring
STN, as both of these variables may be associated with stronger
performance on verbal list learning and recall. Impairment in
strategic aspects of learning and memory performance may also
be mediated by disruption of the normal functioning of regions
of anteromedial GPi,"” perhaps influenced by lead-location and
stimulation parameters. Since patients treated with DBS were
only assessed with stimulation on, it is impossible to discern the
extent to which the effects of therapeutic stimulation (rather
than the effects of the surgical implant procedure) contributed
to the neuropsychological decline in some patients in the
present study. However, previous research involving counterba-
lanced ‘on’ versus ‘off’ stimulation comparison following DBS
for PD suggests that neurocognitive performance is slightly
lower with stimulation turned off.>° This argues against stimula-
tion parameters as a primary factor underlying the lowered per-
formance seen on some measures following DBS surgery in our
study. In the absence of further investigation regarding the
underlying mechanism and functional impact of deficits on
these specific measures, the finding of isolated target differences
in post-treatment change in test performance does not appear to
offer clear guidance to clinicians with regard to choice of surgi-
cal target.

Significantly greater mean reductions in neuropsychological
functioning were observed in the combined DBS group on mea-
sures of working memory and processing speed. Verbal associa-
tive fluency is again documented to be a robust indicator of
neuropsychological change following DBS, and the group
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difference for animal fluency, which had been reported as a
trend in earlier analyses published by our group,® clearly
exceeds the threshold for statistical significance in the larger
study sample compared here. The present study suggests small
group differences in neuropsychological outcome in domains
traditionally associated with integrity of frontal-subcortical cir-
cuits in human brain function. The basis for these changes will
require further investigation.

Using RC thresholds, we documented that DBS is associated
with a significantly higher rate of decline and/or failure to
improve in performance on tests of working memory and pro-
cessing speed. It is important to note that although the likelihood
of statistically reliable decline was as much as five times greater in
the DBS group for individual measures, the majority of individ-
ual patients receiving DBS did not display changes on individual
measures or combinations of measures that would clearly distin-
guish them from patients treated with BMT. Instead, the majority
showed a balance of isolated declines and improvements in test
performance similar to the pattern observed in the BMT arm.
However, by the stringent criterion for multi-domain cognitive
decline established for the present study, a small but significantly
higher rate of more robust cognitive decline was identified in the
DBS group. The basis for the more robust decline in some study
participants remains to be explored. In keeping with the results
from analyses of mean group differences, surgical target did not
predict multi-domain cognitive decline, and stimulation para-
meters themselves do not appear to have an important role.
Among the numerous parameters examined, only one, increased
left hemisphere mean pulse width showed a modest statistical
association with multi-domain cognitive decline. However, this
single statistically significant finding is probably not clinically
relevant, considering the post hoc nature of the analysis, lack of
adjustment for multiple comparisons in these analyses, along
with the small effect, together with the small sample in which the
result was obtained.

The present study is among the first to aggregate reliable
declines on individual tests to generate an index of more robust
decline in neuropsychological function.'® The approach offers a
way to identify individuals who may account for smaller mean
group differences, and we believe that such an approach war-
rants further investigation as a means of identifying individuals
who respond disproportionately to treatment on measures of
neuropsychological function.

The current study is also among the first to document clinical
correlates of more robust decrements in neuropsychological test
performance following DBS. Where DBS has previously been
found to be associated with improvement in QOL for the group
in total, multi-domain cognitive decline appears to be a moder-
ator of this association. Individuals in the DBS arm who experi-
ence multi-domain cognitive decline failed to show the expected
improvement in QOL. These findings stand in contrast to those
of previous studies that failed to demonstrate an association
between neuropsychological outcomes and QOL measures.® *!
Our findings may reflect the more stringent criteria we set for
cognitive decline in our study. Small changes or isolated statistic-
ally significant reductions on a specific neurocognitive test may
not be sufficiently burdensome to impact functional outcomes,
particularly when assessed in the context of improvement in
motor symptoms.® In contrast, the more robust cognitive
declines affecting a small minority of individuals undergoing
DBS appear to have functional significance in terms of everyday
adjustment and self-ratings of QOL. Moreover, analyses of
longer term follow-up data for the multi-domain cognitive
decline group suggests that differences in neurocognitive and

functional outcomes remain at the 2-year follow-up point.
Findings of the present study suggest the added importance of
understanding and acknowledging potential risk of more robust
neuropsychological decline when reviewing treatment options
with patients suffering from PD. In the context of DBS, multi-
domain cognitive decline identified through aggregation of reli-
able cognitive decline may identify a subgroup in greatest need
of additional clinical care and support following treatment.

Limitations and future directions

The current findings must be interpreted as a conservative
indicator of the true risk of multidimensional cognitive
decline following DBS. The analyses focused on study com-
pleters and did not include individuals from the DBS arm
who died (n=2) or dropped out of the study secondary to
medical or psychological problems (n=9). Furthermore,
reasons for dropout are not documented clearly for several
other cases in each arm of the study, and the possibility that
neurocognitive morbidity was a greater factor in the DBS sub-
group cannot be ruled out.

Restrictions in the range of baseline test scores and the modest
size of the BMT study group limited our ability to stratify further
prior to computing RC criteria. Use of regression-based model-
ling and further longitudinal research with large clinical control
groups may result in more refined reliable-change parameters.
Nevertheless, the thresholds for RC established through the
present study (table 2) may serve as a guide for identification of
unexpected cognitive changes affecting patients with similar
baseline demographic and clinical characteristics, provided the
same clinical measures are being compared over a comparable
follow-up interval.

Further investigation is needed to explore factors other than
surgical target and stimulation parameters (eg, age, baseline cog-
nitive function, treatment-related serious adverse events, change
in motor function) that may contribute to the prediction of
multi-domain cognitive decline and QOL after DBS. Finally, the
long-term significance of statistically RCs in neuropsychological
function seen following DBS remains to be explored through
more detailed longitudinal investigation.
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