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Abstract: Background: The effect of surgery on impulse control disorders (ICDs) remains unclear in
Parkinson’s disease (PD) patients undergoing deep brain stimulation (DBS).

Objective: To examine changes in ICD symptoms in PD patients undergoing DBS compared to a medication-
only control group.

Methods: The study was a 2-center, 12-month, prospective, observational investigation of PD patients undergoing
DBS and a control group matched on age, sex, dopamine agonist use, and baseline presence of ICDs.
Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease-Rating Scale (QUIP-RS) and total
levodopa equivalent daily dose (LEDD) were collected at baseline, 3, 6, and 12 months. Linear mixed-effects
models assessed changes in mean QUIP-RS score (sum of buying, eating, gambling, and hypersexuality items).
Results: The cohort included 54 participants (DBS = 26, controls = 28), mean (SD) age 64.3 (8.1) and PD
duration 8.0 (5.2) years. Mean baseline QUIP-RS was higher in the DBS group at baseline (8.6 (10.7) vs. 5.3 (6.9),
P = 0.18). However, scores at 12 months follow-up were nearly identical (6.6 (7.3) vs. 6.0 (6.9) P = 0.79).
Predictors of change in QUIP-RS score were baseline QUIP-RS score (p = 0.483, P < 0.001) and time-varying
LEDD (B = 0.003, P = 0.02). Eight patients (four in each group) developed de novo ICD symptoms during
follow-up, although none met diagnostic criteria for an impulse control disorder.

Conclusions: ICD symptoms (including de novo symptoms) at 12 months follow-up were similar between PD
patients undergoing DBS and patients treated with pharmacological therapy only. Monitoring for emergence of
ICD symptoms is important in both surgically- and medication-only-treated PD patients.

been identified as the most potent risk factor, though levodopa

Impulse control disorders (ICDs) are a major neuropsychiatric
complication of Parkinson’s disease (PD), occurring in up to
40%." The four primary ICDs are compulsive buying, eating,
gambling, and hypersexuality; other impulse control behaviors
include hobbyism, punding, and dopamine dysregulation syn-
drome (DDS).* These manifestations are associated with a
reduced quality of life and negatively impact family dynamics.”
In PD, ICDs are generally considered a complication of dopa-

minergic medication therapy.”® Dopamine agonists (DAs) have

2.7.8
% and

has also been associated with ICDs at higher doses,
short-acting, high-potency dopaminergic medications with
punding and DDS.*%!° Other risk factors associated with ICDs
include younger age, unmarried, male sex, family history of gam-
bling, personal or family history of substance abuse, alcohol or
tobacco use, history of ICDs, depression pre-PD diagnosis, and

1.2,11

anxiety. PD itself does not appear to be a risk factor for

developing ICDs.°
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ICD SYMPTOMS IN PARKINSON’S DISEASE AFTER DBS

Patients with advanced PD are frequently considered for deep
brain stimulation surgery (DBS).'> A growing body of literature
has revealed some of the potential effects of DBS on ICDs and

)21 .
" Most studies
16,17,22

related disorders,"*™*? but with conflicting results. ™
have concluded that ICDs largely resolve following DBS,
usually in the setting of a decrease in dopaminergic therapy. How-
ever, recent case series and prospective observational studies have
reported the possibility of worsening or re-emergence of ICDs,
and/or the development of de novo ICDs, in a small subset of
patients following surgery.'>'*'7**> All available studies have
been limited by the absence of a non-surgical control group which
could be used to account for the natural history of ICD symptoms
in medicated PD patients. The current study aimed to prospec-
tively examine the evolution of ICD symptoms in a group of indi-
viduals with PD undergoing DBS and to compare the results over
the same time period to a group without DBS.

Methods
Study Design

This was a prospective observational study that recruited patients
from two centers in the United States: the Parkinson’s Disease and
Movement Disorders Center (PDMDC) at the University of Penn-
sylvania and the University of Florida Norman Fixel Institute for
Neurological Diseases. The study was approved by the Institutional
Review Boards (independent ethics committees) at each institution

and written informed consent was obtained from each participant.

Study Sample

We recruited participants from Jan 1, 2015 to Dec 31, 2018. The
DBS group was a convenience sample of individuals attending
pre-operative multidisciplinary clinics at each institution. Determi-
nation of eligibility for DBS, including neuropsychological testing
to assess cognition, was performed per the standard of care at each
institution. Inclusion criteria for this study were age 218 years,
English-speaking, and sufficient cognitive abilities to provide
informed consent. Individuals who required bilateral procedures
but whose second surgery was expected to occur >3 months fol-
lowing the first one were excluded. During the recruitment period
for the DBS group, approximately 140 non-demented PD patients
underwent DBS at both institutions, but only those who had sur-
gery scheduled and could be contacted by the study team prior to
surgery were assessed for eligibility (n = 42; Fig. 1).

The non-surgical control group was a convenience sample of
patients diagnosed with PD who were not expected to require
DBS within 2 years of enrollment in the study. Controls were
recruited from the outpatient clinic or from other observational
studies occurring at either participating institution. Controls were
matched consecutively, on a 1:1 basis to each individual recruited
to the DBS group, based on age (£2 years), sex, dopamine ago-
nist (DA) medication use (yes/no), and the presence or absence
of an impulse control disorder (ICD) diagnosis as determined by

- . . 26
a structured clinical interview.”
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Assessments

Collected data included demographics (age, sex, race/ethnicity,
marital status, level of education), PD duration at baseline wvisit,
and Movement Disorders Society Unified Parkinson’s Disease
Rating Scale part III (MDS-UPDRS III) scores in the medica-
tion off state where available. Participants in the DBS group were
interviewed at baseline (<1 month before scheduled DBS sur-
gery) and at 3, 6, and 12 months post-operatively. For individ-
uals undergoing staged implantation, the first post-operative
assessment occurred 3 months following implantation of the sec-
ond lead. Participants in the control group were assessed at the
same intervals, with “baseline” defined as the first interview con-
ducted during the study period. All assessments were adminis-
tered by telephone by a research coordinator experienced in
assessing ICDs in PD patients (author EM).

Participants were administered the Questionnaire for Impulsive-
Compulsive Disorders in Parkinson’s Disease-Rating Scale (QUIP-
RS) at each assessment. The QUIP-RS is a patient-reported
outcome that consists of 28 items that assess the frequency of
compulsive behaviors related to buying, eating, gambling, sex,
hobbyism, punding, and DDS.** Responses range from 0 (never) to
4 (very often),* and the total score ranges from 0 to 112, with
higher scores implying greater symptom severity. For the primary
analysis, the QUIP-RS score was generated as the sum of the shop-
ping, eating, gambling, and sexual behaviors items, which constitute
the four primary ICDs in PD. The onset of de novo ICD symp-
toms was defined as a score of 210 in an individual whose score was
<10 at baseline.®*”” In secondary analyses, the total score of all
items of the QUIP-RS was examined as the outcome measure.

Data regarding medication (name and dose) were provided by
participants or an informed other, and verified via electronic
health record (EHR) review. Total levodopa equivalent daily
dose (LEDD) and LED-DA (LEDD from dopamine agonists
only) were collected at baseline and each follow-up assessment.”®
Study data were collected and managed using REDCap

. 2
electronic data capture tools.”

Statistical Analysis

The primary outcome was the change in QUIP-RS score for
the four primary ICDs (shopping, eating, gambling, and sexual
behaviors) from baseline to month 12. Secondary outcomes were
occurrence of de novo ICD symptoms and the total score of all
items of the QUIP-RS.

Unpaired t-test or Wilcoxon rank sum test as appropriate
(for continuous variables) and Chi-squared (for categorical vari-
ables) were used to compare DBS and control groups’ baseline
demographic and clinical characteristics. Changes in total
QUIP-RS scores over time and by treatment group were tested
with paired t-test. Within-subject changes in QUIP-RS score
over time were assessed with linear mixed-effects model (LMM)
using random intercepts for each patient. Change in slope for mean
QUIP-RS scores over time in the DBS group vs. control group
was first examined in an unadjusted analysis for the cohort as a
whole, and in the DBS subgroup with bilateral STN DBS only.




HERNANDEZ-CON P. ET AL.

RESEARCH ARTICLE

Assessed for eligibility*
(n=73)

s

-

DBS+ (n=42)

Excluded (n=2)
2 = could not be
contacted or declined

A\

DBS+ consented
and completed BL
assessment (n=40)

Excluded (n=14)
1 = declined further
participation
1 = had hardware
removed due to
infection
1 = deceased.
11 = lost-to follow-up*®

DBS+ included
n final analysis
(n=26)

I

Controls (n=31)

Excluded (n=1)
1 = could not be
contacted or declined

Controls consented
and completed BL
assessment (n = 30)

Excluded (n=2)
1= diagnosis revised
to non-PD$
1 = lost-to follow-upf

A,
Controls included

in final analysis
(n=28)

Figure 1. Flow diagram of the study sample: from assessment for the study to the final analytic sample. *Eligible DBS+ patients were PD
patients who had surgery scheduled in one of the participating institutions and who could be contacted by the study team prior surgery.
Eligible participants for the control group were selected among PD patients who were not expected to require DBS within two years of
enrollment in the study. Sdiagnosis was revised by the clinician’s patient. tno post-baseline assessment available.

Then a multivariable linear mixed-effect regression model was con-
structed including the following covariates: age, sex, disease dura-
tion, and time-varying LEDD (or in a separate model time-varying
LED-DA). In sensitivity analyses, dopamine agonist use (yes/no)
instead of LED-DA was adjusted for. R version 3.6.0 was used for

all statistical analyses.

Results

Figure 1 shows the total number of PD patients at each stage of
the study. The final analytic cohort was comprised of 54 partici-
pants; 45 were followed at Penn PDMDC (n = 22 with DBS),
while the remaining nine received care at UF (n = 4 with DBS).
Surgical target was as follows: bilateral STN (n=17; one

staged), bilateral GPi (n =2, none staged), unilateral STN
(n = 5), and unilateral GPi (n = 2).

Cohort Baseline Characteristics

Table 1 displays baseline demographic and clinical characteristics.
At baseline, patients had a mean (SD) age of 64.3 (8.1) years and
disease duration of 8.0 (5.2) years. The majority of subjects were
male (81.5%) and White (94.4%). Patients in the DBS group had
higher total LEDD compared to those in the control group
(mean (SD) 1045.5 (516.6) vs. 793.7 (397.6), P = 0.05). LED-DA
was not significantly different between the groups (mean
(SD) 63.1 (122.8) vs. 101.9 (144.3), P = 0.29). 30.8% of patients
in the DBS group had QUIP-RS scores 210 compared with
17.9% of patients in the control group (P = 0.27).
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TABLE 1  Demographics and Baseline Characteristics of Patients with Parkinson’s Disease by Treatment Group

DBS (n = 26) Control (n = 28) Total (n = 54) P-value
Demographic
Age, mean (SD) 63.18 (8.5) 65.27 (7.6) 64.27 (8.1) 0.35
Sex, n (col %) 0.90
Male 21 (80.8) 23 (82.1) 44 (81.5)
Female 5 (19.2) 5 (17.9) 10 (18.5)
Race, n (col %) 0.18
White 23 (88.5) 28 (100) 51 (94.4)
Black 2(7.7) 0 (0) 2(3.7)
Asian 0 (0) 0 (0) 0 (0)
American Indian or Alaska Native 0 (0) 0 (0) 0 (0)
Native Hawaiian or other Pacific Islander 0 (0) 0 (0) 0 (0)
Other 1(3.8) 0 (0) 1(1.9)
Ethnicity, n (col %) 0.17
Hispanic or Latino 0 (0) 2(7.1) 2 (3.7)
Non-Hispanic, Non-Latino 26 (100) 26 (92.9) 52 (96.3)
Marital status, n (col %) 0.25
Married 22 (84.6) 23 (82.1) 45 (83.3)
Single 1(3.8) 4(14.3) 5(9.3)
Divorced 3 (11.5) 1(3.6) 4(7.4)
Separated 0 (0) 0 (0) 0 (0)
Widowed 0 (0) 0 (0) 0 (0)
Education, mean (SD) 15.15 (3.2) 15.92 (2.35) 15.54 (2.8) 0.32
Clinical
Disease duration, mean (SD) 6.77 (4.4) 9.26 (5.71) 8.04 (5.2) 0.08
MDS-UPDRS part III mean (SD) oft* 38.57 (11.6) Data not available
LEDD, mean (SD) 1045.5 (516.6) 793.7 (397.6) 915 (471.8) 0.05
LED-DA, mean (SD) 63.1 (122.8) 101.9 (144.3) 83.2 (134.6) 0.29
ICD symptoms
QUIIP-RS score, mean (SD) 8.58 (10.7) 5.29 (6.9) 6.87 (9.0) 0.18
QUIP-RS 210, n (col %) 0.27
No 8 (69.2) 23 (82.1) 41 (75.9)
Yes 8 (30.8) 5 (17.9) 13 (24.1)
DDS score 1.73 (3.18) 0.46 (1.60) 1.07 (2.55) 0.76
Hobbyism score 2.42 (2.58) 2.11 (2.95) 2.26 (2.76) 0.36
Punding score 2.15 (2.46) 1.71 (2.80) 1.93 (2.63) 0.54
ICD by DSM-IV criteria 2(7.7) 1(3.6) 3 (5.6) 0.51

Note: MDS-UPRS scores were not available for controls.

Abbreviations: DBS, deep brain stimulation; DDS, dopamine dysregulation syndrome; ICD, impulse control disorder; LEDD, levodopa equivalent daily dose; LED-DA,
levodopa equivalent dose from dopamine agonist; MDS-UPDRS, movement disorder society-sponsored revision of the unified Parkinson’s disease rating scale; QUIP-RS,
questionnaire for impulse control disorders in Parkinson’s disease rating scale.

*MDS-UPDRS part III was administered in the medication off state during preoperative clinical evaluation, after withholding dopaminergic medications overnight. MDS-
UPDRS III scores are missing on two patients in the DBS group.
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Cohort Characteristics at
Follow-Up

Of the 54 participants, 50 (92.6%) completed the 12-month
assessment; 42 (77.8%) completed assessments at all time points.
Of the four that did not complete the 12-month assessment,
three were in the DBS group, and one in the control group;
they were older and had higher baseline LEDD and lower
LED-DA compared to those that had a 12-month assessment.
In the surgical group, the 12-month assessment occurred a
mean of 358.5 (SD 24.34) days following DBS surgery.

In the DBS group, compared to baseline, LEDD decreased sig-
nificantly after DBS at each follow-up assessment (mean
(SD) change —349.7 (361.4), P <0.001 at 3 months; 347.1
(431.9), P = 0.001 at 6 months; and —332.3 (482.8), P = 0.003 at

12 months). Compared to baseline, LED-DA was significantly dif-
ferent in the DBS group only at the 3-month assessment (mean
(SD) —26.4 (57.6), P = 0.04). In the control group, LEDD did
not change significantly during follow-up compared to baseline
(mean (SD) change 23.1 (187.7), P =0.54 at 3 months; 21.1
(168.1), P=0.52 at 6 months; and 68.3 (225.4), P=0.13 at
12 months).

QUIP-RS Scores over Time

The longitudinal change in QUIP-RS score and in LEDD are
shown in Figure 2. At baseline, mean (SD) QUIP-RS score in
the DBS group vs control group was 8.6 (10.7) vs. 5.3 (6.9),
P = 0.18. At the 3-month assessment, scores remained higher in
the DBS group (mean (SD) 7.0 (8.1) vs. 4.7 (5.9), P = 0. 26).
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Figure 2. Trends in (A) QUIP-RS scores and (B) LEDD during follow-up.
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QUIP-RS score was nearly identical in the two groups at the
6- and 12-months assessments (5.3 (6.2) vs. 5.0 (6.4), P = 0.89;
6.6 (7.3) vs. 6.0 (6.9) P = 0.79, respectively).

In a univariate (unadjusted) linear-mixed effects model, mean
QUIP-RS scores decreased significantly in the DBS group from
baseline to 6 months, then slightly increased from 6 to
12 months. QUIP-RS score did not significantly change in the
control group. Significant differences in change in QUIP-RS
score over time in the DBS vs. control group were not observed,;
results were similar when analyses were restricted to the patients
with bilateral STN DBS (Table 2).

Adjusting for covariates in a linear mixed-effect regression
model, change in QUIP-RS scores over time did not signifi-
cantly differ in the DBS vs control group. Significant predictors
of lower QUIP-RS scores over time in the cohort as a whole
were lower baseline QUIP-RS (f = 0.483, <0.001) and lower
time-varying LEDD (f = 0.003, P = 0.018) (Table 3). Similar
results were obtained with the linear mixed-effect regression
model incorporating time-varying LED-DA as a covariate instead
of total LEDD (Table 4), as well as when dopamine agonist use
over time was examined as a categorical variable (Table S1.).
Results were similar when the total score of all items of the
QUIP-RS, including hobbyism, punding, and DDS, was exam-

ined as the outcome measure (Table S2).

De Novo ICD Symptoms

Six of 13 (46%) patients who had QUIP-RS score 2 10 at base-
line dropped below this cut-oft at the 12-month assessment (four
in the DBS group and two in the control group) (Fig. 3). Eight
of 41 patients (19.5%) developed de novo ICD symptoms at the
12-month assessment, four in each group (Table 5). They were
male, had a mean age of 60.6 years, and disease duration ranged
from 1 to 13 years. None of the de novo cases met formal
criteria for an ICD based on the structured diagnostic interview.
Patterns of LEDD varied in the DBS group developing incident
ICD symptoms: for two patients the LEDD had decreased at
12 months compared to baseline (1000 vs. 0 and 920 vs. 750),
for one patient LEDD remained the same (LEDD = 800 mg),

and for another LEDD increased (1000 vs. 1250 mg). LED-DA
did not change in those developing ICD symptoms.

Discussion

This prospective observational study assessed 12-month change
in the severity of patient-reported ICD symptoms in a group of
advanced PD patients undergoing DBS when compared to a
group of non-surgical PD patients who were matched on several
of the key risk factors for ICDs (age, sex, dopamine agonist use).
While there were no significant differences when comparing the
groups over time, QUIP-RS scores decreased in the surgical
group at 6 months follow up, approaching values observed in the
control group. A similar effect was observed for medications.
The relationship between higher prevalence and greater severity
of ICDs and higher doses of dopaminergic medications in PD is
well established.>>” It is therefore not surprising that QUIP-
RS scores decreased in the surgical group, coinciding with a
reduction in LEDD. Indeed, in multivariate analyses, aside from
baseline QUIP-RS score, time-varying LEDD was the only sig-
nificant predictor of change in QUIP-RS score over time,
regardless of surgical group status. Our results are similar to
another recent study without a control group which examined
the short-term effects of bilateral STN DBS in PD.”" In that
study, an overall significant change in QUIP-RS was not
observed, however baseline QUIP-RS score and LEDD were
the strongest predictors of change in post-operative ICD symp-
toms.”" In contrast to our study, it was LED-DA rather than total
LEDD that predicted the QUIP-RS scores. This difference may
be accounted for by the lower overall LED-DA in our study,
perhaps reflecting the recent reduction of dopamine agonist pre-
scriptions in the USA.**?

There has been an extensive published literature on the
change in ICD symptoms following DBS in PD, with some
studies showing significant improvements in ICD symptoms
post-operatively, and others revealing no significant change.’
What is consistent across the literature is evidence that changes

TABLE 2 Change in QUIP-RS Score from Baseline in Cohort as a Whole (Model 1) and in the Subset of Surgical Group with Bilateral STN

DBS only (Model 2) (Results from Unadjusted Linear Mixed-Effects Model)

3 months
Exposure group Estimate (SE) 95% CI
DBS —2.0 (1.6) —5.1-1.1
Control —0.3 (1.5) —3.2-2.6
DBS, bilateral STN only —1.3 (2.0 —5.2-2.7
Control —0.3 (1.5) —3.2-2.7

6 months 1 year
Estimate (SE) 95% CI Estimate (SE) 95% CI
Model 1
—3.3 (1.6) —6.5——0.2 —1.9 (1.6) —49-1.2
—0.3 (1.5) —-3.2-2.6 0.7 (1.5) —2.2-3.6
Model 2
—5.1 (2.0) —9.1--12 —4.1 (2.0) —8.0— —0.1
—0.3 (1.5) —-3.2-2.6 0.7 (1.5) —2.2-3.6

Abbreviations: DBS, deep brain stimulation; QUIP-RS, questionnaire for impulse control disorders in Parkinson’s disease rating scale; STN, subthalamic nucleus.
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TABLE 3 Predictors of Change in QUIP-RS Scores; Results from Linear Mixed-Effects Model; Model Adjusting for LEDD
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Variable P (standard error) 95% CI P-value
Intercept 9.662 (4.524) (0.598, 18.727) 0.037
Age —0.105 (0.067) (—0.24, 0.029) 0.123
Female sex (Male reference) —1.7 (1.275) (—4.264, 0.865) 0.189
Disease duration —0.185 (0.101) (—0.389, 0.019) 0.074
LEDD (time-varying) 0.003 (0.001) (0, 0.005) 0.018
QUIP-RS score (Baseline) 0.483 (0.056) (0.37, 0.595) <0.001
Timepoint (Baseline reference) 0.905
3 months —0.077 (1.504) (—3.05, 2.897) 0.959
6 months —0.407 (1.488) (—3.349, 2.534) 0.785
1 year 0.686 (1.489) (—2.257, 3.629) 0.646
DBS (control reference) 0.356 (1.624) (—2.851, 3.563) 0.827
Treatment (DBS) * Time 0.796
DBS group: 3 months —1.139 (2.199) (—5.483, 3.206) 0.605
DBS group: 6 months —2.083 (2.227) (—6.483, 2.317) 0.351
DBS group: 1 year —1.744 (2.197) (—6.085, 2.597) 0.429

Abbreviations: DBS, deep brain stimulation; LEDD, levodopa equivalent daily dose; QUIP-RS, questionnaire for impulse control disorders in Parkinson’s disease rating

scale.

TABLE 4  Predictors of Change in QUIP-RS Scores; Results from Linear Mixed-Effects Model; Model Adjusting for LED-DA

Variable P (standard error) 95% CI P-value
Intercept 9.021 (4.815) (—0.633, 18.675) 0.066
Age —0.075 (0.07) (—0.216, 0.066) 0.29
Female sex (Male reference) —1.899 (1.353) (—4.62, 0.821) 0.167
Disease duration —0.136 (0.106) (—0.349, 0.078) 0.207
LED-DA total 0.001 (0.004) (—0.006, 0.009) 0.75
QUIP-RS score (Baseline) 0.508 (0.058) (0.39, 0.625) <0.001
Timepoint (Baseline reference) 0.876
3 months —0.094 (1.506) (—3.071, 2.883) 0.95
6 months —0.333 (1.489) (=3.277, 2.61) 0.823
1 year 0.836 (1.491) (—2.112, 3.783) 0.576
DBS versus control 1.149 (1.638) (—2.085, 4.383) 0.484
Treatment (DBS) * Time 0.456
DBS group: 3 months —1.895 (2.179) (—6.202, 2.412) 0.386
DBS group: 6 months —3.156 (2.184) (—=7.473, 1.161) 0.151
DBS group: 1 year —2.848 (2.154) (—=7.105, 1.409) 0.188

Abbreviations: DBS, deep brain stimulation; LED-DA, levodopa equivalent dose from dopamine agonists; QUIP-RS, questionnaire for impulse control disorders in
Parkinson’s disease rating scale.

in ICD symptoms post-operatively are not uniform: some explained by the surgical procedure itself,>>* individual suscep-
patients improve and some patients worsen. The observed vari- tibility to ICD symptoms, and the interaction with medication
ability in ICD symptoms post-DBS may thus be in part changes and DBS.? When interpreting the existing literature, it is
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Figure 3. Within-subject presence/absence of ICD based on QUIP-RS score.

TABLE 5  Characteristics of Patients with PD Who Experienced De Novo ICD Symptoms as defined by QUIP-RS >10 at Year 1

Disease Baseline
Treatment duration DBS Unilateral or QUIP-RS Baseline Baseline  Year1 Year1l Yearl

ID group Age* Sex (years)** target Bilateral

score LEDD LED-DA QUIP-RS LEDD LED-DA

1 DBS 61.95 Male 2 STN bilateral 0
2  DBS 55.80 Male 4 STN bilateral 2
3 DBS 55.08 Male 4 STN  bilateral 5
4 DBS 60.45 Male 4 STN  unilateral 0
5 Control 62.82 Male 1 n/a n/a 0
6  Control 61.18 Male 9 n/a n/a 6
7  Control 68.64 Male 13 n/a n/a 0
8 Control 58.76 Male 8 n/a n/a 8

1000 0 10 0 0
920 0 18 750 0
800 0 14 800 0

1000 0 14 1250 0
300 300 15 300 300

1169.5 0 17 1444 0
840 240 14 840 240
900 300 23 1050 300

Abbreviations: DBS, deep brain stimulation; ICD, impulse control disorder; LEDD, levodopa equivalent daily dose; LED-DA, levodopa equivalent dose from dopamine
agonists; QUIP-RS, questionnaire for impulse control disorders in Parkinson’s disease rating scale.
*Age in years, at baseline visit (approximately one-month prior to DBS surgery for patients undergoing surgery and first interview for the control group).

**Disease duration (year at baseline visit—year of diagnosis of Parkinson’s disease).

critical to acknowledge that in analyses examining the change in
ICD symptoms following DBS, there is a dearth of studies pro-
viding comparison to similar PD patients without DBS. The
EARLYSTIM trial®® did perform such a comparison utilizing the
Ardouin Scale of Behavior in Parkinson’s Disease, with 14-item
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subscale analysis showing overall significant improvement in
“hyperdopaminergic behaviors” in patients with bilateral STN
DBS compared to medical therapy alone. However, the
improvement was mainly demonstrated in the subscale items of

nocturnal hyperactivity, diurnal somnolence, creativity, and
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hobbyism. Differences in the rest of ICD behaviors, including
punding, pathological gambling, hypersexuality, compulsive
shopping, and “dopaminergic addiction,” were not observed.
Although these results suggest overall improvement in
hyperdopaminergic behaviors with DBS, the authors note that
this study was not powered to analyze ICDs through individual
Ardouin subscale items. Thus, a critical gap in knowledge persists
as to the extent to which changes in ICD symptoms post-DBS
reported in the literature may have been influenced by the natu-
ral history of, and variability in, ICD symptoms irrespective of
DBS therapy. This pattern of variability, that is seen both in DBS
and control groups, is perhaps best exemplified in examining the
cases with de novo ICD symptoms in our cohort—that is, the
occurrence of ICD symptoms on follow-up in individuals who
did not have ICD symptoms at baseline.

A unique strength of the present study was the inclusion of a
control, non-surgical group, thus capturing the natural fluctua-
tion in ICD symptoms observed in medicated PD patients over
time. An important finding was that ~20% of patients in the
cohort had worsening in ICD symptoms, four in the DBS group
and four in the control group. Increases in LEDD could account
for an increase in ICD symptoms in a subset of the patients. In
addition, some may have had a baseline increased risk for ICDs
such as male sex or longer PD disease duration® and also may
have had exposure to risk factors that went unmeasured in our
study. Regardless, our data suggest that both DBS- and
medication- only groups should be monitored for ICDs. Addi-
tional key strengths of this study are the prospective design and
recruitment from two centers in different regions of the country.

This study also had several limitations. Due to the small sam-
ple size, the study may have been underpowered to determine
significant differences between DBS and control groups, and
between different time points. Though the groups were matched
on key demographic characteristics and medications known to
be risk factors for ICDs, given the observational nature of this
study, we cannot exclude the possibility of residual confounding.
It is possible that our control group was different from the DBS
group in unmeasured characteristics that may have confounded
the relationship between DBS (or lack thereof) and the change
in ICD symptoms. Our cohort was a convenience sample—only
30% of patients undergoing DBS during the study recruitment
period were assessed for eligibility for the study—and the DBS
group may not represent the broader PD population undergoing
DBS. In addition, there may have been center-specific differ-
ences in selection of patients for DBS candidacy or surgical
approaches. Our study sample was predominantly White, male,
had a high level of education and were residing in the
United States, further limiting generalizability of our results. This
is of particular importance when considering the variability in
the prevalence of ICDs in PD, influenced by cultural and envi-
ronmental factors.> Moreover, although patients were prospec-
tively asked about their medication use by telephone interview,
with no mechanism to ensure that patients were adherent to
their medication there exists the possibility of misclassification of
this important covariate; however, we would not expect this

misclassification to be different between surgical and control

groups. In addition, ICDs were assessed by telephone. It is possi-
ble that patients with ICDs may under-report their symptoms,
and input from informed others (caregivers) was not accounted
for in assessing ICDs. Another limitation was that most of our
sample had bilateral STN DBS and thus we could not examine
differences in DBS targets on ICD symptoms, nor the impact of
unilateral vs bilateral procedures. Finally, identifying matched
non-surgical groups to compare to patients undergoing DBS
remains a challenge for the field.

Conclusions

In this observational study comparing ICD symptoms in patients
undergoing DBS to a non-surgical (medication-only) control
group, at 12 months follow-up, both groups had similar degree
of ICD symptoms. De novo ICD symptoms occurred in 8/41
patients (20%), four patients in each group, although none met
formal diagnostic criteria for an actual impulse control disorder
on structured interview. The findings from the study highlight
the strong relationship of ICD symptoms to the overall dopami-
nergic medication burden and not just dopamine agonists.
Observed changes in the QUIP-RS scores inform the field on
the natural variability in ICD symptoms when treating PD,
regardless of DBS status. The data from this study suggest that
clinicians should be monitoring both DBS and medication-only
PD groups for the emergence of ICD symptoms. Further con-
trolled studies with larger sample sizes examining the effect of
different DBS targets and with more diverse populations should
be performed.
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