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Abstract 

Background  Neuroimaging studies suggest an association between apathy after deep brain stimulation (DBS) 
and stimulation of the ventral part of the subthalamic nucleus (STN) due to the associative fibers connected 
to the non-motor limbic circuits that are involved in emotion regulation and motivation. We have previously 
described three patients with severe apathy that could be fully treated after switching stimulation from a ventral elec-
trode contact point to a more dorsal contact point.

Objectives  To determine whether more dorsal stimulation of the STN decreases apathy compared to standard care 
in a multicenter randomized controlled trial with a crossover design.

Methods  We will include 26 patients with a Starkstein Apathy Scale (SAS) score of 14 or more after subthalamic 
nucleus (STN) deep brain stimulation (DBS) for refractory Parkinson’s disease. This is a multicenter trial conducted 
in two teaching hospitals and one university medical center in the Netherlands after at least 3 months of STN DBS. 
Our intervention will consist of 1 month of unilateral dorsal STN stimulation compared to treatment as usual. The pri-
mary outcome is a change in SAS score following 1 month of DBS on the original contact compared to the SAS score 
following 1 month of DBS on the more dorsal contact. Secondary outcomes are symptom changes on the Move-
ment Disorders Society-Unified Parkinson’s Disease Rating Scale motor part III, Montgomery-Åsberg Depression 
Rating Scale, 39-item Parkinson’s disease questionnaire, Parkinson’s disease impulsive-compulsive disorders question-
naire, changes in levodopa-equivalent daily dosage, apathy rated by the caregiver, and burden and quality of life 
of the caregiver.

Trial registration  ClinicalTrials.gov NL8279. Registered on January 10, 2020.
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Introduction
Background and rationale {6a}
Deep brain stimulation (DBS) of the subthalamic 
nucleus (STN) reduces off-related motor symptoms 
by up to 60% in refractory Parkinson’s disease (PD) [1, 
2]. STN DBS also has a beneficial effect on many non-
motor symptoms (i.e., depressive symptoms, anxiety, 
hyperdopaminergic disinhibited behaviors) [3]. Apathy, 
defined as the loss of motivation, is an important excep-
tion as it increases after STN DBS, with a prevalence of 
21 to 78% [4, 5]. This increase of apathy is clinically rele-
vant considering its negative effect on a patient’s quality 
of life and the drastic influence on the lives of caregiv-
ers [6–8]. Apathy is currently understood as a state of 
decreased motivation which is presented as decreased 
goal-directed behaviors with concurrent reduced inter-
ests and emotional flatness [9, 10]. Apathy is thought 
to be an independent syndrome caused by dysfunction 
of four different but interrelated cognitive domains: 
“emotional resonance reduction,” “depression,” “execu-
tive dysfunction dysfunction,” and “auto-activation 
deficiency” [9]. Neurobiologically, apathy is thought to 
be related to reward-related circuits in the orbitome-
dial and ventromedial prefrontal cortex, amygdala, and 
nucleus accumbens [9, 11, 12]. Several risk factors have 
been identified. First, dopaminergic medication is com-
monly reduced following STN DBS and is a likely con-
tribution for the occurrence of apathy. Hence, apathy 
can also be treated with dopamine agonists, although 
this effect is indisputable [4, 6, 13, 14]. Second, apathy 
is associated with cognitive decline independent of STN 
DBS, which can be seen as disease progression and is 
not likely influenced by dopaminergic- or stimulation-
based treatments [9, 15]. Lastly, neuroimaging stud-
ies suggest an association between apathy after DBS 
and stimulation of the ventral part of the STN due to 
the associative fibers connected to the non-motor lim-
bic circuits that are involved in emotion regulation and 
motivation [16, 17]. We have previously described three 
patients with severe apathy that were treated by switch-
ing stimulation from a ventral electrode contact point to 
a more dorsal contact point [18].

Objectives {7}
We will test whether STN DBS-related apathy could 
be treated by switching stimulation from a ventral to 
a more dorsal contact point on the electrode. Addi-
tionally, we aim to investigate whether these adjusted 
stimulation parameters have effects on PD motor mani-
festations, psychiatric symptoms, and quality of life of 
the participant and their caregivers. 

Trial design {8}
This is a multicenter prospective randomized open-
label blinded endpoint crossover superiority trial.

Methods: participants, interventions, 
and outcomes
Study setting {9}
In this study, we will determine whether more dorsal 
stimulation of the STN decreases apathy compared to 
treatment as usual, including 26 PD patients suffering 
from apathy after ≥ 3 months of STN DBS. The Consoli-
dated Standards of Reporting Trials (CONSORT) study 
schedule is shown in Fig. 1. The participating centers are 
Amsterdam University Medical Centers (Amsterdam 
UMC), St. Elisabeth TweeSteden ziekenhuis (ETZ), and 
HagaZiekenhuis (HZ). The first participant was included 
in February 2020. The study protocol was approved by 
the Medical Ethics Committee of the Amsterdam UMC, 
and the study is registered at the Netherlands Trial Regis-
ter (number NL8279), currently included in the Interna-
tional Clinical Trial Registry Platform.

Eligibility criteria {10}
The inclusion criteria are as follows: (a) idiopathic PD, 
(b) at least 3 months of STN DBS treatment, and (c) a 
score of 14 or more points on the Starkstein Apathy 
Scale (SAS). Exclusion criteria are as follows: (a) peri-
operative intracerebral complications related to STN 
DBS surgery (e.g., bleeding or infection) inflicting per-
manent changes, (b) cognitive decline, as measured by 
a Montreal Cognitive Assessment (MoCA) score of 25 
or less, (c) participants who are not sufficient in the 
Dutch language, (d) participants who are already stim-
ulated on the most dorsal contact point on both elec-
trodes, and (e) no written informed consent.

Who will take informed consent {26a}
Participants will be included and randomized after they 
sign the informed consent form obtained by a nurse 
practitioner or clinician. A nonprofessional caregiver, if 
one is available for the participant, will be asked to fill 
in informant-rated questionnaires at every timepoint.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
This trial does not involve collecting biological speci-
mens for storage.

Interventions
Explanation for the choice of comparators {6b}
In an earlier case study, we presented three patients 
with severe apathy that were treated by switching 
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stimulation from a ventral electrode contact point to a 
more dorsal contact point [18]. This increase in apathy 
after DBS was possibly related to collateral stimulation 
of limbic fibers [16, 17].

Intervention description {11a}
Every DBS patient programmer will be installed with 
three programs; one is the escape option and will con-
tain the original stimulation settings, and the other two 
contain either the investigational or the control set-
tings. The investigational program stimulates one stim-
ulation point more dorsally on the side with the most 
ventral active contact point relative to the AC-PC line 
based on the fused preoperative MRI and postoperative 

CT-scan images. The total duration of the visits of each 
included subject is 20–30  min per visit, for a total of 
three visits in 2 months (Table 1).

Criteria for discontinuing or modifying allocated 
interventions {11b}
Participants are allowed to change the stimulation by 
plus or minus 0.5 V or milliampere.

Strategies to improve adherence to interventions {11c}
To improve adherence to intervention protocol, the 
blinded assessor will check whether the programs were 
switched by the participant during the trial.

Fig. 1  Inclusion and randomization
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Relevant concomitant care permitted or prohibited 
during the trial {11d}
No changes in LEDD are permitted during this study, 
and other concomitant care is not restricted during the 
course of this trial.

Provisions for posttrial care {30}
Participants are able to continue with their preferred 
DBS stimulation settings after the trial and are referred 
back to their neurologist.

Outcomes {12}
The primary outcome is the comparison of the Starkstein 
Apathy Score (SAS) score following 1 month of DBS on 
the original contact and the SAS score following 1 month 
of DBS on the more dorsal contact [19]. Secondary out-
comes are symptom changes on the Movement Disorders 
Society-Unified Parkinson’s Disease Rating Scale motor 
part III (MDS-UPDRS-III) [20]. Montgomery-Åsberg 
Depression Rating Scale (MADRS) [21]. 39-item Parkin-
son’s disease questionnaire (PDQ-39) [22]. Parkinson’s 
Disease Impulsive-Compulsive Disorders Questionnaire 
(QUIP) [23]. changes in levodopa-equivalent daily dosage 
(LEDD) [24]. apathy rated by the caregiver (AES-I) [25]. 
and burden and quality of life of the caregiver (SF-36) 
[26]. Additionally, participants will be asked which pro-
gram they thought contained the investigational settings 

(i.e., “first,” “second,” or “unsure”) and which program 
they wish to continue to use (i.e., first or second). The 
preoperative MRI, postoperative CT-scan, and preopera-
tive SAS scores will be retrospectively collected to pro-
vide supplementary information about the relationship 
between apathy and stimulation location.

Participant timeline {13}
The peri- and postoperative care of DBS surgery has been 
reported previously [27–29]. Although there are some 
differences among the centers, for example, the amount 
of microelectrode recordings, we expect no relevance for 
our study. Participants receive postoperative care by their 
neurologist and nurse practitioners and are screened for 
apathy or other motor and non-motor outcomes at least 
3 months post-operatively or earlier when necessary. If a 
patient experiences symptoms of apathy, the neurologist, 
nurse practitioner, or consulting psychiatrist will check 
whether the patient meets the inclusion and exclusion 
criteria. Baseline assessments will be performed by their 
regular nurse practitioner, and subsequently, participants 
will be randomized by one of the coordinating investiga-
tor or co-investigators. A DBS clinician will determine 
the most ventral stimulating electrode relative to the 
AC-PC line, and the nurse practitioner will install the 
investigational settings in the patient programmer. The 
participant will either receive 1 month of investigational 
settings followed by 1 month of controlled settings or the 

Table 1  Assessment schedule

SAS Starkstein’s Apathy Scale, MOCA Montreal Cognitive Assessment, MDS-UPDRS-III Movement Disorder Society’s Unified Parkinson’s Disease Rating Scale, motor part 
III, MADRS Montgomery-Åsberg Depression Rating Scale (MADRS), PDQ-39 39-item Parkinson’s disease questionnaire, QUIP Parkinson’s Disease Impulsive-Compulsive 
Disorders Questionnaire, LEDD levodopa-equivalent daily dosage, AES-I Apathy Evaluation Scale, a second apathy scale rated by the informal caregiver if the patient 
has one. SF-36 Short-Form Health Survey. Suspected arm, patients will be asked to choose which arm they think they were randomized for. Preferred settings, patients 
will be asked to choose which of the settings they will continue with. *Although the timing for these questionnaires is the same as the visits for the patients, these 
questionnaires might be sent by regular mail to the informed caregiver

Pre-operative Post-operative Inclusion Baseline Visit 1 
(+ 1 month)

Visit 2 
(+ 2 months)

End of trial

SAS X X X X X

MRI, DTI X

CT scan X

In- and exclusion criteria X

MOCA X

Baseline characteristics X

MDS-UPDRS-III X X X X

PDQ-39 X X X

QUIP X X X X

LEDD X X X X

MADRS X X X X

AES-I* X X X

SF-36* X X X

Suspected arm X

Preferred settings X
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opposite order, and the primary and secondary outcomes 
will be assessed by a blinded assessor.

Sample size {14}
We estimated that a mean change of 8 points on the SAS 
is clinically relevant based on three cases in our center 
and two other studies that focused on the treatment of 
apathy in PD [14, 18, 30]. For our power calculation, 
we calculated that the two-sided t-test will achieve 80% 
power to ascertain that the mean difference is not 0 SAS 
points, if the total sample size of a two-by-two cross-
over design is 20. If the actual mean difference between 
the DBS settings is 8 SAS points, the standard devia-
tion of the paired differences is 12, and the significance 
level is 0.05, and 21 patients are needed to reach statisti-
cal significance. We aim to include a total of 26 patients 
because we anticipate a dropout up to 20%, because apa-
thy may be difficult to combine with participation in a 
time-demanding clinical trial.

Recruitment {15}
Based on the number of patients operated every year 
(40–80), we estimate that the inclusion of 26 patients 
should be feasible [8].

Assignment of interventions: allocation
Sequence generation {16a}
Participants will be randomized (1:1) to arm A and B 
using website-based randomization.

Concealment mechanism {16b}
The blinded assessor is a second nurse practitioner, 
who will perform the 1- and 2-month follow-up assess-
ment. The blinded assessor will not be able to access 
the stimulation settings of the programmer but will be 
able to switch from the first to the second program after 
1 month.

Implementation {16c}
The randomization will be performed by one of the coor-
dinating investigator or co-investigators in Castor, Elec-
tronic Data Capture, to conceal intervention allocation 
[31]. Participants will only be randomized after the base-
line measurements have been registered.

Assignment of interventions: blinding
Who will be blinded {17a}
Both the participant and the assessor will be blinded in 
this trial.

Procedure for unblinding if needed {17b}
Individual treatment codes will be available to the 
involved neurologist at the study center for breaking the 

blind for medical emergencies necessitating treatment 
randomization.

Data collection and management
Plans for assessment and collection of outcomes {18a}
The assessors of each participating center are trained 
by the coordinating center (Amsterdam UMC) for the 
assessment of the study instruments. The study instru-
ments involve the following questionnaires: SAS, with 
acceptable validity [32]. MDS-UPDRS-III, with strong 
concurrent validity [20]. MADRS with good validity and 
reliability [33]. PDQ-39 with good validity and acceptable 
reliability [34]. QUIP with good validity [35]. AES-I with 
good reliability [32]. and SF-36 with good reliability and 
validity [36].

Plans to promote participant retention and complete 
follow‑up {18b}
Participants who wish to discontinue the study are 
allowed to quit at any time, and the reason for withdrawal 
will be recorded if possible.

Data management {19}
The data collection forms can be requested in the form of 
digital forms or physical case report forms. Missing SAS 
values will be analyzed as missing or as imputed using 
multiple imputation using baseline covariates as inde-
pendent variables, and other missing data will be deleted 
listwise.

Confidentiality {27}
All data concerning the subjects will be stored anony-
mously by a code that is unique for each subject. A sub-
ject identification code list will be kept by the principal 
investigator. The handling of personal data will comply 
with the Dutch Personal Data Protection Act. The local 
research institution will keep the source data for 15 years.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
There will be no biological specimens collected.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
The difference in SAS scores between dorsal DBS and 
standard care will be examined using a mixed-effects 
model with a random intercept per patient. The SAS 
scores will be dichotomized using the proposed cut-
off of 14. The χ2 test will be used to determine whether 
there is a difference in apathetic individuals between 
the investigational phase and the control phase. All 
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statistical programming and analysis will be performed 
using IBM SPSS statistics version 24 (IBM Corp., 
Armonk, NY, USA).

Interim analyses {21b}
No formal interim analysis on efficacy is planned.

Methods for additional analyses {20b}
The SAS follow-up scores will be further investigated 
using McNemar tests, paired t-tests, and Wilcoxon 
signed-rank tests taking into account patients’ MDS-
UPDRS-III, SAS, MADRS, QUIP, LEDD, PDQ-39, AES-I, 
and SF-36.

Methods in analysis to handle protocol nonadherence 
and any statistical methods to handle missing data {20c}
The main statistical analyses of the primary endpoint will 
be based on the intention-to-treat principle. In addition, 
we will perform a per-protocol analysis on data from 
patients with complete SAS data from every time point.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
De-identified participant data and statistical code are 
available on reasonable request, as is the full protocol.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The Amsterdam UMC center will coordinate the trial 
with day-to-day support for all centers with monthly 
meetings.

Composition of the data monitoring committee and its role 
and reporting structure {21a}
There is no data and safety monitoring board because 
of the low expectance of safety concerns or risks for 
participants.

Adverse event reporting and harms {22}
All adverse events reported spontaneously by the sub-
ject or observed by the investigator will be recorded and 
reported to the Medical Ethical Committee as required 
indicating expectedness, seriousness, severity, and 
causality.

Frequency and plans for auditing trial conduct {23}
The independent Amsterdam UMC monitoring program 
will monitor this study for each participating center.

Plans for communicating important protocol amendments 
{25}
The Medical Ethical Committee will be informed for any 
new protocol amendments and will be asked for approval.

Dissemination plans {31a}
After completion of the study and data analysis, results 
will be made publically without restriction, independent 
of the outcome.

Discussion
Patients suffering from PD often experience neuropsychi-
atric symptoms, which might even be the first detectable 
symptom of this neurodegenerative process [37]. DBS has 
great potential to relieve motor symptoms and may also 
have a beneficial effect on many non-motor symptoms 
[3, 27, 38]. One of the main challenges in the manage-
ment of advanced PD and STN DBS is increased apathy 
after STN DBS with a high impact on quality of life [7]. 
The pathophysiology of apathy in PD, and particularly in 
the case of STN DBS, is still not fully understood; how-
ever, the relation between apathy and medication reduc-
tion and a direct stimulation effect are recognized as 
potential factors [9]. Because our proposed intervention 
is only a minor adjustment in the stimulation settings, 
this adjustment has the potential to improve the quality 
of life of many PD patients relying on STN DBS without 
many side effects. The application of STN DBS may sub-
sequently be expanded as a patient’s mood might benefit 
from the treatment of invalidating PD motor and hypo-
dopaminergic non-motor symptoms, as well as the pos-
sible reduction of hyperdopaminergic side effects that 
are allowed by lowered LEDD following STN DBS. The 
reduction of apathy might further increase physical health 
of people with PD who might have been limited in their 
activities by apathy and improve their social life. The 
study design has some limitations: first, the contact point 
that will be selected for the intervention will not be based 
on MRI imaging. This practice has been chosen because 
of the concept generalization; in this way, our interven-
tion could be applied regardless of access to visualization 
of the STN subregions which are difficult to distinguish. 
The imaging of these subregions would preferably be done 
requiring imaging instruments on the level of 7-Tesla MRI 
scans, which is almost exclusively used for research and 
not clinical practice. Another argument for our decision 
was the desire to not influence the selection of interven-
tion based on our hypothesis but to apply the interven-
tion that has worked for previous patients [18]. However, 
this contact point was not necessarily closest to the motor 
region of the STN. Benefits of choosing the contact clos-
est to the motor region of the STN on MRI imaging might 
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have been the following: a more optimal motor response 
with possibly less required adjustments in LEDD or DBS 
current and less risk of stimulating adjacent regions with 
possible additional side effects. Second, we chose an apa-
thy score of 14 or more on the SAS as inclusion criteria 
instead of an increased SAS score between pre- and post-
operative assessments, which would more likely indicate 
solely STN DBS-induced apathy. Our argument for this 
decision was also generalizability because STN DBS-
treated patients with apathy will have rarely available 
preoperative apathy scores for comparison. Furthermore, 
other studies found that STN DBS improved apathy or 
PD-related dysphoria without an earlier increase of apa-
thy following STN DBS [39, 40]. Third, this study focused 
on apathy, although apathy is associated with other dis-
orders. For example, apathy and depression share many 
features and might have some common pathophysiology 
when related to PD. We chose to include the most com-
mon disorders as secondary outcomes and not exclude 
participants with a current depressive or psychotic epi-
sode [3, 9, 41, 42]. Fourth, enrollment of participants was 
possible after only 3  months of STN DBS which might 
arguably be too soon because many centers optimize DBS 
stimulation and dopaminergic medication in the first 
6  months. We chose the timepoint of at least 3  months 
because of four reasons: optimization of DBS and medi-
cation within 3  months are prioritized in our center, an 
earlier study showed that apathy did not further increase 
after 3 months [43]. cognitive decline might develop in the 
timespan of DBS surgery and optimization, and waiting 
on drugs for the treatment of depressive episodes to have 
effect was deemed inconsequential because this study 
aimed to treat apathy regardless of depressive symptoms. 
Fifth, 1 month of intervention is relatively short, we opted 
for this period because in our case study, and the direct 
stimulation effect was resolved within days to weeks [18]. 
This fast effect was also present in another case study [7]. 
To our knowledge, these are the only intervention reports 
on an imaging-supported STN DBS stimulation effect on 
apathy. However, relative to most non-motor symptoms 
and psychiatric disorders, an intervention of 1  month is 
short, and this could restrict the effectiveness of the trial. 
We hypothesize that switching stimulation to the motor 
region of the STN could be an optimization for DBS in 
PD, with an effect on multiple psychiatric symptoms and 
quality of life.

Trial status
Recruitment started in February 2020 and is ongoing. 
Currently, 16 out of 26 participants have been included 
and finished follow-up (15th of January 2024).

Amendments are drafted after notifying the sponsor 
of changes to the protocol. The PI will notify the cent-
ers after approval by the Medical Ethical Committee and 
send a revised protocol to add to the Investigator Site 
File and the Clinical Trial Registry. Any deviations from 
the protocol will be fully documented using a protocol 
deviation form. The funder is notified yearly on the sta-
tus of the trial including submitted amendments. Current 
approved amendments are as follows:

1)	 Amendment 1.1 was submitted on 05 September 
2019 and specified the assessment of the most ven-
trally stimulating electrode based on fused preopera-
tive MRI and postoperative CT-scan imaging.

2)	 Amendment 1.2 was submitted on 08 November 
2019 by allowing for the inclusion of participants 
after 3 months after DBS surgery instead of 6 months 
and by allowing voltage or amperage adjustment dur-
ing the study.

3)	 Amendment 1.3 was submitted on 13 April 2020 
and stated an endpoint on the SAE reporting until 
31  days after the last visit of the last participant on 
the advice of the monitor.

Abbreviations
Amsterdam UMC	� Amsterdam University Medical Centers
STN	� Subthalamic nucleus
DBS	� Deep brain stimulation
SAS	� Starkstein Apathy Scale
MDS-UPDRS	� Modified Unified Parkinson’s Disease Rating Scale
METC	� Medisch Ethische Toetsingscommissie (Medical Ethical 

Committee)
PD	� Parkinson’s disease

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13063-​024-​07938-9.

Additional file 1. Study protocol version 1.3.

Additional file 2: Figure 1. Inclusion and randomization.

Additional file 3: Table 1. Assessment Schedule.

Additional file 4. World Health Trial Registration Data Set.

Additional file 5. SPIRIT schedule of enrollment, interventions and 
assessments.

Additional file 6. SPIRIT 2013 Checklist: Recommended items to address 
in a clinical trial protocol and related documents.

Additional file 7. SPIRIT Checklist for Trials. 

Additional file 8. Model consent form (Dutch).

Acknowledgements
R. H. N. Prins, nurse practitioner Amsterdam UMC; M. N. Scholten, nurse 
practitioner Amsterdam UMC; and K. M. Goes, nurse practitioner Amster-
dam UMC. S. de Vries, nurse practitioner Amsterdam UMC. S van der 
Meijden-Bessems, research nurse Amsterdam UMC. S. van der Gaag, nurse 

https://doi.org/10.1186/s13063-024-07938-9
https://doi.org/10.1186/s13063-024-07938-9


Page 8 of 9Zoon et al. Trials          (2024) 25:104 

practitioner HagaZiekenhuis. S. van Gils, nurse practitioner Elisabeth 
TweeStedenziekenhuis. G. T van Holten-Noorlander, specialist nurse Haga-
Ziekenhuis; Dr. C. Hoffmann, neurosurgeon HagaZiekenhuis; Dr. N. A. van er 
Gaag, neurosurgeon HagaZiekenhuis; and R. B. Kuiper, neuropsychologist 
HagaZiekenhuis.

Authors’ contributions {31b}
RdB is the PI of this study and coordinates the trial. He is responsible for the 
protocol, funding, METC application, randomization, participants care, sta-
tistical analysis, and publication of the results. DD is co-PI and is responsible 
for the protocol, METC application, statistical analysis, and publication of 
the results. GvR is co-investigator and is responsible for the protocol, ran-
domization, conduct of the trial, statistical analysis, and publication of the 
results. PS is responsible for day-to-day conduct of the trial and publication 
of the results. PvdM is responsible for the protocol, conduct of the trial, and 
publication of the results. IB is responsible for randomization, conduct of 
the trial, statistical analysis, and publication of the results. TZ is responsible 
for the protocol, funding, METC application, randomization, conduct of the 
trial, statistical analysis, and publication of the results. MFC is responsible 
for conduct of the trial and publication of the results. JvA is responsible for 
conduct of the trial and publication of the results. There were no profes-
sional writers involved.

Funding {4}
This project is funded by the Parkinsonvereniging, project 2016-R13. The 
funder had no role in study design and in the collection, management, 
analysis, and interpretation of data. The funder was approached to remark 
on the patient information folder for their concerns of the interests of PD 
patients.

Availability of data and materials {29}
De-identified participant data and statistical code are available on reasonable 
request. Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Declarations

Ethics approval and consent to participate {24}
Protocol version 1.0 was approved by the Medisch Ethische Toetsingscom-
missie (Medical Ethical Committee, METC) on September 23th, 2019. Protocol 
version 1.3 was submitted to the METC on April 13, 2020. Written informed 
consent to participate will be obtained from all participants.

Consent for publication {32}
Not applicable — no identifying images or other personal or clinical details 
of participants are presented here or will be presented in reports of the trial 
results. The participant information materials and informed consent form are 
available from the corresponding authors.

Competing interests {28}
Dr. van Munckhof reports a grant from the Dutch Brain Foundation during 
the conduct of the study. Prof. Dr. Schuurman reported personal fees from 
Medtronic and Boston Scientific during the conduct of the study. No other 
disclosures were reported. Prof. Dr. Denys received grants from ZonMW and 
Boston Scientific for a trial on deep brain stimulation for depression. Prof. Dr. 
de Bie reports grants from Hersenstichting Charitable Organization during the 
conduct of the study and grants from the Netherlands Organization for Health 
Research and Development, Stichting Parkinson Nederland, GE Healthcare, 
Medtronic, Lysosomal Therapeutics, and Neuroderm, all paid to institutions, 
outside the submitted work.

Author details
1 Department of Psychiatry, Amsterdam UMC, Location AMC, Amsterdam, the 
Netherlands. 2 HagaZiekenhuis, the Hague, the Netherlands. 3 Elisabeth- 
TweeSteden Ziekenhuis, Tilburg, the Netherlands. 4 Department of Neurosur-
gery, Amsterdam UMC, Amsterdam, the Netherlands. 5 Department of Neurol-
ogy, Amsterdam UMC, Location AMC, Amsterdam, the Netherlands. 

Received: 23 October 2023   Accepted: 16 January 2024

References
	1.	 Odekerken VJ, van Laar T, Staal MJ, Mosch A, Hoffmann CF, Nijssen PC, 

et al. Subthalamic nucleus versus globus pallidus bilateral deep brain 
stimulation for advanced Parkinson’s disease (NSTAPS study): a ran-
domised controlled trial. Lancet Neurol. 2013;12(1):37–44.

	2.	 Krack P, Batir A, Van Blercom N, Chabardes S, Fraix V, Ardouin C, et al. 
Five-year follow-up of bilateral stimulation of the subthalamic nucleus in 
advanced Parkinson’s disease. N Engl J Med. 2003;349(20):1925–34.

	3.	 Lhommee E, Wojtecki L, Czernecki V, Witt K, Maier F, Tonder L, et al. Behav-
ioural outcomes of subthalamic stimulation and medical therapy versus 
medical therapy alone for Parkinson’s disease with early motor complica-
tions (EARLYSTIM trial): secondary analysis of an open-label randomised 
trial. Lancet Neurol. 2018;17(3):223–31.

	4.	 Zoon TJC, van Rooijen G, Balm G, Bergfeld IO, Daams JG, Krack P, et al. 
Apathy induced by subthalamic nucleus deep brain stimulation in Parkin-
son’s disease: a meta-analysis. Mov Disord. 2021;36(2):317–26.

	5.	 Santangelo G, Trojano L, Barone P, Errico D, Grossi D, Vitale C. Apathy in 
Parkinson’s disease: diagnosis, neuropsychological correlates, pathophysi-
ology and treatment. Behav Neurol. 2013;27(4):501–13.

	6.	 Martinez-Fernandez R, Pelissier P, Quesada JL, Klinger H, Lhommee E, 
Schmitt E, et al. Postoperative apathy can neutralise benefits in quality of 
life after subthalamic stimulation for Parkinson’s disease. J Neurol Neuro-
surg Psychiatry. 2016;87(3):311–8.

	7.	 Ricciardi L, Morgante L, Epifanio A, Zibetti M, Lanotte M, Lopiano L, Mor-
gante F. Stimulation of the subthalamic area modulating movement and 
behavior. Parkinsonism Relat Disord. 2014;20(11):1298–300.

	8.	 Crespo-Burillo JA, Rivero-Celada D, Saenz-de Cabezon A, Casado-
Pellejero J, Alberdi-Vinas J, Alarcia-Alejos R. Deep brain stimulation for 
patients with Parkinson’s disease: effect on caregiver burden. Neurologia. 
2018;33(3):154–9.

	9.	 Pagonabarraga J, Kulisevsky J, Strafella AP, Krack P. Apathy in Parkinson’s 
disease: clinical features, neural substrates, diagnosis, and treatment. 
Lancet Neurol. 2015;14(5):518–31.

	10.	 Starkstein SE, Leentjens AF. The nosological position of apathy in clinical 
practice. J Neurol Neurosurg Psychiatry. 2008;79(10):1088–92.

	11.	 Groenewegen HJ, Wright CI, Uylings HB. The anatomical relationships 
of the prefrontal cortex with limbic structures and the basal ganglia. J 
Psychopharmacol. 1997;11(2):99–106.

	12.	 Mega MS, Cummings JL, Salloway S, Malloy P. The limbic system: an 
anatomic, phylogenetic, and clinical perspective. J Neuropsychiatry Clin 
Neurosci. 1997;9(3):315–30.

	13.	 Thobois S, Ardouin C, Lhommee E, Klinger H, Lagrange C, Xie J, et al. 
Non-motor dopamine withdrawal syndrome after surgery for Parkin-
son’s disease: predictors and underlying mesolimbic denervation. Brain. 
2010;133(Pt 4):1111–27.

	14.	 Thobois S, Lhommee E, Klinger H, Ardouin C, Schmitt E, Bichon A, et al. 
Parkinsonian apathy responds to dopaminergic stimulation of D2/D3 
receptors with piribedil. Brain. 2013;136(Pt 5):1568–77.

	15.	 Brown RG, Pluck G. Negative symptoms: the ‘pathology’ of motivation 
and goal-directed behaviour. Trends Neurosci. 2000;23(9):412–7.

	16.	 Stefurak T, Mikulis D, Mayberg H, Lang AE, Hevenor S, Pahapill P, 
et al. Deep brain stimulation for Parkinson’s disease dissociates 
mood and motor circuits: a functional MRI case study. Mov Disord. 
2003;18(12):1508–16.

	17.	 Higuchi MA, Tsuboi Y, Inoue T, Fukuyama K, Abe H, Baba Y, Yamada T. 
Predictors of the emergence of apathy after bilateral stimulation of the 
subthalamic nucleus in patients with Parkinson’s disease. Neuromodula-
tion. 2015;18(2):113–7.

	18.	 Zoon TJ, de Bie RM, Schuurman PR, van den Munckhof P, Denys 
D, Figee M. Resolution of apathy after dorsal instead of ventral 
subthalamic deep brain stimulation for Parkinson’s disease. J Neurol. 
2019;266(5):1267–9.

	19.	 Starkstein SE, Mayberg HS, Preziosi TJ, Andrezejewski P, Leiguarda R, 
Robinson RG. Reliability, validity, and clinical correlates of apathy in 
Parkinson’s disease. J Neuropsychiatry Clin Neurosci. 1992;4(2):134–9.

	20.	 Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Martin 
P, et al. Movement Disorder Society-sponsored revision of the Unified 
Parkinson’s Disease Rating Scale (MDS-UPDRS): scale presentation and 
clinimetric testing results. Mov Disord. 2008;23(15):2129–70.



Page 9 of 9Zoon et al. Trials          (2024) 25:104 	

	21.	 Montgomery SA, Asberg M. A new depression scale designed to be 
sensitive to change. Br J Psychiatry. 1979;134:382–9.

	22.	 Jenkinson C, Fitzpatrick R, Peto V, Greenhall R, Hyman N. The Parkinson’s 
disease questionnaire (PDQ-39): development and validation of a Parkin-
son’s disease summary index score. Age Ageing. 1997;26(5):353–7.

	23.	 Weintraub D, Hoops S, Shea JA, Lyons KE, Pahwa R, Driver-Dunckley ED, 
et al. Validation of the questionnaire for impulsive-compulsive disorders 
in Parkinson’s disease. Mov Disord. 2009;24(10):1461–7.

	24.	 Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE. Systematic 
review of levodopa dose equivalency reporting in Parkinson’s disease. 
Mov Disord. 2010;25(15):2649–53.

	25.	 Marin RS, Biedrzycki RC, Firinciogullari S. Reliability and validity of the 
Apathy Evaluation Scale. Psychiatry Res. 1991;38(2):143–62.

	26.	 Ware JE Jr, Sherbourne CD. The MOS 36-Item Short-Form Health 
Survey (SF-36). I. Conceptual framework and item selection. Med Care. 
1992;30(6):473–83.

	27.	 Odekerken VJ, Boel JA, Schmand BA, de Haan RJ, Figee M, van den 
Munckhof P, et al. GPi vs STN deep brain stimulation for Parkinson disease: 
three-year follow-up. Neurology. 2016;86(8):755–61.

	28.	 Holewijn RA, Verbaan D, van den Munckhof PM, Bot M, Geurtsen GJ, 
Dijk JM, et al. General anesthesia vs local anesthesia in microelectrode 
recording-guided deep-brain stimulation for parkinson disease: the 
GALAXY randomized clinical trial. JAMA Neurol. 2021;78(10):1212–9.

	29.	 Geraedts VJ, van Ham RAP, Marinus J, van Hilten JJ, Mosch A, Hoffmann 
CFE, et al. Intraoperative test stimulation of the subthalamic nucleus aids 
postoperative programming of chronic stimulation settings in Parkinson’s 
disease. Parkinsonism Relat Disord. 2019;65:62–6.

	30.	 Czernecki V, Schupbach M, Yaici S, Levy R, Bardinet E, Yelnik J, et al. Apathy 
following subthalamic stimulation in Parkinson disease: a dopamine 
responsive symptom. Mov Disord. 2008;23(7):964–9.

	31.	 Castor Electronic Data Capture Available at: https://​casto​redc.​com. [press 
release]. 2019.

	32.	 Leentjens AF, Dujardin K, Marsh L, Martinez-Martin P, Richard IH, Starkstein 
SE, et al. Apathy and anhedonia rating scales in Parkinson’s disease: 
critique and recommendations. Mov Disord. 2008;23(14):2004–14.

	33.	 Davidson J, Turnbull CD, Strickland R, Miller R, Graves K. The Montgomery-
Asberg Depression Scale: reliability and validity. Acta Psychiatr Scand. 
1986;73(5):544–8.

	34.	 Tan LC, Luo N, Nazri M, Li SC, Thumboo J. Validity and reliability of the 
PDQ-39 and the PDQ-8 in English-speaking Parkinson’s disease patients 
in Singapore. Parkinsonism Relat Disord. 2004;10(8):493–9.

	35.	 Probst CC, Winter LM, Moller B, Weber H, Weintraub D, Witt K, et al. 
Validation of the questionnaire for impulsive-compulsive disorders in 
Parkinson’s disease (QUIP) and the QUIP-rating scale in a German speak-
ing sample. J Neurol. 2014;261(5):936–42.

	36.	 Brazier JE, Harper R, Jones NM, O’Cathain A, Thomas KJ, Usherwood T, 
Westlake L. Validating the SF-36 health survey questionnaire: new out-
come measure for primary care. BMJ. 1992;305(6846):160–4.

	37.	 Ishihara L, Brayne C. A systematic review of depression and men-
tal illness preceding Parkinson’s disease. Acta Neurol Scand. 
2006;113(4):211–20.

	38.	 Schuepbach WM, Rau J, Knudsen K, Volkmann J, Krack P, Timmermann L, 
et al. Neurostimulation for Parkinson’s disease with early motor complica-
tions. N Engl J Med. 2013;368(7):610–22.

	39.	 Czernecki V, Pillon B, Houeto JL, Welter ML, Mesnage V, Agid Y, Dubois 
B. Does bilateral stimulation of the subthalamic nucleus aggra-
vate apathy in Parkinson’s disease? J Neurol Neurosurg Psychiatry. 
2005;76(6):775–9.

	40.	 Funkiewiez A, Ardouin C, Krack P, Fraix V, Van Blercom N, Xie J, et al. Acute 
psychotropic effects of bilateral subthalamic nucleus stimulation and 
levodopa in Parkinson’s disease. Mov Disord. 2003;18(5):524–30.

	41.	 Fabbri M, Coelho M, Abreu D, Guedes LC, Rosa MM, Godinho C, et al. 
Dysphagia predicts poor outcome in late-stage Parkinson’s disease. 
Parkinsonism Relat Disord. 2019;64:73–81.

	42.	 Grover S, Somaiya M, Kumar S, Avasthi A. Psychiatric aspects of ’s disease. 
J Neurosci Rural Pract. 2015;6(1):65–76.

	43.	 Drapier D, Drapier S, Sauleau P, Haegelen C, Raoul S, Biseul I, et al. Does 
subthalamic nucleus stimulation induce apathy in Parkinson’s disease? J 
Neurol. 2006;253(8):1083–91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://castoredc.com

	A multicenter double-blind randomized crossover study comparing the impact of dorsal subthalamic nucleus deep brain stimulation versus standard care on apathy in Parkinson’s disease: a study protocol
	Abstract 
	Background 
	Objectives 
	Methods 
	Trial registration 

	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for posttrial care {30}
	Outcomes {12}
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses {20b}
	Methods in analysis to handle protocol nonadherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee and its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments {25}
	Dissemination plans {31a}

	Discussion
	Trial status
	Acknowledgements
	References


