UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Exploring a new direction in deep brain stimulation

ten Brinke, T.R.

Publication date
2026

Link to publication

Citation for published version (APA):
ten Brinke, T. R. (2026). Exploring a new direction in deep brain stimulation. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:07 Oct 2026


https://handle.uba.uva.nl/personal/pure/en/publications/exploring-a-new-direction-in-deep-brain-stimulation(1f0e269f-4a54-45e6-b0f0-e8c29ff3f945).html

CHAPTER 1

GENERAL INTRODUCTION



BACKGROUND

Parkinson’s disease (PD) is the world’s second most prevalent neurodegenerative
disorder.' It is most commonly characterized by bradykinesia, rigidity and resting
tremor, but can be accompanied by a wide variety of other motor and non-motor
symptoms.2* With the increase in life expectancy of the global population, the
prevalence of the disorder has increased and so has, concomitantly, the attention
of the scientific community.?

More than half a century after its introduction as a treatment, levodopa-based
dopamine replacement remains the cornerstone of therapy of the majority of
PD patients.® Other dopamine-based treatments include dopamine agonists,
Catechol-O-methyl transferase (COMT) inhibitors, and monoamine oxidase
inhibitors.* However, as the disease progresses, levodopa becomes less effective
due to the loss of dopaminergic neurons, leading to lower buffer capacity of
dopamine.®In this clinical phase, patients often develop motor complications such
as ‘wearing-off’, dyskinesias, or unpredictable fluctuations of symptoms that become
refractory to medication adjustments, necessitating more complex therapies such as
deep brain stimulation (DBS), (fos)levodopa-(fos)carbidopa infusion, apomorphine
infusion, or MRI-guided focused ultrasound.*”

Deep brain stimulation is a well-established advanced treatment modality for
multiple conditions including PD.8-"° First introduced in the early 90’s,"" it since has
evolved to be a proven method to improve advanced PD patients’ motor scores
as measured with the MDS-UPDRS-III,"2'® reduced troublesome dyskinesias' and
quality of life as measured with PDQ-39."415

Treatment with DBS consists of implantation of electrodes in specific target areas
in the brain, most commonly bilaterally in the Subthalamic nucleus (STN), but
other targets such as the Globus Pallidus pars interna (GPi) are also possible.'®'®
Patients undergo a thorough screening process beforehand to make sure they are
candidates for the treatment.'”” The neurosurgical procedure can be performed
either under general or local anesthesia with similar effects on the symptoms, but
nowadays general anesthesia is presents as the preferred option as it can lower the
burden on the patient.”® Best results are obtained when optimal patient selection and
precise electrode implantation are combined with subsequent programming of the
stimulation by an experienced clinician.'® Usually, the effect of DBS is systematically
studied in the weeks post-operation by testing every contact point on the electrode
separately in a process that is commonly referred to as the monopolar review.”® In



the programming process, stimulation parameters such as current (or voltage),
amplitude, frequency, pulse width, and electrode configuration can be adjusted in
order to reach the optimal effect.'® There are multiple hardware systems used for
DBS by different manufacturers and with varying capabilities. Initial programming
strategies are usually comparable between treatment centers, with more differences
in approach appearing in an eventual troubleshooting phase for specific symptoms
or side-effects.®

While effective, conventional DBS treatment can be limited by bothersome side-
effects caused by current spread to neighboring brain regions, hindering optimal
therapeutic outcomes.?' These side-effects can arise when electrical current spills
over into adjacent structures in the brain, limiting the amount of tolerated current
and thus potentially limiting the efficacy of the treatment.222 One possible solution
for this problem is the use of directional DBS leads, which allow for a certain degree
of steering of the electrical field delivered by the electrode. Using this technology,
one could potentially steer the current away from areas in the brain responsible for
causing side effects, and steer the current more precisely towards the target area,
more effectively generating the desired effects.?4-2¢

OMNIDIRECTIONAL AND DIRECTIONAL DEEP BRAIN STIMULATION

Between the introduction of commercially available DBS electrodes in the 90’s
and the advent of directional DBS systems, electrodes have been designed
with minor manufacturer-specific variations but share a common structural
layout.?” Traditional DBS electrodes feature four circumferential, ring-shaped
contacts, each independently controllable through clinician-operated programming
interfaces.2”28 Due to their geometric configuration, these electrodes generate an
isotropic electrical field, resulting in uniform current dispersion in all directions
(assuming comparable tissue characteristics around the electrode). This stimulation
paradigm is commonly referred to as omnidirectional or “ring-mode” stimulation.
A schematic representation of an electrode delivering ring-mode stimulation can
be seen in figure 1a.

As previously alluded to, there are some limitations pertaining to ring-mode
stimulation, some of which could potentially be mitigated by the use of directional
electrodes.?*-26 Experimental data obtained through in silico modelling suggest that
directional DBS can provide the same amount of current to the target area whilst
decreasing the amount of overspilled current to adjacent structures by more than
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20%.%° A schematic representation of an electrode delivering directional stimulation
can be seen in figure 1b.
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Figure 1: schematic representation of omnidirectional stimulation using a ring-shaped
contact (1a), and directional stimulation using a directional (segmented) contact (1b)

It stands to reason that minimizing the spreading of current into areas prone to
causing stimulation-induced side-effects adjacent to the DBS target area could
reduce the risk of stimulation-induced side effects. With a decreased chance
of side-effects, there would be a larger therapeutic window in the stimulation
settings.2® This optimization of current distribution would then provide clinicians
with greater flexibility in programming, potentially allowing for the maximization of
therapeutic benefits in DBS therapy.?®

In the last 10-15 years, multiple innovative designs and technologies have been
implemented in latest generation DBS systems, one of which is directional
DBS.%' On a structural level, the hardware of ring-mode and directional systems
is comparable, with the exception of the number and the location of the contact
points on the electrode.®? Due to the increased complexity of the system, the
programming possibilities are also vastly increased. In a clinical setting this can
be advantageous when troubleshooting stimulation-induced side-effects, but the
increased programming complexity can also form a burden for the patient and
programming clinician, as it is expected to be more complex, less intuitive, and more
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time- consuming.®* The increased effort in programming of a more complex system
may be well-worth it if the results of the therapy improve in a proportional way to
the invested time and effort. Additional prospective clinical research is needed in
order to study whether or not directional DBS is superior to omnidirectional DBS
in Parkinson’s disease, and which PD patients can benefit most from this newer
technology.34-%¢

AIM AND OUTLINE

The aim of this thesis is to evaluate the clinical relevance of directional DBS as an
add-on or as a standard alternative for conventional omnidirectional DBS. The focus
will be set mainly on DBS of the STN in patients with Parkinson’s disease.

Part I: Potential and expectations for directional DBS

Implementing new protocols and new technology into the daily practice of a medical
field can be a complex, time consuming and expensive endeavor.®” The initial
clinical studies evaluating the new technology and treatment protocols can also
be burdensome to patients.®® Therefore, there are practical, ethical and scientific
needs to assess the relevance of medical innovations, preferably by clinicians with
relevant experience in the field.

Chapter 2 describes how we evaluated the clinicians’ perceived need for directional
DBS technology prior to its introduction to the mainstream market. For this,
clinicians were asked to evaluate existing patients from their caseload by filling
out questionnaires during out-patient consultations of consecutive DBS patients.
The included questions focused mainly on patient and clinician satisfaction,
occurrence of stimulation-induced side-effects, and the clinician’s opinion on
whether or not directional DBS could be of added value for the patient.

In Chapter 3, the experiences of the early adopters of directional DBS technology
in centers around the world are gauged. These experiences were assessed with
the use of an online survey sent to an extensive group of leading DBS experts,
with questions focusing on multiple aspects of the practice. This chapter describes
clinicians’ motivation for switching from omnidirectional to directional DBS and when
they will consider this, their preferred programming approaches, the amount of time
needed for programming each mode of DBS, and the expert-opinion on the added
value of this emerging technology.



PART II: EVALUATING THE EFFECTS OF DIRECTIONAL DBS

Fairly evaluating the effect of the implementation of a medical innovation on a
patient’s condition and quality of life can be a challenging effort. Chapter 4
describes the protocol that was created in order to study the comparison between
omnidirectional and directional STN DBS in PD patients. We chose a prospective
multi-center double-blind randomized crossover trial design. We deemed it clinically
important to assess the difference in effect of omnidirectional and directional STN
DBS in different patient subgroups: patients who have an unsatisfactory effect of
omnidirectional settings (non-responders), patients who have a satisfactory effect of
omnidirectional settings (responders), and the entire patient population comprised
of both subgroups pooled together. Sample size calculation was performed
separately for both subgroups. Our primary aim was to assess the effect of the
different stimulation settings on patients’ motor symptoms, which led to choosing
the Movement Disorders Society Unified Parkinson’s Disease Rating Scale — Motor
Evaluation (MDS-UPDRS-ME)*® as the primary outcome measure. Additional
assessments of dyskinesia, activities of daily living, quality of life, disease-specific
medication use, stimulation settings, quality of walking and speech, and adverse
effects were performed as secondary outcome measures. After undergoing both
arms of the study (omnidirectional and directional setting) in randomized order
and blinded condition, patients were asked to choose their preferred setting (still in
blinded condition), as patient preference is an important factor as well. Additional
details on study design, reasoning for the choices made in designing the trial are
presented.

In Chapter 5 we describe the results of the STEERING-trial. We elaborate on
primary and second endpoint analyses and discuss the possible implications of
the results for the clinical practice.

PART Ill: ADDITIONAL OPTIONS WITH DIRECTIONAL LEADS

In the latest decade, multiple innovations have been introduced to the
newest DBS systems available for clinical use. Technological advancements
now provide opportunities such as enabling imaging-aided programming,
remotely making changes in the programming, and measurement of local field
potentials.2® Tractography can be performed with imaging studies for a more
accurate determination of the optimal target area in the STN.#' Adaptive DBS has
recently been the subject of much scientific work, having sparked an interest due
to its capability to sense and subsequently modulate local brain activity.*> Many of
these innovations and applications are beyond the scope of this manuscript, but a
select subset of them will be briefly discussed in the following chapters.



Some of the more recent DBS systems provide the possibility to make changes to
the polarity of the stimulation, meaning that where traditionally the contact points
on the electrode would have a negative charge (cathode) and the implantable
pulse generator would have a positive charge (anode), these charges can now be
reversed or even be individually modulated for each contact point.** These changes
have the potential to modulate the shape of the volume of tissue activated (VTA),
providing the clinician with more tools for troubleshooting when treating a patient
with DBS. Chapter 6 describes the effort to assess differences in the amount of
current used for eliciting therapeutic effect and stimulation-induced side effect in
PD patients using different modes of current polarity. The battery use of each of
the used settings was also taken into account, as it may impact clinical decision-
making when no clinically relevant difference is found between different stimulation
polarities in a patient.

The majority of implanted DBS systems are used for treatment of movement
disorders, but the therapy can also be used to treat carefully selected patients with
very different ailments, among others post-stroke complications.** Chapter 7 aims
to illustrate the usefulness of directional DBS in these less common indications by
describing the procedure and results of directional DBS treatment of a patient with
hemibody central poststroke pain.

We have entered a new era of DBS treatment marked by wide-ranging new
technical capabilities on both a hardware and software level. Oftentimes, the
expectations and eagerness to adopt a new technology can vary between clinicians
and patients.*®* Chapter 8 focuses on the relationship between the increase of
technological capabilities of a medical device and the expectations that patients
can have about the results of their treatment, as being cognizant of the fact that
the electrode has more complex capabilities may lead to higher expectations of the
treatment, some of which might prove challenging to meet.

PART IV: DISCUSSION

Chapter 9 consists mainly of a general discussion of the results of the STEERING-
trial, its place in the current scientific literature and offers recommendations for
future research efforts in this area.
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