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ABSTRACT

Objectives: Deep brain stimulation (DBS) is an innovative and effective treatment for patients with therapy-refractory obses-
sive–compulsive disorder (OCD). DBS offers unique opportunities for personalized care, but no guidelines on how to choose
effective and safe stimulation parameters in patients with OCD are available. Our group gained relevant practical knowledge
on DBS optimization by treating more than 80 OCD patients since 2005, the world’s largest cohort. The article’s objective is to
share this experience.

Materials and Methods: We provide guiding principles for optimizing DBS stimulation parameters in OCD and discuss the
neurobiological and clinical basis.

Results: Adjustments in stimulation parameters are performed in a fixed order. First, electrode contact activation is determined
by the position of the electrodes on postoperative imaging. Second, voltage and pulse width are increased stepwise, enlarging
both the chance of symptom reduction and of inducing side effects. Clinical evaluation of adjustments in stimulation parame-
ters needs to take into account: 1) the particular temporal sequence in which the various OCD symptoms and DBS side-effects
change; 2) the lack of robust response predictors; 3) the limited sensitivity of the Yale-Brown Obsessive–Compulsive Scale to
assess DBS-induced changes in OCD symptoms; and 4) a patient’s fitness for additional cognitive-behavioral therapy (CBT).

Conclusions: Decision-making in stimulation parameter optimization needs to be sensitive to the particular time-courses on
which various symptoms and side effects change.
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INTRODUCTION

Deep brain stimulation (DBS) is an innovative treatment for
therapy-refractory obsessive–compulsive disorder (OCD) with
an average of 50–60% patients responding (1,2). The efficacy

of DBS is comparable to ablative neurosurgical procedures,
such as anterior capsulotomy and cingulotomy (3). A crucial
advantage over these techniques is that the effect of DBS is
reversible, given the possibility of adjusting stimulation
parameters.

307

Address correspondence to: Maarten van Westen, Amsterdam UMC, University
of Amsterdam, Meibergdreef 9, Amsterdam, The Netherlands. Email: m.
vanwesten@amsterdamumc.nl

* Department of Psychiatry, Amsterdam UMC, University of Amsterdam,
Meibergdreef 9, Amsterdam, The Netherlands;

† Department of Biomedical Engineering & Physics, Amsterdam UMC,
University of Amsterdam, Meibergdreef 9, Amsterdam, The Netherlands; and

‡ Department of Neurosurgery, Amsterdam UMC, University of Amsterdam,
Meibergdreef 9, Amsterdam, The Netherlands

For more information on author guidelines, an explanation of our peer review
process, and conflict of interest informed consent policies, please go to http://
www.wiley.com/WileyCDA/Section/id-301854.html

Source(s) of financial support: Damiaan Denys, Rick Schuurman and Isidoor Ber-
gfeld have received grants from the Netherlands Organization for Health
Research and Development (ZonMw, 636310016) and Boston Scientific (in kind)
for investigator-initiated trials of DBS for depression. Erik Rietveld is supported
by the Netherlands Organisation for Scientific Research (NWO) in the form of a
VIDI-grant and by the European Research Council in the form of ERC Starting
Grant 679190 for the project AFFORDS-HIGHER. These funding sources did in
no way influence the decision to write and submit this manuscript.

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribu-
tion in any medium, provided the original work is properly cited, the use is
non-commercial and no modifications or adaptations are made.

Neuromodulation 2021; 24: 307–315© 2020 The Authors. Neuromodulation: Technology at the Neural Interface
published by Wiley Periodicals LLC. on behalf of International Neuromodulation Society.

www.neuromodulationjournal.com

https://orcid.org/0000-0002-7854-9306
https://orcid.org/0000-0001-5197-142X
https://orcid.org/0000-0002-0601-7271
mailto:m.vanwesten@amsterdamumc.nl
mailto:m.vanwesten@amsterdamumc.nl
http://www.wiley.com/WileyCDA/Section/id-301854.html
http://www.wiley.com/WileyCDA/Section/id-301854.html
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


This article focuses on DBS stimulation parameter optimization.
DBS optimization means maximizing treatment efficacy and mini-
mizing side effects through patient-specific adjustments of stimu-
lation parameters. Adjustable parameters include voltage,
frequency, pulse width, and active contacts. Despite DBS optimi-
zation being a crucial treatment phase, clinical studies only men-
tion it briefly. To our knowledge, no guidelines on how to choose
effective and safe stimulation parameters in patients with OCD
are available. This lack of evidence-based guidelines led authors
of the only review on this topic to argue that “there is an urgent
need for expert consensus” (4). Our group gained relevant practi-
cal knowledge on DBS optimization in treating more than 85 OCD
patients since 2005. This article’s objective is to describe our
method of optimizing DBS in OCD, thereby offering guiding prin-
ciples on DBS stimulation parameter optimization in OCD. Impor-
tant to note is that these guiding principles are only partly based
on empirical evidence and largely have the status of expert
opinion.
First, we describe the guiding principles we currently use to

optimize stimulation parameters. In the subsequent sections, we
discuss the basis of these principles, focusing on the technical
and neurobiological aspects of adjusting stimulation parameters
and on the nuances of evaluating effects of stimulation parameter
adjustments in clinical practice, while also comparing our way of
working with how it is done in other centers.

GUIDING PRINCIPLES FOR OPTIMIZING DBS
STIMULATION PARAMETERS

To clarify why we make particular choices with regard to DBS
optimization we need to explain something about how, in our
center, DBS consist of several consecutive treatment phases
(Fig. 1). First, a neurosurgeon implants electrodes (model 3389;
Medtronic, Minneapolis, MN, USA) in the ventral anterior limb of
the internal capsule (vALIC) and connects these to an implantable
pulse generator (IPG) (Activa PC or RC, Medtronic). Further details
on the surgical procedure and inclusion-criteria are described
elsewhere (2,5,6). Second, a psychiatrist or specialized nurse opti-
mizes the IPG’s stimulation parameters in order to best modulate
symptoms. This is the treatment phase on which we focus in this
article. Third, a psychotherapist expands and consolidates these
effects with cognitive behavioral therapy (CBT).
To allow for recovery from surgery, the optimization phase

starts at least two weeks after surgery. We verify the position of
the implanted electrodes by fusing the preoperative magnetic
resonance imaging (MRI)-scan with the postoperative computed
tomography (CT)-scan. The two contact points closest to the tar-
get structure (see section “contact configuration”) are set as cath-
odes. The IPG is switched on at 3.0 V, a pulse width of 90 μsec,
and a frequency of 130 Hz. We evaluate whether 1) symptoms
have reduced, 2) side effects have occurred, and 3) normal

functioning of the device by measuring electrode impedance.
These evaluations are done weekly for inpatients and biweekly for
outpatients. To enable a proper evaluation of the effect, only one
stimulation parameter is adjusted at a time. Once a clinically sig-
nificant effect without intolerable side effects is achieved, no fur-
ther adjustments are made. When there is no effect and no side
effects, we make further adjustments in a fixed order described in
Figure 2.
With this protocol, our first 70 patients, after 12 months of DBS,

had a mean decrease in Y-BOCS scores of 13.5 points (SD = 9.4)
(40%). Of these patients, 52% (n = 36) could be categorized as full
responder (>35% Yale-Brown Obsessive–Compulsive Scale
[YBOCS] reduction compared to baseline), with a mean Y-BOCS
decrease of 20.9 points (SD = 6.4) (62%), and 17% of patients
(n = 12) as partial responder (>25% YBCOS reduction), with a
mean Y-BOCS decrease of 9.9 points (SD = 1.5) (29%). 31% of
patients (n = 22) were categorized nonresponders, with a mean
Y-BOCS decrease of 3.3 points (SD = 3.0) (10%) (2).
Of the current 85 patients in our center, 53 patients showed a

full response at some point within two years from surgery. We
analyzed the time to first response, which in days from surgery is:
10–36 days for the fastest 25% of patients; 36–186 days for the
middle 50%, and between 186 and 612 days for the slowest 25%
of patients. This implies that for most patients, it is a matter of
months before they achieve full response by means of the above
guiding principles on optimization. This also implies that it takes a
long time before a patient can be qualified as nonresponder.

MODULATING STIMULATION PARAMETERS

The amount of current that is applied to the targeted brain area
is determined by 1) the number of active contact points, 2) mono-
or bipolar stimulation, 3) the number of electrical pulses per sec-
ond (frequency), 4) the duration of these pulses (pulse width),
and 5) the amplitude of these pulses (voltage in relation to the
impedance of the circuit).

Contact Point Configuration
Which electrode contacts are activated first depends on the

anatomical location of the electrodes. Originally, we placed the
stimulation electrodes with the most ventral contact inside the
core of the nucleus accumbens (NA) (6) (Fig. 3). Stimulation was
initiated in the two contacts inside the NA, based on the hypoth-
esis that OCD pathophysiology is related to reward processing,
in which the NA is a prominent node (5,7). When our first
patients did not show any response to stimulation of the ventral
contacts inside the NA, we switched to the two dorsal contact
points (5). Subsequent analysis found that of our first 16
patients, the nine patients who had active contacts located bilat-
erally in the vALIC (see Fig. 3) had an average YBOCS
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improvement of 73% (SD 18), whereas the other six patients
with active stimulation sites elsewhere showed an improvement
of only 42% (SD 28) (6).
In recent years, there has been an increased focus on recon-

struction of white matter pathways with tractography to aid
DBS surgical planning (8,9). Tractography implies the diffusion

MRI-based 3D modeling of form and trajectory of white matter
structures. Reasons for implementing tractography are high
inter-individual variability in vALIC anatomy (10,11) and promis-
ing results for tractography-based targeting of the superolateral
branch of the medial forebrain bundle (slMFB) in DBS for
depression (8,12). A retrospective study in 16 of our patients
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showed that patients with active stimulation sites closer to the
slMFB had better treatment outcome than patients with active
stimulation sites more proximate to the anterior thalamic radia-
tion (13). Therefore, we currently select contact points closest to
the slMFB and are evaluating whether prospective slMFB-
targeted stimulation within the vALIC could yield better treat-
ment outcomes.
Our insights on optimal targeting converge with the prevailing

view that OCD pathophysiology is related to aberrant activity in
hyperconnected brain areas organized in cortico-striato-thalamo-
cortical (CSTC) circuits (14–17). Initially, DBS was assumed to inter-
rupt this connectivity by means of a reversible lesion analogous
to the permanent lesion that is established through neuro-abla-
tive procedures, such as cingulotomy (3,18). Currently, most evi-
dence supports the hypothesis that the effect of DBS on OCD
pathophysiology is achieved through axonal activation (19,20).
Depolarization of large passing axons in CSTC white matter tracts
connecting frontal and thalamic and/or striatal brain areas
appears to normalize connectivity between and activity within
these areas. Our group, for instance, showed that VC/VS DBS nor-
malized frontostriatal NAc-prefrontal (PFC) hyperconnectivity and
NAc hypoactivity, which was associated with symptom reduction
(21,22). Instead of interrupting connectivity, DBS improves
connectivity.

Mode of Stimulation
We use monopolar stimulation, because the spherical form of

current spread affects a larger volume of neuronal tissue than
bipolar stimulation (Fig. 4). Normally, we do not adjust the mode
of stimulation. In the case of side effects, the more narrow current
flow of bipolar stimulation can be beneficial (23). There is a large
variation among institutions in the use of either mono- or bipolar

stimulation (4,24–28). In larger studies, monopolar stimulation is
most often used.

Voltage
Increasing voltage is the most straightforward way of inducing

a clinical effect as a larger volume of neural tissue is affected
(19,29,30). We indeed observed that many patients who did not
respond to the initial settings (3.0 V, 90 μsec, and 130 Hz) eventu-
ally responded when voltage was increased by increments of
0.5 V. Other clinical studies in OCD also found that more patients
respond when voltage is increased (31–34). In an analysis of set-
tings after one year in our first 80 patients, we found that the
mean voltage was 4.42 V (SD 0.85). This is slightly lower than volt-
ages reported in clinical studies from other institutions (4,24–28).
A possible explanation for variations in voltage levels across insti-
tutions is targeting, as is shown by the considerably lower volt-
ages in a study targeting the subthalamic nucleus (STN) (35,36).
Furthermore, Greenberg et al. found that as the targeting evolved
and became more precise, the voltage required to achieve an
optimal effect decreased (37). We are currently evaluating
whether voltages decreased in our cohort since we switched to
prospective slMFB-targeting with tractography at the end of 2017.
Increasing voltage should always be weighed against the risk of

inducing side effects (see section “side effects” below). We use
5.5 V as upper limit, since higher voltages hardly ever increased
effectiveness, while the chance of inducing side effects strongly
increased. Another reason for limiting the voltage to 5.5 V is that
higher voltages, especially when combined with large pulse wid-
ths, cause faster battery depletion, which requires patients with a
rechargeable battery to charge more frequently and patients with
a nonrechargeable battery to have replacement surgery sooner.

Frequency
Research in preclinical models and in DBS for neurological dis-

orders found that with high-frequency stimulation (>100 Hz)
action potentials in the axon become coupled (time-locked) to
the stimulation pulse train, overriding the input from the neural
cell body (20). Clinical studies on DBS for OCD all use high-fre-
quency stimulation, ranging between 100 and 185 Hz, but mostly
130 Hz (4,24–28). Currently, almost all our patients are stimulated
at 130 Hz. There are no studies in DBS for OCD directly comparing
different frequencies. One small double-blind cross-over study in
a different target (subcallosal cingulate gyrus) in major depressive
disorder (MDD) found higher efficacy in four patients stimulated
at 130 Hz than in the two patients stimulated at 20 Hz after one
year of follow-up (38).

Pulse Width
Preclinical research showed that the optimal pulse width to

depolarize large myelinated passing axons lies between 60 and
150 μsec (19,30,39). The larger the axon diameter, the smaller the
pulse width that is required to depolarize it (19,30). This is our
rationale for decreasing the pulse width below 90 μsec in the case
of side effects (see section below), as fewer axons are activated.
We increase pulse widths above 90 μsec in situations where volt-
age increases produce no beneficial effect but only side effects. A
single-blind sham-controlled study in five OCD-patients with VC/
VS-DBS found that pulse widths >210 μsec did not result in fur-
ther improvement of symptoms but only in an increase in side
effects (33). In an analysis of the first 80 patient of our cohort,
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Figure 3 Targeting and contact point configuration. The anatomic relation-
ship of several relevant structures is portrayed. vALIC, ventral anterior limb of
the internal capsule; GPe, Globus Pallidus pars externa; Cd, nucleus caudatus;
NAc, nucleus accumbens.
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after one year, the pulse width of the majority of patients was
90 μsec (73.4%). 15.2% was stimulated higher, between 120 and
180 μsec, and 11.4% of patients was stimulated lower, between
60 and 80 μsec. Pulse width varies considerably across published
reports from other centers, ranging from 60 up to 450 μsec
(4,24–28).

EVALUATING EFFECTS OF STIMULATION
PARAMETER ADJUSTMENTS

OCD symptoms change in a particular temporal sequence fol-
lowing the start of DBS. Anxiety decreases within seconds to
minutes, obsessions within days to weeks and compulsions and
avoidance, which require the addition of CBT, take weeks to
months to improve (5).

Acute Effects
Acute effects occur within seconds to hours after the DBS is

first switched on or when stimulation parameters are adjusted.
These changes include: a decrease in anxiety; euphoria; the expe-
rience that obsessions are less intrusive; a reduction in bodily ten-
sion; more modulation in voice and facial expression; an
increased alertness and attention to surroundings; more sponta-
neous behavior and speech.
It is unclear whether acute effects are predictive for long-term

improvement. In some of our patients long term reduction of
OCD core symptoms was not preceded by clearly discernible
acute effects, while there have also been nonresponders who did
initially express acute effects. Moreover, acute effects are often
transient. The euphoric mood and increased impulsivity, which
are often accompanied by reduced sleep, typically subside within
four days (5). One hypothesis is that this acute mood improve-
ment temporarily covers the OCD symptoms and is related to a
different mechanism than the eventual reduction of OCD core
symptoms (40).
There have only been a few studies that systematically associ-

ated acute effects to particular combinations of stimulation

parameters. An intraoperative trial in six patients and a postopera-
tive trial in four patients assessed the presence of a smile
response at several combinations of stimulation parameters in
DBS in the ventral capsule/ventral striatum (VC/VS) (41–43). They
found that patients with more smile-related combinations of stim-
ulation parameters had a better outcome at 24 months follow-up
in terms of YBOCS. Smile responses, however, could only be
reproduced during surgery but not after surgery, neither were the
correlated stimulation parameters related to those that were
eventually effective in long term follow-up. To our knowledge, no
other response predictors have been studied in relation to various
stimulation parameter settings.
In virtually all clinical trials on DBS for OCD, a test stimulation

survey is performed before chronic stimulation is initiated. A test
stimulation survey implies the systematic testing of a number of
stimulation parameter combinations in order to select a combina-
tion that is effective, safe and low in energy consumption (23,44).
The number of settings that is tested varies, partly depending on
whether test stimulation is intra- or postoperative. The time
between parameter adjustments and the evaluation of effect var-
ies between two minutes (45) and two hours (34), although sev-
eral authors did not report how this was done exactly, and
whether test stimulation was blinded. Efficacy and safety were
evaluated by means of clinical impression and patient reports
with the aid of visual analogue scales (VAS). Only two studies
report more quantitative measures in the form of blood pressure
and pulse, although it is not clear how this is used to select set-
tings for chronic stimulation (45,46).
We do not perform test stimulation surveys in our patients,

based on the limited evidence for a predictive value of acute
effects and the lack of other robust response predictors. In our
evaluation of DBS effects, we take into account that OCD is a
strongly context-related disorder. Symptoms get tied to particular
situations, most notably at home. In support of this view, one
study found that patients, when tested in the atypical situation of
the operation room, rated their OCD symptoms as 0 out of 10
(41). To give patients time to become aware of changes in their
behavior and to make sure that the effects we evaluate are not
transient, we evaluate DBS effects with intervals of two weeks.
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Figure 4 Modes of stimulation. With monopolar (cathodic) stimulation one or more contact points are set as cathodes (−), spreading a negative current evenly
in all directions. With bipolar stimulation the electrode has both anodic (+) and cathodic (−) contact points, with a more narrow and intense flow of current
between them. [Color figure can be viewed at wileyonlinelibrary.com]
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Taking more time for changes to become apparent might be one
of the reasons why our mean voltages are lower than in other
centers (see section “voltage”).
Of the six randomized controlled trials (RCT) on DBS for OCD,

only the one in our center (5) and that by Luyten et al. (24)
included an optimization phase with longer evaluation intervals
of at least multiple days before the onset of the double-blind
phase. In studies without such long-term optimization first, some
patients may have received subtherapeutic levels of stimulation.
Huff et al., who held parameter settings fixed in the first six
months after the test stimulation survey, consider this an explana-
tion for their low response rates in the double blind phase (32),
although it might also be due to the uni- instead of bilateral stim-
ulation they applied. They found their main decline in YBOCS-
score during the open phase, when additional stimulation param-
eter adjustments were made. Another RCT also found improved
response rates when switching to open phase and allowing
changes in parameter settings (31). In most studies on DBS for
OCD, randomized and nonrandomized, authors report that addi-
tional optimization of stimulation parameters was performed after
the initial test stimulation survey or double-blind phase, although
details are very limited on how they do this. However, these
results emphasize the importance of taking time for optimizing
stimulation parameters.

Long-Term Effects
The evaluation of severity of obsessions and compulsions,

which take more time to improve than anxiety, relies on 1)
reports from patient and family and our observations, 2) outcome
on clinical rating scales, and 3) an assessment of fitness for cogni-
tive behavioral therapy (CBT).
The initial effect of DBS on obsessions and compulsions can be

very subtle. We look out for remarks that indicate that patients
feel freer from their obsessions, such as I still have thoughts but
they make me less anxious, I do no longer believe them, or I can
laugh about my thoughts. Furthermore, we actively search for
changes in OCD symptoms by systematically going through the
patient’s daily routine, which we documented before DBS implan-
tation. We ask patients for changes in their activity pattern and
whether they “accidentally” stopped avoiding an activity or place
or whether there have been situations in which they “forgot” to
perform compulsions. Remarkably, some patients themselves do
not experience change even when quite profound changes in
their behavior can be observed. Moreover, in some patients
improvement is difficult to evaluate due to comorbidity or coping
mechanisms that obscure any improvement in OCD symptoms.
Therefore, we always ask family-members to be present, so that
their observations can be weighed.
We use several rating scales to measure DBS effect. The most

important instrument is the YBOCS, that quantifies symptom
severity in OCD on a scale from 0 to 40. To evaluate changes in
anxiety, we use the Hamilton Anxiety Scale (HAM-A). And because
most patients suffer from comorbid depression, we use the Hamil-
ton Depression Rating Scale (HDRS). When patients show a reduc-
tion of 35% or larger on YBOCS-score we usually stop making
further adjustments in stimulation parameters. We noticed, how-
ever, that rating scales are often not sensitive enough to capture
relevant DBS-induced symptom changes. When a patient, for
instance, does no longer spend 14 hours a day having obsessions
but only 10, we consider this a significant improvement. This
improvement, however, is not represented in a change in YBOCS-

score, as patients stay in the same category as long as they have
more than eight hours of compulsions. Also we find that some
patients who are nonresponders in terms of YBOCS have none-
theless an important improvement in quality of life (47). Although
the YBOCS is of limited use in our real-time day-to-day decision-
making on DBS optimization, it remains a useful measure to quan-
tify eventual long-term improvement. To understand the effects
of DBS treatment on the lived experience and personality of OCD
patients over time, we have also done in-depth interviews with
18 patients. These studies showed that DBS treatment improves
the patients’ anticipation of relevant action possibilities and
increases their self-confidence (48–50).
One particular way in which we evaluate the efficacy of stimula-

tion parameters is fitness for cognitive behavioral therapy (CBT).
Throughout the optimization phase, we encourage patients to do
small exposure exercises. We, for instance, ask a patient with fear
of contamination to wash his or her hands eight instead of ten
times. When this succeeds, such a slight change in behavior can
be an indication that the patient’s anxiety is considerably reduced
and CBT can be added. We found that CBT augments the effects
of DBS and further expands and consolidates the effects of DBS
(51). Therefore, most of our DBS-patients get adjunctive CBT,
which consists of exposure with response prevention and cogni-
tive restructuring. In total, 13 of our first 70 patients did not
receive additional CBT because they no longer needed it (N = 8),
had insufficient response to DBS (N = 4), or had physical com-
plaints (N = 1) (2). Over the course of weeks to months, CBT fur-
ther reduces compulsions and avoidance and restores healthy
behavior. In our first 16 patients, the addition of 24 CBT sessions
resulted in an additional 22% YBOCS reduction on top of the 25%
YBOCS reduction that had been achieved by means of DBS stimu-
lation parameter optimization (51).

Side Effects
DBS has been associated with a number of side effects, includ-

ing increased anxiety, impulsivity, paresthesia, nausea, and dizzi-
ness (1). With regard to the management of side effects, it is
important to distinguish stimulation-related side effects from
complications of surgery or device-related problems. Therefore,
we discuss the occurrence of side effects in a multidisciplinary
team with neurosurgeons, psychiatrists, psychologists, and spe-
cialized nurses. Here, we focus only on stimulation related side
effects.
The most often observed stimulation-related side effects in our

patient cohort are sleeping problems (46% of patients), restless-
ness (33%), agitation (30%), and impulsivity (19%) (2,52). These
symptoms often, but not always, co-occur and are associated with
euphoria. Although this cluster of symptoms is often referred to
as “(hypo)mania,” we would propose to reserve this term for only
those cases that meet DSM 5 criteria with regard to number of
symptoms, severity and duration. Whether cases of DBS-induced
increased impulsivity, euphoria, agitation and sleeping problems
are associated with a pre-existing yet unrecognized comorbid
bipolar spectrum disorder is not clear, although a case series in
five patients with comorbid bipolar disorder found no significant
changes in scores on the Young Mania Rating Scale (53). Never-
theless, we preventively admit patients with comorbid bipolar dis-
order during the optimization phase and start stimulation at 2.5
instead of 3.0 V. This is also the case for patients with dysfunc-
tional coping mechanisms associated with specific personality dis-
orders. Personality disorders, however, cannot always be clearly
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diagnosed beforehand: the OCD might be so all-encompassing
that psychological testing is not reliable.
Most stimulation-related side effects are transient. As we

described above, many patients experience around four days of
increased impulsivity, euphoria and sleeping problems after a
stimulation parameter adjustment. This effect can occur after each
adjustments in stimulation settings. If these effects are safe and
tolerable, we wait for two weeks for them to subside. In case the
side effects are not transient, we adjust stimulation parameters.
Although we have no data to prove this, it is our clinical impres-
sion that the various stimulation-related side effects usually sub-
side within one week after an effective adjustment in parameters.
As adjustments might lead to a loss of beneficial effect, we some-
times accept a certain degree of side effects, which explains that
7% of our patients keeps having sleeping problems and 3% is still
having signs of agitation (2).
We have observed that higher voltages, especially above 5.5 V,

induce more side effects. This was also seen in a single-blind
sham-controlled study in six patients, which associated ampli-
tudes above 6 V with a strong increase in side effects (33). There-
fore, a logical step is to decrease the voltage by increments of
0.2 V (or 0.5 V when symptoms are severe) until the side effect
subsides. If the voltage reduction leads to a loss of OCD-response,
we instead reduce the pulse width to 60 μsec or switch from two
to one contact points. In rare cases of persisting manic symptoms
despite stimulation parameter adjustments we add mood stabiliz-
ing medication.

Nonresponders
When patients do not respond after all the steps of the optimiza-

tion protocol have been performed, other options are discussed in
the team. Sometimes patients are admitted and various settings
are tested again, while the effects are closely observed and patients
get exposure exercises. In some nonresponders who were previ-
ously implanted without tractography guidance, adjustment of the
electrode positions based on the reconstruction of the slMFB in the
vALIC has been effective. In some patients, the positive effect on
OCD is obscured or superseded by a comorbid personality disorder
that needs to be treated first before DBS optimization can be tried
again. Most nonresponders decide to keep the DBS as it offers
them some benefit in mood. Some nonresponders, for instance,
turn off the DBS every evening and activate it again the next morn-
ing in order to have the acute effect of transient improvement of
mood to overcome the OCD symptoms.

DISCUSSION

Though a response rate of 60% in therapy-refractory OCD
patients is a considerable advancement, still some patients do not
benefit sufficiently from DBS. How can DBS optimization add to
an improved response rate? Based on the above discussion of our
preliminary expert-based guideline we now identify three direc-
tions for future research.
First, the YBOCS is felt being inappropriate to assess adequately

DBS-induced changes in OCD symptoms. More precise assessment
tools are needed to guide decision-making in stimulation parame-
ter optimization. This might be achieved by a dimensional instead
of categorical approach. For example, the amount of hours spent
on obsessions and compulsions should be assessed gradually as
with the Dimensional Obsessive–Compulsive Scale (DOCS).

Furthermore, we think that future studies should look for ways to
evaluate DBS effects that remain close to what patients experience.
Given that various OCD symptoms change over different time
courses, repeated interviews on different stages in the treatment
course might reveal relevant changes in patients’ lived experience
which can become general signs of improvement.
Second, stimulation parameters are currently optimized

through a fixed sequence of adjustments. This is a time-consum-
ing process which typically takes several months. Future studies
need to look for patient-specific predictors to directly select effec-
tive stimulation parameter settings. We expect that with increased
precision in targeting of electrodes, as is currently investigated
using tractography, fewer adjustments will be required to select
effective stimulation parameters. A more direct selection of effec-
tive stimulation parameters might also be achieved by identifying
particular patient profiles. These might be based on OCD symp-
tom dimensions (54) and the DSM 5 specification of good vs. poor
insight (55). Comorbidity profiles may as well be relevant, in part
because (side-)effects of DBS overlap with particular symptoms of
comorbid disorders. This is the case, for instance, with impulsivity
and a comorbid bipolar or borderline personality disorder.
Third, an extremely relevant issue is the tapering off effect of

DBS. Currently, patients who get DBS remain tied to their clini-
cians for regular check-ups and battery-replacements for the rest
of their lives. It would be relevant to investigate in which patients,
at which pace and to what degree tapering off stimulation is
effective and safe. There is no data whatsoever on the nature and
time course of relapse symptoms. We only know that when the
DBS is switched off abruptly, a rebound effect can be observed: a
decrease in mood to a level below the baseline measurement at
the beginning of the treatment (56). It is unclear whether this is a
transient phenomenon, as we studied it for a maximum of
seven days.
Furthermore, there is a need for randomized controlled trials

that systematically compare efficacy and safety of stimulation
parameters, including: bilateral versus unilateral stimulation; one
versus two contact points; monopolar versus bipolar stimulation;
adjusting pulse width before adjusting voltage; 130 Hz versus
other frequencies.
Finally, it would be interesting to compare optimization strate-

gies across centers, both those that use the same brain target
and those that target the electrodes at a different structure. This
requires that reports on clinical trials provide more details on their
optimization methods. One might also look at similarities and dif-
ferences in optimization in DBS for other conditions, such as
Parkinson’s disease, where an acute sign for evaluating efficacy of
stimulation parameters is available and where patients regularly
suffer from psychiatric side effects, and major depressive disorder,
where acute signs are also lacking and clinicians similarly observe
that it takes time for patients to become aware of DBS-induced
changes (57,58).

CONCLUSION

This study’s objective was to describe our method of optimizing
DBS stimulation parameters for OCD. Our group came up with
guiding principles for DBS optimization. First, electrode contact
activation is determined by the position of the electrode and more
recently this is based more on the position of fibers as shown by
tractography rather than being determined by anatomical land-
marks only. Second, voltage and pulse width are increased
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stepwise, increasing both the chance of symptom reduction and of
inducing side effects. Clinical evaluation of adjustments in stimula-
tion parameters needs to take into account: 1) the particular tem-
poral sequence in which the various OCD symptoms and DBS side
effects change; 2) the lack of robust response predictors; 3) the lim-
ited sensitivity of the YBOCS to assess DBS-induced changes in
OCD symptoms; and 4) a patient’s fitness for additional cognitive-
behavioral therapy (CBT). In view of the limited predictive value of
acute effects and the limited sensitivity of the YBOCS, expert clini-
cal skills are required to evaluate how OCD symptoms change over
time and to assess a patient’s fitness for additional CBT.
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