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ABSTRACT

Background and objective: Directional DBS stimulation is a new technology,
which increases the clinician’s programming possibilities, but also its complexity.
We evaluated how neurologists and neurosurgeons around the world are currently
approaching their first patients with directional DBS.

Materials and Methods: An online survey was sent to 86 physicians with questions
about their experience with directional STN DBS, practical issues regarding the
programming, and the clinical effect of directional DBS.

Results: 29 physicians responded. Nineteen stated to have at least some
experience with directional DBS. Reactions showed considerable differences
between directional DBS practices and protocols across centers. The reduction
of stimulation-induced side-effects is the main reason to opt for directional DBS,
with some clinicians also believing in a better motor effect of directional DBS when
compared to ring-mode stimulation. However, the majority of physicians need more
time to program directional DBS compared to ring-mode DBS.

Conclusion: Currently, there is a large practice variation regarding the application
of directional DBS. This finding suggests that a uniform programming protocol is not
yet determined. Evidence in the form of prospective research is needed to evaluate
whether, given the extra programming complexity, directional DBS has added value
in the treatment of Parkinson’s disease.



INTRODUCTION

Deep Brain Stimulation (DBS) of the subthalamic nucleus (STN) has been an
established treatment of motor symptoms in Parkinson’s disease (PD) since the
early nineties.! The effectiveness of DBS can be limited by bothersome side-effects
such as dysarthria, tonic muscular contraction, gait imbalance, conjugate eye
deviation, and paraesthesia.? These side-effects can be caused by the spillover of
current into adjacent structures in and around the STN.3#

A recent technological advancement in the field of DBS is the ability to steer
current in a direction by using electrodes with separate contacts on the electrode
surface instead of the traditional ring-shaped electrodes (Figure 1). A previous
questionnaire-based study showed that, according to the treating physicians, up to
21% of DBS movement disorder patients could benefit from directional stimulation.®
A pilot study has demonstrated that directional DBS has the potential to widen
the therapeutic window by increasing the adverse events (AE) threshold on the
most effective stimulation level.® These results were confirmed in a small-scale
prospective, double-blind trial which demonstrated that in STN DBS for PD,
directional DBS can increase the AE threshold whilst achieving clinical benefit
similar to conventional DBS.”

Directional stimulation is a technological advancement that will possibly broaden the
capabilities of DBS, but there is still lack of evidence supporting its clinical value.?
Moreover, the increasing amount for programming possibilities potentially leads to
more time-consuming follow-up. We evaluated how neurologists and neurosurgeons
around the world are currently approaching their first directional DBS patients.



Figure 1. Visual representation of two commercially available directional DBS

electrodes. The second and third contact point rings are segmented in three small
segments, allowing for directionality of stimulation.

METHODS

An online survey was sent to 86 physicians with questions about their experience
with directional STN DBS, practical issues regarding the programming of directional
DBS devices, and the clinical effect. Contacted centers were selected from a
worldwide centers of excellence listing by the Parkinson Foundation.® Contact
information was sought online on the institution’s website and in publications by
clinicians working in the centers. The list was complemented with physicians who
have published articles about directional DBS in peer-reviewed literature. A total
of 15 questions were asked, there was no obligatory response. The complete
questionnaire can be found in supplement 1.



RESULTS

Experience with directional DBS

Twenty-nine physicians responded, of which 19 stated having at least some
experience with directional DBS. A total of 11 countries and 26 centers were
represented in the survey. In addition to the results below, a more comprehensive
overview can be found in supplement 2.

Reasons for programming directional DBS

Multiple reasons were stated for starting the use of directional capabilities of DBS
leads. Twelve respondents (67%) start directional stimulation when confronted with
stimulation-induced bothersome side-effects during treatment with (traditional)
ring-mode settings. Ten respondents (56%) try directional DBS when faced with
a clinically suboptimal effect of ring- mode stimulation in the initial programming
phase, while three respondents use directional DBS from the start of treatment.
Other reasons for the use of directionality were patients’ request (three respondents)
and suboptimal effect in chronic evaluation (one respondent).

PRACTICAL ISSUES REGARDING THE PROGRAMMING OF
DIRECTIONAL DBS DEVICES

Approach to programming

All of the respondents used a standardized approach for directional stimulation.
The most frequent option was doing a monopolar review in ring-mode on all four
levels of the electrode, then a directional review of the contact on the best ring-
level (8 respondents, 47%). The second most used approach (4 respondents, 24%)
consists of a full monopolar review of all the contact points, thus including an
individual review of directional contact points on both available directional levels.
Three respondents (18%) chose to focus solely on the steerable levels of the
electrode during the initial approach of directional stimulation.

Time needed to program steering DBS

Varying durations of the first programming visit were reported, with values ranging
from 0.5 to 5 hours. The majority (nine respondents, 56%) indicated that they spend
between 1 and 3 hours on initial programming. Similarly, there was disparity in the
total duration of programming time in the first 6 months of stimulation, with values
ranging from 1 to 15 hours. The majority (nine respondents, 53%) indicated needing
between 3 and 7 hours. A total of 13 (76%) respondents indicated needing more



time with directional stimulation than with ring-mode stimulation, with five (29%)
respondents needing a lot more time.

Exploring directionality

Respondents reported different degrees of turning the current whilst programming
the directional levels of the electrode. Six respondents (35%) reported using steps of
60 degrees, four (24%) used 90 degrees and six used 120 degrees. One respondent
reported that the degree varied with the patient’s anatomy. The majority of
responding clinicians had tried using anodal block, with only two (12%) not having
used it at all in the past. However, it is sparsely used with only one respondent
reporting using it often.

CLINICAL EFFECT

Opinions on added value of steering DBS

Stimulation-induced side-effects are the main reason why 17 of 18 respondents
believe the directional technology has added value compared with ring-mode DBS
(94%). Sub-optimal lead placement (13 respondents, 72%) and stimulation failure
after long-term use of ring-mode in a correctly placed electrode (four respondents)
were other favored reasons for believing in the added value of DBS directionality.

Issues when programming steered DBS

Waning of the effect within the first days of directional stimulation was an issue
affecting some patients in six (36%) respondents’ clinical practice, with one
reporting it happened in roughly half the patients. Eight respondents reported it
as not being an issue. Seven respondents (64%) reported that waning of the initial
benefit entails the decrease of clinical effect, with other reported reasons being
occurrence of stimulation-induced side-effect (two respondents) and dyskinesia’s
(one respondent).

DISCUSSION AND CONCLUSION

There is great disparity between centers’ directional DBS programming protocols.
The reduction of stimulation-induced side-effects is the main reason to opt for
directional DBS, with some clinicians also believing in a better motor effect of
directional DBS when compared to ring-mode stimulation. However, the majority



of physicians need more time to program directional DBS compared to ring-mode
DBS.

As far as we know, this is the first effort to gather information on the use of directional
DBS for PD on a world-wide level. Shortcomings of the paper are that the number
of centers using directional DBS is still rather small, and the low response rate
might cause a bias in the results. We gathered no information about programming
protocols concerning amplitude, frequency, and pulse width. Information gathered
using prospective data collection of patients being programmed would be preferred
to collection through surveys.

In conclusion, prospective trials are needed on the effect of directional DBS
when compared to ring-mode stimulation, to evaluate whether the increased time
consumption is leads to a clinical benefit. A standardized programming protocol
might lead to more uniform worldwide results when applying directional DBS.
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