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Chapter 10

Chapter 1 consists of an introduction to deep brain stimulation (DBS) for Parkinson’s 
disease, detailing its evolution from a novel intervention in the 1990s to a cornerstone 
advanced therapy for motor complications. We describe the practical challenges of 
conventional omnidirectional leads, which disperse current isotropically and may 
cause side effects by stimulating adjacent structures. We subsequently review the 
technological shift toward directional DBS leads, which employ segmented contacts 
to steer the electrical field. This capability theoretically allows clinicians to direct 
stimulation toward the therapeutic target while avoiding off‑target areas responsible 
for adverse effects, thereby expanding the therapeutic window. The introduction 
provides a background for the subsequent chapters by highlighting the need to 
rigorously evaluate whether this theoretical advantage of directional DBS translates 
into measurable clinical benefits for patients. 

Chapter 2 reports on a national multicenter questionnaire study assessing what 
proportion of movement disorder patients receiving deep brain stimulation is 
estimated to benefit from directional DBS. Across five specialized centers, clinicians 
evaluated 200 consecutive DBS patients for therapy satisfaction, stimulation- 
induced side effects, and the a priori estimated potential added value of directional 
DBS. The results showed that, according to clinicians’ judgment, directional DBS 
would be useful in up to 21% of patients. It could be of particular use in targets 
such as the globus pallidus internus pars interna (GPi, 48%) and thalamic area 
(39.3%), compared to subthalamic nucleus (STN, 12.8%) recipients. Dysarthria 
and muscle contractions were the most common limiting side effects justifying the 
stated need for directional DBS. We noted that directional DBS technology could 
optimize treatment when increasing stimulation amplitudes is limited by side effects. 
However, we also underscore that its implementation would require more complex, 
time-intensive programming and accompanying higher costs. Our findings indicated 
that a substantial minority of DBS patients could benefit from directional leads, 
underscoring the need for further prospective studies. 

In Chapter 3, we report on a world-wide survey aimed at early-adopting neurologists 
and neurosurgeons, assessing their initial experiences with directional DBS. Among 
29 respondents spanning 26 centers in 11 different countries, most had adopted 
directional DBS mainly aiming to ameliorate bothersome stimulation-induced side 
effects or to troubleshoot when met with suboptimal effects with omnidirectional 
DBS. Programming directional DBS was reported to be more time-consuming, 
with three-quarters of respondents needing more time for directional DBS than 
omnidirectional DBS. Despite this, the majority of respondents anticipated 
added value of directional DBS for reducing stimulation-induced side-effects and 
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overcoming negative consequences of imperfect lead placement. Approaches 
to programming protocols varied widely between centres, highlighting the need 
for standardized protocols. We concluded that prospective studies should be 
undertaken in order to study the clinical benefits of directional DBS when compared 
to the conventional omnidirectional DBS. 

In Chapter 4, we describe the protocol of a multicentre, double-blind, randomised 
crossover trial designed to compare directional and omnidirectional subthalamic 
nucleus deep brain stimulation in Parkinson’s disease. Participants are enrolled into 
two groups consisting of “responders” with satisfactory benefit from conventional 
omnidirectional stimulation and “non-responders” with suboptimal benefit or limiting 
stimulation-induced side effects. After individual optimisation of a directional 
stimulation setting, each participant will complete two treatment periods of 4–8 
weeks, one with omnidirectional DBS and one with directional DBS, with the order 
of the two modes randomised to allow within-patient comparison. Motor function 
will be assessed alongside other outcomes including quality of life, medication 
use, dyskinesias, activities of daily living, stimulation parameters, and participant 
preference. 

In Chapter 5, we present a multicentre, double‑blind, randomised crossover trial 
comparing directional with omnidirectional subthalamic nucleus stimulation in 
Parkinson’s disease. Across the total cohort, directional DBS did not significantly 
differ from omnidirectional DBS in MDS‑UPDRS motor scores, activities of daily 
living, quality of life, or medication dose. Analysis of several secondary outcomes, 
however, favoured directional DBS. In the “non‑responders” subgroup, participants 
experienced a statistically significant improvement in walking with directional DBS 
(median 3.0, IQR 2.0 to 3.0) compared with omnidirectional DBS (median 2.0, 
IQR 1.0 to 3.0). In the “responders” group, patients experienced a statistically 
significant improvement in speech with directional DBS (median 3.0, IQR 2.0 to 
3.0) compared with omnidirectional DBS (median 3.0, IQR 1.0 to 3.0). In the total 
randomised population, participants showed statistically significant improvements 
in both walking and speech with directional DBS (median 3.0, IQR 2.0 to 3.0 for 
each) compared with omnidirectional DBS (median 2.0, IQR 1.0 to 3.0 for both). 
The stimulation thresholds eliciting adverse effects were statistically significantly 
higher with directional DBS than with omnidirectional DBS in the “non‑responders” 
subgroup and the total randomised population. Among stimulation‑induced side 
effects, only apraxia of eyelid opening differed significantly, occurring in 14% 
of patients under omnidirectional DBS and 6% under directional DBS. Of the 
“non‑responders”, 74% preferred directional DBS, whereas 59% of the “responders” 
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favoured directional DBS; pooled across subgroups, 65% of patients preferred 
directional stimulation. Overall, these findings support omnidirectional DBS as an 
appropriate initial strategy for managing motor fluctuations in advanced Parkinson’s 
disease, with directional DBS as a suitable option for patients with an unsatisfactory 
response or stimulation‑induced adverse effects under omnidirectional DBS. 

In Chapter 6, we compare the therapeutic window and battery consumption of 
cathodic monopolar, bipolar, anodic monopolar, and “semi-bipolar” subthalamic 
nucleus DBS in ten Parkinson’s disease patients. While cathodic monopolar 
stimulation proved the most energy-efficient, bipolar and semi-bipolar configurations 
significantly widened the therapeutic window and increased thresholds for 
stimulation-induced side effects. Specifically, bipolar stimulation offered the widest 
therapeutic window (5.4 ± 2.0 mA versus 2.5 ± 1.5 mA for cathodic), though at the 
expense of higher battery consumption. We conclude that cathodic stimulation 
remains the standard choice for efficiency, but bipolar or semi-bipolar modes are 
valuable alternatives when treatment is limited by its side effects. 

In Chapter 7, we report a case using directional DBS in the sensory thalamus 
to treat central poststroke pain (CPSP) in a patient with persistent severe, drug- 
resistant neuropathic pain years after having a stroke. By using directional DBS on 
an electrode implanted in the ventrocaudal (Vc) thalamus, we achieved optimal relief 
with a single segment and low amplitude. Over 16 months, the patient experienced 
a sustained pain reduction of about 50%, with minimal side effects and no need 
for additional stimulation using the electrode implanted in the periventricular grey 
matter. Our results suggest that directional DBS enables more precise symptom 
control while limiting adverse effects, presenting a promising option for patients 
with refractory CPSP and complex target anatomy. 

In Chapter 8, the impact of new DBS technologies on patient expectations is 
assessed through a cross-sectional questionnaire comparing patients with 
“established” versus newer systems offering increased capabilities. Although 
no significant differences were found in clinical outcomes or overall satisfaction 
between the two groups, patients with newer systems expressed markedly higher 
expectation that further programming could lead to additional improvement (VAS 8.7 
± 1.8 vs. 6.2 ± 2.6). These findings suggest that advanced features like directionality 
can lead to an increase in patient expectations for better outcomes, even if there 
is no evidence available supporting this. These expectations may also prolong the 
programming process required to meet those expectations, potentially leading to 
increased complexity without immediate clinical gain. 
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Chapter 9 consists of a discussion in which the transition of directional deep brain 
stimulation from theoretical concept to clinical practice is explored. As clinical 
experience by early adopters grew, case reports and small pilot studies began to 
validate the expectations that directional DBS could be of added value, demonstrating 
improved therapeutic windows and reduced side effects in individual patients. 
However, the field lacked robust, high‑quality evidence from large prospective trials, 
creating the need for the STEERING trial. In the STEERING trial, we found no 
statistically significant difference in off‑medication motor scores between directional 
and omnidirectional DBS settings in either subgroup or the total population. This 
finding is consistent with existing meta-analyses showing equivalent motor outcomes 
between the two modes, largely because high surgical accuracy already ensures 
excellent target placement in most patients. Similarly, no significant group‑level 
differences were observed in on‑medication motor scores, activities of daily living, 
or quality of life. Crucially, however, blinded patient preference favored directional 
DBS, particularly among those with prior unsatisfactory results from omnidirectional 
DBS. Since the measured motor scores were equivalent, this preference likely 
reflects improvements in secondary outcomes such as gait, speech, and reduced 
dyskinesias. While drop‑out rates were higher than anticipated, often due to the 
burden of study procedures rather than dissatisfaction with stimulation, the results 
suggest that while omnidirectional DBS remains a solid initial standard, directional 
capabilities are a valuable “troubleshooting” tool for optimizing outcomes in patients 
with a suboptimal effect of omnidirectional stimulation. 


