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Introduction

Parkinson’s disease (PD) is a chronic neurodegenerative disease characterized with
motor symptoms and non-motor symptoms. Bradykinesia, rigidity, rest tremor, pos-
tural instability are well-known motor symptoms, while pain, autonomic dysfunc-
tion, cognitive decline, depression, fatigue, apathy, and sleep disturbances are some
of frequent non-motor symptoms [1]. We have few groups of antiparkinsonian
drugs, with levodopa being a gold standard, to manage disease symptoms. The med-
ications are very functional in an early stage, called the first honey-moon period, but
in the advanced phase, we can witness the shortening of time when there is adequate
symptom control. Management of advanced Parkinson’s disease is challenging. In
that stage, we can see motor fluctuation, severe non-motor symptoms, and insuffi-
cient control of motor symptoms with falls, freezing, festination, and sudden ON
and OFF periods. Non-motor symptoms, especially neuropsychiatric problems,
exert the most influence over quality of life in patients and their caregivers [2].
Proper DBS patient selection and management depends on a multidisciplinary
approach that encompasses many specialties, including neurologists, neurosur-
geons, neuroradiologists, psychologists, speech pathologists and physiotherapists.
Deep brain stimulation (DBS) has been used in the field of movement disorders
for the last 33 years. From previous studies we know that DBS is an effective ther-
apy for Parkinson’s disease patients in their advanced state [3]. Subthalamic nucleus
is the most widely used target, with individual advantages and disadvantages
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influencing patient selection, followed by internal globus pallidus (GPi) that also
has a beneficial effect [4]. Potential DBS patients are selected using the existing
guidelines and the role of an interdisciplinary team is very important. Educated
multidisciplinary team reviews each individual’s risk—benefit profile for DBS. It is
important to mention that DBS is not a cure and it does not stop disease progression
and is not the only therapy for advanced PD, therefore, a clear explanation of pos-
sible benefits and side effects should be given to patients and their family member
during the evaluation process. Their expectations should be realistic and clearly
defined. The period after DBS has been lately called as a second honeymoon period
by our patients. These advances have led researchers to put DBS among the most
important advances in the clinical neurosciences in the past two decades, with ever-
growing research. In this review, we will present the role of DBS in advanced
Parkinson’s disease.

Definition of Advanced Parkinson’s Disease
and the Indication for DBS

The definition of advanced Parkinson disease is still unclear. There are different
definitions based on expert opinions, although it is clear that advanced PD begins
when conventional treatment does not provide an adequate level of symptoms con-
trol [2]. Some consensus has been met, with a clear focus on both motor and non-
motor symptoms, and include disease duration, motor fluctuation with dyskinesia,
Hoehn and Yahr staging and specific clinical phenotypes like axial symptoms, cog-
nitive decline or levodopa resistance [5].

Today, all recommendation for adequate management of Parkinson’s disease
include a multidisciplinary team of health professionals, including the neurologist
or geriatrician, Parkinson’s disease nurse specialist, physiotherapist, occupational
therapist, speech and language therapist, dietitian, clinical psychologist, social
worker, urologist, sex therapist, among many others. A multidisciplinary team
approach has been shown to improve the quality of life and motor function for
people with Parkinson’s disease, and is also helpful for their caregivers [6—11].
Additionally, in the DBS team we also have a neurosurgeon, who is crucial to the
success of therapy [6]. Finally, we also have studies that have shown beneficial
effect of DBS in moderate early PD [12].

The definition of advanced PD is a moving target, but clear guidelines are now
emerging on the benefits of DBS in both advanced and early PD patient groups. A
recently published guideline using the GRADE methodology by Deuschl et al. had
two main research questions and delivered several key recommendations. Most
importantly, regarding DBS, there are clear recommendations that it should be pref-
erentially offered to patients suffering from advanced PD with fluctuations bilater-
ally in the subthalamic nucleus (STN) or GPi, pending proper patient selections.
Furthermore, we can consider offering STN-DBS to early PD patients with early
fluctuations, as well as those with refractory tremor. The evidence so far does not
recommend offering DBS to early PD patients without fluctuation [13].
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Effect of DBS in PD

Evidence from previous studies has shown that DBS of either the subthalamic
nucleus (STN) or the GPi have beneficial effect on motor fluctuations and dyskine-
sia associated with advanced PD. Benefits include increased ON time without trou-
bling dyskinesia by a mean of 4.6 hours per day, reducing medications more than
50%, reducing OFF time for 67%, reducing dyskinesias for 70% and increasing
quality of life by 50-70% [3]. The exact mechanism is still unknown, while it is
thought that stimulation modulates neural circuits, improving transmission of signal
and reducing oscillations [14]. DBS makes no major brain lesion, and is both adjust-
able and reversible. Greatest benefit requires proper adjustments in the whole dis-
ease course, which includes often visits to centers of excellence to manage parameter
stimulation and adjustment of medical treatments. It is considered as a safe method
and adverse events recorded during first 6 months were generally not serious when
compared to the groups on best medical therapy [15]. Most commonly, the adverse
events are due to operative procedure like intracerebral hemorrhage, infections etc.,
but cognitive and behavioral complications were infrequent and not significantly
different between DBS and medical treatment groups when patients are properly
selected [3]. The long term studies have shown persistent effect after 5, 10 and even
15 years [16-18]. Factors that predict benefit of DBS are: preoperative levodopa
responsiveness, age, duration of OFF time, dyskinesias and psychiatric symptoms
[19]. Comparing different targets, STN-DBS or GPi-DBS are both effective in
advanced and early PD, although STN-DBS led to significantly greater improve-
ments compared with GPi-DBS in mean change in the UPDRS motor examination
score, disability score, and levodopa equivalent drug reduction in the off-drug
phase. However, in the on-drug phase assessment, GPi-DBS was associated with a
greater reduction in dyskinesia compared to STN-DBS. Generally it seems that
STN as a target is better for more medication reduction, less-frequent battery
changes, and has a more favorable economic profile, while GPi is better for more-
robust dyskinesia suppression, easier programming, and greater flexibility in adjust-
ing medications. There are also slight differences in the cognitive impact of DBS,
with STN-DBS impacting cognitive deterioration more often than GPi-DBS, even
though the risks are low for both [20]. In the end, the decision of target (STN or
GPi) has to be tailored towards each patients [21, 22].

Research has shown that DBS has beneficial effects on non-motor symptoms at
24-month follow-up [23]. Generally, the impact of DBS is varied, and it can nega-
tively impact cognitive function, especially if patients beforehand already have mild
or severe cognitive impairments [20]. On the other hand, beneficial effects of DBS
can be seen in autonomic dysfunction, sleep, seonsory function and mood disorder
[24]. STN-DBS can improve anxiety in PD patients [25, 26] and impulse control
disorders due to a reduction of the dopaminergic drugs after DBS [27]. Consequently,
these improvements lead to improved quality of life and treatment satisfaction of
patients [28]. There are some investigations in place to find good targets for DBS in
PD dementia, such as the stimulation of the cholinergic nucleus basalis of Meynert,
although further research is required [29].
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Future Perspectives: New Technologies in DBS

The ability to improve advanced PD patient outcomes in intrinsically linked to the
advancement of DBS systems. Two key improvements to DBS can be seen in the
development of directional and local field potential systems, which have entered
routine clinical practice. Research has already shown that directional programming
brings many benefits to patients via more flexible stimulation options and can lead
to greater therapeutic width and is preferred both by physicians and patients [30].
This is mostly achieved by increasing the threshold for side effects, as the clinical
benefits are comparable to conventional DBS [31]. This has been shown in routine
practice, with a majority of patients receiving some form of directionality in stimu-
lation for 36 months, mainly for ameliorating side effects [32]. However, longer-
term studies are required to see whether the benefits over conventional DBS hold
in time.

Another novel approach to DBS programming is using local field potentials for
guided stimulations catered to every patient [33]. Local field potentials are biosig-
nals that have been previously used in DBS for confirming correct placements intra-
operatively [34]. Furthermore, they are also used for insights into the pathophysiology
of the disease from a functional perspective [35]. It’s use in clinical practice is still
being evaluated, and the greatest promise comes from the ability to reduce initial
programming time. Conventional DBS programming is still based on a trial-and-
error approach, while personalized measurements of oscillations point to clear tar-
gets in each patients. Pilot studies have shown that LFP based programming can
streamline the whole process and limit the amount of time spent [36].

Furthermore, looking forward, we can expect further innovation in the field with
adaptive closed loop stimulation. Current DBS systems function in an open loop
environment, meaning they are programmed beforehand and do not respond to any
feedback from the patient. There are several devices in development that could use
biomarkers of brain activity and change stimulation settings automatically, leading
to the most precise stimulation possible for each patient and each situation [37].

Conclusion

Treatment of advanced PD with invasive methods is becoming more developed each
day. DBS has been routinely used for years, and with accumulating experience it is
now clear that it should be the first choice for properly selected patients. This is
reflected in the most recent guidelines, with STN and Gpi holding strong recom-
mendations for treatment, which lead to a significant improvement to quality of life
and functioning.



24

A Role of Deep Brain Stimulation in Advanced Parkinson’s Disease 257

DBS expert centers are preferentially multidisciplinary and can provide holistic

approaches to each patient to facilitate the best possible outcomes. Future perspec-
tives of DBS are bright, with novel systems entering routine clinical practice that
offer greater flexibility and effectiveness with less side effects.
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