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Abstract: Deep Brain Stimulation (DBS) is an effective treatment option for patients with dopamin-

ergic complications of Parkinson’s disease (PD) and drug-refractory PD tremor. However, DBS and 

its indications can be challenging, and they are not often debated in the medical community. 

Through a critical narrative review, the objective of this paper is to improve the comprehension of 

DBS indications and help to solve the puzzle that this process can be. Proper patient selection is the 

first step for a good surgical outcome. In this review, then, relevant considerations are discussed, 

involving PD genes, PD phenotypes, indications of early stages, non-motor symptoms, neuroimag-

ing predictors, comorbidities, and age. Individualized approaches are encouraged, including clini-

cal and radiological factors. Social support during the whole follow-up and expectations alignment 

are necessary through this process and are also debated. 
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1. Introduction 

Deep Brain Stimulation (DBS) is a recognized evidence-based therapy for the treat-

ment of dopaminergic complications in Parkinson’s disease (PD). The most commonly 

used DBS targets are subthalamic nucleus (STN) and globus pallidus internus (GPi). DBS 

introduction and its refinements offer hope for millions of patients with pharmacologi-

cally uncontrollable motor fluctuations, levodopa-induced dyskinesias, and drug-refrac-

tory PD tremor [1,2]. Hence, DBS has been increasingly included in several medical soci-

ety guidelines [3,4]. 

DBS can substantially improve cardinal motor features in the first five years after 

surgery [5]. In addition, there is evidence that DBS can control levodopa-related motor 

complications for ten years or longer [5]. Studies comparing STN-DBS with GPi-DBS have 

shown sustained improvement in motor features (fluctuations, dyskinesias, and on- and 

off-medication motor function), as well as activities of daily living (ADL) scores at 36 

months with both stimulation targets. STN-DBS has also demonstrated a sustained reduc-

tion in the levodopa equivalent daily dose (LEDD) [2,6].  

There is also financial benefit from this technology. PD has a high economic burden 

from all perspectives, including patients, caregivers, health insurance, and society. The 

costs of this illness significantly increase in later disease stages, and both direct and indi-

rect costs contribute to the high burden of advanced PD. Reduction in pharmacologic 

need is also reflected in decreased costs [7]. Furthermore, as the disease advances, treat-

ment alternatives tend to fail, leading to a worse quality of life. Nevertheless, as the 
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disease progresses, it is likely that the cost-effectiveness of DBS will further decrease over 

a longer time span, as demonstrated in prospective studies [8]. 

It is paramount to improve DBS comprehension as it is an outstanding option for PD 

treatment. The indications for DBS can be compared with a puzzle-solving process. Ques-

tions of better clinical predictors for surgery improvement are constantly arising. The 

levodopa challenge remains a notably useful predictor of DBS outcome. However, recent 

analysis has shown that although there is a significant correlation between the absolute 

Unified Parkinson’s Disease Rating Scale (UPDRS)-III reduction during levodopa chal-

lenge and DBS clinical off-med response, it does not allow one to predict accurately an 

individual patient’s improvement [9]. Evidence suggests that preoperative disease sever-

ity may be a more important factor for stimulation improvement than the levodopa chal-

lenge scores alone [9]. 

Therefore, as there is no test that definitively predicts a good outcome after DBS, in 

order to help neurologists in solving doubts when recommending this treatment and put-

ting the “DBS indication puzzle" together, this review will discuss the “best patient profile 

for DBS surgery”. The focus will be on new relevant considerations that have recently 

emerged, such as the role and impact of PD genes, PD phenotypes, early stages, non-mo-

tor symptoms, neuroimaging, comorbidities, and age, regarding their influence on indi-

cation and DBS outcomes. 

2. Methods 

This study was a critical narrative review performed through a comprehensive anal-

ysis of the literature. Studies were identified by searching electronic databases and scan-

ning the reference lists of articles. Articles in English published between March 1,2003 and 

November 13,2023 and a total of 79 articles were included.  

This was performed by searching the Medline, Embase, LILACS, and Google Scholar 

databases. The reference and citation list of relevant studies were manually screened for 

potentially eligible articles. We searched for the terms “Parkinson’s disease”, “Genetics”, 

“Phenotypes”, “Non-motor symptoms”, “Neuroimaging”, “Comorbidities”, “Age” and 

“expectations” in combination with “Deep Brain Stimulation”, “subthalamic nucleus” 

and “globus pallidus internus”. 

We analyzed and organized data into the following topics. Choosing the puzzle: the 

most used criteria to select DBS candidates, showing the indications and prerequisites; 

Sorting and grouping pieces: what additional information we can use to refine patient 

selection; Be patient: Is it worth it?: the alignment of the patient’s expectations with the 

professionals involved in patient selection, the importance of patient autonomy and a dis-

cussion about the social support available for the patient.  

3. Choosing the Puzzle 

In 1999, the Core Assessment Program for Surgical Interventional Therapies in Par-

kinson’s Disease’ (CAPSIT-PD) was published, and the indications provided in that study 

were widely introduced in DBS centers worldwide, being highly useful in supporting the 

selection of candidates. Despite the importance of CAPSIT-PD, only 1.6% of patients with 

PD are eligible for DBS, increasing to 4.5% when applying more flexible criteria [10]. In 

the following paragraphs, updated indications for DBS in PD will be discussed. Two sub-

items will be derived from the main topic: “indications” and “prerequisites”. To fulfill the 

criteria for a good DBS candidate, patients must have at least one indication (as demon-

strated in Table 1) and all five prerequisites (as demonstrated in Table 2). 
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Table 1. Summary of the three PD DBS indications. 

The Three Indications Definition Practical Points 

1. Motor Complications 
Motor fluctuations and dys-

kinesia 
5-2-1 criteria * 

2. Tremor Refractory to  

Optimized Treatment 

Levodopa-resistant tremor 

[10]. 
LEDD of ≥900 mg β 

3. Intolerance to  

Dopaminergic Agents 

Patients who have adverse 

effects that prevent the  

increase in dose to a level 

that promotes symptom 

amelioration 

Somnolence, hypotension, 

nausea, vomiting, impulse 

control disorders and  

psychosis secondary to  

dopaminergic medications 

* A study to identify advanced PD patients proposed the 5-2-1 criterion as a screening tool: 5 (5 oral 

levodopa tablets taken per day), 2 (2 h of OFF time per day), and 1 (1 h per day of troublesome 

dyskinesia) [11,12]. Although this criterion is used for patient selection, it is not mandatory to have 

prolonged off-time and disabling dyskinesia. β A proposed definition in an Ultrasound Thala-

motomy study of medication-refractory tremor was “a tremor not suppressed by a levodopa equiv-

alent daily dose (LEDD) of ≥900 mg [13]. A study reviewing the data of 149 DBS-DP patients found 

that the mean maximal LEDD within the medication-refractory tremor group was 851 mg +/− 330 

mg [14]. 

Table 2. Sorting the puzzle pieces: the five prerequisites that a good PD DBS candidate must ful-

fill. 

The Five Prerequisites Why Is It Important? 

1. The patient must have Parkinson’s  

Disease 
Atypical parkinsonism does not benefit from DBS [15].  

2. More than 4 years after disease onset 
This is a measure aimed at avoiding  

operate atypical parkinsonism * [10,16].  

3. Cut-off of 33% in the levodopa  

challenge test ** 

The need for the test is supported by the good correlation 

observed between the percentage of amelioration in the 

test and after DBS surgery [17]. 

4. Absence of significant cognitive deficits or uncontrolled 

neuropsychiatric diseases 

Patients with dementia do not benefit, and those with un-

controlled neuropsychiatric diseases have higher risk of 

complications.  

5. Patients must be able to attend frequent medical ap-

pointments after surgery 

It is paramount that, after the procedure, good program-

ming, medication  

adjustments when needed, and rehabilitation are per-

formed and prescribed [17].  

* Clinical diagnosis is particularly challenging in the early stages. Since Movement Disorders Society 

(MDS) proposed clinical diagnostic criteria for early PD, the specificity has improved to 95.4% when 

applied in patients with less than 5 years of disease duration against expert clinical diagnosis. Ac-

cordingly, with the improvement in diagnosis, the individualization of the indication for DBS in the 

early stages will become more viable [18]. ** This test measures the effect of a suprathreshold dose 

of levodopa by comparing UP DRS-III score off med (12 h withdrawal of dopaminergic medications) 

and on med (peak of dose) [10,17]. 

4. Sorting and Grouping Pieces 

4.1. Genetics 

The clinical outcomes can differ depending on the genetics (as demonstrated in Table 

3), which has already been reported in autosomal dominant PD (SNCA, LRRK2, and 

VPS35) and autosomal recessive PD (PRKN, PINK1). To date, no cases of DJ-1-PD-DBS 

have been reported. Furthermore, heterozygous GBA mutations, which are considered to 
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increase the risk and modify the PD phenotype, have been described. Mutations in PRKN, 

LRRK2, and GBA account for up to 29% of patients undergoing DBS surgery [19]. 

Table 3. Most common PD genes and their responses to DBS. AD: autosomal dominant. AR: auto-

somal recessive. RBD: REM sleep behavior disorder. 

Gene Motor Symptom Non-Motor Symptom 
Good DBS 

Outcome Variants 
Bad Outcome Variants 

LRRK2-AD Late-onset PD 
Mild or  

absent 

p.G2019S p.G2385R 

p.T2031S, p.Y1699C 

p.R793M [19]. * 

p. R1441G * 

SNCA-AD 
May have atypical  

features ** 

Cognitive  

decline (70%) 
Duplications [19]. *** p.A53E A 

VPS35-AD 
Similar to tremor- 

dominant PD 

Minimal  

cognitive, even in the 

long term 

Generally good  

responses α 
- 

PRKN-AR 
Similar to PD. Foot 

dystonia 
Depression 

Generally good  

responses £ 
- 

PINK1-AD 
Similar  

to PRKN 

Some may develop  

dementia at later stages 

[20]. 

Generally good  

responses € 
- 

GBA-AD 

Younger 

Faster  

progression 

More axial symptoms 

Dementia, RBD,  

autonomic dysfunc-

tion, and visual halluci-

nation are common 

and severe 

Generally good  

motor responses ¥ 

GPI-DBS led to a lesser 

motor  

improvement of 

around 22% [20]. 

* Following surgery, most patients had stable cognitive performance, except for two patients with 

p.T2031S who developed hallucinations and levodopa dysregulation syndrome 5 years after the 

procedure [19,20]. ** Atypical features: anterocollis or retrocollis, pyramidal signs and alien limb 

syndrome [20]. *** Cognitive symptoms seem to remain stable [19]. The nucleotide polymorphisms 

rs356219 and rs356219, especially when homozygous, may predict a more favorable motor and axial 

response to DBS [21]. A patient with p.A53E was wheelchair-bound and demented 3.5 years after 

device implantation [20]. α VPS35 DBS outcomes are generally good, with a UPDRS-III change be-

tween 36 and 76% [19]. However, data are often incomplete in series and reports [22]. £ The motor 

outcomes of STN-DBS are good (improvement of 46-84%) and sustained. However, a significant 

decline in cognitive function has generally not been reported. GPi-DBS led to a UPDRS-III improve-

ment of only 21%, whereas the UPDRS-IV (motor complications) improved by 70% [20,22]. € Motor 

improvement with STN-DBS varied from 46 to 62%, and 27% in GPi-DBS [20]. The patient with GPi-

DBS had a p.L347P variant and suffered from painful dystonia of the lower limbs and progressive 

gait dysfunction, which led to the need for walking aids four years after surgery. Similarly, a patient 

with the p.Arg207* variant showed transient improvement after STN-DBS and developed freezing 

of gait and dyskinesia 1 year after surgery [20]. ¥ Variant p.L444P is more deleterious, with rapid 

progression to dementia and visual hallucinations. Conversely, more benign variants such as E326K 

tend to develop dyskinesia. Overall, motor outcomes tend to be quite satisfactory (>50%), similar to 

those of patients without GBA1 pathogenic variants (non–GBA1-PD) [19,23]. Nevertheless, postop-

erative cognitive impairment appears to be more common and severe. In one study, their cognition 

was worse than that of control patients after 7.5 years [19]. A case series of three patients (one 

p.N370S and two p.L444P) reported cognitive decline after 6–10 years [21]. A recent study compar-

ing the rate of change in cognition between GBA carriers and non-carriers, with and without STN-

DBS, concluded that the combined effect of GBA mutations and STN-DBS negatively impacts cog-

nition. Based on the study results, the authors advise considering testing DBS candidates for GBA 

mutations as part of the presurgical decision-making process. However, most of these results have 

been assessed only in retrospective studies, and interpreting the results of these studies is limited 

[23]. In addition, they highlight that although GPi may result in less cognitive decline, no sufficient 

data are available on the cognitive outcomes of GPi-DBS in GBA-PD patients [23,24]. Therefore, DBS 

should not be contraindicated based only on the GBA1 status. 
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Other genes and mutations hree cases of 22q11.2 (2 GPi and 1 STN) were reported to 

have motor improvements between 30 and 70% in the first year and expression improved 

by 67% [22]. There are also reports of DBS treatment in ATP13A2 (p.R449Q and two Parkin 

variants) with favorable responses; PLA2G6 (GPi and Ventral intermediate nucleus) con-

trol of dystonic storm and tremors; FBX07 (GPi) good response; DNAJC6 (STN), with 

marked response; and VPS13C (STN) with initial benefits [24].  

The reader must bear in mind that most of the studies on the influence of genetics on 

PD-DBS outcomes are retrospective, anecdotal and short-term. Moreover, most of the 

studies were focused mainly on a small group of genes responsible for monogenic parkin-

sonism (PRKN, PINK1, DJ-1, SNCA, LRRKA, and VPS35); hence, it is not possible to state 

that patients excluded from those studies or included in control groups did not carry path-

ogenic variants in other genes, as no whole exome or genome sequencing was performed. 

To further complicate matters, the extent to which polymorphisms and genic modifiers 

influence the phenotype and DBS response is unknown.  

However, the currently available data summarized in the previous paragraphs might 

help refine DBS indications and guide the neurologist when discussing the pros and cons 

of the intervention with the patient, particularly in borderline indications. 

4.2. PD Phenotypes: The Role of Heterogeneity for DBS Selection 

Clinical heterogeneity is well-recognized in PD, and several studies have attempted 

to divide PD into subtypes [25,26]. To define profiles for optimal DBS candidates that en-

compass the complexity of the PD clinical spectrum, some studies have assessed re-

sponses to DBS in relation to these subtypes. In a large longitudinal cohort of PD patients 

undergoing bilateral STN-DBS, the tremor-dominant (TD) phenotype was a positive pre-

dictive factor of short-term motor outcome after surgery. These results are in line with 

those of a previous study that analyzed the influence of motor phenotype on STN and GPI 

DBS motor outcomes at 24 months. Significant differences in the responsiveness of PD 

patients to DBS based on their motor subtype were found, with postural instability/gait 

disturbance (PIDG) patients receiving less benefit from stimulation than TD and indeter-

minate subtypes [27]. 

Additionally, a multicenter study compared a group of patients with a predominance 

of symptoms on the right (RDP) in relation to another group with a predominance of 

symptoms on the left (LPD). Patients with LPD presented significantly higher motor and 

overall NMS impairment. It was observed that motor symptom laterality seems to carry 

an impact on PD clinical manifestations. It is possible that the laterality of the symptoms 

may, therefore, influence the benefit of DBS, requiring further studies focused on this sub-

ject [28]. 

4.3. Early-Stage Indications: Is There a Haste Enemy of Perfection? 

DBS is a well-established adjunctive treatment for patients with moderate–advanced-

stage PD. Nevertheless, evidence also supports earlier indications of DBS in PD rather 

than waiting until medical treatment benefits are lost [29].  

Within that scope, a paradigm shift was provided by the Earlystim trial in 2013. The 

efficacy and safety of DBS were demonstrated in a subgroup of patients with more than 

four years of PD symptoms and less than three years of uncontrolled motor complications 

[30]. This led the U.S. Food and Drug Administration (FDA) to extend DBS indications in 

2015 to shorter disease durations (from five to four years). The concerns for DBS indica-

tions should consider procedural safety, efficacy, and patient preferences. The risks of 

brain surgery while functional in life activities and additional costs for pulse generator 

replacements are also concerns for early-stage indications [31]. 

How early the term “earlier” means is also debated. The recent European Academy 

of Neurology/Movement Disorder Society (EAN-MDS) 2022 Guideline for PD Treatment 

labeled “early fluctuations” complications with less than three years of onset. The same 

document suggests that DBS can be considered in patients with early fluctuations who 
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fulfill the other inclusion and exclusion criteria for DBS [32]. Less is known about the long-

term course of PD in patients with early fluctuations than in patients with advanced dis-

ease. Another important theme of discussion is the target choice, as Earlystim data were 

about STN-DBS, and different targets (such as GPi) are not interchangeable [32]. Early-

stage surgeries may provide even greater long-term medication reduction than standard 

care. Hacker et al. demonstrated that the best medical treatment group was five times 

more likely to have higher PD medication costs than the early DBS patient’s treatment 

[33]. Another significant aspect to consider is that the reduction of dopaminergic drugs is 

associated with the amelioration of impulsive-compulsive behaviors. 

Earlier STN-DBS surgeries were also ratified by considering the dopaminergic sensi-

tization process. It refers to incremental motor and behavioral responses to a single dose 

of levodopa after repeated and chronic administration. In degenerative PD, chronic pul-

satile exposure to levodopa or dopaminergic agonists leads to a wide spectrum of pro-

gressive motor and nonmotor complications. The neuropsychiatric features of dopamin-

ergic sensitization include impulse control disorder (ICD), dopamine dysregulation syn-

drome (DDS), and neuropsychiatric fluctuations (e.g., on–off related fatigue, anxiety, and 

inner restlessness). STN-DBS is an option to manage these neuropsychiatric complica-

tions, as it allows for medication reduction. Interrupting the dopaminergic sensitization 

process through medication sparing is important for preventing the development of irre-

versible clinical and psychosocial issues. Thus, neuropsychiatric issues should not be 

solely interpreted as contraindications for DBS as it can be alleviated by surgery [34]. To-

gether, these aspects demonstrate the clinical and cost benefits of earlier DBS procedures 

[10].  

Nevertheless, it is important to emphasize that the “earliest time” refers to the mo-

ment after the onset of the first dopaminergic complication. This is different from “early 

indications after PD diagnosis,” with less than the established four years from disease 

onset. To date, STN-DBS has not been indicated for PD in the absence of dopaminergic 

complications. 

4.4. Non-Motor Symptoms Matter  

Although there is no precise recommendation on how to consider the presence of 

NMSs in the selection of PD candidates for DBS, some evidence shows that these aspects 

could be influenced by this therapy [10]. In a cohort study that investigated bilateral STN-

DBS motor, non-motor, and quality of life effects in 60 patients with PD, approximately 

40% of the patients treated with DBS improved their NMSs [35].  

Few studies have demonstrated the improvement of different NMSs (cardiovascular, 

sleep/fatigue, perceptual problems/hallucinations, gastrointestinal, urinary, and miscella-

neous domains) six months after surgery [36]. For the sleep/fatigue, urinary, and miscel-

laneous domains, the benefit was maintained at 24 months [35] and for the sleep domain 

at 36 months [37].  

Fatigue and sleep: STN-DBS can modulate sleep physiology via direct effects on the 

STN or a spread of electric current to projections from regions in proximity to the STN, 

such as the pedunculopontine nucleus (PPN), thus resulting in an improvement in sleep 

architecture [38]. A prospective study showed that fatigue, as assessed using the MDS-

UPDRS, significantly improved at the six-month evaluation [38,39]. Another multicenter 

study was the first to report significant beneficial effects on fatigue at 24-months follow-

up [35]. The same study demonstrated a significant subjective improvement in sleep dis-

turbance at the 24-month follow-up and was the first to report significant beneficial effects 

of STN-DBS on daytime sleepiness in contrast with previous studies [35,40,41]. 

Pain: Pain in patients with PD is a complex and increasingly recognized non-motor 

symptom [42,43]. It has been classified into five main categories: musculoskeletal pain, 

radicular or neuropathic pain, dystonia-related pain, akathisia discomfort, and primary 

or central Parkinsonian pain [43]. The improvement in global pain scores after STN DBS 

ranged from 28% to 84% compared with the preoperative baseline. Better control of motor 
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symptoms by STN-DBS might improve fluctuation-related and dystonic pain [43]. A pro-

spective study conducted in France demonstrated a remarkable decrease in pain fluctua-

tions after chronic stimulation [42].  

Cognition: The strongest predictors of cognitive impairment found in the three larg-

est sample studies regarding DBS for PD were older age, higher LEDD, poorer levodopa 

response, freezing of gait, and attention/executive impairment [44,45]. A kinetic-rigid phe-

notype is also widely recognized as a risk factor for dementia [46]. An interesting point of 

discussion is how cognition influences the preoperative selection of patients. Few studies 

have investigated the role of preoperative cognitive burden in short-term motor changes 

after surgery. In a large longitudinal cohort of PD patients with bilateral STN-DBS the 

white matter hyperintensities of vascular origin (WMHs) on preoperative brain MRI were 

a predictor of worse long-term motor outcomes. A strong association between cognitive 

and axial impairments, WMH signal burden, and perivascular spaces in the basal ganglia 

has been found in patients with PD. White matter ischemic lesions are associated with 

earlier onset of PD, higher severity of cognitive impairment, and the PIGD phenotype. 

This can be related to diffuse ischemic damage involving subcortical non-dopaminergic 

pathways. This observation highlights that preoperative brain imaging is another im-

portant variable in patient selection, as will be shown below [27]. 

However, regarding DBS-induced cognitive dysfunction, a recent systematic review 

showed evidence of a deterioration in verbal fluency. In this study, the impact of DBS on 

memory, attention, executive function, and processing speed was inconclusive. Further-

more, global cognition does not appear to be affected by DBS [47]. 

Impulse Control Disorders: Impulse control disorders: The effect of chronic STN-DBS 

on impulse control disorders (ICDs) and dopamine dysregulation syndrome (DDS) has 

been estimated in several studies [34]. Dopamine agonist dose reduction was the main 

driver of ICD improvement, as demonstrated in a study that showed an improvement of 

95% in patients with preoperative ICD [48,49]. In contrast, STN-DBS could lead to an in-

crease in impulsivity caused by the estimation of non-motor parts of the STN. This situa-

tion can be reversed by DBS or medication adjustment [34]. A secondary analysis of the 

Earlystim trial also demonstrated that patients with preoperative hyperdopaminergic be-

havior did not have an increased risk of worsening behavior with subthalamic stimulation 

compared with medical therapy alone [50]. 

Nevertheless, some important considerations are necessary to determine the best in-

strument to access the NMS during DBS selection of PD patients. The Ardouin Scale of 

Behavior in Parkinson’s Disease (PD) is a well-known instrument. The presence of ICD 

was defined as at least two scores ≥ 2 or at least one score ≥ 3 (severe ICD). In such situa-

tions, a sensible strategy would be to address ICD before surgery. For instance, by reduc-

ing or discontinuing dopaminergic agonists and being attentive to apathy [27]. 

Despite available evidence showing improvement in some NMS after DBS, this sur-

gery might not be the best therapeutic option to consider if the disease burden is mainly 

driven by non-motor symptoms. Studies on treatment responses of specific NMS subtypes 

to different treatment strategies are required and may help to provide individualized 

medicine for patients’ real-life requirements [36]. 

4.5. Neuroimaging: How Can Neuroimaging Contribute to DBS Indications? 

Preoperative screening by neuroimaging, in particular by brain magnetic resonance 

imaging (MRI), allows for the identification of structural lesions that may increase surgery 

risks, investigate evidence of atypical parkinsonism, and influence surgery planning. Pre-

operative MRI can also impact DBS indications, as evidence suggests that patients with 

great microvascular lesions may have lower benefits from surgery [51]. 

Excessive cortical atrophy increases the risk of postoperative subdural hematomas. 

Brain atrophy also accounts for some variability in DBS outcomes [51,52]. Brain atrophy 

occurs in patients with PD and affects various cortical and subcortical structures, includ-

ing the lateral ventricles, sensorimotor, parietal lobe, perisylvian cortex, hippocampus, 
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and caudate nuclei. The sensorimotor cortex is among the most affected areas by PD atro-

phy and is directly related to increased motor symptom severity [52].  

A retrospective cohort of patients with STN-DBS demonstrated that presurgical tha-

lamic and ventricular volumes predicted the degree of motor score improvement after 

DBS [52]. Technically, increased ventricular size may contribute to surgical targeting’s dif-

ficulty in reaching the STN and may predispose patients to electrode shift. Additionally, 

the thalamus is typically penetrated by the electrodes’ route to the STN, making this a 

possible contributor to the structural causes of inaccuracy. As the ventroanterior and ven-

trolateral nuclei of the thalamus are major downstream outputs of the GPi and STN, struc-

tural thalamic changes may hypothetically affect functional pathways by which DBS ex-

erts its therapeutic effects [52].  

Since DBS not only changes the local neural activity in the nuclei but also the fiber 

tracts near the stimulation site, targeted cerebral networks could be predictors of postop-

erative clinical response. The cortical integrity of the frontal regions may also have a role 

in DBS outcomes. The integrity of the frontal cortex (measured by analysis of the paracen-

tral area and superior frontal region cortical thickness) can predict the effects of STN-DBS 

in patients with PD [53].  

Furthermore, the hypothesis that the effectiveness of DBS in PD is related to connec-

tivity dysfunction between the stimulation site and other brain regions is growing [54]. A 

specific study examined functional connectivity between the STN and other brain regions 

in patients with PD who were candidates for DBS together with cases in similar stages but 

not candidates for DBS. Decreased functional connectivity was observed between the STN 

and sensorimotor cortex in patients eligible for surgery relative to non-candidates for neu-

rostimulation, and motor sign severity was correlated with this effect [54]. Thus, alterna-

tive approaches for evaluating functional connectivity (FC) in DBS patients may improve 

the analysis of its effects [55]. Evidence also suggests that preoperative STN-GPi FC pre-

dicts DBS-related benefits for motor PD symptoms. Thus, FC may be a promising bi-

omarker of DBS responsiveness [55].  

Neuropsychological decline after DBS surgery occurs in approximately 10–15% of 

patients. Imaging with iron deposition measurements (susceptibility MRI sequencing: 

*R2) is increasingly recognized as a neuropsychological outcome predictor after DBS sur-

gery. Iron is directly related to pathological processes and the progression of PD, includ-

ing Lewy body catalyzation and aggregation [56]. Specifically, iron deposition measured 

by *R2 imaging of the substantia nigra, caudate, STN, putamen, and hippocampus was 

related to executive and attention performance outcomes after DBS [56].  

4.6. Comorbidities 

A higher number of clinical comorbidities is a consistent risk factor for complications 

in widely performed procedures [57]. Concurrent diseases are also positively correlated 

with readmission rates within 30 days of neurosurgeries [58]. Attention should be direct 

towards cardiovascular risk factors such as hypertension, hyperlipidemia, diabetes, coro-

nary artery disease (CAD), obesity, and smoking. The literature infers a cumulative effect 

of medical comorbidities, with a higher number of clinical issues positively related to in-

creased mortality and readmission rates after DBS surgery [59]. The literature supports 

that one of the strongest predictors of complications in DBS surgeries is the number of 

comorbidities [60]. The rate of DBS readmission ranges from 1.9 to 4.3% within 30 and 90 

days, respectively [61]. Surgery-related issues are the most common cause of complica-

tions and unplanned readmission. Infections in postoperative care have an estimated in-

cidence of 4.5–5.6% in DBS surgeries. In summary, DBS is a safe procedure with 30-day 

readmission rates lower than those of general neurosurgeries and other commonly per-

formed procedures [61,62].  

The co-occurrence of cardiac arrhythmias in patients with PD raises doubts about the 

interferences and security of DBS surgery in patients with permanent cardiac pacemakers 

(PPM). The case series demonstrated no serious adverse events in patients who 
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underwent DBS surgery with a previously implanted PPM [63]. Suggestions to mitigate 

interferences are mentioned, such as DBS IPG placement at different sites from the PPM; 

prioritizing DBS parameters to bipolar stimulation; when possible, adjustments of PPM 

signal filtration; and a close follow-up of both cardiology and neurology teams. As there 

is no prospective study and no robust evidence in this regard, DBS indication in patients 

with PPM should be carefully analyzed.  

Other chronic conditions related to readmission rates after DBS surgery include ac-

quired immunodeficiency syndrome (AIDS), alcohol abuse, autoimmune disorders, pe-

ripheral vascular disease, and renal failure [60]. The impact of infectious comorbidities, 

such as human immunodeficiency virus (HIV), in patients with sustained virological con-

trol has been recently evaluated. A small cohort of nine patients with PD and HIV demon-

strated no serious adverse events after DBS surgery and significant improvement in motor 

scores was verified, which persisted during the five years of follow-up [64].  

4.7. Deep Brain Stimulation in Elderly 

Age is a controversial factor in DBS patient selection. PD centers diverge in using 

different cut-offs or no-cut-off of age [65]. The same applies to clinical trials, where some 

studies considered the age of 75 years or 80 years as a threshold, while other centers had 

no specified maximum age for studies [66].  

Age-related changes modify anatomy, possibly reducing the relative distance be-

tween the intended target of stimulation and surrounding structures. Other neurodegen-

erative co-pathologies, such as Alzheimer’s disease and higher comorbidities burden may 

also be present and can impact surgery outcomes [65].  

Several studies comparing younger and older patients showed improvement in QoL, 

motor UPDRS, and total UPDRS [66–68]. In two of these studies, QoL improved after DBS 

in elderly PD patients, but this improvement was not as sustained as that observed in 

young patients with PD. Another issue to consider is that in those studies, the group of 

70-year-olds and the older group had a lower effect size in comparison to the youngest 

samples [66–68].  

The literature has also shown that a significant reduction in LEDD has been observed 

in young and old patients. Both groups showed similar reductions in motor complications 

[67]. In a study of 27 patients, the LEDD was reduced from 650 mg (baseline) to 280 mg at 

1 year and 325 mg at the final follow-up (between 21 and 108 months) [66]. These findings 

suggest that STN-DBS can reduce LEDD in elderly patients, especially in those taking 

large doses of levodopa, with accompanying complications. 

Another study comparing patients aged >65 years showed slightly higher incidences 

of postoperative confusion/psychosis in elderly patients [67]. Vesper et al. also divided 

patients into these two age groups (<65 years and ≥65 years), in that study infection rates 

were significantly more frequent in the older age group than in the younger ones. Demen-

tia incidence during the 2-year follow-up did not differ between the older and younger 

patients, which was also similar to the overall cognitive impairment found in PD natural 

history [69]. 

Surgical procedures in patients of advanced age (especially over 70 years) should be 

judiciously evaluated, as the risk/benefit ratio becomes less favorable [70]. Therefore, cu-

mulative comorbidities and cognitive burden should be analyzed extensively. A broad 

comprehension of biological age should be considered, rather than a simple numerical 

threshold [57,59].  

Additionally, the technological advancements of DBS, like an improved implanted 

pulse generator (IPG) design, can help reduce the risk of complications in the profile of 

patients with more comorbidities and advanced age. IPGs are now smaller and round-

edged, resulting in a reduced risk of complications such as infections and erosions. Fur-

thermore, it is possible to choose between rechargeable and non-rechargeable options and 

MRI-compatible devices [71]. 
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5. Be Patient: Is it Worth It? 

5.1. Align Expectations: Patient’s and Physician’s  

High-quality clinical decisions regarding medical management should reflect pa-

tients’ expectations and objectives and their individual clinical characteristics [72,73]. Re-

alistic expectations of DBS are important for patient selection. Studies have demonstrated 

that patients with unrealistic expectations, or with suboptimal education on the benefits 

of DBS prior to surgery, have been reported to more frequently experience postoperative 

psychological distress and general dissatisfaction with surgery outcomes [74,75].  

Yen et al. demonstrated a computer application that allowed patients with PD to de-

scribe their symptoms and learn how effectively DBS addresses their prioritized com-

plaints. Additionally, it has been demonstrated that these applications can improve pa-

tient knowledge of DBS for PD. Self-directed learning through the app is tied to patient 

satisfaction after DBS, independent of objective measures on clinical scales [72].  

Apathy and depression scores tended to be higher in patients with a negative per-

ception of surgical outcome after STN-DBS surgery, based on an interview that included 

various domains that may have an impact on a patient’s life with PD and DBS [76]. Alt-

hough the same patients experienced significant motor improvements, as measured by 

the UPDRS-III scores, the overall impact of surgery was negative. Therefore, preoperative 

apathy and depression scores might be helpful tools to identify ‘risk candidates’ for sur-

gery dissatisfaction, providing an opportunity for psychosocial support and counseling 

[76].  

Quality of life (QoL) is an important and largely utilized indicator of treatment re-

sults in PD. In a secondary analysis of the Earlystim trial. Patients with worse baseline 

scores on the Parkinson’s Disease Questionnaire-39 (PDQ-39) scale demonstrated greater 

postoperative improvement after 24 months of follow up [77].  

Age has a complex correlation with QoL. It is important to note that as PD progresses, 

unresponsive DBS symptoms become more common (e.g., axial, non-motor, and cognitive 

issues). These symptoms seem to largely impact QoL outcomes, and it is important to 

align expectations about the likely impossibility of improvement by DBS in these situa-

tions. 

Few studies have described the long-term measures of QoL in patients with DBS. The 

literature suggests that the improvement verified in the first 3 years of treatment is fol-

lowed by a decline in baseline scores over 3-5 years after surgery [2]. This evolution of 

QoL measures has been observed in both GPi and STN-DBS studies [6].  

5.2. Patient Autonomy and Social Support 

The ethics involved in psychopharmacological neurointerventions raise important 

questions about how patients’ subjective feelings are significant in the context of DBS out-

comes. PD does not affect everyone in the same way and affects many aspects of patients’ 

daily lives. In that scenario, a recently published study by Chacón Gámez et al. demon-

strated that DBS improvement in motor skills is generally translated into better QoL and 

autonomy for patients and caregivers [78].  

Behavioral effects, such as cognitive decline and psychosis, following DBS for PD 

occur at a low rate, but can change patients’ and caregivers’ lives significantly. In addition, 

neuropsychiatric symptoms may be associated with higher postoperative risks, such as 

infection and broken cables. This could be minimized by judicious preoperative neuro-

psychological assessments. Patient compliance for postoperative consults and neurolo-

gist`s recommendations, as well as the maintenance of social support, is also a necessary 

aspect to be evaluated. Non-compliance with treatment recommendations is associated 

with reduced benefits and potentially increased harm after DBS surgery [79].  

The possibility of being awake during the procedure, the need for a caregiver to help 

with programming, the requirement for future battery replacements, and a very clear 
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discussion of potential risks are issues that should be extensively discussed in preopera-

tive appointments. 

6. Conclusions: The Big Picture Perspective 

This review summarizes important and complex variables. Solving the puzzle of 

proper selection of DBS patients is not an easy task. Better selection leads to a greater 

likelihood of benefits. Improving neurologists’ awareness of precise DBS indications for 

PD helps in not delaying potentially beneficial procedures and not depriving patients of 

their treatments. Understanding the influence of age and comorbidities on surgical out-

comes helps individualize treatment care. As elderly people and patients with comorbid-

ities may still benefit from DBS, more intense and focused postoperative care can be 

planned [66]. 

Genetic factors have gained relevance because they may affect the long-term effects 

of invasive therapies [20]. Larger cohorts with longer follow-up periods are needed to 

reliably decipher genotypic differences in DBS outcomes [21]. Assessments of non-motor 

fluctuations, hyperdopaminergic behaviors, and ICDs are needed and may be better ana-

lyzed in future clinical trials. Non-motor symptoms should have greater importance in 

DBS indication and targeting in the near future [34]. The role of neuroimaging in DBS 

outcome prediction and management is increasing. Cortical micro structural patterns, 

functional connectivity (FC), cortical integrity and basal nuclei with iron accumulation 

seem to correlate with DBS responses [51–53].  

DBS should not be reserved as a final therapeutic option. Some cases have great ben-

efits from earlier indications, especially in patients whose symptoms significantly impact 

their QoL [29]. The role of the caregiver during the decision-making process for DBS sur-

gery may also influence and pose other ethical challenges. The ultimate decision to un-

dergo DBS surgery should be the patient’s. Neurologists should be certain that the deci-

sion to undergo surgery occurred without coercion. 

Furthermore, it is important to provide good social support during follow-up. Good 

social support is mandatory to ensure pharmacological adherence, rehabilitation program 

involvement, psychological benefits, and DBS-adjustment guidance.  

Individualized approaches considering the patient’s characteristics, alignment of ex-

pectations, and precise weighting of the individual risk/benefit profile are recommended 

to resolve this challenging puzzle (Figure 1). 
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Figure 1. Profile of patients for DBS. 

Author Contributions: R.M.G.B., M.C.S., D.M.M.C.P., and T.G.G.: conceptualization, validation, 

writing—original draft; R.G.C.: conceptualization, review, and editing. All authors have read and 

agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Informed Consent Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflicts of interest. 

  



Brain Sci. 2024, 14, 638 13 of 16 
 

References 

1. Lozano, A.M.; Lipsman, N.; Bergman, H.; Brown, P.; Chabardes, S.; Chang, J.W.; Matthews, K.; McIntyre, C.C.; Schlaepfer, T.E.; 

Schulder, M.; et al. Deep brain stimulation: Current challenges and future directions. Nat. Rev. Neurol. 2019, 15, 148–160. 

https://doi.org/10.1038/s41582-018-0128-2. 

2. Mahlknecht, P.; Foltynie, T.; Limousin, P.; Poewe, W. How Does Deep Brain Stimulation Change the Course of Parkinson’s 

Disease? Mov. Disord. 2022, 37, 1581–1592. 

3. Hartmann, C.J.; Fliegen, S.; Groiss, S.J.; Wojtecki, L.; Schnitzler, A. An update on best practice of deep brain stimulation in 

Parkinson’s disease. Ther. Adv. Neurol. Disord. 2019, 12, 175628641983809. https://doi.org/10.1177/1756286419838096. 

4. Mahajan, A.; Butala, A.; Okun, M.S.; Mari, Z.; Mills, K.A. Global Variability in Deep Brain Stimulation Practices for Parkinson’s 

Disease. Front. Hum. Neurosci. 2021, 15, 667035. https://doi.org/10.3389/fnhum.2021.667035. 

5. Tanner, C.M. A Second Honeymoon for Parkinson’s Disease? N. Engl. J. Med. 2013, 368, 675–676. 

6. Weaver, F.M.; Follett, K.A.; Stern, M.; Luo, P.; Harris, C.L.; Hur, K.; Marks, W.J., Jr.; Rothlind, J.; Sagher, O.; Moy, C.; et al. 

Randomized trial of deep brain stimulation for Parkinson disease: Thirty-six-month outcomes. Neurology 2012, 79, 55–65. 

7. Becerra, J.E.; Zorro, O.; Ruiz-Gaviria, R.; Castañeda-Cardona, C.; Otálora-Esteban, M.; Henao, S.; Navarrete, S.; Acevedo, J.C.; 

Rosselli, D. Economic Analysis of Deep Brain Stimulation in Parkinson Disease: Systematic Review of the Literature. World 

Neurosurg. 2016, 93, 44–49. 

8. Pietzsch, J.B.; Garner, A.M.; Marks, J.W.J. Cost-Effectiveness of Deep Brain Stimulation for Advanced Parkinson’s Disease in 

the United States. Neuromodulation Technol. Neural Interface 2016, 19, 689–697. https://doi.org/10.1111/ner.12474. 

9. Wolke, R.; Becktepe, J.S.; Paschen, S.; Helmers, A.; Kübler-Weller, D.; Youn, J.; Brinker, D.; Bergman, H.; Kühn, A.A.; Fasano, 

A.; et al. The Role of Levodopa Challenge in Predicting the Outcome of Subthalamic Deep Brain Stimulation. Mov. Disord. Clin. 

Pract. 2023, 10, 1181–1191. https://doi.org/10.1002/mdc3.13825. 

10. Artusi, C.A.; Lopiano, L.; Morgante, F. Deep Brain Stimulation Selection Criteria for Parkinson’s Disease: Time to Go beyond 

CAPSIT-PD. J. Clin. Med. 2020, 9, 3931. https://doi.org/10.3390/jcm9123931. 

11. Antonini, A.; Stoessl, A.J.; Kleinman, L.S.; Skalicky, A.M.; Marshall, T.S.; Sail, K.R.; Onuk, K.; Odin, P.L.A. Developing consensus 

among movement disorder specialists on clinical indicators for identification and management of advanced Parkinson’s disease: 

A multi-country Delphi-panel approach. Curr. Med. Res. Opin. 2018, 34, 2063–2073. 

https://doi.org/10.1080/03007995.2018.1502165. 

12. Santos-Garcia, D.; Fonticoba, T.d.D.; Castro, E.S.; Diaz, A.A.; McAfee, D. 5-2-1 Criteria: A Simple Screening Tool for Identifying 

Advanced PD Patients Who Need an Optimization of Parkinson’s Treatment. Park. Dis. 2020, 2020, 7537924. 

https://doi.org/10.1155/2020/7537924. 

13. Bond, A.E.; Shah, B.B.; Huss, D.S.; Dallapiazza, R.F.; Warren, A.; Harrison, M.B.; Sperling, S.A.; Wang, X.-Q.; Gwinn, R.; Witt, 

J.; et al. Safety and Efficacy of Focused Ultrasound Thalamotomy for Patients with Medication-Refractory, Tremor-Dominant 

Parkinson Disease. JAMA Neurol. 2017, 74, 1412–1418. https://doi.org/10.1001/jamaneurol.2017.3098. 

14. Dalrymple, W.A.; Pusso, A.; Sperling, S.A.; Flanigan, J.L.; Huss, D.S.; Harrison, M.B.; Elias, W.J.; Shah, B.B.; Barrett, M.J. Com-

parison of Parkinson’s Disease Patients’ Characteristics by Indication for Deep Brain Stimulation: Men Are More Likely to Have 

DBS for Tremor. Tremor and Other Hyperkinetic Movements. Available online: https://tremorjournal.org/arti-

cle/10.5334/tohm.468/ (accessed on 21 September 2023). 

15. Artusi, C.A.; Rinaldi, D.; Balestrino, R.; Lopiano, L. Deep brain stimulation for atypical parkinsonism: A systematic review on 

efficacy and safety. Park. Relat. Disord. 2022, 96, 109–118. https://doi.org/10.1016/j.parkreldis.2022.03.002. 

16. Vitek, J.L.; Jain, R.; Chen, L.; Tröster, A.I.; Schrock, L.E.; House, P.A.; Giroux, M.L.; Hebb, A.O.; Farris, S.M.; Whiting, D.M.; et 

al. Subthalamic nucleus deep brain stimulation with a multiple independent constant current-controlled device in Parkinson’s 

disease (INTREPID): A multicentre, double-blind, randomised, sham-controlled study. Lancet Neurol. 2020, 19, 491–501. 

17. França, C.; Carra, R.B.; Diniz, J.M.; Munhoz, R.P.; Cury, R.G. Deep brain stimulation in Parkinson’s disease: State of the art and 

future perspectives. Arq. Neuropsiquiatr. 2022, 80 (Suppl. S1), 105–115. https://doi.org/10.1590/0004-282x-anp-2022-s133. 

18. Virameteekul, S.; Revesz, T.; Jaunmuktane, Z.; Warner, T.T.; De Pablo-Fernández, E. Clinical Diagnostic Accuracy of Parkinson’s 

Disease: Where Do We Stand? Mov. Disord. 2023, 38, 558–566. 

19. de Oliveira, L.M.; Barbosa, E.R.; Aquino, C.C.; Munhoz, R.P.; Fasano, A.; Cury, R.G. Deep Brain Stimulation in Patients With 

Mutations in Parkinson’s Disease–Related Genes: A Systematic Review. Mov. Disord. Clin. Pract. 2019, 6, 359–368. 

https://doi.org/10.1002/mdc3.12795. 

20. Chan, G.H.-F. The Role of Genetic Data in Selecting Device-Aided Therapies in Patients with Advanced Parkinson’s Disease: A 

Mini-Review. Front. Aging Neurosci. 2022, 14, 895430. https://doi.org/10.3389/fnagi.2022.895430. 

21. Rizzone, M.G.; Martone, T.; Balestrino, R.; Lopiano, L. Genetic background and outcome of Deep Brain Stimulation in Parkin-

son’s disease. Park. Relat. Disord. 2018, 64, 8–19. https://doi.org/10.1016/j.parkreldis.2018.08.006. 

22. Kuusimäki, T.; Korpela, J.; Pekkonen, E.; Martikainen, M.H.; Antonini, A.; Kaasinen, V. Deep brain stimulation for monogenic 

Parkinson’s disease: A systematic review. J. Neurol. 2020, 267, 883–897. https://doi.org/10.1007/s00415-019-09181-8. 

23. Pal, G.D.; Corcos, D.M.; Metman, L.V.; Israel, Z.; Bergman, H.; Arkadir, D. Cognitive Effects of Subthalamic Nucleus Deep Brain 

Stimulation in Parkinson’s Disease with GBA1 Pathogenic Variants. Mov. Disord. 2023, 38, 2155–2162. 

https://doi.org/10.1002/mds.29647. 



Brain Sci. 2024, 14, 638 14 of 16 
 

24. Pal, G.; Mangone, G.; Hill, E.J.; Ouyang, B.; Liu, Y.; Lythe, V.; Ehrlich, D.; Saunders-Pullman, R.; Shanker, V.; Bressman, S.; et al. 

Parkinson Disease and Subthalamic Nucleus Deep Brain Stimulation: Cognitive Effects in GBA Mutation Carriers. Ann. Neurol. 

2022, 91, 424–435. https://doi.org/10.1002/ana.26302. 

25. Fereshtehnejad, S.-M.; Zeighami, Y.; Dagher, A.; Postuma, R.B. Clinical criteria for subtyping Parkinson’s disease: Biomarkers 

and longitudinal progression. Brain 2017, 140, 1959–1976. https://doi.org/10.1093/brain/awx118. 

26. De Pablo-Fernández, E.; Lees, A.J.; Holton, J.L.; Warner, T.T. Prognosis and Neuropathologic Correlation of Clinical Subtypes 

of Parkinson Disease. JAMA Neurol. 2019, 76, 470–479. https://doi.org/10.1001/jamaneurol.2018.4377. 

27. Cavallieri, F.; Fraix, V.; Bove, F.; Mulas, D.; Tondelli, M.; Castrioto, A.; Krack, P.; Meoni, S.; Schmitt, E.; Lhommée, E.; et al. 

Predictors of Long-Term Outcome of Subthalamic Stimulation in Parkinson Disease. Ann. Neurol. 2020, 89, 587–597. 

https://doi.org/10.1002/ana.25994. 

28. Cubo, E.; Martínez-Martín, P.; González-Bernal, J.; Casas, E.; Arnaiz, S.; Miranda, J.; Gámez, P.; Santos-García, D. Effects of 

Motor Symptom Laterality on Clinical Manifestations and Quality of Life in Parkinson’s Disease. J. Park. Dis. 2020, 10, 1611–

1620. 

29. Stoehr, K.; Pazira, K.; Bonnet, K.; Schlundt, D.; Charles, D.; Hacker, M. Deep Brain Stimulation in Early-Stage Parkinson’s Dis-

ease: Patient Experience after 11 Years. Brain Sci. 2022, 12, 766. https://doi.org/10.3390/brainsci12060766. 

30. Schuepbach, W.M.M.; Rau, J.; Knudsen, K.; Volkmann, J.; Krack, P.; Timmermann, L.; Hälbig, T.D.; Hesekamp, H.; Navarro, 

S.M.; Meier, N.; et al. Neurostimulation for Parkinson’s Disease with Early Motor Complications. N. Engl. J. Med. 2013, 368, 610–

622. 

31. Cabrera, L.Y.; Goudreau, J.; Sidiropoulos, C. Critical appraisal of the recent US FDA approval for earlier DBS intervention. 

Neurology 2018, 91, 133–136. https://doi.org/10.1212/wnl.0000000000005829. 

32. Deuschl, G.; Antonini, A.; Costa, J.; Śmiłowska, K.; Berg, D.; Corvol, J.C.; Fabbrini, G.; Ferreira, J.; Foltynie, T.; Mir, P.; et al. 

European Academy of Neurology/Movement Disorder Society-European Section Guideline on the Treatment of Parkinson’s 

Disease: I. Invasive Therapies. Mov. Disord. 2022, 37, 1360–1374. 

33. Hacker, M.L.; Turchan, M.; Heusinkveld, L.E.; Currie, A.D.; Millan, S.H.; Molinari, A.L.; Konrad, P.E.; Davis, T.L.; Phibbs, F.T.; 

Hedera, P.; et al. Deep brain stimulation in early-stage Parkinson disease Five-year outcomes. Neurology 2020, 95, E393–E401. 

https://doi.org/10.1212/WNL.0000000000009946. 

34. Weiss, D.; Volkmann, J.; Fasano, A.; Kühn, A.; Krack, P.; Deuschl, G. Changing Gears—DBS For Dopaminergic Desensitization 

in Parkinson’s Disease? Ann. Neurol. 2021, 90, 699–710. 

35. Dafsari, H.S.; Silverdale, M.; Strack, M.; Rizos, A.; Ashkan, K.; Mahlstedt, P.; Sachse, L.; Steffen, J.; Dembek, T.A.; Visser-Vande-

walle, V.; et al. Nonmotor symptoms evolution during 24 months of bilateral subthalamic stimulation in Parkinson’s disease: 

24 months nonmotor effects of STN-DBS in PD. Mov. Disord. 2018, 33, 421–430. 

36. Dafsari, H.S.; Reddy, P.; Herchenbach, C.; Wawro, S.; Petry-Schmelzer, J.N.; Visser-Vandewalle, V.; Rizos, A.; Silverdale, M.; 

Ashkan, K.; Samuel, M.; et al. Beneficial Effects of Bilateral Subthalamic Stimulation on Non-Motor Symptoms in Parkinson’s 

Disease. Brain Stimul. 2015, 9, 78–85. https://doi.org/10.1016/j.brs.2015.08.005. 

37. Gronich, N.; Auriel, E.; Lavi, I.; Rennert, G.; Saliba, W. Reply to: From beta-blockers to Parkinson’s disease in respect of essential 

tremor. Mov. Disord. 2019, 34, 154–154. https://doi.org/10.1002/mds.27589. 

38. Jost, S.T.; Konitsioti, A.; Loehrer, P.A.; Ashkan, K.; Rizos, A.; Sauerbier, A.; Ghilardi, M.G.d.S.; Rosenkranz, F.; Strobel, L.; 

Gronostay, A.; et al. Non-motor effects of deep brain stimulation in Parkinson’s disease motor subtypes. Park. Relat. Disord. 2023, 

109, 105318. https://doi.org/10.1016/j.parkreldis.2023.105318. 

39. Chou, K.L.; Taylor, J.L.; Patil, P.G. The MDS−UPDRS tracks motor and non-motor improvement due to subthalamic nucleus 

deep brain stimulation in Parkinson disease. Park. Relat. Disord. 2013, 19, 966–969. 

https://doi.org/10.1016/j.parkreldis.2013.06.010. 

40. Lyons, K.E.; Pahwa, R. Effects of bilateral subthalamic nucleus stimulation on sleep, daytime sleepiness, and early morning 

dystonia in patients with Parkinson disease. J. Neurosurg. 2006, 104, 502–505. https://doi.org/10.3171/jns.2006.104.4.502. 

41. Zibetti, M.; Torre, E.; Cinquepalmi, A.; Rosso, M.; Ducati, A.; Bergamasco, B.; Lanotte, M.; Lopiano, L. Motor and Nonmotor 

Symptom Follow-Up in Parkinsonian Patients after Deep Brain Stimulation of the Subthalamic Nucleus. Eur. Neurol. 2007, 58, 

218–223. https://doi.org/10.1159/000107943. 

42. Witjas, T.; Kaphan, E.; Régis, J.; Jouve, E.; Chérif, A.A.; Péragut, J.; Azulay, J.P. Effects of chronic subthalamic stimulation on 

nonmotor fluctuations in Parkinson’s disease. Mov. Disord. 2007, 22, 1729–1734. https://doi.org/10.1002/mds.21602. 

43. Mostofi, A.; Morgante, F.; Edwards, M.J.; Brown, P.; Pereira, E.A.C. Pain in Parkinson’s disease and the role of the subthalamic 

nucleus. Brain 2021, 144, 1342–1350. https://doi.org/10.1093/brain/awab001. 

44. Smeding, H.M.M.; Speelman, J.D.; Huizenga, H.M.; Schuurman, P.R.; Schmand, B. Predictors of cognitive and psychosocial 

outcome after STN DBS in Parkinson’s Disease. J. Neurol. Neurosurg. Psychiatry 2009, 82, 754–760. 

https://doi.org/10.1136/jnnp.2007.140012. 

45. Kishore, A.; Krishnan, S.; Pisharady, K.K.; Rajan, R.; Sarma, S.G.; Sarma, P.S. Predictors of dementia-free survival after bilateral 

subthalamic deep brain stimulation for Parkinson’s disease. Neurol. India 2019, 67, 459–466. https://doi.org/10.4103/0028-

3886.258056. 

46. Aarsland, D.; Andersen, K.; Larsen, J.P.; Lolk, A. Prevalence and Characteristics of Dementia in Parkinson Disease: An 8-Year 

Prospective Study. Arch Neurol. 2003, 60, 387. 



Brain Sci. 2024, 14, 638 15 of 16 
 

47. Rački, V.; Hero, M.; Rožmarić, G.; Papić, E.; Raguž, M.; Chudy, D.; Vuletić, V. Cognitive Impact of Deep Brain Stimulation in 

Parkinson’s Disease Patients: A Systematic Review. Front. Hum. Neurosci. 2022, 16, 867055. 

https://doi.org/10.3389/fnhum.2022.867055. 

48. Santin, M.D.N.; Voulleminot, P.; Vrillon, A.; Hainque, E.; Béreau, M.; Lagha-Boukbiza, O.; Wirth, T.; Montaut, S.; Bardinet, E.; 

Kyheng, M.; et al. Impact of Subthalamic Deep Brain Stimulation on Impulse Control Disorders in Parkinson’s Disease: A Pro-

spective Study. Mov. Disord. 2021, 36, 750–757. https://doi.org/10.1002/mds.28320. 

49. Samuel, M.; Rodriguez-Oroz, M.; Antonini, A.; Brotchie, J.M.; Ray Chaudhuri, K.; Brown, R.G.; Galpern, W.R.; Nirenberg, M.J.; 

Okun, M.S.; Lang, A.E. Management of impulse control disorders in Parkinson’s disease: Controversies and future approaches: 

ICDs IN PD. Mov. Disord. 2015, 30, 150–159. 

50. Lhommée, E.; Wojtecki, L.; Czernecki, V.; Witt, K.; Maier, F.; Tonder, L.; Timmermann, L.; Hälbig, T.D.; Pineau, F.; Durif, F.; et 

al. Behavioural outcomes of subthalamic stimulation and medical therapy versus medical therapy alone for Parkinson’s disease 

with early motor complications (EARLYSTIM trial): Secondary analysis of an open-label randomised trial. Lancet Neurol. 2018, 

17, 223–231. https://doi.org/10.1016/s1474-4422(18)30035-8. 

51. Pollak, P. Deep brain stimulation for Parkinson’s disease—Patient selection. In Handbook of Clinical Neurology [Internet]; Elsevier: 

Amsterdam, The Netherlands, 2013; pp. 97–105. Available online: https://linkinghub.elsevier.com/re-

trieve/pii/B9780444534972000097 (accessed on 25 January 2023). 

52. Younce, J.R.; Campbell, M.C.; Perlmutter, J.S.; Norris, S.A. Thalamic and ventricular volumes predict motor response to deep 

brain stimulation for Parkinson’s disease. Park. Relat. Disord. 2019, 61, 64–69. 

53. Muthuraman, M.; Deuschl, G.; Koirala, N.; Riedel, C.; Volkmann, J.; Groppa, S. Effects of DBS in parkinsonian patients depend 

on the structural integrity of frontal cortex. Sci. Rep. 2017, 7, 43571. https://doi.org/10.1038/srep43571. 

54. Albano, L.; Agosta, F.; Basaia, S.; Cividini, C.; Stojkovic, T.; Sarasso, E.; Stankovic, I.; Tomic, A.; Markovic, V.; Canu, E.; et al. 

Altered Functional Connectivity of the Subthalamic Nucleus in Parkinson’s Disease: Focus on Candidates for Deep Brain Stim-

ulation. J. Park. Dis. 2023, 13, 797–809. https://doi.org/10.3233/jpd-230005. 

55. Younce, J.R.; Campbell, M.C.; Hershey, T.; Tanenbaum, A.B.; Milchenko, M.; Ushe, M.; Karimi, M.; Tabbal, S.D.; Kim, A.E.; 

Snyder, A.Z.; et al. Resting-State Functional Connectivity Predicts STN DBS Clinical Response. Mov. Disord. 2021, 36, 662–671. 

56. Brown, G.; Du, G.; Farace, E.; Lewis, M.M.; Eslinger, P.J.; McInerney, J.; Kong, L.; Li, R.; Huang, X.; De Jesus, S. Subcortical Iron 

Accumulation Pattern May Predict Neuropsychological Outcomes After Subthalamic Nucleus Deep Brain Stimulation: A Pilot 

Study. J. Park. Dis. 2022, 12, 851. https://doi.org/10.3233/jpd-212833. 

57. Werner, C.; Mathkour, M.; Scullen, T.; Houghton, D.; Lea, G.; Dallapiazza, R.F.; Kahn, L.; Smith, R.D. Effects of Medical Comor-

bidities on the Surgical Outcomes of Deep Brain Stimulation for Parkinson Disease: A Retrospective, Single-Institution Study. 

World Neurosurg. 2020, 144, e347–e352. https://doi.org/10.1016/j.wneu.2020.08.140. 

58. Ramayya, A.G.; Abdullah, K.G.; Mallela, A.N.; Pierce, J.T.; Thawani, J.; Petrov, D.; Baltuch, G.H. Thirty-Day Readmission Rates 

Following Deep Brain Stimulation Surgery. Neurosurgery 2017, 81, 259–267. https://doi.org/10.1093/neuros/nyx019. 

59. Rughani, A.I.; Hodaie, M.; Lozano, A.M. Acute complications of movement disorders surgery: Effects of age and comorbidities: 

Complications of Movement Disorders Surgery. Mov. Disord. 2013, 28, 1661–1667. 

60. Schneider, R.B.; Jimenez-Shahed, J.; Abraham, D.S.; Thibault, D.P.; Mantri, S.; Fullard, M.; Burack, M.A.; Chou, K.L.; Spindler, 

M.; Jermakowicz, W.J.; et al. Acute readmission following deep brain stimulation surgery for Parkinson’s disease: A nationwide 

analysis. Park. Relat. Disord. 2020, 70, 96–102. https://doi.org/10.1016/j.parkreldis.2019.11.023. 

61. Rumalla, K.; Smith, K.A.; Follett, K.A.; Nazzaro, J.M.; Arnold, P.M. Rates, causes, risk factors, and outcomes of readmission 

following deep brain stimulation for movement disorders: Analysis of the U.S. Nationwide Readmissions Database. Clin. Neurol. 

Neurosurg. 2018, 171, 129–134. https://doi.org/10.1016/j.clineuro.2018.06.013. 

62. Moghavem, N.; Morrison, D.; Ratliff, J.K.; Hernandez-Boussard, T. Cranial neurosurgical 30-day readmissions by clinical indi-

cation. J. Neurosurg. 2015, 123, 189–197. https://doi.org/10.3171/2014.12.jns14447. 

63. Heard, T.; Coyne, T.; Silburn, P. Deep Brain Stimulation in Patients with Concomitant Cardiac Pacemakers: A Case Series. 

Neurosurg. 2019, 17, 549–553. https://doi.org/10.1093/ons/opz018. 

64. Garcia, J.; Hubsch, C.; Marques, A.; Gurruchaga, J.; Lamirel, C.; Roze, E.; Moulignier, A. Impact of HIV impact on outcomes of 

deep-brain stimulation of the subthalamic nucleus for Parkinson’s disease. Eur. J. Neurol. 2021, 29, 1232–1237. 

https://doi.org/10.1111/ene.15240. 

65. Azevedo, P.; Aquino, C.C.; Fasano, A. Surgical Management of Parkinson’s Disease in the Elderly. Mov. Disord. Clin. Pract. 2021, 

8, 500–509. https://doi.org/10.1002/mdc3.13161. 

66. Jiang, C.; Wang, J.; Chen, T.; Li, X.; Cui, Z. Short- and Long-Term Efficacy and Safety of Deep-Brain Stimulation in Parkinson’s 

Disease Patients aged 75 Years and Older. Brain Sci. 2022, 12, 1588. https://doi.org/10.3390/brainsci12111588. 

67. Vats, A.; Amit, A.; Doshi, P. A comparative study of bilateral subthalamic nucleus DBS in Parkinson’s disease in young versus 

old: A single institutional study. J. Clin. Neurosci. 2019, 70, 85–91. https://doi.org/10.1016/j.jocn.2019.08.065. 

68. Dafsari, H.S.; Reker, P.; Stalinski, L.; Silverdale, M.; Rizos, A.; Ashkan, K.; Barbe, M.T.; Fink, G.R.; Evans, J.; Steffen, J.; et al. 

Quality of life outcome after subthalamic stimulation in Parkinson’s disease depends on age: QOL Outcome after STN-DBS in 

PD Depends on Age. Mov. Disord. 2018, 33, 99–107. 

69. Vesper, J.; Haak, S.; Ostertag, C.; Nikkhah, G. Subthalamic nucleus deep brain stimulation in elderly patients—Analysis of 

outcome and complications. BMC Neurol. 2007, 7, 7. https://doi.org/10.1186/1471-2377-7-7. 



Brain Sci. 2024, 14, 638 16 of 16 
 

70. Hanna, J.A.; Scullen, T.; Kahn, L.; Mathkour, M.; Gouveia, E.E.; Garces, J.; Evans, L.M.; Lea, G.; Houghton, D.J.; Biro, E.; et al. 

Comparison of elderly and young patient populations treated with deep brain stimulation for Parkinson’s disease: Long-term 

outcomes with up to 7 years of follow-up. J. Neurosurg. 2019, 131, 807–812. https://doi.org/10.3171/2018.4.jns171909. 

71. Rissardo, J.P.; Vora, N.M.; Tariq, I.; Mujtaba, A.; Caprara, A.L.F. Deep Brain Stimulation for the Management of Refractory 

Neurological Disorders: A Comprehensive Review. Medicina 2023, 59, 1991. https://doi.org/10.3390/medicina59111991. 

72. Yen, K.; Miyasaki, J.M.; Waldron, M.; Yu, L.; Sankar, T.; Ba, F. DBS-Edmonton App, a Tool to Manage Patient Expectations of 

DBS in Parkinson Disease. Neurol. Clin. Pract. 2020, 11, E308–E316. https://doi.org/10.1212/CPJ.0000000000000962. 

73. Radomska, M.; Flores Alves dos Santos, J.; Weber, K.; Baertschi, M.; Burkhard, P.R.; Herrmann, F.; Belayachi, S.; Favez, N.; 

Canuto, A. Assessing preoperative hope and expectations related to functional neurosurgery: A new questionnaire. BMC Psy-

chol. 2022, 10, 53. 

74. Geraedts, V.; Kuijf, M.; van Hilten, J.; Marinus, J.; Oosterloo, M.; Contarino, M. Selecting candidates for Deep Brain Stimulation 

in Parkinson’s disease: The role of patients’ expectations. Park. Relat. Disord. 2019, 66, 207–211. 

https://doi.org/10.1016/j.parkreldis.2019.07.011. 

75. Agid, Y.; Schupbach, M.; Gargiulo, M.; Mallet, L.; Houeto, J.L.; Behar, C.; Maltête, D.; Mesnage, V.; Welter, M.L. Neurosurgery 

in Parkinson’s disease: The doctor is happy, the patient less so? In Parkinson’s Disease and Related Disorders [Internet]; Riederer, 

P., Reichmann, H., Youdim, M.B.H., Gerlach, M., Eds.; Springer: Vienna, Austria, 2006; pp. 409–414. Available online: 

http://link.springer.com/10.1007/978-3-211-45295-0_61 (accessed on 20 January 2023). 

76. Maier, F.; Lewis, C.J.; Horstkoetter, N.; Eggers, C.; Kalbe, E.; Maarouf, M.; Kuhn, J.; Zurowski, M.; Moro, E.; Woopen, C. Patients’ 

expectations of deep brain stimulation, and subjective perceived outcome related to clinical measures in Parkinson’s disease: A 

mixed-method approach. J. Neurol. Neurosurg. Psychiatry 2013, 84, 1273–1281. 

77. Schuepbach, W.M.; Tonder, L.; Schnitzler, A.; Krack, P.; Rau, J.; Hartmann, A.; Hälbig, T.D.; Pineau, F.; Falk, A.; Paschen, L.; et 

al. Quality of life predicts outcome of deep brain stimulation in early Parkinson disease. Neurology 2019, 92, e1109–e1120. 

https://doi.org/10.1212/wnl.0000000000007037. 

78. Gámez, Y.M.C.; Brugger, F.; Biller-Andorno, N. Parkinson’s Disease and Deep Brain Stimulation Have an Impact on My Life: 

A Multimodal Study on the Experiences of Patients and Family Caregivers. Int. J. Environ. Res. Public Health 2021, 18, 9516. 

https://doi.org/10.3390/ijerph18189516. 

79. Kubu, C.S.; Ford, P.J. Clinical Ethics in the Context of Deep Brain Stimulation for Movement Disorders. Arch. Clin. Neuropsychol. 

2017, 32, 829–839. https://doi.org/10.1093/arclin/acx088. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


