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Abstract: Deep brain stimulation (DBS) is an effective treatment for improving 
motor symptoms of Parkinson’s disease among well-selected patients. Over the 
past 30 years, several anatomical regions have been targeted with DBS based on 
prior experience in lesional neurosurgery and characteristic changes in subcor-
tical motor regulation in Parkinson’s disease. In this chapter, we provide an 
overview of the patient selection process and surgical procedure for DBS. We 
also discuss the various surgical targets for DBS in patients with Parkinson’s 
disease. The subthalamic nucleus and the globus pallidus interna are the most 
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common surgical targets among patients with Parkinson’s disease and have 
equivalent beneficial effects on motor symptoms. Most studies report 30–60% 
improvement in motor score evaluations after DBS among well-selected patients. 
After subthalamic nucleus DBS, patients are able to reduce medications by 50% 
on average. In patients with globus pallidus interna DBS, stimulation has an 
anti-dyskinetic effect, although medication doses remain similar. DBS of the 
subthalamic nucleus is generally avoided in patients with a history of depres-
sion or neurocognitive impairment. Thalamic DBS ameliorates tremor, but has 
little effect on bradykinesia or rigidity. Finally, the pedunculopontine nucleus 
DBS is an emerging experimental treatment for postural and gait instability in 
Parkinson’s disease.

Keywords: Deep brain stimulation; Globus pallidus interna; Parkinson’s disease; 
Pedunculopontine nucleus; Subthalamic nucleus; Ventralis intermediate nucleus

INTRODUCTION

Idiopathic Parkinson’s disease (PD) is the second most common progressive neu-
rodegenerative disorder after Alzheimer’s disease (AD). PD affects an estimated 
600,000 people in the United States alone, with an estimated global total of 
6.8 million people affected in 2015 (1, 2). The typical combination of motor fea-
tures of PD is called “parkinsonism,” which requires the presence of bradykinesia 
and the variable coexistence of other clinically defined signs: resting tremor, 
 muscle rigidity, and postural instability. In addition, several other motor and 
 non-motor features occur during the course of the disease, such as cognitive 
changes, sleep disturbances, and autonomic nervous system disorders. The hall-
mark pathological feature in PD is profound degeneration of the dopaminergic 
neurons in the substantia nigra pars compacta (SNpc). Loss of these neurons, 
which project widely within the striatum and pallidum, produce a state of low 
dopamine within the brain (3).

Levodopa and other dopamine replacement medications have been used since 
the 1960s and have revolutionized the treatment of PD (4, 5). Patients initially 
respond well to dopamine replacement treatment; however, over time, the benefi-
cial effects are associated with complications such as motor fluctuations and 
levodopa-induced dyskinesias (LID) (6). Motor fluctuations include early wearing 
off, delayed on and sudden on/off phenomena, while dyskinesias occur usually 
during peak dose of levodopa in the form of involuntary hyperkinetic movements. 
These complications occur in a variable spectrum of severity and affect most, if 
not all, patients during the progression of the disease.

Surgical treatments such as pallidotomy and thalamotomy were used to alle-
viate the motor symptoms of PD and were historically introduced even prior to 
the development of dopamine replacement therapy (7–13). These procedures 
were temporarily abandoned after the introduction of dopamine replacement 
therapy; however, as the complications of pharmacological therapies were recog-
nized, there was a resurgence in surgical treatments for PD (14–16). During 
lesioning procedures, such as thalamotomy, electrical stimulation was commonly 
used to  test for effects and side effects prior to making permanent lesions. 
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Also, high- frequency stimulation of the thalamus induced reduction in tremor 
severity in patients with PD (17). These findings, along with advances in implant-
able pulse generator devices, led to the development of deep brain stimulation 
(DBS) systems as we know today. DBS has been used to treat more than an esti-
mated 120,000 neurological patients worldwide (18).

This chapter first discusses the multidisciplinary approach to patient selection 
for DBS surgery and the general surgical procedure for device implantation. Next, 
the two most common surgical targets for DBS in PD, the subthalamic nucleus 
(STN) and the internal segment of the globus pallidus (GPi), are discussed. Finally, 
studies that compared these two sites and other potential DBS targets such as the 
thalamus and pedunculopontine nucleus are covered.

PATIENT SELECTION

The Core Assessment Program for Neurosurgical Interventions and Transplantation 
in Parkinson’s Disease (CAPSIT-PD) recommends that patients considered for sur-
gical intervention should have a disease duration for at least 5 years. This time 
frame allows for atypical forms of parkinsonism to fully manifest, and during this 
time, most patients receive levodopa therapy. Patients who are candidates for 
 surgery should show a positive response to dopamine replacement medications. 
Response to levodopa is generally considered to be a greater than 30% improve-
ment in the Unified Parkinson’s disease rating scale motor score (UPDRS part III). 
Clinical motor improvement following DBS surgery for PD closely parallels the 
improvement seen after levodopa challenge. Finally, CAPSIT-PD recommenda-
tions suggest that patients with preexisting dementia and severe depression should 
be excluded.

There is currently no evidence to indicate DBS for any of the other disorders 
that may mimic the classical symptoms of PD, including multiple system atro-
phy (MSA), progressive supranuclear palsy (PSP), corticobasal degeneration, 
and Lewy body dementia (Table 1). As such, it is paramount that the diagnosis 
of PD is confirmed by a specialist with experience in the field of movement 
disorders (19). Patients with a confirmed diagnosis of PD should have their 
symptom responsiveness to levodopa determined by a standardized levodopa 
challenge test. The results of this test reflect the expected potential benefit 
achievable with surgery (20). Another important criterion for patient selection 
is the presence of disabling motor fluctuations and dyskinesias despite trials of 
all relevant medications tested at therapeutic dosages by a specialist with expe-
rience in the field. All patients who are deemed good candidates for DBS sur-
gery should undergo magnetic resonance imaging of the brain prior to surgery 
in order to rule out any secondary diagnosis or structural concerns within 
the brain.

A preoperative assessment by a neuropsychiatrist and neuropsychologist is 
also necessary for further risk stratification and identification of patients who may 
require closer follow-up in the postoperative period. Many patients with PD may 
have mild cognitive impairment or mood/behavioral impairments that should be 
identified and managed. In general, stable and milder forms of these abnormali-
ties do not necessarily mean contraindication for surgery; on the other hand, more 
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severe or progressive changes may represent risk factors for further deterioration 
triggered by the surgical process and/or stimulation.

Although there are no specific age limits for DBS surgery, initial clinical trials 
included patients who were 50–65 years old (21), while fewer studies included 
patients older than 75 years (22). This may reflect a general concern among refer-
ring neurologists and neurosurgeons regarding serious surgical complications, 
physiological reserve to recover, and rapid deterioration of motor symptoms among 
older patients. However, trials that have included older patients demonstrate that 
these patients still benefit equally from surgery without apparent further risks (22). 
DeLong et al. analyzed the Thomson Reuters MarketScan national database includ-
ing more than 1700 patients who underwent DBS for PD between 2000 and 
2009 (23). This study analyzed reported 90-day complication rates and did not 
find any association with increasing age (23). Further studies are needed to project 
the long-term outcomes of DBS surgery among elderly patients with PD.

More recently, there is evidence to suggest that DBS can improve quality of life 
and motor function when motor complications become evident, but before they 
become disabling. In a multicenter, randomized study, Schuepback et al. demon-
strated that patients with early, mild PD symptoms had significant improvements 
in quality-of-life assessments and UPDRS part III scores compared to best medical 
therapy (24). Patients included in this study were younger and had shorter dis-
ease duration than those enrolled in previous, large clinical trials (discussed 
below) (24). This study challenges the concept that disease severity should be 

TABLE 1 Differential diagnosis of Parkinson’s disease

Neurodegenerative disorders

Idiopathic Parkinson’s disease
Familial Parkinson’s disease
Multiple system atrophy (MSA)
Progressive supranuclear palsy (PSA)
Lewy body dementia
Corticobasal degeneration
Alzheimer’s disease

Drug or toxin related

Haloperidol
Metoclopramide
Reserpine
MPTP
Manganese

Vascular

Infarctions of the basal ganglia or midbrain

Infectious or inflammatory

Post-encephalitis
Multiple sclerosis

DBS has been shown to be effective in reducing motor symptoms among well-selected patients with idiopathic 
Parkinson’s disease. It is important that Parkinson’s disease is clearly distinguished from other disease entities that can 
mimic the symptoms of Parkinson’s disease, which do not respond to DBS.
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disabling before surgical intervention is delivered; however, it underlines the need 
for proper diagnosis before enrolling patients in surgery.

As with all elective brain surgeries, patient-specific medical conditions must be 
considered before proceeding to surgery. Patients who are at increased risk of 
perioperative complications should be medically optimized prior to any planned 
surgical intervention. Patients with a history of angina or coronary vascular dis-
ease should first be evaluated by a cardiologist. Patients who are taking antiplate-
let agents for cardiovascular disease or anticoagulants for atrial fibrillation, 
pulmonary emboli, or deep venous thrombosis must temporarily stop taking 
these medications prior to surgery, or should be appropriately bridged with a 
reversible agent. Co-morbid conditions such as hypertension and diabetes should 
be adequately controlled to avoid intra-procedural and postoperative complica-
tions. Patient’s age and overall physical condition should also be considered when 
risk stratifying a patient for consideration of surgery. Although there is no age 
limit for consideration for DBS surgery, younger patients may have better results 
and may tolerate the procedure better. Elderly patients or patients with significant 
dementia may not be good candidates for DBS surgery.

One of the most important factors in obtaining satisfactory outcomes for 
patients with PD after DBS is managing expectations (25). It is important to 
identify the patient’s most disabling symptoms and to assess the patient’s post-
operative expectations. It is crucial to explain what the most reasonable out-
comes are after surgery. This includes a candid explanation of what symptoms 
are likely to improve, the magnitude of improvement, and which symptoms 
may not improve or even worsen after surgery. If there is discord between expec-
tations and surgical results, patients will likely be disappointed with their con-
dition after surgery. Care should be taken when extrapolating published results 
during conversations with patients because of selection bias. In general, it 
should be emphasized that DBS serves as an “add-on” therapy, supplementing 
but not replacing the current therapy of the patient, aiming at improving the 
motor but not the non-motor symptoms of PD. It comes with risks of complica-
tions, during the implantation and during long-term care. Of note, DBS should 
not be presented to the patient as a cure, and despite optimal programming, the 
underlying PD will progress.

A critical element in determining successful surgical outcomes for patients 
with PD is having the support of a multidisciplinary team that specializes in the 
care of patients with DBS devices. This team typically includes a neurologist who 
is a specialist in movement disorders, a neuropsychologist who has excellent 
knowledge of PD and its non-motor features, and a neurosurgeon who has a 
 specialty training in stereotactic and functional neurosurgery. Since DBS for PD 
was approved by the FDA, there has been a growing trend for DBS surgery to be 
performed at smaller hospitals with lower volumes of movement disorder surgery. 
Large, database studies examining the National Inpatient Sample (NIS) have dem-
onstrated that patient outcomes after DBS surgery for PD are better when these 
operations are performed at hospitals with moderate or high volumes for these 
procedures (26). While these studies provide evidence for improved early postop-
erative outcomes at high-volume centers, such as favorable patient disposition 
and low early complication rates, it does not account for long-term patient 
 outcomes. Device programming, managing patient medications, and general post-
operative care are arguably better when provided by expert teams.
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SURGICAL PROCEDURE

The surgical procedure for implanting DBS devices can be performed with several 
approaches in terms of stereotactic systems, intraoperative confirmation of lead 
position, use of anesthesia, and staging procedures. The key components of the 
fully implanted system are (i) a precisely implanted intracranial electrode in the 
target area, (ii) implantation of lead extension wires that connect the intracranial 
leads to a power generating and programming source, and (iii) implantation of an 
internal pulse generator (Figure 1).

Figure 1 Current deep brain stimulation devices from Medtronic, Boston Scientific, and St. Jude’s 
Medical. Images demonstrate internal pulse generator (indicated with *) and intracranial 
electrode with multi-contact configurations (indicated by black arrow). Images provided by 
Boston Scientific, Medtronic, and St. Jude’s Medical and are used with permission.
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Surgery is most commonly performed while the patient is awake; however, 
several centers offer surgery under general anesthesia (27). There is considerable 
variation in the procedural details across different centers. At the Toronto Western 
Hospital, the surgical procedure begins by rigidly fixing a Leksell stereotactic to 
the patient’s head under local anesthesia. The patient then undergoes stereotactic 
imaging with the frame in place. Several software packages are available to plan 
electrode targets and trajectories based on coordinate frame-based, frameless, or 
robotic stereotaxy.

Once the surgical plan has been made, the patient is brought to the operating 
room for surgery. The patient is placed in a semi-recumbent position, the hair is 
clipped and the scalp is prepared with betadine solution. We plan a coronally 
oriented incision spanning Kocher’s point bilaterally, although several other inci-
sion strategies have been described. The scalp is generously blocked with local 
anesthetic, opened to expose the frontal bone of the skull, and the skull is tre-
phined approximately 1 cm anterior to the coronal suture and at least 2 cm lateral 
from the midline. The dura is coagulated and opened. Care is taken to minimize 
cerebrospinal fluid loss during dural opening and throughout the procedure as 
this can cause brain shift.

Once dural opening is complete, a guide cannula is inserted into the brain 
1–1.5 cm above the desired target. Microelectrode recording can then be used to 
identify the electrophysiological signature of the target structure and map the 
dorsal–ventral borders. Once a suitable tract is identified, the microelectrodes are 
removed and a permanent macroelectrode is inserted to the target structure. Test 
clinical stimulations are then performed at each of the contacts to assess for nega-
tive side effects and for clinical efficacy. Once the DBS electrode is properly situ-
ated in its final position, as verified by intra-operative fluoroscopy, it is secured to 
the skull and the incision is closed.

During a second procedure while the patient is under general anesthesia, the 
distal ends of the intracranial electrodes are connected to extension wires that are 
tunneled subcutaneously behind the ear down to the chest. A second incision is 
made 2–3 cm below the clavicle, and a subfascial pocket is made to house the 
internal pulse generator (IPG). The extension wires are connected to the IPG and 
the impedances for the system are assessed. Once completed, patients will typi-
cally spend one to two nights in the hospital for observation. They are brought 
back to the clinic 6–8 weeks later to turn on the device and begin programming.

SUBTHALAMIC NUCLEUS

The STN is a small, glutamatergic nucleus involved in the subcortical motor cir-
cuitry, measuring approximately 7 mm × 5 mm × 3 mm in dimension. As its name 
implies, it resides ventrally below the thalamus and zona incerta at the level of the 
red nucleus in the midbrain. It is bordered anteriorly by the cerebral peduncle 
and posteriorly by the medial lemniscus. The STN receives excitatory fibers from 
the cerebral cortex via the hyperdirect pathway and inhibitory inputs from the 
external segment of the globus pallidus (GPe) as a part of the indirect pathway. 
The STN sends its excitatory projections to the basal ganglia output nuclei 
(GPi and substantia nigra pars reticulate [SNr]).
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Experimental evidence in rodent and primate models of PD suggests that the 
STN is critically involved in organizing basal ganglia output and has pathologi-
cally increased activity in PD (28–32). These findings were among the rationale 
for chronic electrical stimulation of this target which was first reported by Benabid 
et al. in 1994 (33). Since then, several centers have published large case series, 
and two large, multicenter, randomized controlled trials comparing STN DBS 
with best medical management have been published (Table 2) (21, 22).

In 2006, Deuschl et al. reported a randomized trial of neurostimulation versus 
best medical management among 156 patients with PD. Patients who received 
DBS treatment had significant improvements in UPDRS part III scores and signifi-
cantly higher quality of life on PDQ-39 assessments compared to patients who 
received best medical therapy alone (21). Weaver et al. similarly conducted a 
large, multicenter, randomized trial comparing STN DBS with best medical ther-
apy among patients with advanced PD. This study enrolled 255 patients and 
included patients with advanced age. Overall, among patients who received STN 
or GPi DBS, 71% had a >5 point improvement on the UPDRS part III scores (com-
pared to 32% in best medical treatment group). Furthermore, the DBS group also 
experienced significant improvements in quality of life (22). The results from 
these two studies provide solid evidence favoring the use of STN DBS among 
patients with medication-refractory PD with disabling motor symptoms, dyskine-
sias, and motor fluctuations.

Apart from the large, randomized clinical trials, several additional studies have 
concluded that motor function was significantly improved after STN DBS, by 
25–60% in the “off” medication state compared to baseline motor scores (34–44). 
After STN DBS, patients were able to reduce dosages of dopamine replacement 
medications by approximately 50%. Non-motor symptoms of PD did not improve 
among patients treated with STN DBS, and there were reports of worsening 
verbal fluency, mood disorders, suicide, hypophonia, and worsening postural and 

TABLE 2 Studies with outcome data for STN DBS

Reference Study design Patients, N
Study 
duration

UPDRS part III 
improvement

20 Randomized control trial 156 6 months 41%

21 Randomized control trial 255 6 months 29%

33 Case series, blinded evaluation 18 10 years 25%

34 Case series, blinded evaluation 30 1 year 30%

35 Case series 23 5 years 55%

36 Case series 20 2 years 57%

38 Case series 7 1 year 41%

39 Case series 24 1 year 60%

42 Case series 19 2.3 years 28%

43 Case series 15 1 year 74%

STN, subthalamic nucleus; DBS, deep brain stimulation; UPDRS, unified Parkinson’s disease rating scale.
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gait disturbances. Since these initial reports demonstrating significant benefits 
after STN DBS surgery, several studies have assessed the long-term efficacy at 
5-year and 10-year time points (34, 36, 38, 45). These studies indicate that STN 
DBS has continued positive benefits for patients by improved motor scores and in 
quality-of-life assessments.

GLOBUS PALLIDUS INTERNUS

The internal segment of the GPi is a wedge-shaped nucleus that is one of the main 
inhibitory output centers of the motor circuit in the basal ganglia. It is bordered 
laterally by the external segment of GPe and medially by the posterior limb of the 
internal capsule, and resides superiorly above the optic tract. The GPi receives 
input from the striatum, GPe, and STN and projects inhibitory fibers to the motor 
thalamus (Vop, Voa, and PCfc) via the ansa lenticularis and lenticular fasciculus.

Pallidotomy has long been known to improve the motor symptoms of PD 
(11,  12), and early studies comparing unilateral pallidotomy with unilateral 
 pallidal DBS demonstrated equipoise in terms of improvement of motor symp-
toms (46). In 1994, Siegfried et al. first reported GPi DBS for the treatment of 
PD (47). Several case series have demonstrated significant improvements in motor 
function compared to preoperative motor evaluations (48–50). UPDRS part III 
scores are reported to improve by 30–50%, with approximately 50% improve-
ment in rigidity and 80% improvement in tremor. Significant improvements are 
also noted in dyskinesia with GPi DBS. However, unlike STN DBS, there were no 
decreases in dopamine replacement medications, but there were fewer overall 
concerns for cognitive and mood changes with GPi DBS.

COMPARISON OF STN AND GPi DBS

DBS targeting both STN and GPi has been reported to be effective in treating 
motor symptoms in the “off” medication state in PD patients. However, based on 
the initial clinical studies that described improvement in motor scores and com-
plication rates, it was unclear whether one site provided superior outcomes com-
pared to the other. Several studies have now been published that compared 
treatment outcomes with STN versus GPi DBS, including several controlled trials 
and a large, multi-centered, randomized trial (Table 3) (51–56).

In 2010, Follett et al. reported on 299 patients who were randomized to 
receive STN DBS (147 patients) or GPi DBS (152 patients) and were followed 
clinically for 24 months (53). Blinded assessments were performed at 6 and 
24 months. In this study, there was no difference in the degree of motor improve-
ment in the “off” medication state comparing STN with GPi stimulation at the 
6- or 24-month study time points. Overall, there were no differences in compli-
cation rates between the two sites, with 56% of patients who received STN DBS 
reporting a serious adverse event compared to 51% of patients who received 
GPi DBS. Among patients who received STN DBS, there was a significant reduc-
tion in  dopamine replacement medication required at 24 months compared to 
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GPi DBS, which is consistent across several studies. In addition, patients who 
received STN DBS demonstrated a significant decrease in visual motor process-
ing speed compared to changes seen among patients who received GPi DBS. 
Patients with STN DBS also had worsened depression scores compared to 
patients with GPi DBS (53).

Odekerken et al. (53) also performed a multicenter, randomized trial with 
video-blinded assessments and compared STN with GPi DBS. The primary out-
comes in this study were (i) measure of functional health and (ii) composite evalu-
ation of cognitive, mood, and behavioral effects. Secondary outcomes were 
symptom scales and patient questionnaires. One hundred twenty-eight patients 
were enrolled of whom 65 received GPi DBS and 63 received STN DBS. There 
were no differences in primary outcomes comparing GPi and STN DBS; however, 
there were larger improvements in the ‘off’ condition UPDRS score among patients 
with STN DBS. Based on these findings, the authors suggested that STN could be 
the preferred target for patients with advanced PD.

Most studies directly comparing STN and GPi DBS suggest that motor evalua-
tions and improvements in quality-of-life assessments are equitable (51–56). 
Among patients with medication-induced dyskinesias, where one of the goals of 
treatment is to reduce levadopa equivalent dosages, STN DBS may be the pre-
ferred treatment. On the other hand, if reducing medication dosages is not the 
primary goal of treatment, GPi DBS may be used as an anti-dyskinetic therapy, 
without reducing medication doses.

Patients who are candidates for DBS surgery should be evaluated by a neuro-
psychologist for depression, cognitive impairments, and dementia. For patients 
with a history of depression, suicidal ideation, or suicide attempts, it is imperative 
to determine whether these patients are clinically stable with regard to their psychi-
atric health and have proper social support in place prior to enrolling in surgery. 

TABLE 3 Studies comparing STN and GPi DBS

Reference Study design Patients, N
Study 
duration Conclusions

50 Randomized, blinded 10 12 months Similar response

51 Randomized, blinded 134 3 months Both sites had significant improvements

52 Randomized, blinded 316 24 months Both sites had similar levels of 
improvement

53 Randomized 128 12 months No difference in ADL, and STN DBS 
had more significant improvement 
in UPDRS III

54 Retrospective, 
case control

133 12 months Overall outcome similar for 
dyskinesia control

STN, subthalamic nucleus; GPi, globus pallidus; DBS, deep brain stimulation; ADL, activities of daily living; 
UPDRS, unified Parkinson’s disease rating scale.
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Among patients with a significant history of depression or mild dementia and 
among patients with advanced age who are otherwise good surgical candidates for 
DBS, some surgeons advocate for GPi DBS surgery compared to STN DBS to mini-
mize the risks of worsening depression or cognitive changes postoperatively (57). 
Several early studies cited worsening depression (with suicide attempts) and 
impaired cognitive function after STN DBS, which prompted investigators to ques-
tion whether GPi DBS may be a more suitable treatment among this patient popu-
lation. However, several recent meta-analyses comparing STN and GPi DBS failed 
to demonstrate a significant difference between these two targets. Despite these 
studies, many teams continue to implant GPi DBS when there is a question of cog-
nitive impairment, advanced patient age, or history of depression.

VENTRALIS INTERMEDIATE NUCLEUS AND 
PEDUNCULOPONTINE NUCLEUS

Tremor is a prominent motor feature of PD, and for patients with tremor domi-
nant forms of PD, it may be the most disabling symptom. Thalamic lesioning 
procedures have been reported for more than 50 years among PD patients for 
relief of disabling tremor and are still used today (9, 13, 58). Thalamic surgery for 
movement disorders is most commonly used among patients who have essential 
tremor (ET) (59, 60). The target is the ventral intermediate (Vim) thalamic 
nucleus. The Vim nucleus is roughly 4 mm in the anterior–posterior dimension 
and approximately 10–12 mm in the rostral–caudal dimension. It resides anterior 
to the ventrolateral caudalis nucleus, which receives somatosensory fibers from 
the medial lemniscus, and posterior to the ventralis oralis posterior (Vop) nucleus, 
which receives input from the basal ganglia. The Vim nucleus receives uncon-
scious proprioceptive fibers from the dentatorubrothalamic tract.

Among the early studies using chronic electrical stimulation for movement 
disorders, the Vim nucleus was targeted as a treatment for ET and PD. However, 
among patients with PD, Vim stimulation was only able to alleviate tremor symp-
toms and was not effective for the management of the other cardinal motor 
 symptoms such as akinesia and rigidity, which are often the more disabling symp-
toms of PD, especially the more common akinetic-rigid forms of PD. Accordingly, 
Vim DBS is most commonly used for patients with ET (59, 60), while STN DBS, 
which is also highly effective in treating tremor symptoms related to PD, is the 
treatment of choice among patients with PD. Vim DBS in the context of PD is 
reserved for those patients with tremor-dominant PD, in whom the tremor has the 
largest impact on their quality of life and the other motor symptoms of PD are 
either mild or do not significantly impact the quality of life. It is important that 
patients understand the goal of the surgery is tremor control and that as PD pro-
gresses they may need additional electrodes placed at STN or GPi in the future to 
improve quality of life with respect to the other motor manifestations of PD.

The pedunculopontine nucleus (PPN) is a cholinergic/glutamatergic cell mass 
that resides caudal to the substantia nigra. It receives inhibitory and excitatory 
fibers from the main basal ganglia output centers (GPi and STN) and projects to 
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the striatum, thalamus, spinal cord, and brainstem (61). The PPN is thought to be 
an important relay center involved in coordinated locomotion.

Shuffling gait and freezing are prominent, disabling features of PD; and cur-
rent DBS targets do not have a significant positive impact on these symptoms 
when resistant to dopaminergic medications. In an effort to address this clinical 
need, several groups have tested PPN DBS as a treatment for gait instability 
related to PD (62–66). Among the centers that have reported outcomes, there 
has been considerable variability in patient selection, procedures performed 
(unilateral vs bilateral), and PPN targeting methods (67). Thus far, in studies 
that have conducted blinded assessments, there have not been any objective 
improvements; however, when PPN is stimulated with lower frequencies and in 
combination with STN DBS, there may be improvements in gait freezing and the 
number of falls (64). Further work is needed to define the role of PPN DBS in 
gait disturbances in PD, and at this time, it remains an investigational but prom-
ising target.

CONCLUSION

DBS is an effective treatment for controlling many of the motor symptoms asso-
ciated with PD among well-selected patients. Optimal patient outcomes can be 
best achieved by multidisciplinary teams (which include neurologists, neuro-
psychologists, and neurosurgeons), that are highly experienced in postoperative 
management of patients with PD. The most common targets for DBS in PD are 
the STN and the GPi. Both of these targets are equally effective in controlling 
motor symptoms in the “off” medicated state in PD. However, STN DBS is effec-
tive in reducing levodopa requirements postoperatively, while GPi DBS may 
have fewer negative effects on mood and cognition, especially among older 
patients. Vim DBS is reserved for patients whose primary disabling symptoms 
are tremor, and PPN DBS is an experimental treatment for patients with gait and 
postural instability.

Current DBS therapy is delivered as a continuous train of electrical pulses; 
however, many people with Parkinson’s disease have fluctuations in their symp-
toms throughout the day. As more information about pathological neuronal firing 
is elucidated in Parkinson’s disease, there is an effort to create DBS systems that 
can detect pathological brain activity and deliver electricity when these features 
are present. This strategy, termed closed-looped or responsive DBS, has the poten-
tial to improve symptoms of Parkinson’s disease while minimizing potential com-
plications of continuous stimulation.

Advances in DBS device engineering have improved the configuration of the 
intracranial electrodes and are progressing towards smaller devices with longer 
battery life. Currently, several device manufacturers employ “directional leads” 
whereby current settings can be preferentially selected to create a diverse and 
selective electrical field and zone of effectiveness. This may allow further pro-
gramming options to minimize side effects while maximizing benefits of stimula-
tion. Smaller internal pulse generators with longer battery lives are on the horizon, 
which may obviate the need for extension wires and chest implants that need to 
be replaced every 3–5 years.
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