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Abstract
Background and Purpose: This update of the treatment guidelines was commissioned 
by the European Academy of Neurology and the European section of the Movement 
Disorder Society. Although these treatments are initiated usually in specialized 
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INTRODUC TION

The first European guideline on the treatment of Parkinson's disease 
(PD) was published in 2006 consisting of two parts, the early uncom-
plicated disease [1] and late complicated disease [2], and were renewed 
in 2013 as recommendations of European Federation of Neurological 
Societies/Movement Disorder Society (MDS) for the diagnosis [3] and 

management [4] of PD. The European Academy of Neurology (EAN) 
in collaboration with the European section of the MDS (MDS-ES) has 
now begun to produce regular updates of the guidelines (GLs [5]) ac-
cording to GRADE methodology. The GL task force has been set up 
from the two societies to realize this task. The new PD GLs will be 
separated into several chapters of which this review on invasive ther-
apies is the first. We have included interventions requiring surgery or 

centers, the general neurologist and general practitioners taking care of PD patients 
should know the therapies and their place in the treatment pathway.
Methods: Grading of Recommendations Assessment, Development, and Evaluation 
(GRADE) methodology was used to assess the spectrum of approved interventions in-
cluding deep brain stimulation (DBS) or brain lesioning with different techniques (radiof-
requency thermocoagulation, radiosurgery, magnetic resonance imaging–guided focused 
ultrasound surgery [MRgFUS] of the following targets: subthalamic nucleus [STN], ven-
trolateral thalamus, and pallidum internum [GPi]). Continuous delivery of medication 
subcutaneously (apomorphine pump) or through percutaneous ileostomy (intrajejunal 
levodopa/carbidopa pump [LCIG]) was also included. Changes in motor features, health-
related quality of life (QoL), adverse effects, and further outcome parameters were 
evaluated. Recommendations were based on high-class evidence and graded in three 
gradations. If only lower class evidence was available but the topic was felt to be of high 
importance, clinical consensus of the guideline task force was gathered.
Results: Two research questions have been answered with eight recommendations and 
five clinical consensus statements. Invasive therapies are reserved for specific patient 
groups and clinical situations mostly in the advanced stage of Parkinson's disease (PD). 
Interventions may be considered only for special patient profiles, which are mentioned in 
the text. Therapy effects are reported as change compared with current medical treat-
ment. STN-DBS is the best-studied intervention for advanced PD with fluctuations not 
satisfactorily controlled with oral medications; it improves motor symptoms and QoL, and 
treatment should be offered to eligible patients. GPi-DBS can also be offered. For early 
PD with early fluctuations, STN-DBS is likely to improve motor symptoms, and QoL and 
can be offered. DBS should not be offered to people with early PD without fluctuations. 
LCIG and an apomorphine pump can be considered for advanced PD with fluctuations 
not sufficiently managed with oral treatments. Unilateral MRgFUS of the STN can be con-
sidered for distinctly unilateral PD within registries. Clinical consensus was reached for 
the following statements: Radiosurgery with gamma radiation cannot be recommended, 
unilateral radiofrequency thermocoagulation of the pallidum for advanced PD with 
treatment-resistant fluctuations and unilateral radiofrequency thermocoagulation of the 
thalamus for resistant tremor can be recommended if other options are not available, uni-
lateral MRgFUS of the thalamus for medication-resistant tremor of PD can be considered 
only within registries, and unilateral MRgFUS of the pallidum is not recommended.
Conclusions: Evidence for invasive therapies in PD is heterogeneous. Only some of these 
therapies have a strong scientific basis. They differ in their profile of effects and have 
been tested only for specific patient groups.

K E Y W O R D S
guideline, infusion therapies, Parkinson's disease, surgical interventions
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invasive medication delivery. Invasive treatments are usually consid-
ered for advanced PD and cover deep brain stimulation (DBS), pump 
therapies, and lesional therapies for the treatment of PD.

Radiofrequency thermocoagulation of the thalamus and palli-
dus internus has a long history of treatment for PD. Initiated in the 
1950s [6], it was practiced around the world in the following decades 
[7–10]. These treatments were initially used because effective drugs 
to treat bradykinesia and tremor were not available yet. However, 
when levodopa (l-dopa) became available in the 1970s, lesional sur-
geries were largely abandoned with the exception of pallidotomy in 
some countries and thalamotomies for tremors unresponsive to oral 
treatments, both on a small scale. However, the occurrence of l-dopa–
induced fluctuations and dyskinesia triggered the search for better in-
terventions. As a result, lesional pallidotomies were rediscovered, and 
subsequently DBS started its steep rise in the 1990s. Because of the 
general impression that DBS results in fewer complications [11], which 
was confirmed by a randomized controlled trial in the year 2000 [12], 
DBS has become the most frequently used intervention, and lesional 
procedures have usually been reserved for specific situations.

DBS developed out of the aforementioned radiofrequency ther-
mocoagulation of the thalamus [13, 14]. Benabid and colleagues dis-
covered that lesioning of the thalamic ventralis intermedius (Vim) 
nucleus for tremor can be replaced by electrical stimulation [15]. 
After the discovery of the pathophysiologic role of the subthalamic 
nucleus (STN) by Bergman and colleagues [16], DBS electrodes were 
implanted in this nucleus [17] to improve the broader symptom spec-
trum of PD. Radiofrequency thermocoagulation pallidotomy [18] was 
subsequently also largely replaced by electrical stimulation of this 
nucleus. A large number of case series [19] and finally randomized 
controlled studies have established the concept of DBS of the STN or 
the globus pallidus internus (GPi) for the treatment of PD. [20]

Radiosurgery of the Vim with proton beams has also been used 
since the late 1960s in few centers worldwide [21, 22] initially only 
for this nucleus. Although these lesional procedures showed some 
benefits, few recent publications are available and are mostly case 
series, and detailed reports of adverse effects or long-term conse-
quences are lacking. A very recent development is the introduction 
of magnetic resonance imaging–guided focused ultrasound surgery 
(MRgFUS). This is an incisionless therapy that has mainly been as-
sessed for essential tremor, and trials for PD are only beginning. This 
technique is currently used within the thalamus but lesioning of the 
STN was also recently reported [23].

Among pharmacological interventions, the concept of reducing 
dopaminergic hypersensitivity and maintaining constant plasma lev-
els by continuous stimulation of dopaminergic terminals has emerged 
[24], resulting in the treatments of continuous subcutaneous infusion 
of apomorphine [25] or intrajejunal application of l-dopa–carbidopa 
intestinal gel (LCIG) preparations [26]. Apomorphine hydrochloride 
(apomorphine) has been proposed for the treatment of PD since 
the 1950s [27], but it had been used only in a few movement disor-
der centers since then [25, 28]. During the past decade, it has been 
used more widely, in parallel with the technological advances of in-
fusion pump devices. Apomorphine can also be administered using 

intermittent subcutaneous pen injection for individual off periods, 
which is not discussed here.

Human fetal [29, 30] or stem cell transplantation or gene therapy 
[31–33] are experimental treatments of PD and have currently no 
relevance for clinical care.

SCOPE

Although there are individual GLs and evidence-based medicine re-
views on DBS and radiofrequency thermocoagulation lesions, the 
whole spectrum of invasive interventions for PD has not been ad-
dressed in previous GLs. Furthermore, only the NICE-GL 2017 [34], 
which had a more limited focus, used GRADE-methodology. The inva-
sive interventions for PD share several features and merit a combined 
review: All are currently mostly used for advanced stage PD except 
STN-DBS and MRgFUS. They are all considered invasive procedures 
as apomorphine infusion requires continuous subcutaneous infusion, 
LCIG needs a percutaneous jejunostomy, MRgFUS is an incisionless 
intracerebral lesioning, and DBS and radiofrequency thermocoagula-
tion require brain surgery through a burr hole. Furthermore, all are 
more expensive than standard drug treatments for PD. Health eco-
nomics and cost-effectiveness of those interventions are beyond the 
scope of these GLs, but existing systematic reviews are available [35].

METHODS

General

The methodology for the development of these GLs has followed 
the framework provided by GRADE [36] and the recommendations 
of the EAN on the development of a neurological management GL 
[5]. Population/intervention/comparison/outcome (PICO) questions 
were constructed according to GRADE standards and are shown 
in the Appendix S1 Methods section (see Table App 1.1a and b). 
References used in the current GLs were identified by performing 
a systematic search in the PubMed, Embase, Web of Science, and 
Cochrane Library databases as well as clinical trials registration via 
clini​caltr​ials.gov in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses statement [37]. The lit-
erature search for each PICO was conducted from the earliest pos-
sible date to December 31, 2020. Two people (from either EAN [K.S., 
G.D., E.M., A.A.] or Cochrane Response [G.V., N.H.]) independently 
screened all citations and abstracts identified by the search. Articles 
were selected based on the following eligibility criteria: (1) original 
research and/or (2) randomized clinical trial (RCT) and/or (3) meta-
nalysis/systematic review and (4) performed in people with PD. Data 
were extracted in DistillerSR and summarized in GRADE evidence 
profiles. The writing group (G.D., A.A., J.C., K.S., E.M.) of the GLs 
shared the tasks of the systematic review and developed the first 
draft of the GLs. Every member of the GL group voted on each of 
the recommendations. Members with a possible conflict of interest 
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for specific questions abstained from voting. Cochrane Response, a 
fee-for-service organization of Cochrane, was assisting the GL task 
force to produce these GLs.

For further details regarding search strategy, study selection, 
data extraction, assessment of risk of bias, data synthesis, summariz-
ing and interpreting results, see the Appendix S1 Methods section.

Outcomes

These GLs considered the following three main aspects important 
for clinical decision-making:

1.	 Objective outcomes are usually graded by the clinician with clinical 
scales and include measures of mobility as well as nonmotor 
outcomes if they are not patient reported (eg, instrumented 
measures of mobility, sleep). A typical example is the Unified 
Parkinson's Disease Rating Scale Part III (UPDRS-III).

2.	 Measures of function and/or well-being of the patient. The major-
ity of reported outcomes are based on patient-reported outcome 
measures such as health-related quality of life (QoL; eg, 39-Item 
Parkinson's Disease Questionnaire [PDQ-39]) or are completed by 
the clinician based on an interview with the patient (eg, Schwab 
and England scale, Unified Parkinson's Disease Rating Scale Part 
II [UPDRS-II]).

3.	 Adverse events (AEs) are to be balanced against the benefit. AEs 
are defined as any undesirable experience associated with the use 
of a medical (or a device) product in a patient and can cover all 
aspects of health. AEs are standardized into serious AEs (SAEs) 
and AEs. Death, life-treating conditions, hospitalization and pro-
longed hospitalization, disability, and permanent damage are 

considered SAEs. For surgical studies, surgical SAEs are consid-
ered separately.
‘Critical’ and ‘important’ outcomes were defined in the PICOs (see 

Appendix S1, Table App 1.1a,b). The critical outcomes were considered 
more relevant for decision making than the “important” outcomes. The 
data were analyzed as short-term effects (≤12 months) and medium-
term effects (>12 months). For each critical and important outcome, the 
pooled estimates of effect are presented with 95% confidence inter-
vals with the anchor-based minimal clinically important change (MCIC) 
for each outcome (Appendix S1, Table 2), the effect size as expressed 
by Cohen's d, the number of studies and participants, and the GRADE 
rating for the certainty of evidence (see Appendix S5 with explaining 
Appendices S3 and S4)). The MCIC was derived from previous studies 
and was the subject of a consensus within the GL group. Whenever 
anchor-based MCIC were not available, Cohens' d as a distribution-
based statistical measures was used as the only benchmark. Details 
see Appendix S5 with the explaining appendices S3 and S4.

Wording of recommendations

The wording of the recommendations is based on the current stand-
ards for GRADE GLs [38]. This terminology is evaluating first the 
degree of certainty of the recommendation (bias, imprecision, etc.) 
and, second, the strength of the recommendation. For rating the 
strength, we used the MCIC as defined previously and the effect 
size, according to Cohen's d, to determine if the effect was small, 
moderate, or large in the following way: If an accepted MCIC thresh-
old is available for a specific outcome parameter and the point es-
timate for the outcome is below the MCIC threshold, the effect is 
considered

TA B L E  1  Narrative wording of the combined evaluation of the outcomes depending on effect size and certainty according to Grading of 
Recommendations Assessment, Development, and Evaluation [38]

High certainty of evidence

Large effect Intervention results in a large reduction/increase in outcome

Moderate Intervention results in reduction/increase in outcome

Small, important Intervention results in a slight reduction/increase in outcome

Small, unimportant Intervention results in no reduction/increase in outcome

Moderate certainty of evidence

Large effect Intervention likely results in a large reduction/increase in outcome

Moderate Intervention probably results in a reduction/increase in outcome

Small, important Intervention probably results in a slight reduction/increase in outcome

Small, unimportant Intervention likely results in little to no difference in outcome

Low certainty of evidence

Large effect Intervention may result in a large reduction/increase in outcome

Moderate Intervention may reduce/increase outcome

Small, important Intervention may reduce/increase outcome slightly

Small, unimportant Intervention may result in little to no difference in outcome

Very low certainty of the evidence

Any effect The evidence is very uncertain about the effect of intervention on outcome

 14681331, 2022, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15386 by C

ochraneA
ustria, W

iley O
nline L

ibrary on [26/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2584  |     DEUSCHL et al.

•	 Trivial, small unimportant effect or no effect, if the point estimate is 
not significant.

•	 Small effect, if the point estimate is significant and if the GL group 
considered the effect relevant despite being below the MCIC 
threshold.

If an MCIC threshold is available for a specific outcome pa-
rameter and the point estimate for the outcome is above the 
MCIC threshold, the effect size of the effect can be a small im-
portant, moderate, or large effect, depending on the result for 
the Cohen's d:

•	 Small effect if the difference is significant and Cohen's d is 0.2 to 
0.35.

•	 Moderate effect if Cohen's d is >0.35 and <0.65.
•	 Large effect if the effect is significant and Cohen's d is >0.65.

If an MCIC threshold is not available for a specific outcome pa-
rameter, the size of the effect can be:

•	 Trivial, small unimportant effect or no effect if the difference is not 
significant.

•	 Small effect if the difference is significant and Cohen's d is <0.35.
•	 Moderate effect if the difference is significant and Cohens d is 

>0.35 and <0.65.
•	 Large effect if the difference is significant and Cohen's d is >0.65.

The wording of the summary of findings is based on the most 
recent GRADE recommendation [38] and shown in Table 1.

All recommendations were graded by the GL group in light of 
clinical circumstances. For some of the PICO questions/interven-
tions, no RCTs could be found, and grading of the evidence was 
therefore impossible. For each of these interventions, the GL group 
has worded a clinical consensus statement according to EAN stan-
dards [39].

A detailed protocol of the GL development can be found in the 
full GLs (see the online attachment).

RESULTS AND RECOMMENDATIONS

Search results

In total, the database search yielded 2600 articles on nonlesional 
therapies (see Appendix S2, Fig. App2.1). Based on the aforemen-
tioned criteria, 13 studies were included. Specifically, eight studies 
on DBS versus best medical treatment (BMT), two studies on STN-
DBS versus GPi-DBS, one study on apomorphine, and two studies 
on LCIG.

For lesional therapies, 1297 articles were screened (see Appendix 
S2, Fig. App2.2), and three studies were included (two on radiofre-
quency thermocoagulation of the pallidum and one on MRgFUS 
therapy). For more details, see the Search and Search Results section 
in Appendix S2.

Interventions, targeted brain structures, and patient 
profiles discussed in these GLs

The studies were to be separated by the following intervention 
types: DBS with implantation of an electrode that reversibly modu-
lates brain circuits, radiofrequency thermocoagulation producing 
thermal localized lesions. Both procedures  require brain surgery 
through a burr hole for each brain side. Radiosurgery is producing 
brain lesions with stereotactic radiation through the intact scalp. 
MRgFUS is producing lesions with high-energetic focused ultra-
sound. Both procedures are incisionless. Apomorphine pump treat-
ment is applied through subcutaneous continuous infusion, and 
LCIG requiring a permanent percutaneous jejunostomy for infusion 
of l-dopa into the duodenum. The studies were also separated for 
the targeted nucleus in the brain (STN, GPi, and Vim). For early PD 
with early fluctuations and for early PD without fluctuations, stud-
ies have considered only the STN as the DBS target. For advanced 
PD, four of the six studies included only STN-DBS patients, whereas 
two studies had patients with mixed targets: one with 51/121 GPi, 
60/121 STN, and 134 BMT [40] and the other with 4/178 GPI, 
174/178 STN, and 183 BMT [41]. The benefits and risks of STN-
DBS versus GPi-DBS are presented in a separate paragraph as there 
are two large RCTs comparing the effects between the two targets 
[42, 43]. Mostly uncontrolled trials with radiofrequency thermoco-
agulation have been published for Vim, GPi, and STN. MRgFUS and 
radiosurgery trials are available for Vim and STN. Finally, the dif-
ferent RCTs have recruited different patient groups. Most invasive 
interventions were tested for patients with advanced PD with fluc-
tuations and dyskinesia that can no longer be satisfactorily treated 
with oral medication. This also includes treatment-resistant tremor 
[44]. The group is labeled here as advanced PD. Patients with motor 
fluctuations since <3 years after onset can usually still be treated 
with medication but were specifically tested in RCTs and are labeled 
as early PD with early fluctuations. An additional patient group are 
those who are not yet fluctuating and still have a favorable response 
to drugs even if extended medication regimens are needed. They 
are called early PD without fluctuations. Two additional specific pa-
tient groups are those with treatment-resistant tremor and those 
with predominant unilateral symptoms.

Figure 1 gives an overview of the different aspects of these GL 
recommendations.

Evidence, summary of findings, and recommendations

Presentation of the data is separated for nonlesional and lesional 
therapies. The effects of the interventions are discussed in the next 
sections and shown in an abbreviated form in Figure 2 and detailed in 
Appendix S3 (Effects of Intervention section), Appendix S4 (Forest 
Plots section), and Appendix S5 (Summary of Findings section). They 
are also partly repeated in the next paragraphs. The wording of the 
results follows the suggestions of GRADE (see Table 1) [38]. All com-
parisons of effects and adverse effects are against standard nonin-
vasive treatments (medication).
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NONLESIONAL THER APIES

STN-DBS for advanced PD with medically 
unresponsive fluctuations or medically unresponsive 
tremor

The most extensively studied intervention is STN-DBS for advanced 
PD, with six RCTs against best medical treatment BMT [40, 41, 45–
47] of which one had a double-blind design [47]. A study on DBS for 
the GPi against medical treatment was not identified, but two stud-
ies compared stimulation of the STN and GPi [42, 43].

Summary of findings

These RCTs show that STN-DBS probably results in a large im-
provement of QoL, a large improvement of activities of daily living 
(ADLs), and a large improvement of motor impairment in these pa-
tients. There is likely to be a large effect on motor fluctuations and 
dyskinesia, the typical complications of long-term medical therapy, 
particularly with a moderate increase in daily ON time and a mod-
erate reduction in daily OFF time. Hoehn and Yahr stage may be 
slightly improved. Cognition and depression as important outcomes 
are likely neither improved nor worsened.

SAEs are more common for the surgically treated patient group 
than for those on BMT. A total of 152 SAEs are described in 604 pa-
tients (25%) in the DBS group versus 52 SAEs/469 patients (11%) in 
the BMT group. Most surgery-related AEs were reversible. Patients 

seeking DBS have more suicidal ideation and suicides than the gen-
eral population [48, 49] but rates in the treated group do not differ 
from the comparator group on BMT [49] suggesting that this is not 
an effect of the treatment.

Considerations of the GL task force

Eligibility criteria are important for the selection of patients for this 
treatment. The most important preoperative predictor of outcome 
is response to l-dopa during a formal l-dopa test [50]. Most studies 
reported a minimum of 33% improvement as an inclusion criterion, 
and lower values have shown poorer treatment results [51]. Tremor 
as a symptom is responding particularly well to STN-DBS, even if 
not well responding during the l-dopa test [52]. Age may also be a 
predictor of response, but this has not yet been convincingly dem-
onstrated because some studies have found no effect of age [53] 
but others have, and most studies had an age limit at 70 years. There 
are also neurosurgical contraindications (eg, severe brain atrophy), 
uncontrolled depression, psychosis, or dementia. The expert group 
suggests consideration of overall health and biological age rather 
than the numerical age.

Several uncontrolled retrospective and prospective studies re-
port on the value of STN-DBS for the treatment of several nonmotor 
symptoms of the disease. This includes a reduction of mood fluc-
tuations, hallucinations, and psychosis and improvements in urinary 
incontinence and sleep [52, 54–56]. An open 3-year study in 67 STN-
DBS patients matched with 84 medically treated patients showed 

F I G U R E  1  Recommendations for invasive therapies tested in different patient groups with randomized controlled studies (for details 
of the recommendations, see the text). To facilitate the reader's overview, we present them along with this guideline's abbreviated 
recommendations for the various interventions. DBS, deep brain stimulation; Gpi, pallidum internum; l-dopa, levodopa; MRg, magnetic 
resonance imaging guided; PD, Parkinson's disease; STN, subthalamic nucleus; Vim, ventralis intermedius
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significant differences on the nonmotor symptom scale, particularly 
for sleep, fatigue, and urinary symptoms [55].

Long-term outcome of STN-DBS cannot be assessed in 
randomized controlled studies. However, a number of uncon-
trolled long-term studies of patients with advanced PD and STN 
stimulation are available and underwent multiple meta-analyses 
[52, 57, 58]. These reveal that STN-DBS is still effective beyond 
15 years after the intervention, with significant improvement 
in motor complications and a stable reduction of dopaminergic 
drugs [59]. Certainly, these cohorts are highly selected and most 
do not report the disease course of patients lost at follow-up. 
Maintenance of QoL above the preoperative level has been found 
for 5 years after surgery despite the natural progression of the 
disease [58, 59].

The GL group concludes that STN-DBS should be offered to eligi-
ble patients with PD with medically resistant fluctuations. Stringent 
inclusion and exclusion criteria need to be applied at specialized cen-
ters for each patient.

Recommendation 1: Offer STN-DBS to people with advanced 
PD if fluctuations are not satisfactorily controlled with medication 
or if tremor cannot be controlled with medication (15 voters, 100%).

STN-DBS for Early PD with early fluctuations

Two studies were included in the review [60, 61]. Overall, 271 patients 
with PD aged younger than 60 years and with fluctuations or dyskine-
sia for less than 3 years were randomly assigned to STN-DBS or BMT.

Summary of findings

STN-DBS in early PD with early fluctuation compared with BMT re-
sults in a large improvement of QoL, a large improvement of ADLs, 
and a large improvement of motor symptoms. The evidence is very 
uncertain about the effect on complications of therapy. Daily ON 
time without dyskinesia and OFF time may be improved. STN-DBS 
may result in no difference regarding cognition and apathy. STN-DBS 
may improve depression. The effect sizes are similar to advanced 
PD. DBS may improve impulsive–compulsive behaviors in the long 
term. STN-DBS probably improves gait [62] and reduces the daily 
dosage of medication [61]. STN-DBS may increase the likelihood of 
experiencing SAEs. They occurred in 54.8% of the patients in the 
neurostimulation group and in 44.1% of those in the best medical 
treatment group. In the DBS group, 13.7% experienced gait impair-
ment as an AE in contrast to 11.8% in BMT group. Long-term data 
are not yet published for this cohort.

Considerations of the GL task force

Inclusion criteria are important: Patients in this group were 
aged younger than 61 years at surgery, the improvement at the 

preoperative l-dopa test was 50% or higher, and there were no cog-
nitive changes or uncontrolled psychiatric conditions. A secondary 
analysis showed that the effect on QoL depends on the baseline 
PDQ-39 score, with those having a worse PDQ-39 baseline score 
having better postoperative improvement [63]. Thus, a subjectively 
relevant affection of QoL might be a further inclusion criterion.

The GL group concludes that STN-DBS can be offered to people 
with early PD and early fluctuations who fulfil the inclusion and ex-
clusion criteria for DBS. Less is known about the long-term course of 
these patients than for patients with advanced disease.

Recommendation 2: Consider offering STN-DBS to people with 
early PD and early fluctuations (15 voters, 100%).

STN-DBS for people with early PD without 
fluctuations

The study published by Charles and colleagues [64, 65] is the only 
study on implantation of STN-DBS at a stage where fluctuations have 
not yet occurred. Inclusion criteria were the following: Hoehn and 
Yahr stage II in the off state, antiparkinsonian medications for more 
than 6 months but less than 4 years, and no current or prior history 
of motor fluctuations. A total of 30 patients were randomly assigned, 
and outcomes were reported for 12 and 24 months of follow-up.

Summary of findings

The critical outcomes PDQ-39, ADLs (UPDRS-II), motor score while 
OFF (UPDRS-III), and disease complications (Unified Parkinson's 
Disease Rating Scale Part IV [UPDRS-IV]) were not different be-
tween the DBS and BMT groups. Similarly, medication change from 
baseline to 24 months was not significantly different between the 
DBS and BMT groups despite substantially increased dosages. Two 
serious AEs occurred in the DBS group.

Considerations of the GL task force

The study has limitations as the sample size was small (15 people with 
PD per arm). According to the inclusion criteria, patients eligible for 
the study did not experience motor fluctuations; however, the differ-
ence between the UPDRS-III in the OFF and the ON states was 43% 
at baseline, suggesting that the patients were already fluctuating. At 
24 months of follow-up, the UPDRS-III score in the ON state did not 
differ from the baseline score, and there was worsening of the UPDRS-
III score off medication compared with baseline. The authors stated 
that a neuroprotective effect can be seen in DBS group; however, no 
current evidence supports this view. Further studies are underway.

The GL group concludes that STN-DBS should not be offered to 
people with PD without fluctuations.

Recommendation 3: Do not offer DBS to people with early PD 
without fluctuations (16 voters, 100%).
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STN-DBS versus GPi-DBS in PD

The majority of RCTs for DBS in PD have investigated STN-DBS. 
Nevertheless, in some countries, GPi-DBS is commonly used. 
There are only two RCT studies comparing GPi-DBS versus STN-
DBS. The American Veterans Administration (VA) study [43] ran-
domly assigned 152 patients to GPi-DBS and 147 to STN-DBS. The 
Netherlands study randomly assigned 62 patients to GPi-DBS and 
63 patients to STN-DBS [42]. Duration of the studies was 24 months 
[43] and 12 months [42], respectively.

Summary of findings

The analysis of both studies shows that most critical and important 
outcomes were not different. This applies for QoL (PDQ-39), ADLs 
(UPDRS-II) at 1 and 2 years, motor score (UPDRS-III in the off med-
ication state) at 1 and 2 years, complications of therapy, ON time 
without troublesome dyskinesia, SAEs, Hoehn and Yahr staging, and 
cognition [53, 66]. A minor improvement of depression in the GPi 
group was found in the US study [43]. There was a greater reduc-
tion in l-dopa dosage in the STN groups of both studies. GPi-DBS 
was associated with a greater increase of daily dose of dopaminergic 
medication compared with STN-DBS both in the first year of follow-
up and during a longer term follow-up.

Considerations of the GL task force

The 3-year, open-label, follow-up data of the VA study [53] showed 
a stable result of the critical outcome parameters, whereas the 3-
year follow-up of the Netherlands study [67] concluded that motor 
symptoms and functioning during the off-drug phase were more im-
proved after STN-DBS than after GPi-DBS, with no differences for 
cognition, mood, or behavior.

The studies show only minor differences between STN-DBS and 
GPi-DBS during the 3-year observation period. Although these dif-
ferences may be important for particular patients, they do not allow 
prioritizing one treatment over the other. Therefore, both targets are 
similarly effective to treat symptoms of advanced PD and can both 
be recommended. The greater reduction of l-dopa for those treated 
with STN-DBS was considered an important clinical difference.

Recommendation 4: Both STN-DBS and GPi-DBS are effec-
tive to treat symptoms of advanced PD with fluctuations, but do-
paminergic medication can be more reduced with STN-DBS (16 
voters, 100%).

LCIG FOR ADVANCED PD

Two studies are identified on the LCIG treatment of advanced PD: 
one 3-month, double-blind, double-dummy study [68] of LCIG versus 
oral immediate release l-dopa plus in patients with otherwise stable 
antiparkinsonian treatment and a second study against optimized 

oral treatment (Results of one of the studies (DYSCOVER) published 
only on www.clini​caltr​ials.gov).

Summary of findings

Quality of life assessed by the PDQ-39 and PDQ-8 probably results 
in a large improvement compared with oral treatment. Similarly, 
LCIG probably resulted in large improvement of ADLs. ON time with 
troublesome dyskinesia was probably moderately improved in the 
overall group. There was moderate decrease in daily OFF time in 
the LCIG group compared with oral treatment. LCIG application may 
result in little or no difference in daily dosage of anti-PD medication 
compared with best medical treatment.

AEs were very common (>95% of the patients). Three patients 
discontinued treatment: one because of psychosis, one because of 
peritonitis/pneumonia, and one had postprocedural discharge. No 
patients died. Most of the SAEs/AEs were related to the gastrojeju-
nostomy, and as both treatment groups had this intervention, there 
is no difference between the two groups. A total of 63 patients 
(89%) had device-related complications, including tube dislocations, 
percutaneous gastrojejunostomy, insertion complications, stoma in-
sertion complications, pump malfunctions, and pneumoperitoneum. 
The AEs occurred mostly within the first week and resolved in all 
cases, but the observation period was only 3 months.

Considerations of the GL task force

Given the fact that the controlled study duration was only 3 months, 
limited evidence is available on long-term benefits and complica-
tions. Open-label, longer term (2 years) changes in UPDRS-IV items 
for OFF time and ON time have been assessed with a multinational 
national prospective registry. This registry also included assessments 
of nonmotor symptoms and QoL, showing continued improvement 
compared with baseline [69]. SAEs have not only been reported in 
the controlled study but also in open-label studies, including even 
life-threatening complications [69, 70].

The GL group concluded that the treatment can be considered 
for people with advanced PD and disabling fluctuations but knowl-
edge about the treatment results beyond 3 months is limited. Its 
value for dyskinesia has not yet been established.

Recommendation 5: Consider offering LCIG for people with ad-
vanced PD if fluctuations are not satisfactorily controlled with med-
ication (15 voters, 100%).

APOMORPHINE INFUSION FOR ADVANCED 
PD

One recent RCT with a 12-week double-blind phase and a 52-
week open-label phase [71] was identified. Patients received ei-
ther continuously infused subcutaneous apomorphine or placebo. 
Concomitant medication was reduced when dopaminergic adverse 
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effects (eg, dyskinesia) occurred during the hospital stay of <10 days 
at the beginning of the treatment phase. Rescue doses up to 300 mg 
oral l-dopa were allowed.

Summary of findings

Apomorphine showed no relevant effect on QoL or the motor score 
in the ON condition. There was a moderate improvement in daily 
on time without troublesome dyskinesia in the apomorphine group 
compared with BMT. Similarly, there was a moderate improve-
ment in daily off time in the apomorphine group compared with 
BMT. AEs and SAEs were more common in the apomorphine group. 
Apomorphine infusion probably results in a decrease in the daily 
dosage of anti-PD medication in the short term.

Considerations of the GL task force

Multiple open-label studies confirmed the efficacy of apomorphine 
in the reduction of daily off time. In addition, some the studies re-
ported a reduction of dyskinesia severity; however, these data from 
open-label trials have to be interpreted accordingly. Some GL mem-
bers consider apomorphine infusion the least invasive of the treat-
ments discussed here [72].

Recommendation 6: Consider offering apomorphine pump infu-
sion for people with advanced PD if fluctuations are not satisfacto-
rily controlled with medication (15 voters, 100%).

LESIONAL NEUROSURGIC AL THER APIES

Historically, the first invasive treatment for the treatment of ad-
vanced PD was radiofrequency thermocoagulation brain surgery, 
dating back to the 1950s [13]. In the 1990s, localized lesions with 
radiosurgery (RS) were proposed [22, 73]. However, radiofrequency 
thermocoagulation lesions have been progressively abandoned be-
cause of better results with DBS or the unavailability of these pro-
cedures in many countries [74, 75]. The latest and most advanced 
lesional but incisionless intervention is MRgFUS with few RCTs [74, 
75] and several uncontrolled studies published in the past 10 years. 
As outlined previously, the brain targets for lesional procedures are 
similar for all available interventions. Clinical trials for different in-
terventions and targets are evaluated separately in this GL.

R ADIOFREQUENCY THERMOCOAGUL ATION

Pallidotomy with radiofrequency thermocoagulation

The success of Leksells' pallidotomy [18] was one of the reasons for 
the revival of unilateral pallidotomy, particularly in North America at 
the turn of the century [76]. However, the evidence for this treat-
ment is weak.

Two unblinded RCTs with 36 and 37 patients were included [77, 
78] and compared outcomes for the pallidotomy group with a med-
ical therapy group. QoL was reported in one study, and pallidotomy 
may improve QoL (PDQL, Parkinson's disease quality of life ques-
tionaire). The intervention may slightly improve ADLs (UPDRS-II) 
and the motor score (UPDRS-III). Pallidotomy probably reduces 
complications of therapy (UPDRS-IV). SAEs were more common in 
the pallidotomy group. Pallidotomy may make little or no difference 
to the Hoehn and Yahr score. The evidence is uncertain if pallidot-
omy improves depression and gait. Long-term data of these trials 
have not been published, but case series on pallidotomies have re-
ported positive long-term data for up to 5 years [76, 79–81]. The GL 
committee concluded that unilateral pallidotomy can be considered 
as a treatment option for advanced PD with medically intractable 
treatment complications in the absence of other more efficacious 
and better established treatment options for the particular patient, 
but the recommendation is considered very weak.

Recommendation 7: Consider offering unilateral pallidotomy 
with radiofrequency thermocoagulation to people with advanced 
PD who experience troublesome fluctuations and for which DBS or 
pump therapies is not a treatment option (16 voters, 100%).

Thalamotomy with radiofrequency thermocoagulation

This procedure has been used to treat thousands of people with 
tremor-dominant PD and has mostly been applied unilaterally. Bilateral 
application had the disadvantage of frequent dysarthria in up to 40% 
of the patients [82] and it has, therefore, only been applied since the 
second half of the last century. The higher number of AEs with radiof-
requency compared with thalamic DBS for unilateral and particularly 
for bilateral procedures was shown in a controlled trial [12, 83] and 
was the main reason that this treatment has mostly been abandoned. 
This GL group identified no RCTs that fulfill the inclusion criteria, and 
no recommendations according to the GRADE-methodology are pos-
sible. Therefore, the procedure cannot be recommended. However, 
the GL committee is aware that unilateral procedures are still used for 
selected indications (eg, patients with repeated infected DBS elec-
trodes) when no other treatment options are available or in countries 
that have no other interventions available.

Clinical Consensus Statement 1: RCTs for unilateral radiofre-
quency thermocoagulation of the thalamus for parkinsonian tremor 
or advanced PD are not available, and formal recommendations are 
not possible. As DBS has a better safety profile, this GL task force 
does not recommend this treatment if safer treatments are available 
(16 voters, 100%).

Lesioning of the STN with 
radiofrequency thermocoagulation

There is only one larger case series on radiofrequency lesioning of 
the STN, which concluded acceptable feasibility [84, 85] with an 
open follow-up [86]. It reported some efficacy but also some cases 
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with ongoing surgically induced dyskinesia. The procedure has never 
been tested in an RCT [87]. It cannot be recommended by this GL 
group as a treatment for advanced PD.

Clinical Consensus Statement 2: RCTs for unilateral radiofre-
quency thermocoagulation of the STN for people with PD are not 
available. Due to potential high risks for AEs, this GL task force does 
not recommend this treatment (16 voters, 100%).

R ADIOSURGERY WITH GAMMA R ADIATION

Treatment with radiosurgery is available in only few centers world-
wide, and no RCT has been published with this method for the 
treatment of advanced PD or tremor of PD. Open-label and pro-
spective collections of case series are available. One study used 
blinded evaluation outcomes [88]. The occurrence of potentially 
dangerous adverse effects such as continuing evolving lesions long 
after the application of the radiation were reported [89]. In con-
trast to all other interventions, there is no possibility to control the 
effect of the lesion before it is complete because the destruction 
of the tissue and subsequent clinical effects due to radiation take 
days to weeks. Therefore, a reversible test is not possible. We are 
aware that it is an incisionless procedure that may be needed for 
rare clinical situations, but other interventions are available and 
should be preferred.

These facts have led this GL group not to consider it as a treat-
ment option. It is not a recommended option for the treatment of 
advanced PD, neither as thalamotomy, pallidotomy, nor as a lesion-
ing technique for the STN.

Clinical Consensus Statement 3: RCTs for unilateral gamma radi-
ation radiosurgery of any of the three target nuclei are not available 
for people with PD. Due to potential high risks for AEs, this GL task 
force does not recommend this treatment (16 voters, 100%).

MAGNETIC RESONANCE IMAGING–GUIDED 
FOCUSED ULTR A SOUND LESIONING

Unilateral thalamotomy with MRgFUS

One MRgFUS system is approved in Europe (CE mark for essential 
tremor, PD tremor, and neuropathic pain since 2012) [90] and in the 
United States for treating essential tremor (since 2016) [91]. Its use 
in parkinsonian tremor is based on a study with 20 patients receiving 
active treatment and seven receiving sham treatment [75]. As the 
latter number is below the threshold required for this GL, the study 
was excluded. There are several additional case series in people with 
PD with tremor [92, 93].

Although promising, this GL does currently not recommend the 
treatment because of the lack of appropriate data. Further studies 
are needed.

Clinical consensus statement 4: No sufficient RCTs available 
for uni- or bilateral MRgFUS of the thalamus for medically resistant 

tremor in PD. Despite promising preliminary data, this treatment 
should only be applied within clinical studies or registries (16 voters, 
100%).

Unilateral pallidotomy with MRgFUS

Only one small case series has been published so far [94]. These 
GLs do not recommend the treatment because appropriate data are 
lacking.

Clinical consensus statement 5: Do not use MRgFUS of the pal-
lidum for advanced PD with fluctuations outside clinical studies (16 
voters, 100%).

Unilateral lesioning of the STN with MRgFUS 
(MRgFUS subthalamotomy)

In a controlled trial [95], 27 patients were randomly assigned to 
unilateral subthalamotomy and 13 to sham treatment. The pa-
tients were relatively young (57.1 ± 9.1 years) and had a relatively 
short disease duration (6.2 ± 3.0 years) and pronounced unilateral 
disease.

Summary of findings

Focused ultrasound subthalamotomy may improve QoL (PDQ-
39), probably improves ADLs (UPDRS-II), and probably improves 
the motor score (UPDRS-III). It may also reduce complications of 
therapy (UPDRS-IV). No information was available for the follow-
ing outcomes: the total UPDRS, cognition, depression, apathy, 
impulsive–compulsive behaviors, gait, and speech. Focused ultra-
sound may result in a decrease in daily dosage of anti-PD medication 
in the short term.

Short-term AEs were more common in the subthalamotomy 
group, including dyskinesia in the off medication state, weakness 
of the treated body side, facial asymmetry, speech disturbance, gait 
disequilibrium, somnolence, and binge eating. At 12 months, one pa-
tient still had speech disturbance and one patient had unsteadiness. 
Intraprocedural AEs were headache and dizziness that resolved after 
1 day. There were neither intracerebral hemorrhages nor infections. 
So far only 1-year data are available.

Considerations of the GL task force

This treatment is new, and only one RCT is available. The results 
are promising regarding the standard outcomes for advanced PD. 
The AEs are frequent, but longer term sequela are mild and rare. 
Many key questions, however, remain open regarding this treat-
ment: Long-term data beyond 1 year are lacking. The treatment 
was applied unilaterally in a highly selected group of people with 
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unilaterally dominant PD. Therefore, preliminary data suggesting 
that MRgFUS may be cost-effective compared with DBS should 
be interpreted with caution [96]. The majority of people with 
advanced PD have bilateral disease, but it is unknown whether 
MRgFUS subthalamotomy can be safely and efficiently performed 
bilaterally.

Despite initial promising results, currently the treatment cannot 
be recommended outside clinical studies.

Recommendation 8: Consider using unilateral MRgFUS of the 
STN in people with distinctly unilateral PD only within clinical stud-
ies or registries due to the limited data on this new treatment (16 
voters, 100%).

FUTURE DE VELOPMENTS

These GLs is the first to evaluate all currently available inva-
sive treatments for PD and is part of a series that will cover all 
the other treatment options and essential diagnostic procedures 
for PD. There is only limited evidence for several of the invasive 
treatments for PD. Using the rigorous GRADE methodology, the 
GLs only consider RCTs for evaluation but describe the spectrum 
of approved interventions. Economic evaluations of the treatment 
options are not yet included and will likely differ between regions 
with different health care systems and the large variation in the 
availability and costs of these treatments. However, the EAN is 
working on including this in the future. A number of careful studies 
are available that compare the costs for the different treatments 
for specific countries [35, 96–101].

Several invasive interventions for PD have undergone a rapid 
development, with DBS of the STN and GPi being established 
treatments for the improvement of motor symptoms and health-
related QoL [20]. Further questions on the use of DBS for psy-
chosocial impact and nonmotor symptoms in PD as well as the 
possible usefulness for axial abnormalities still need to be an-
swered. Limited research activity is available for radiosurgery for 
PD [102]. No randomized controlled studies on lesional procedures 
with radiofrequency thermocoagulation have been published, and 
this treatment may remain a last resort treatment for special cases 
in the hands of experienced specialized functional neurosurgeons. 
Research and use of MRgFUS is currently rapidly developing, 
but important questions are still open [23]. One conceivable in-
dication for this intervention is treatment-resistant parkinsonian 
tremor, but the first focused ultrasound thalamotomy trial failed 
the threshold of this GL because the study was underpowered. 
Infusion therapies are another active field of research, and other 
new forms of less-invasive interventions are currently being devel-
oped. New trials may also explore the treatment of other, particu-
larly nonmotor, symptoms of PD.

The invasive treatments discussed should only be used for ap-
propriately selected patients, but in those can profoundly change 
the lives of people with PD.

AUTHOR CONTRIBUTIONS
Guenther Deuschl: Conceptualization (lead); investigation (lead); 
methodology (lead); writing – original draft (lead). Angelo Antonini: 
Formal analysis (equal); investigation (lead); methodology (equal); 
validation (lead); writing – review and editing (equal). João Costa: 
Conceptualization (equal); data curation (equal); investigation 
(equal); methodology (lead); writing – review and editing (equal). 
Katarzyna Smilowska: Data curation (equal); formal analysis (lead); 
methodology (lead); project administration (equal); validation (lead); 
writing – review and editing (equal). Daniela Berg: Formal analy-
sis (equal); writing – review and editing (equal). Jean-Christophe 
Corvol: Formal analysis (equal); methodology (equal); writing – re-
view and editing (equal). Giovanni Fabbrini: Formal analysis (equal); 
methodology (equal); writing – review and editing (equal). Joaquim 
J Ferreira: Formal analysis (equal); methodology (equal); writing – 
review and editing (equal). Thomas Foltynie: Formal analysis (equal); 
methodology (equal); writing – review and editing (equal). Pablo Mir: 
Formal analysis (equal); methodology (equal); writing – review and 
editing (equal). Anette Schrag: Formal analysis (equal); methodol-
ogy (equal); writing – review and editing (equal). Klaus Seppi: Formal 
analysis (equal); methodology (equal); writing – review and editing 
(equal). Pille Taba: Formal analysis (equal); methodology (equal); 
writing – review and editing (equal). Evzen Ruzicka: Formal analysis 
(equal); methodology (equal); writing – review and editing (equal). M. 
Selikhova: Formal analysis (equal); methodology (equal); writing – re-
view and editing (equal). Nicolas Henschke: Formal analysis (equal); 
investigation (equal); methodology (equal); project administration 
(equal); writing – review and editing (equal). Gemma Villanueva: 
Data curation (equal); formal analysis (equal); methodology (equal); 
project administration (equal); validation (equal); writing – review 
and editing (equal). Elena Moro: Data curation (lead); investigation 
(lead); methodology (equal); writing – review and editing (equal).

ACKNOWLEDG MENTS
Cochrane Response was contracted by European Academy of 
Neurology/Movement Disorder Society, European Section (EAN/
MDS-ES) to conduct the systematic review. The GL development 
was further supported by travel grants for meetings and support for 
online meetings by EAN/MDS-ES. GL team members were not paid. 
Katarzyna Śmiłowska was supported with a stipend of the Medical 
Faculty of the Christian-Albrechts-University, Kiel. Open Access 
funding enabled and organized by Projekt DEAL.

CONFLIC T OF INTERE S T
G. Deuschl reports a grant from Medtronic for the Earlystim 
study; minor fees from Boston Scientific, Aleva, Functional 
Neuromodulation, and Roche for review and DSMB activities; and 
minor royalties from Thieme Publishers. A. Antonini reports a major 
grant from Abbvie. He has received honoraria for talks sponsored 
by Abbvie and has served on advisory boards for Abbvie. D. Berg 
reports grants from Abbvie, Alexion Pharma, Alnylam, Apopharma 
Inc., Biogen, BMWi, BMBF, Christa und Peter Thomsen Foundation, 

 14681331, 2022, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15386 by C

ochraneA
ustria, W

iley O
nline L

ibrary on [26/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2592  |     DEUSCHL et al.

Coppenrath Foundation, Dapm Foundation, Desitin, EU, Else-
Kröner-Fresenius Foundation, Gossweiler Foundation, Hoffmann La 
Roche AG, Icon Ltd + Biohaven Inc., Janssen Pharmaceutica N.V., Jan 
von Appen Foundation, Lundbeck, Merck Serono, Parkinson Fonds 
Deutschland GmbH, Pfizer, Roche AG, Sanofi, Sivantos GmbH, 
Stichting Parkinson Fonds, UCB, and Zambon. She received pay-
ments for lectures from Abbvie, Bial, Biogen, Desitin, Movement 
Disorder Society (MDS), GE Healthcare, Feo GmbH, Nansen 
Neuroscience Network, Parkinson bewegt e.V., UCB Pharma GmbH, 
and Zambon. J.-C. Corvol received honoraria for talks sponsored 
by Ever Pharma. J. Ferreira reports grants from Abbvie, Novartis, 
Medtronic, and Fundação MSD. He received payment for lectures 
from Bial, Abbvie, and Ipsen and has served on an advisory board for 
Bial. He reports consultancies for Bial, Abbvie, Lundbeck, Biogen, 
Sunovion Pharmaceuticals, and Affiris. T. Foltynie has received 
grants from the National Institute of Health Research, Edmond J 
Safra Foundation, The Michael J. Fox Foundation (MJFF), John Black 
Charitable Foundation, Cure Parkinson's Trust, Innovate UK, Janet 
Owens Research Fellowship, Rosetrees Trust, Van Andel Research 
Institute, and Defeat MSA. He has served on advisory boards for 
Peptron, Voyager Therapeutics, Handl therapeutics, Living Cell 
Technologies, Bial, and Profile Pharma and has received honoraria 
for talks sponsored by Bial, Profile Pharma, and Boston Scientific. 
P. Mir has received grants from the Spanish Ministry of Science 
and Innovation, the Instituto de Salud Carlos III-Fondo Europeo 
de Desarrollo Regional, the Consejería de Economía, Innovación, 
Ciencia y Empleo de la Junta de Andalucía, and the Consejería de 
Salud y Bienestar Social de la Junta de Andalucía and he has received 
honoraria for lecturing from Abbott, Allergan, Abbvie, Bial, Britannia, 
Italfarmaco, Merz, UCB, Roche, Teva, and Zambon. A. Schrag has 
received grants from GE Healthcare; consulted for Abbvie, Biogen, 
Roche, Neurotechnology, Biogen, and Bial; and has received hono-
raria and royalties from Oxford University Press. K. Seppi reports 
consultancies for Abbott, Stada, Grunenthal, AOP Orphan, Bial, 
Lundbeck, Roche, and Biogen and grants from AOP Orphan, MJFF, 
and FWF Austrian Science Fund. He received payment for lectures 
from AOP Orphan, Abbvie, Stada, Grunenthal, Ever Pharma, Licher 
Pharma, MDS, UCB, and Teva. N. Henschke and G. Villanueva work 
for Cochrane Response, an evidence services unit operated by 
Cochrane, and have no known conflicts of interest. E. Moro reports 
consultancies for Abbott, Medtronic, and Kyowa and major grants 
from Medtronic and Ipsen. She received payment for lectures from 
Abbott and Medtronic. J. Costa, K. Smilowska, P. Taba, E. Ruzicka, M. 
Selikhova, and G. Fabbrini declare no conflict of interest.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.

ORCID
Günther Deuschl   https://orcid.org/0000-0002-4176-9196 
Angelo Antonini   https://orcid.org/0000-0003-1040-2807 

Joaquim Ferreira   https://orcid.org/0000-0003-3950-5113 
Pablo Mir   https://orcid.org/0000-0003-1656-302X 
Annette Schrag   https://orcid.org/0000-0002-9872-6680 

R E FE R E N C E S
	 1.	 Horstink M, Tolosa E, Bonuccelli U, et al. Review of the ther-

apeutic management of Parkinson's disease. Report of a joint 
task force of the European Federation of Neurological Societies 
and the Movement Disorder Society-European section. Part 
I: early (uncomplicated) Parkinson's disease. Eur J Neurol. 
2006;13(11):1170-1185.

	 2.	 Horstink M, Tolosa E, Bonuccelli U, et al. Review of the therapeutic 
management of Parkinson's disease. Report of a joint task force 
of the European Federation of Neurological Societies (EFNS) and 
the Movement Disorder Society-European section (MDS-ES). 
Part II: late (complicated) Parkinson's disease. Eur J Neurol. 
2006;13(11):1186-1202.

	 3.	 Berardelli A, Wenning GK, Antonini A, et al. EFNS/MDS-ES recom-
mendations for the diagnosis of Parkinson's disease. Eur J Neurol. 
2013;20(1):16-34.

	 4.	 Ferreira JJ, Katzenschlager R, Bloem BR, et al. Summary of the 
recommendations of the EFNS/MDS-ES review on therapeutic 
management of Parkinson's disease. Eur J Neurol. 2013;20(1):5-15.

	 5.	 Leone MA, Keindl M, Schapira AH, Deuschl G, Federico A. Practical 
recommendations for the process of proposing, planning and writ-
ing a neurological management guideline by EAN task forces. Eur J 
Neurol. 2015;22:1505-1510.

	 6.	 Spiegel E, Wycus H. Effect of thalamic and pallidal lesions upon 
involuntary movements in choreoathetosis. Trans Am Neurol. 
1950;75:234-237.

	 7.	 Ohye C, Saito U, Fukamachi A, Narabayashi H. An analysis of the 
spontaneous rhythmic and non-rhythmic burst discharges in the 
human thalamus. J Neurol Sci. 1974;22(2):245-259.

	 8.	 Laitinen LV. Brain targets in surgery for Parkinson's disease. Results 
of a survey of neurosurgeons. J Neurosurg. 1985;62(3):349-351.

	 9.	 Struppler A, Lucking CH, Erbel F. Neurophysiological findings 
during stereotactic operation in thalamus and subthalamus. Confin 
Neurol. 1972;34(1):70-73.

	 10.	 Albe-Fessard D, Guiot G, Hardy J. Electrophysiological localization 
and identification of subcortical structures in man by recording 
spontaneous and evoked activities. Encephalogr Clin Neurophysiol. 
1963;15:1052-1053.

	 11.	 Tasker RR. Ablative therapy for movement disorders. Does thala-
motomy alter the course of Parkinson's disease? Neurosurg Clin N 
Am. 1998;9(2):375-380.

	 12.	 Schuurman PR, Bosch DA, Bossuyt PM, et al. A comparison of con-
tinuous thalamic stimulation and thalamotomy for suppression of 
severe tremor. N Engl J Med. 2000;342(7):461-468.

	 13.	 Spiegel EA, Wycis HT, Marks M, Lee AJ. Stereotaxic apparatus for 
operations on the human brain. Science. 1947;106(2754):349-350.

	 14.	 Hassler R, Mundinger F, Riechert T. Stereotaxis in Parkinson 
Syndrome: Clinical-Anatomical Contributions to its Physiology, with 
an Atlas of the Basal Ganglia in Parkinsonism. Springer Verlag; 1979.

	 15.	 Benabid AL, Pollak P, Hommel M, Gaio JM, de Rougemont J, Perret 
J. Treatment of Parkinson tremor by chronic stimulation of the 
ventral intermediate nucleus of the thalamus. Rev Neurol (Paris). 
1989;145(4):320-323.

	 16.	 Bergman H, Wichmann T, DeLong MR. Reversal of experimen-
tal parkinsonism by lesions of the subthalamic nucleus. Science. 
1990;249(4975):1436-1438.

 14681331, 2022, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15386 by C

ochraneA
ustria, W

iley O
nline L

ibrary on [26/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-4176-9196
https://orcid.org/0000-0002-4176-9196
https://orcid.org/0000-0003-1040-2807
https://orcid.org/0000-0003-1040-2807
https://orcid.org/0000-0003-3950-5113
https://orcid.org/0000-0003-3950-5113
https://orcid.org/0000-0003-1656-302X
https://orcid.org/0000-0003-1656-302X
https://orcid.org/0000-0002-9872-6680
https://orcid.org/0000-0002-9872-6680


    |  2593GUIDELINE PARKINSON I

	 17.	 Pollak P, Benabid AL, Gross C, et al. Effects of the stimulation 
of the subthalamic nucleus in Parkinson disease. Rev Neurol. 
1993;149(3):175-176.

	 18.	 Svennilson E, Torvik A, Lowe R, Leksell L. Treatment of parkinson-
ism by stereotatic thermolesions in the pallidal region. A clinical 
evaluation of 81 cases. Acta Psychiatr Scand. 1960;35(3):358-377.

	 19.	 Kleiner-Fisman G, Herzog J, Fisman DN, et al. Subthalamic nucleus 
deep brain stimulation: summary and meta-analysis of outcomes. 
Mov Disord. 2006;21(Suppl 14):S290-S304.

	 20.	 Krack P, Volkmann J, Tinkhauser G, Deuschl G. Deep brain stim-
ulation in movement disorders: from experimental surgery to 
evidence-based therapy. Mov Disord. 2019;34(12):1795-1810.

	 21.	 Leksell L. Stereotactic radiosurgery. J Neurol Neurosurg Psychiatry. 
1983;46(9):797-803.

	 22.	 Duma CM, Jacques DB, Kopyov OV, Mark RJ, Copcutt B, Farokhi 
HK. Gamma knife radiosurgery for thalamotomy in parkinsonian 
tremor: a five-year experience. J Neurosurg. 1998;88(6):1044-1049.

	 23.	 Meng Y, Hynynen K, Lipsman N. Applications of focused ultra-
sound in the brain: from thermoablation to drug delivery. Nat Rev 
Neurol. 2021;17(1):7-22.

	 24.	 Chase TN, Baronti F, Fabbrini G, Heuser IJ, Juncos JL, Mouradian 
MM. Rationale for continuous dopaminomimetic therapy of 
Parkinson's disease. Neurology. 1989;39(11 Suppl 2):7-10. discus-
sion 19.

	 25.	 Stibe C, Lees A, Stern G. Subcutaneous infusion of apomorphine 
and lisuride in the treatment of parkinsonian on-off fluctuations. 
Lancet. 1987;1(8537):871.

	 26.	 Nilsson D, Hansson LE, Johansson K, Nystrom C, Paalzow L, 
Aquilonius SM. Long-term intraduodenal infusion of a water based 
levodopa-carbidopa dispersion in very advanced Parkinson's dis-
ease. Acta Neurol Scand. 1998;97(3):175-183.

	 27.	 Schwab RS, England AC, Peterson E. Akinesia in Parkinson's dis-
ease. Neurology. 1959;9(1):65-72.

	 28.	 Poewe W, Kleedorfer B, Gerstenbrand F, Oertel W. Subcutaneous 
apomorphine in Parkinson's disease. Lancet. 1988;1(8591):943.

	 29.	 Olanow CW, Goetz CG, Kordower JH, et al. A double-blind con-
trolled trial of bilateral fetal nigral transplantation in Parkinson's 
disease. Ann Neurol. 2003;54(3):403-414.

	 30.	 Freed CR, Greene PE, Breeze RE, et al. Transplantation of embry-
onic dopamine neurons for severe Parkinson's disease. N Engl J 
Med. 2001;344(10):710-719.

	 31.	 Ridler C. Parkinson disease gene therapy rewires brain circuits to 
improve motor function. Nat Rev Neurol. 2019;15(1):2.

	 32.	 Olanow CW. Parkinson disease: gene therapy for Parkinson 
disease--a hope, or a dream? Nat Rev Neurol. 2014;10(4):186-187.

	 33.	 Christine CW, Richardson RM, Van Laar AD, et al. Safety of 
AADC gene therapy for moderately advanced Parkinson dis-
ease: three-year outcomes from the PD-1101 trial. Neurology. 
2022;98(1):e40-e50.

	 34.	 British-NICE. NICE guideline NG71: Parkinson's disease in adults: 
diagnosis and management. Full guideline. Methods, evidence and 
recommendations. 2017. https://wwwni​ceorg​uk/guida​nce/ng71. 
Accessed January 1, 2020.

	 35.	 Smilowska K, van Wamelen DJ, Pietrzykowski T, et al. Cost-
effectiveness of device-aided therapies in Parkinson's disease: a 
structured review. J Parkinsons Dis. 2021;11(2):475-489.

	 36.	 Schunemann H. GRADE handbook for grading quality of evidence 
and strength of recommendation. Version 3.2. 2008. http://www.
cc-ims.net/gradepro. Accessed January 1, 2020.

	 37.	 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for 
reporting systematic reviews and meta-analyses of studies that 
evaluate healthcare interventions: explanation and elaboration. 
BMJ (Clinical research ed). 2009;339:b2700.

	 38.	 Santesso N, Glenton C, Dahm P, et al. GRADE guidelines 26: in-
formative statements to communicate the findings of systematic 
reviews of interventions. J Clin Epidemiol. 2020;119:126-135.

	 39.	 Aleksovska K, Bassetti CLA, Berger T, et al. Guidelines should be 
guidelines: time to leave the terms "consensus" and "position" for 
other purposes. Eur J Neurol. 2021;28(8):2461-2466.

	 40.	 Weaver FM, Follett K, Stern M, et al. Bilateral deep brain stimula-
tion vs best medical therapy for patients with advanced Parkinson 
disease: a randomized controlled trial. JAMA. 2009;301(1):63-73.

	 41.	 Williams A, Gill S, Varma T, et al. Deep brain stimulation plus best 
medical therapy versus best medical therapy alone for advanced 
Parkinson's disease (PD SURG trial): a randomised, open-label trial. 
Lancet Neurol. 2010;9(6):581-591.

	 42.	 Odekerken VJ, van Laar T, Staal MJ, et al. Subthalamic nucleus ver-
sus globus pallidus bilateral deep brain stimulation for advanced 
Parkinson's disease (NSTAPS study): a randomised controlled trial. 
Lancet Neurol. 2013;12(1):37-44.

	 43.	 Follett KA, Weaver FM, Stern M, et al. Pallidal versus subtha-
lamic deep-brain stimulation for Parkinson's disease. N Engl J Med. 
2010;362(22):2077-2091.

	 44.	 Limousin P, Krack P, Pollak P, et al. Electrical stimulation of the 
subthalamic nucleus in advanced Parkinson's disease. N Engl J Med. 
1998;339(16):1105-1111.

	 45.	 Deuschl G, Schade-Brittinger C, Krack P, et al. A randomized trial 
of deep-brain stimulation for Parkinson's disease. N Engl J Med. 
2006;355(9):896-908.

	 46.	 Okun MS, Gallo BV, Mandybur G, et al. Subthalamic deep brain stimu-
lation with a constant-current device in Parkinson's disease: an open-
label randomised controlled trial. Lancet Neurol. 2012;11(2):140-149.

	 47.	 Vitek JL, Jain R, Chen L, et al. Subthalamic nucleus deep brain stimula-
tion with a multiple independent constant current-controlled device 
in Parkinson's disease (INTREPID): a multicentre, double-blind, ran-
domised, sham-controlled study. Lancet Neurol. 2020;19(6):491-501.

	 48.	 Xu Y, Yang B, Zhou C, et al. Suicide and suicide attempts after sub-
thalamic nucleus stimulation in Parkinson's disease: a systematic 
review and meta-analysis. Neurol Sci. 2021;42(1):267-274.

	 49.	 Weintraub D, Duda JE, Carlson K, et al. Suicide ideation and be-
haviours after STN and GPi DBS surgery for Parkinson's disease: 
results from a randomised, controlled trial. J Neurol Neurosurg 
Psychiatry. 2013;84(10):1113-1118.

	 50.	 Charles PD, Van Blercom N, Krack P, et al. Predictors of effec-
tive bilateral subthalamic nucleus stimulation for PD. Neurology. 
2002;59(6):932-934.

	 51.	 Deuschl G, Follett KA, Luo P, et al. Comparing two randomized 
deep brain stimulation trials for Parkinson's disease. J Neurosurg. 
2019;132:1376-1384.

	 52.	 Limousin P, Foltynie T. Long-term outcomes of deep brain stimula-
tion in Parkinson disease. Nat Rev Neurol. 2019;15(4):234-242.

	 53.	 Weaver FM, Follett KA, Stern M, et al. Randomized trial of deep 
brain stimulation for Parkinson disease: thirty-six-month out-
comes. Neurology. 2012;79(1):55-65.

	 54.	 Dafsari HS, Silverdale M, Strack M, et al. Nonmotor symptoms 
evolution during 24 months of bilateral subthalamic stimulation in 
Parkinson's disease. Mov Disord. 2018;33(3):421-430.

	 55.	 Jost ST, Sauerbier A, Visser-Vandewalle V, et al. A prospective, 
controlled study of non-motor effects of subthalamic stimulation 
in Parkinson's disease: results at the 36-month follow-up. J Neurol 
Neurosurg Psychiatry. 2020;91(7):687-694.

	 56.	 Kurtis MM, Rajah T, Delgado LF, Dafsari HS. The effect of deep 
brain stimulation on the non-motor symptoms of Parkinson's dis-
ease: a critical review of the current evidence. NPJ Parkinson's Dis. 
2017;3:16024.

	 57.	 Deuschl G, Agid Y. Subthalamic neurostimulation for Parkinson's 
disease with early fluctuations: balancing the risks and benefits. 
Lancet Neurol. 2013;12(10):1025-1034.

	 58.	 Lachenmayer ML, Murset M, Antih N, et al. Subthalamic and palli-
dal deep brain stimulation for Parkinson's disease-meta-analysis of 
outcomes. NPJ Parkinson's Dis. 2021;7(1):77.

 14681331, 2022, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15386 by C

ochraneA
ustria, W

iley O
nline L

ibrary on [26/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://wwwniceorguk/guidance/ng71
http://www.cc-ims.net/gradepro
http://www.cc-ims.net/gradepro


2594  |     DEUSCHL et al.

	 59.	 Bove F, Mulas D, Cavallieri F, et al. Long-term outcomes (15 years) 
after subthalamic nucleus deep brain stimulation in patients with 
Parkinson disease. Neurology. 2021. doi:10.1212/WNL.00000​
00000​012246

	 60.	 Schupbach WM, Maltete D, Houeto JL, et al. Neurosurgery at an 
earlier stage of Parkinson disease: a randomized, controlled trial. 
Neurology. 2007;68(4):267-271.

	 61.	 Schuepbach WM, Rau J, Knudsen K, et al. Neurostimulation for 
Parkinson's disease with early motor complications. N Engl J Med. 
2013;368(7):610-622.

	 62.	 Barbe MT, Tonder L, Krack P, et al. Deep brain stimulation for 
freezing of gait in Parkinson's disease with early motor complica-
tions. Mov Disord. 2020;35(1):82-90.

	 63.	 Schuepbach WMM, Tonder L, Schnitzler A, et al. Quality of life 
predicts outcome of deep brain stimulation in early Parkinson dis-
ease. Neurology. 2019;92(10):e1109-e1120.

	 64.	 Charles D, Konrad PE, Neimat JS, et al. Subthalamic nucleus deep 
brain stimulation in early stage Parkinson's disease. Parkinsonism 
Relat Disord. 2014;20(7):731-737.

	 65.	 Hacker ML, Turchan M, Heusinkveld LE, et al. Deep brain stim-
ulation in early-stage Parkinson's disease: five year outcomes. 
Neurology. 2020;95(4):e393-e401.

	 66.	 Boel JA, Odekerken VJ, Geurtsen GJ, et al. Psychiatric and social 
outcome after deep brain stimulation for advanced Parkinson's 
disease. Mov Disord. 2016;31(3):409-413.

	 67.	 Odekerken VJ, Boel JA, Schmand BA, et al. GPi vs STN deep brain 
stimulation for Parkinson disease: three-year follow-up. Neurology. 
2016;86(8):755-761.

	 68.	 Olanow CW, Kieburtz K, Odin P, et al. Continuous intrajejunal 
infusion of levodopa-carbidopa intestinal gel for patients with 
advanced Parkinson's disease: a randomised, controlled, double-
blind, double-dummy study. Lancet Neurol. 2014;13(2):141-149.

	 69.	 Antonini A, Poewe W, Chaudhuri KR, et al. Levodopa-carbidopa 
intestinal gel in advanced Parkinson's: final results of the GLORIA 
registry. Parkinsonism Relat Disord. 2017;45:13-20.

	 70.	 Fernandez HH, Boyd JT, Fung VSC, et al. Long-term safety and effi-
cacy of levodopa-carbidopa intestinal gel in advanced Parkinson's 
disease. Mov Disord. 2018;33(6):928-936.

	 71.	 Katzenschlager R, Poewe W, Rascol O, et al. Apomorphine subcuta-
neous infusion in patients with Parkinson's disease with persistent 
motor fluctuations (TOLEDO): a multicentre, double-blind, ran-
domised, placebo-controlled trial. Lancet Neurol. 2018;17(9):749-759.

	 72.	 Carbone F, Djamshidian A, Seppi K, Poewe W. Apomorphine for 
Parkinson's disease: efficacy and safety of current and new formu-
lations. CNS Drugs. 2019;33(9):905-918.

	 73.	 Laitinen LV. Risks of radiosurgery. Neurosurgery. 1989;25(3):480.
	 74.	 Elias WJ, Huss D, Voss T, et al. A pilot study of focused ultrasound thal-

amotomy for essential tremor. N Engl J Med. 2013;369(7):640-648.
	 75.	 Bond AE, Shah BB, Huss DS, et al. Safety and efficacy of focused 

ultrasound Thalamotomy for patients with medication-refractory, 
tremor-dominant Parkinson disease: a randomized clinical trial. 
JAMA Neurol. 2017;74(12):1412-1418.

	 76.	 Laitinen LV, Bergenheim AT, Hariz MI. Ventroposterolateral pal-
lidotomy can abolish all parkinsonian symptoms. Stereotact Funct 
Neurosurg. 1992;58(1–4):14-21.

	 77.	 Vitek JL, Bakay RA, Freeman A, et al. Randomized trial of pallidot-
omy versus medical therapy for Parkinson's disease. Ann Neurol. 
2003;53(5):558-569.

	 78.	 de Bie RM, de Haan RJ, Nijssen PC, et al. Unilateral pallidotomy in 
Parkinson's disease: a randomised, single-blind, multicentre trial. 
Lancet. 1999;354(9191):1665-1669.

	 79.	 Baron MS, Vitek JL, Bakay RA, et al. Treatment of advanced 
Parkinson's disease by unilateral posterior GPi pallidotomy: 4-year 
results of a pilot study. Mov Disord. 2000;15(2):230-237.

	 80.	 Strutt AM, Lai EC, Jankovic J, et al. Five-year follow-up of unilat-
eral posteroventral pallidotomy in Parkinson's disease. Surg Neurol. 
2009;71(5):551-558.

	 81.	 Kleiner-Fisman G, Lozano A, Moro E, Poon YY, Lang AE. Long-term 
effect of unilateral pallidotomy on levodopa-induced dyskinesia. 
Mov Disord. 2010;25(10):1496-1498.

	 82.	 Alomar S, King NK, Tam J, Bari AA, Hamani C, Lozano AM. Speech 
and language adverse effects after thalamotomy and deep brain 
stimulation in patients with movement disorders: a meta-analysis. 
Mov Disord. 2017;32(1):53-63.

	 83.	 Schuurman PR, Bosch DA, Merkus MP, Speelman JD. Long-term 
follow-up of thalamic stimulation versus thalamotomy for tremor 
suppression. Mov Disord. 2008;23(8):1146-1153.

	 84.	 Alvarez L, Macias R, Guridi J, et al. Dorsal subthalamotomy for 
Parkinson's disease. Mov Disord. 2001;16(1):72-78.

	 85.	 Alvarez L, Macias R, Lopez G, et al. Bilateral subthalamotomy 
in Parkinson's disease: initial and long-term response. Brain. 
2005;128(Pt 3):570-583.

	 86.	 Alvarez L, Macias R, Pavon N, et al. Therapeutic efficacy of uni-
lateral subthalamotomy in Parkinson's disease: results in 89 pa-
tients followed for up to 36 months. J Neurol Neurosurg Psychiatry. 
2009;80(9):979-985.

	 87.	 Rodriguez-Rojas R, Carballo-Barreda M, Alvarez L, 
et al. Subthalamotomy for Parkinson's disease: clinical out-
come and topography of lesions. J Neurol Neurosurg Psychiatry. 
2018;89(6):572-578.

	 88.	 Witjas T, Carron R, Krack P, et al. A prospective single-blind 
study of gamma knife thalamotomy for tremor. Neurology. 
2015;85(18):1562-1568.

	 89.	 Okun MS, Stover NP, Subramanian T, et al. Complications 
of gamma knife surgery for Parkinson disease. Arch Neurol. 
2001;58(12):1995-2002.

	 90.	 https://www.prnew​swire.com/news-relea​ses/insig​htecs​-exabl​
ate-neuro​-syste​m-award​ed-europ​ean-ce-mark-for-non-invas​ive-
treat​ment-of-neuro​logic​al-disor​ders-in-the-brain​-18198​1381.
html. Accessed January 1, 2021.

	 91.	 https://www.prnew​swire.com/il/news-relea​ses/insig​htec-recei​
ves-fda-appro​val-and-ce-mark-for-exabl​ate-neuro​-with-ge-signa​
-premi​er-mr-syste​m-30088​2489.html. Accessed January 1, 2021.

	 92.	 Schlesinger I, Sinai A, Zaaroor M. Assessing tremor and adverse 
events in patients with tremor-dominant Parkinson disease 
undergoing focused ultrasound Thalamotomy. JAMA Neurol. 
2018;75(5):632-633.

	 93.	 Na YC, Chang WS, Jung HH, Kweon EJ, Chang JW. Unilateral 
magnetic resonance-guided focused ultrasound pallidotomy for 
Parkinson disease. Neurology. 2015;85(6):549-551.

	 94.	 Jung NY, Park CK, Kim M, Lee PH, Sohn YH, Chang JW. The ef-
ficacy and limits of magnetic resonance-guided focused ultra-
sound pallidotomy for Parkinson's disease: a phase I clinical trial. 
J Neurosurg. 2018:1-9. doi:10.3171/2018.2.JNS17​2514. Online 
ahead of print.

	 95.	 Martinez-Fernandez R, Manez-Miro JU, Rodriguez-Rojas R, 
et al. Randomized trial of focused ultrasound Subthalamotomy for 
Parkinson's disease. N Engl J Med. 2020;383(26):2501-2513.

	 96.	 Meng Y, Pople CB, Kalia SK, et al. Cost-effectiveness analysis of 
MR-guided focused ultrasound thalamotomy for tremor-dominant 
Parkinson's disease. J Neurosurg. 2020:1-6. doi:10.3171/2020.5.
JNS20692. Online ahead of print.

	 97.	 Ravikumar VK, Parker JJ, Hornbeck TS, et al. Cost-effectiveness 
of focused ultrasound, radiosurgery, and DBS for essential tremor. 
Mov Disord. 2017;32(8):1165-1173.

	 98.	 Fundament T, Eldridge PR, Green AL, et al. Deep brain stimulation 
for Parkinson's disease with early motor complications: a UKcost-
effectiveness analysis. PLoS One. 2016;11(7):e0159340.

 14681331, 2022, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15386 by C

ochraneA
ustria, W

iley O
nline L

ibrary on [26/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1212/WNL.0000000000012246
https://doi.org/10.1212/WNL.0000000000012246
https://www.prnewswire.com/news-releases/insightecs-exablate-neuro-system-awarded-european-ce-mark-for-non-invasive-treatment-of-neurological-disorders-in-the-brain-181981381.html
https://www.prnewswire.com/news-releases/insightecs-exablate-neuro-system-awarded-european-ce-mark-for-non-invasive-treatment-of-neurological-disorders-in-the-brain-181981381.html
https://www.prnewswire.com/news-releases/insightecs-exablate-neuro-system-awarded-european-ce-mark-for-non-invasive-treatment-of-neurological-disorders-in-the-brain-181981381.html
https://www.prnewswire.com/news-releases/insightecs-exablate-neuro-system-awarded-european-ce-mark-for-non-invasive-treatment-of-neurological-disorders-in-the-brain-181981381.html
https://www.prnewswire.com/il/news-releases/insightec-receives-fda-approval-and-ce-mark-for-exablate-neuro-with-ge-signa-premier-mr-system-300882489.html
https://www.prnewswire.com/il/news-releases/insightec-receives-fda-approval-and-ce-mark-for-exablate-neuro-with-ge-signa-premier-mr-system-300882489.html
https://www.prnewswire.com/il/news-releases/insightec-receives-fda-approval-and-ce-mark-for-exablate-neuro-with-ge-signa-premier-mr-system-300882489.html
https://doi.org/10.3171/2018.2.JNS172514
https://doi.org/10.3171/2020.5.JNS20692
https://doi.org/10.3171/2020.5.JNS20692


    |  2595GUIDELINE PARKINSON I

	 99.	 Stroupe KT, Weaver FM, Cao L, et al. Cost of deep brain stimula-
tion for the treatment of Parkinson's disease by surgical stimula-
tion sites. Mov Disord. 2014;29(13):1666-1674.

	100.	 Eggington S, Valldeoriola F, Chaudhuri KR, Ashkan K, Annoni 
E, Deuschl G. The cost-effectiveness of deep brain stimulation 
in combination with best medical therapy, versus best medi-
cal therapy alone, in advanced Parkinson's disease. J Neurol. 
2014;261(1):106-116.

	101.	 Dams J, Siebert U, Bornschein B, et al. Cost-effectiveness of deep 
brain stimulation in patients with Parkinson's disease. Mov Disord. 
2013;28(6):763-771.

	102.	 Elble RJ, Shih L, Cozzens JW. Surgical treatments for essential 
tremor. Expert Rev Neurother. 2018;18(4):303-321.

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Deuschl G, Antonini A, Costa J, et al. 
European Academy of Neurology/Movement Disorder 
Society - European Section guideline on the treatment of 
Parkinson's disease: I. Invasive therapies. Eur J Neurol. 
2022;29:2580-2595. doi: 10.1111/ene.15386

 14681331, 2022, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15386 by C

ochraneA
ustria, W

iley O
nline L

ibrary on [26/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/ene.15386

	European Academy of Neurology/Movement Disorder Society -­ European Section guideline on the treatment of Parkinson's disease: I. Invasive therapies
	Abstract
	INTRODUCTION
	SCOPE
	METHODS
	General
	Outcomes
	Wording of recommendations

	RESULTS AND RECOMMENDATIONS
	Search results
	Interventions, targeted brain structures, and patient profiles discussed in these GLs
	Evidence, summary of findings, and recommendations

	NONLESIONAL THERAPIES
	STN-­DBS for advanced PD with medically unresponsive fluctuations or medically unresponsive tremor
	Summary of findings
	Considerations of the GL task force

	STN-­DBS for Early PD with early fluctuations
	Summary of findings
	Considerations of the GL task force

	STN-­DBS for people with early PD without fluctuations
	Summary of findings
	Considerations of the GL task force

	STN-­DBS versus GPi-­DBS in PD
	Summary of findings
	Considerations of the GL task force
	Summary of findings
	Considerations of the GL task force
	Summary of findings
	Considerations of the GL task force


	LCIG FOR ADVANCED PD
	APOMORPHINE INFUSION FOR ADVANCED PD
	LESIONAL NEUROSURGICAL THERAPIES
	RADIOFREQUENCY THERMOCOAGULATION
	Pallidotomy with radiofrequency thermocoagulation
	Thalamotomy with radiofrequency thermocoagulation
	Lesioning of the STN with radiofrequency thermocoagulation

	RADIOSURGERY WITH GAMMA RADIATION
	MAGNETIC RESONANCE IMAGING–­GUIDED FOCUSED ULTRASOUND LESIONING
	Unilateral thalamotomy with MRgFUS
	Unilateral pallidotomy with MRgFUS
	Unilateral lesioning of the STN with MRgFUS (MRgFUS subthalamotomy)
	Summary of findings
	Considerations of the GL task force


	FUTURE DEVELOPMENTS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


