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Abstract
Background: Despite the widespread adoption of deep brain stimulation (DBS) for treating Parkinson’s disease (PD)

over the last few decades, standardized post-operative care protocols remain lacking.

Objective: This study aimed to establish expert consensus on managing post-operative subthalamic nucleus (STN-DBS).

Methods: A three-round online Delphi study was conducted involving an international panel of DBS experts actively

engaged in all facets of post-operative care. In the initial round, the panel generated ideas regarding essential components

of a post-operative care protocol. In rounds two and three, numerical ratings and rankings were employed to achieve

consensus on the formulated statements. This iterative process culminated in a refined STN-DBS care protocol.

Results: The study included 76 international participants who, over three survey rounds, reached consensus on 129

components of a care protocol for managing post-operative STN-DBS. The final protocol encompassed eleven essential

domains: hospital discharge, rehabilitation referral, imaging and lead review, monopolar testing, local field potential sens-

ing, troubleshooting, medication management, multiprofessional care, follow-up, empowerment of patients and care-

givers, and quality control of management procedures.

Conclusions: This Delphi-based, expert-driven process resulted in a comprehensive care protocol for patients under-

going STN-DBS. The findings offer a valuable resource for healthcare professionals, providing a structured, consensus-

based framework aimed at optimizing post-operative outcomes. In addition to supporting clinical practice, these recom-

mendations may help inform policy development and drive systematic improvements in care delivery. Further research

and validation in diverse clinical settings will be essential to assess the generalizability and real-world impact of the pro-

posed procedures.

Plain language summary
This study aims to enhance care for Parkinson’s disease patients following a surgical procedure called deep brain stimu-

lation (DBS). The research specifically focuses on managing post-surgery care when the procedure targets a brain region

known as the subthalamic nucleus (STN). Despite the widespread use of STN-DBS, there is no standardized approach to

post-operative care, leading to varied outcomes for patients. To address this, researchers collaborated with 76 experts
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from 15 countries. Using the Delphi method—a structured process to gather and refine expert opinions—they reached

agreement over three online survey rounds. This effort produced 129 recommendations for post-surgery care, organized

into 11 key areas such as discharge planning, rehabilitation, follow-up care, patient and caregiver empowerment, and qual-

ity control. The resulting protocol provides healthcare professionals with a clear and comprehensive guide to deliver con-

sistent, high-quality care for Parkinson’s patients undergoing STN-DBS. However, more work is needed to adapt these

recommendations to different healthcare systems and patient needs. Additionally, regular updates to the protocol will

be essential to reflect advancements in technology and clinical practices.
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Introduction
Parkinson’s disease (PD) is characterized by the degener-
ation of dopaminergic neurons in the substantia nigra as
well as the involvement of multiple motor and non-motor
basal ganglia circuitry.1 The primary treatment for PD
remains dopaminergic medications which can especially
earlier in the disease process alleviate the key motor symp-
toms of bradykinesia, rigidity, and tremor.2,3 However,
symptom burden due to natural disease progression and
medication use may require actions beyond pharmaceutical
interventions.4

As PD progresses, surgical therapies may be contem-
plated to effectively manage tremor and fluctuations and
reduce off-time and time spent with dyskinesia.5 Deep
brain stimulation (DBS) involves delivering continuous elec-
trical pulses to specific targets within the basal ganglia
through surgically implanted leads. This targeted neuromo-
dulation can aid in the alleviation of both motor and non-
motor symptoms6,7 and is considered a well-established
and safe procedure.8 While much of the scientific literature
focuses on optimizing surgical procedures, there are few
recommended standards of post-operative care.

Post-operative care has been predictably managed differ-
ently in individual centers around the world.9 Although
advances in imaging10–12 and parallel intracranial record-
ings13 have led to improved and in some cases simpler pro-
gramming methods, they are not recognized as standard
clinical practice. The increasing complexity of technology
and devices has limited the number of specialized centers
offering care. Additionally, suboptimal management could
lead to suboptimal benefit.

The objective of our study was to establish an expert
consensus on post-operative management of one of the
most common used targets for DBS in PD—the subthala-
mic nucleus (STN)-DBS—by using a modified Delphi tech-
nique involving a larger number of experienced expert
providers. By consolidating collective knowledge and
establishing a consensus on best practices, our aim was to
provide valuable insights to share, guide and enhance the
post-operative care of PD patients with STN-DBS.

Methods

Study design
An international research steering group, comprised of
experts in the field of DBS, was established to provide guid-
ance throughout the study. The group identified pertinent
topics related to post-operative management in the context
of STN-DBS and formulated open-ended questions for
Round 1 of a modified, web-based Delphi study. In line
with the principles of the Delphi methodology, we did not
impose a rigid definition of “post-operative care” but
instead allowed the expert panel to shape this definition
through their responses. This approach was chosen deliber-
ately to accommodate the diversity of clinical practices
across different countries and institutions, given the inter-
national composition of the panel. In line with the principles
of the Delphi methodology, we did not impose a rigid def-
inition of “post-operative care,” but instead allowed the
expert panel to define its scope through their responses.
This decision was made deliberately to reflect the diversity
of clinical practices across countries and institutions, given
the international composition of the panel. While several
initial prompts focused on specific topics, participants
were explicitly encouraged to contribute any additional
aspects they considered relevant. This design was intended
to ensure that the scope of the study was shaped by the
panel’s expertise and perspectives, rather than being con-
strained by a predefined framework.

The panel of experts was consulted over three rounds
between April and December 2023 utilizing the online
survey tool Survey Monkey (SurveyMonkey Inc., San
Mateo, CA, USA). The primary objective of Round 1 was
to generate ideas regarding potential components of a post-
operative care protocol. Subsequently, in Rounds 2 and 3,
the identified elements were presented as written statements
for evaluation to inform the decision-making process for inclu-
sion and exclusion. The results from the previous round served
as a reference point for further decision-making.

The survey links were available for four weeks during
each round, with a reminder sent after two weeks. Before
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each round was activated, the survey underwent review by
clinicians not involved in the core research team to ensure
its comprehensibility and usability.

Sampling and recruitment
Potential panel members were invited to participate in the
study by responding directly to a link provided in an
email invitation. The recruitment process involved two
different channels: i) contacting designated DBS
experts known to the research steering group through
accessible email addresses and ii) distributing the invita-
tion to DBS mailing lists. Participants were also
requested to disseminate the invitation link to additional
experts in the field, in accordance with the snowball sam-
pling method. At the start of Round 1, participants were
requested to provide their preferred contact email
address, which was subsequently used to send invitations
for the following rounds.

Data collection
In Round 1 of the Delphi study, participants were asked
explicit questions that covered various aspects of man-
aging post-operative STN-DBS (cf. Supplemental
Material I) and they provided free-text comments in
response. In Round 2, participants were asked to rate
their level of agreement with each element using a nine-
point Likert scale (1= strongly disagree, 9= strongly
agree). In certain cases, the panel had to choose
between competing statements, such as determining the
most appropriate timing for a specific procedure. The
panel also had the opportunity to offer additional com-
ments to supplement and clarify their ratings or elaborate
on their opinions, which ultimately informed the
decision-making process of the research steering group.
In the final round, participants evaluated statements
through ratings, multiple choice, or rankings depending
on the context.

In acknowledgement of the fact that not every panel
member possessed knowledge of all post-operative proce-
dures, an additional response option, namely ‘not my area
of expertise’ was provided. Throughout all rounds, partici-
pants’ anonymity was maintained, and their contact infor-
mation remained separate from their responses.

Analysis
We conducted a descriptive analysis of the demographic
characteristics and personal information of the panelists.
For the analysis of the qualitative data, AP and JNM
carried out an inductive content analysis of the responses
gathered during Round 1. Initially, these two authors

independently organized the responses into clusters, with a
focus on identifying relevant ideas and phrasing them to
concise statements regarding pathway elements. This cluster-
ing process involved a meticulous line-by-line review of the
data. Repeated meetings were held to compare, revise, and
add to the statements resulting from this analysis. To
ensure rigor and confirmability, team meetings with DP
and consultations with the research steering group served
to review and redefine statements before presenting them
to the panel in the subsequent rounds. Starting from Round
2, results were analyzed using a methodology similar to
that employed by the Organization for Economic
Cooperation and Development Health Care Quality
Indicators project.14 In this methodology, mean ratings
falling within the range of 7 to 9 indicate strong support
for an item, ratings between 4 and 6 indicate ambiguity,
and ratings between 1 and 3 are interpreted as rejection.
For multiple-choice questions, consensus was considered
achieved when an absolute majority (>50%) was reached.
In the case of ranking questions, consensus was considered
achieved when at least 50% of the panel agreed on the
ranking. In situations where an absolute majority was not
obtained, rankings were determined by assigning inverse
scores to each item relative to the total number of available
options. For an overview of the methodological design
please see Figure 1.

Ethics
The study received approval from the Institutional Review
Board of Philipps-University Marburg (reference number
192/21). Participants were informed in the introductory
text that clicking on the participation button constituted
informed consent.

Results
We conducted a three-round Delphi study with a panel of 76
experts practicing in 15 different countries. Of these initial
respondents, 51.3% (n= 39) completed Round 2 and 59.2%
(n= 45) completed Round 3. The experts had an average
age of 47.9 years (SD ±8.3 years) with 15.4 years
(SD ±7.8 years) of practical experience with patients
treated with DBS. Among the panelists, 31.6% were
female, 67.1% were male, and one participant (1.3%) iden-
tified as non-binary. The participants’ centers performed a
median number of 25 STN-DBS surgeries per year (range
0–250) and median percentage of implanted directional
leads was 100% (range 0–100%). 89.5% used a monopolar
review protocol. Imaging techniques were used by 82.9% of
participants to optimize DBS parameters, LFP-sensing by
60.5%, wearables by 18.4%, and other methods by
13.2%. 2.6% did not use any aids. Further participant char-
acteristics can be found in Table 1.
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Consensus building
The qualitative analysis of Round 1 resulted in 417 statements.
After eliminating certain statements and further refining them
through two subsequent rounds, the Delphi Panel reached con-
sensus on 129 statements relating to eleven essential domains
for the management of post-operative STN-DBS: hospital dis-
charge, rehabilitation referral, imaging and lead review, mono-
polar testing, LFP sensing, troubleshooting, medication

management, multiprofessional care, follow-up, empower-
ment of patients and caregivers, and quality control of man-
agement procedures.

Hospital discharge
The panel reached a consensus on six discharge criteria fol-
lowing DBS implantation, as shown in Table 2. Additionally,

Figure 1. Methodological design of the Delphi study.
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it was agreed by the panel that the hospital discharge policy
should be contingent upon the particularities of the health
care system and the population density of the country.

Rehabilitation referral
Through our Delphi study, we were able to establish a com-
prehensive set of eight criteria for the referral of individuals
to rehabilitation services following STN-DBS surgery (cf.
Table 3).

Imaging and lead review
The panelists reached a consensus that a post-operative CT
should be performed routinely within 24 h of surgery. In
addition, the preferred imaging modality for lead placement

and rotation assessment was found to be CT. Moreover, the
panel strongly recommended the use of system-compatible
software for conducting post-operative evaluations of lead
position and rotation.

Initiation of stimulation
The study participants rated the relevance of the statement
“Stimulation should be started before performing a thor-
ough monopolar review” as low (mean 4.0). However,
there was also a notable absence of agreement regarding
the optimal timeframe for conducting monopolar testing
after surgery, as indicated by the distribution of responses:
1 week (28.6%), 2 weeks (21.4%), 3 weeks (21.4%) and 4
weeks (23.8%). No consensus statement could be reached
in the domain of “Initiation of stimulation”within the study.

Monopolar testing
During the three Delphi rounds, a comprehensive protocol
for conducting monopolar testing, was developed. This
protocol is illustrated in Figure 2 (for a complete list of
statements, please refer to the Supplemental Material II).

LFP sensing
According to the results, the panel reached strong consensus
on several clinically relevant aspects of LFP sensing. In
clinical routine, LFP sensing should be used for contact
selection to obtain an optimal response to stimulation, and
it may also be applied to gain a better understanding of
motor fluctuations. The duration of LFP sensing
should depend on the clinical purpose of the application,
and when adaptive DBS is implemented, LFP detection
should be maintained throughout.

Table 1. Participant characteristics.

n= 76

Gender (%)

Female 24 (31.6)

Male 51 (67.1)

Non-binary 1 (1.3%)

Mean age in years (SD) 47.9 (8.3)

Professional background

neurology 51 (67.1)

neurosurgery 21 (27.6)

other 4 (5.3)

Mean DBS practice in years (SD) 15.4 (7.8)

Place of practice (%)

Europe 29 (38.2)

Northern America 27 (35.5)

Asia 20 (26.3)

Median STN-DBS surgeries per year at institution

(range)

25 (0–250)

Median proportion (%) of implanted directional

leads at institution (range)

100 (0–100)

Median number of STN-DBS patients followed up

once per year (range)

100 (0–600)

Table 2. Compilation of consensus statements regarding hospital

discharge.

Statements
For discharge, patients should…

1 … be able to safely ambulate (equivalent to pre-op status).

2 … be able to take their medication safely by mouth.

3 … able to take care of their own activities of daily living (ADL).

4 … have assistance in activities of daily living (ADL) at home if

required.

5 … not suffer from prolonged confusion.

6 … should not suffer from uncontrolled pain.

7 Hospital discharge policy should depend on the specifics of the

health care system and the population density of the

country.

Table 3. Compilation of consensus statements regarding

rehabilitation referral.

Statements
Patients should be referred to rehabilitation if…

1 … they are unable to carry out their own activities of daily

living (ADL) after surgery.

2 … they lack the necessary support (e.g., family carer, nursing

service) with activities of daily living (ADL) at home.

3 … they are unable to ambulate safely post-operatively.

4 … post-operative complications occur that affect functional

status.

5 … they had poor functional status pre-operatively.

6 … they are at high risk of falling post-operatively.

7 … they experience speech difficulties post-operatively.

8 … they respond inadequately to programming and/or require

complex medication changes.
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Figure 2. Flowchart for monopolar testing procedure.
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Troubleshooting
A total of seven statements derived from the Delphi study
were identified in relation to the management of concerns
pertaining to the efficacy and safety of stimulation.
Figure 3 illustrates a flowchart outlining the troubleshooting
measures (for a comprehensive list of statements, please
refer to the Supplemental Material II).

Medication management
The panel reached a consensus that the reduction of PD
medication should commence upon the initiation of
stimulation. Moreover, based on our findings, the priori-
tization for tapering or discontinuing medication should
be as follows: (1) anticholinergics, (2) dopamine ago-
nists, (3) amantadine, (4) COMT inhibitors, (5) levodopa,
(6) MAO inhibitors. In the case of dopamine agonists, a
consensus was reached to adopt a gradual tapering
strategy.

Follow-up
Our study yielded nine statements pertaining to post-
operative follow-up in diverse settings such as outpatient
clinics, day clinics, inpatient care, and telemedicine. For
additional details, please consult Table 4.

Multiprofessional care
The panel reached a consensus regarding the diverse
contributions of non-medical staff in the delivery of
post-operative care, as outlined in Figure 4.
Additionally, it was recommended that a neuropsycho-
logical evaluation be administered at both the baseline
and one year mark.

Empowerment of patients and caregivers
The study participants achieved a consensus on 22 state-
ments related to strategies for promoting patient and care-
giver empowerment. These strategies aim to improve the
patients’ and caregivers’ positions by providing them with
information, encouraging active participation, and facilitat-
ing shared decision-making. A comprehensive list of the
statements can be found in the Supplemental Material II.

Quality control of management procedures
The consensus process produced a total of 22 statements on
quality control, which are presented in full in the
Supplemental Material II. There was a consensus that

Figure 3. Flowchart for troubleshooting for monopolar testing.

Table 4. Compilation of consensus statements regarding

follow-up.

Statements
1 Until stimulation parameters are considered optimized,

patients should be followed up in outpatient clinic at least

every 2 to 4 weeks.

2 Outpatient clinic appointments after achieving satisfactory

stimulation results should be scheduled at least every 6

months.

3 Telemedicine should be used for remote battery checks.

4 Telemedicine should be used when patients have limited access

to outpatient clinics.

5 Telemedicine should be used for urgent care issues related to

STN-DBS.

6 If available, telemedicine appointments after achieving

satisfactory stimulation results should be scheduled at least

every 3 to 6 months.

7 Inpatient follow-up should be scheduled if parameter

adjustment proves difficult in the outpatient setting.

8 Day clinic follow-up should be scheduled if parameter

adjustment proves difficult in the outpatient setting.

9 Patients at high risk of psychiatric disorders should have

psychiatric follow-up after STN-DBS surgery.
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quality control assessments on the individual patient level
should be conducted one year after the surgery and subse-
quently repeated on an annual basis. Additionally, it
was deemed important for the quality control protocols
to encompass pre-operative status records, enabling
before-and-after comparisons. Furthermore, it was recom-
mended to perform assessments both with and without
stimulation and medication, respectively, for meaningful
comparisons. Figure 5 provides an overview of the vari-
ables to be assessed as part of an audit of clinical standards
and processes.

Discussion
STN-DBS is an important therapeutic strategy for effect-
ively managing symptoms in specific cases of both early
and advanced stages of PD. The rapid advancement of
this technology has led to an increased level of expertise
required for programming these devices, as well as for the
post-operative care of patients. However, this may also
pose challenges to accessibility. Through a three-round
modified Delphi study, we have successfully developed a
comprehensive care protocol for individuals with PD who
have undergone STN-DBS surgery. The various compo-
nents outlined in this protocol can be utilized to create a
more standardized resource for optimal post-operative man-
agement. The advantages of our approach and protocol
include improved organization, integration into clinical
practice, and the establishment of benchmarks for quality
assurance.

Well-organized care processes not only contribute to effect-
ive treatment but also have the potential for significant positive
impact on an individual’s sense of security.15 Establishing a
standardized perioperative management process following
DBS surgery can present a formidable challenge due to the
variability in patient characteristics and PD progression.16

We would argue that the advantages outweigh the shortcom-
ings. By standardizing processes, consistency can be empha-
sized, thereby reducing errors,6 including medication-related
complications such as dopamine withdrawal syndrome17 or

Figure 4. Consensus on non-medical staff involvement in

post-operative STN-DBS care.

Figure 5. Consensus on variables to be assessed as part of an audit of clinical standards and processes in post-operative STN-DBS

care, including measures of structural and outcome quality. ADL: activities of daily living; DBS: deep brain stimulation; SOP: standard

operating procedure.
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the transient development of an affective change.18 The provi-
sion of explicit recommendations thus has the potential to
contribute to the recovery post-operatively. Enhanced commu-
nication, patient education, and efficient resource allocation
are further benefits. Despite standardization, our protocol
reflects a shift to personalized care by: i) improving patient
knowledge, ii) understanding PD heterogeneity, iii) imple-
mentation of patient-centricity, and iv) the application of a
multidisciplinary approach to care.19

Modern DBS systems are equipped with thousands of
possibilities for adjusting settings, and though manufac-
turers provide some aid it is not enough. Increasing
complexity such as for example the use of directional elec-
trodes present both advantages and disadvantages.
Commercially available systems facilitate a significant
expansion of options and the therapeutic window.10 These
options may facilitate the choice of contacts for program-
ming.11,12,20 In practice, this is time-consuming and
requires regular expertise and software updates.21 Our
protocol has the potential to address these gaps by formal-
izing existing standards in routine practice. Additionally,
some but not all aspects of the protocol may be potentially
applicable to ablative procedures (e.g., MRgFUS studies in
PD patients22).

One important area will be the development of a protocol
for a monopolar review when initiating programming (see
Figure 1). However, the lack of consensus in determining
the ideal timing for monopolar review ranges from 1 to 4
weeks post-operatively. Additionally, whether future tech-
nology will replace the need for monopolar review
remains a topic of debate. These considerations highlight
how our protocol will also require regular updates.

The Delphi approach offers additional insights into the
promotion of high-quality care, both at the individual
patient level and institutional level. The inclusion of robust
quality assurance measures can enhance the transparency
of care processes and outcomes, while also providing rigor-
ous feedback to those attempting to implement evidence-
based practices. The protocol elements will likely foster a
culture of safety and continuous improvement. By placing
a priority on quality assurance, DBS centers can enhance
the patient experience, decrease the likelihood of complica-
tions, and facilitate a comparison of DBS care provided in
both clinical practice and research settings.

Strengths and limitations
The Delphi technique is not a perfect solution23,24;
however, previous consensus research in PD has demon-
strated the effectiveness of the study design.5,25 A notable
strength of our approach was the structured consensus
process involving professionals with clinical experience in
DBS care, which facilitated a realistic assessment of the
feasibility of individual pathway elements. In our study,

we modified the traditional Delphi approach by utilizing a
web-based survey instead of providing hard copies to parti-
cipants. This method not only expedited data collection and
analysis but also allowed for broader dissemination to a
more geographically diverse sample. However, our modi-
fied Delphi study also had notable limitations. Firstly, our
study focused exclusively on STN-DBS; equivalent
research will be necessary to establish comparable insights
for the internal part of the globus pallidus (GPi)-DBS.
Second, for response rates for online questionnaires are
generally low,26–28 which may have contributed to the
limited participation and high attrition in our sample. In
addition, the considerable time commitment across multiple
rounds likely deterred continued participation, a recognized
limitation of Delphi studies29; while this attrition may have
introduced some bias, the diversity and number of experts
retained in later rounds still provided a robust basis for con-
sensus. However, we could gather a sample of 76 profes-
sionals from 15 countries. Despite these efforts, we were
unable to recruit experts from all continents, resulting in a
relatively balanced participation of experts from North
America, Europe, and Asia only. Therefore, the generaliz-
ability of our findings to healthcare systems, particularly
in resource-poor countries, remains uncertain. Lastly,
while the Delphi study design is valuable for reaching con-
sensus, it may not fully capture the complexity of all pos-
sible complications or individual patient circumstances
in post-operative management of STN-DBS for PD. As a
result, certain pathway elements—particularly those
related to troubleshooting and medication tapering—may
be overly simplified. Thus, the findings should be regarded
as an initial framework, requiring careful adaptation to each
patient’s unique clinical circumstances.

Conclusions
The findings of this study highlight the importance of using
the Delphi technique to reach a consensus among experts
and to develop a comprehensive care pathway for managing
post-operative STN-DBS. We acknowledge that the imple-
mentation of some recommendations may not currently be
feasible in all settings, and that certain aspects—such as
medication management—rely on expert consensus where
comparative evidence is lacking. These elements should
therefore be interpreted as preliminary guidance, highlight-
ing the need for further research to clarify points that remain
debatable. Nonetheless, we believe that establishing a
consensus-based benchmark for optimal care can serve
multiple purposes: it can help guide clinical decision-
making where flexibility exists, inform policy discussions
where systemic change may be possible, and identify
areas that may benefit from further research or resource
allocation. By providing a shared framework grounded in
expert opinion, this work may also inspire future studies
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and facilitate more harmonized standards of care across
diverse healthcare systems. However, updates will be
required as technology and approaches in managing
STN-DBS may evolve rapidly.
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