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C. Supplemental Table 1:Supplementary Figures
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Supplementary Figure 1. Subgroup Analyses Forest plot and accompanying table showing the unpaired median difference in change from baseline in MDS-UPDRS Part III scores between SoC and remote programming across predefined subgroups: age (<60 years vs ≥60 years), baseline MDS-UPDRS Part III (<35 vs ≥35), cognitive function (MoCA <25 vs ≥25), and levodopa equivalent daily dose (<1000 mg/day vs ≥1000 mg/day). For each subgroup, the number of patients analysed per group, median values with IQRs, and median differences with 95% CIs are reported. P values were derived from the Mann–Whitney U test. Positive values indicate greater improvement in the SoC group, and negative values indicate greater improvement in the remote programming group.



[image: ]

Supplementary Figure 2. Electrode localization and volume of tissue activated (VTA) reconstruction. (A) Anatomical reconstructions of implanted DBS electrodes in the SoC and remote programming groups, visualized in standard MNI space. (B) Group-level overlays of VTAs after initiation of DBS prior to the discharge from the hospital (day 1-7) and at 90 days follow up for both groups. The upper row shows individual patient VTAs overlaid in standard space; the lower row displays the corresponding group-averaged VTAs. Note the changes in individual and mean VTAs between day 1–7 and day 90, reflecting adjustments in DBS programming during the study period.

C. Supplemental Table 1:Supplementary Table



	Time Point
	Electrode
	Axis
	SoC (Mean ± SD
	Remote (Mean ± SD)
	Mean Difference (95% CI)
	t-value
	P-value

	Day 0
	Left
	X
	-12.70±1.54

	-12.95±1.32

	-0.25 [-1.19, 0.69]

	-0.53

	0.59


	
	
	Y
	-13.73±1.57

	-13.83±1.16

	-0.1 [-1.00, 0.81]

	-0.20
	0.83

	
	
	Z
	-6.95±1.57

	-6.16±1.11

	0.79 [-0.10, 1.68]

	1.8
	0.08

	
	Right
	X
	12.69±1.62

	12.60±1.32

	0.09 [-1.06, 0.88]

	-0.19
	0.85

	
	
	Y
	-13.68±1.76

	-12.89±1.61

	0.79 [-0.32, 1.90]

	1.45
	0.15

	
	
	Z
	-6.67±1.33

	-6.73±1.41

	-0.06 [-0.96, 0.85]

	-0.13
	0.89

	Day 90
	Left
	X
	-12.65±1.49

	-12.86±1.49

	-0.21 [-1.19, 0.77]

	-0.43
	0.66

	
	
	Y
	-13.65±1.71

	-13.97±1.31

	-0.32 [-1.32, 0.67]

	-0.66
	0.51

	
	
	Z
	-6.85±1.90

	-6.63±1.42

	0.22 [-0.86, 1.31]

	0.4
	0.69

	
	 Right
	X
	12.84±1.60

	12.51±1.14

	0.33 [-1.32, 0.67]

	-0.67
	0.51

	
	
	Y
	-13.35±1.73

	-13.10±1.70

	0.25 [-0.87, 1.39]

	0.47
	0.64

	
	
	Z
	-6.48±1.85

	-7.08±1.47

	-0.6 [-1.70, 0.49]

	-1.12
	0.26



Supp. Table 1. Comparison of stimulation coordinates (centre of mass of volume of tissue activated) between standard-of-care and remote programming groups at day 0 and day 90. Values represent group means ± standard deviations for each axis (X, Y, Z) at each timepoint (day 0 and day 90) and hemisphere (left, right). Mean differences (Remote – SoC) are presented with 95% confidence intervals. Positive values indicate more anterior (X), lateral (Y), or dorsal (Z) stimulation in the Remote group. Between-group comparisons were performed using independent-samples t-tests. No statistically significant differences were observed at any axis, timepoint, or hemisphere (P > .05).

Supplementary Methods



Study Procedures: After providing consent, all participants underwent baseline evaluations (Visit 1; day -14 to -1 prior to surgery, with day 0 being the day of electrode implantation). Clinical data were recorded in standardized case report forms. Movement Disorder Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) Part III was assessed in the medication off state (≥12 hours after the last dopaminergic dose), while all other scales were assessed in the medication on state according to each patient’s usual medication regimen.  Measures collected during Visit 1 included MDS-UPDRS Parts I–IV, Parkinson’s Disease Questionnaire-39 Summary Index (PDQ-39-SI), Beck Depression Inventory–II (BDI-II), Montreal Cognitive Assessment (MoCA), Hoehn and Yahr Scale (H&Y) Scale, Ardouin Scale, Scale for Suicidal Behavior (SSEV), and Levodopa Equivalent Daily Dose (LEDD). All participants subsequently underwent bilateral STN-DBS electrode implantation following standard local surgical protocols, including MRI-based stereotactic planning. All patients received an Abbott Infinity™ IPG, and initial DBS programming was performed prior to discharge between day 1 and 7 according to routine clinical practice. The initial programming strategy was at the discretion of the treating clinician and could include a monopolar review, determination of side-effect thresholds, and assessment of therapeutic windows. There were no restrictions on the specific stimulation program used. 
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Schematic overview of the study timeline and workflow in both treatment groups.

Following initial programming, participants were randomly assigned to either the standard of care (SoC) or the remote group using a block randomization with allocation concealment. The personnel who enrolled participants to the interventions had no access to the random allocation sequence. For participants randomized to the remote group, a VAS-based monopolar review was conducted between the postoperative day 1 and 7 prior to discharge as described previously.1–4 In brief, different stimulation amplitudes (ranging from 0.5 to 3.0 mA, including a 0-mA control) were applied individually to each contact and for each hemisphere separately. The sequence of contact-amplitude combinations was randomized using a predefined list to minimize habituation effects. Following each adjustment, patients were asked to rate the overall quality of the DBS effect on a scale from 0 to 10, where 0 indicated "very bad" and 10 indicated "very good," without further elaboration. Intermediate scores were left to the patients' interpretation, based purely on their subjective perception of the stimulation effect. Patients were instructed to provide a rating within 10–30 seconds, a time window deemed sufficient for symptom modulation to occur.5  The corresponding VAS score was recorded immediately after each setting. Throughout the procedure, patients were blinded to the specific stimulation settings. If intolerable side effects emerged, the corresponding contact was excluded from further testing at higher amplitudes. After each stimulation setting, a 60-second washout period was maintained before the next parameter combination was applied. Once one hemisphere was completed, the same procedure was repeated for the contralateral side. The overall VAS-based adjustment pro-cess required approximately 45 minutes per electrode per patient.
After discharge from the hospital, patients in the SoC group received conventional in-person programming by their treating physician between the postoperative day 7 and 90. Monopolar reviews, MRI guidance, session frequency, and duration were at the physician’s discretion.  Patients in the remote group received programming via the Abbott NeuroSphere™ Virtual Clinic through secure video calls using the patient’s smartphone or an Abbott-provided device between the postoperative day 7 and 90. No neurological examinations were conducted during these sessions; stimulation parameters including the amplitude, frequency, pulse width or contact selection or configuration were adjusted exclusively according to patient-reported feedback. At the clinician’s discretion, immediate VAS-based feedback in response to changes in stimulation parameters and the results from VAS monopolar reviews conducted prior to discharge could also be incorporated but were not mandatory. Programming and consultation schedules in both groups were determined by perceived need, allowing clinicians or patients to request sessions based on availability.
At 90 days post-implantation, all participants returned for a second study visit. All clinical assessments were repeated in the medication-on/stimulation-on state by the same examiner whenever possible. Medication adjustments, physiotherapy, and rehabilitation were permitted but not included in outcome analyses.

Statistical Analysis: This trial was designed and powered to assess the non-inferiority of remote DBS programming compared with SoC programming. A non-inferiority margin of 5 points on the MDS-UPDRS Part III was prespecified and justified on both clinical and statistical grounds. Clinically, a 5-point difference represents the lower bound of a minimal clinically important difference in motor function for patients with Parkinson’s disease and is considered meaningful in routine clinical practice.6 Statistically, previous DBS studies have demonstrated a mean improvement of approximately 30% in MDS-UPDRS Part III scores with a standard deviation of approximately 6 points,7 providing a well-established reference effect. The selected margin was therefore chosen to preserve a substantial proportion of the known therapeutic benefit of DBS while excluding clinically relevant loss of efficacy, in accordance with regulatory guidance on non-inferiority margin selection. Assuming a standard deviation of 6 points7 and a dropout rate of ~10%, we estimated that a sample size of 23 evaluable participants per group would provide 80% power to detect non-inferiority at a two-sided alpha of 0·05 (analysis based on: http://powerandsamplesize.com/Calculators/Compare-2-Means/2-Sample-Non-Inferiority-or-Superiority). To account for attrition, 52 patients were enrolled.
The primary outcome — the MDS-UPDRS Part III score at 3 months in the medication-on/stimulation-on state— was analysed using the Mann–Whitney U test, and non-inferiority was assessed by computing a 95% confidence interval (CI) around the between-group (SoC vs remote) difference in median change scores, consistent with the non-parametric analysis framework and the distributional characteristics of the outcome. Confidence intervals were generated using bootstrap resampling (n = 5000) with bias-corrected and accelerated (BCa) intervals,8 implemented via the Estimation Stats platform (www.estimationstats.com) and confirmed via the SURVEYSELECT procedure of the Statistical Analysis System SAS (release 9.04.01M6P1107201) for Linux (SAS Institute Inc., Cary, NC, USA) using n = 100.000 replicates. 
In line with the ICH E9(R1) estimand framework, the primary analysis was defined with respect to a prespecified estimand reflecting the effect of remote versus SoC DBS programming on motor outcomes. The primary estimand targeted a strategy-based (per-protocol; PP) effect, estimating the treatment difference in patients who adhered to the assigned programming strategy without major protocol deviations or rescue interventions. Intercurrent events, including crossover to in-person programming, surgical revision, or device-related complications necessitating withdrawal from the assigned strategy, were handled through exclusion from the PP population. A supportive intention-to-treat (ITT) analysis addressed a treatment policy estimand, reflecting the effect of treatment assignment regardless of intercurrent events. In this analysis, all randomized participants were analyzed according to their original group assignment. Missing 3-month MDS-UPDRS Part III outcomes were conservatively imputed using the worst observed 3-month MDS-UPDRS Part III score in the remote group (28 pts) and the best score in the SoC group (0 pts).
To evaluate whether baseline differences in age and motor severity influenced 3-month motor outcomes, we conducted adjusted analyses in the ITT population as sensitivity analyses. Multivariable linear regression models were specified with 3-month MDS-UPDRS Part III score (medication-on/stimulation-on) as the dependent variable and treatment group (remote programming vs SoC), age, and baseline MDS-UPDRS Part III score (medication-off) as independent variables. To assess potential effect modification, interaction terms between treatment group and age and between treatment group and baseline motor severity were included in an initial model. Model fit was evaluated using the coefficient of determination (R²), and statistical significance was assessed using two-sided tests with an α level of .05.
As a complementary approach, we performed an analysis of covariance (ANCOVA), which is mathematically equivalent to multivariable linear regression, treating treatment group as the primary factor of interest and adjusting for age and baseline MDS-UPDRS Part III score as covariates. These analyses were intended to assess the robustness of the treatment effect to adjustment for baseline imbalances rather than to establish causal relationships between covariates and outcome. Given the modest sample size, adjusted analyses were interpreted as sensitivity analyses, and absence of statistical significance was not taken to imply absence of association. PP adjusted analyses were conducted as complete-case analyses, including only participants with available baseline MDS-UPDRS Part III score, age, and 3-month MDS-UPDRS Part III outcome, and were used solely as supportive analyses. No imputation was applied in PP regression models. All adjusted analyses were prespecified as secondary or sensitivity analyses and were not used as the basis for the primary non-inferiority conclusion, which relied on unadjusted ITT and PP analyses.
Secondary outcomes were also assessed using Mann–Whitney U tests in the PP population, compatible with ordinal data. Changes from baseline were calculated within each group, and between-group comparisons were made on the change scores. Effect sizes for selected secondary outcomes were reported descriptively to aid interpretation, including Hodges–Lehmann median differences and rank-biserial r for non-parametric comparisons; no adjustment for multiple testing was applied to secondary outcomes. Some outcomes had missing data at baseline and/or at the 3-month follow-up. Analyses for the secondary outcomes were conducted using an available-case approach for each outcome, including all participants with available data for the respective variable and time point. Changes from baseline were calculated only for participants with data available at both time points. Sample sizes therefore vary slightly across analyses and are reported for each outcome in the main manuscript (Table 2). Missing data were not imputed, and no adjustment for multiple testing was made.
Exploratory subgroup analyses were performed to assess the potential moderating effect of age (<60 vs ≥60 years), baseline cognitive status (MoCA <25 vs ≥25), motor severity (baseline MDS-UPDRS Part III <35 vs ≥ 35 pts),9  and medication dose (LEDD < 1000 vs ≥ 1000 mg/d). Subgroup thresholds were chosen based on commonly used clinical cut-offs in PD research, including established MoCA thresholds for cognitive impairment and clinically meaningful categories of age, motor severity, and dopaminergic medication exposure. These analyses were exploratory, not prespecified, and no adjustment for multiple comparisons was applied. For each subgroup, between-group differences in the primary outcome (MDS-UPDRS III at 90 days in the med on/stim on condition) were examined using Mann–Whitney U tests, and subgroup effects were visualised using forest plots. No formal interaction terms were tested, and no adjustments for multiple comparisons were made.
Adverse events, including serious and device-related events, were summarised descriptively. Frequencies and proportions were reported for each event type.
To examine the anatomical similarity of stimulation between groups, we reconstructed electrode positions and VTAs using Lead-DBS software. The centre of mass coordinates (X, Y, Z) of each VTA were extracted and compared between groups at two timepoints (baseline and day 90) and for each hemisphere (left, right) separately. A multivariate analysis of variance (MANOVA) was performed for each timepoint/hemisphere combination, with group as the independent variable and X, Y, Z coordinates as dependent variables. Four MANOVAs were conducted in total. To support interpretation, Wilks’ Lambda, Pillai’s Trace, Hotelling’s Trace, and Roy’s Largest Root were reported alongside the associated F-statistics, degrees of freedom, and p-values. If the MANOVA did not indicate significant group differences, follow-up univariate independent-samples t-tests were performed along each axis (X, Y, Z), and results were summarised with mean differences, 95% CIs, t-values, and p-values.
All the above analyses were performed using GraphPad Prism version 10 (GraphPad Software), Statistical Analysis System SAS (Release: 9.04.01M6P1107201) for Linux (SAS Institute Inc., Cary, NC, USA), and Lead-DBS version 2.6.1 for neuroimaging analyses. All tests were two-tailed, with a significance threshold of P < .05 unless otherwise specified. A data monitoring committee was not convened given the minimal risk nature of the study. 

Localization of DBS Leads: Preoperative imaging (T1- and T2-weighted MRI) and postoperative computed tomography (CT) scans were processed for electrode localization using the Lead-DBS toolbox (www.lead-dbs.org).10 Postoperative CT images were linearly co-registered to the corresponding preoperative MRI using Advanced Normalization Tools (ANTs). Native-space images were subsequently normalized to Montreal Neurological Institute (MNI) space via a three-step affine registration pipeline, with additional manual refinement of the atlas fit performed where necessary. Correction for brain shift and pneumocephalus resulting from surgery was applied using the brain shift correction algorithm implemented in Lead-DBS. All registration steps were carefully inspected and manually adjusted to ensure accurate alignment. Electrode trajectories were initially reconstructed using the PaCER algorithm,11 with manual refinement performed as needed to optimize anatomical fidelity. In patients implanted with directional leads, rotational orientation was assessed and corrected using the DiODe algorithm.12 Anatomical segmentations were defined using the DISTAL atlas13

Volume of Tissue Activated (VTA) Estimation: The volume of tissue activated (VTA) was estimated using a finite element method (FEM)-based model implemented in the Lead-DBS toolbox. To accurately model the distribution of the electric field, subcortical gray matter nuclei were defined using the DISTAL atlas. Consistent with established protocols, tissue conductivities were set to 0.33 S/m for gray matter and 0.14 S/m for white matter.14 The electric fields (E-fields) were calculated using the SimBio/FieldTrip computational pipeline within Lead-DBS. A threshold of 0.2 V/mm was applied to delineate the VTA boundaries, following similar methodologies used in previous studies.14 

Delineation of the of mean VTAs and center of mass (COM) coordinates. Individual VTAs were binarized and spatially normalized to MNI space to allow for group-level analysis. Mean VTAs were generated by averaging the binarized volumes across patients within each group or condition. The resulting probability maps represent the proportion of subjects with stimulation at each voxel. The centre of mass (COM) for each VTA was calculated in MNI space using Lead-DBS’s built-in tools, which compute the intensity-weighted centroid of the activation volume. COM coordinates were extracted for both individual and group-level VTAs and used for spatial comparison of stimulation loci across subjects. Visual inspection and manual quality control were performed to confirm accurate representation of electrode placements and VTA overlaps.























Appendix: REMOTE Trial Study Protocol (Version 5)




Initial Submission Date: July 1st 2021
Initial Approval Date: Nov. 9th 2021
Final amendment to Version 4, submitted: Feb. 2022
Final Amendment to Version 4, approved: May 13, 2022
1. Study Title:
Prospective, Multicenter Evaluation of a Telemedicine-Supported Adjustment of Neurostimulation Devices (REMOTE Study).
2. Responsibilities:
Principal Investigator:
PD Dr. med. Thomas Köglsperger
Department of Neurology, University Hospital of Munich
Marchioninistr. 15
81377 Munich, Germany
Phone: +49 89 4400-46433
thomas.koeglsperger@med.uni-muenchen.de
Study Physicians: PD Dr. med. Thomas Koeglsperger; Prof. Dr. med. François Alesch; Prof. Dr. med. Carsten Buhmann; Dr. med. Ute Hidding, Prof. Dr. med. Thomas M. Kinfe; PD Dr. med. Martin Regensburger, PD Dr. med. Jost-Julian Rumpf; Prof. Dr. med. Alfons Schnitzler; Dr. med. Barbara Steiger; Prof. Dr. med. Daniel Weiß; Dr. med. Verena Zentsch.
3. Scientific Background
Deep Brain Stimulation (DBS) is the treatment of choice for advanced Parkinson’s disease (1). In this procedure, microelectrodes are stereotactically implanted into the subthalamic nucleus (STN) and connected to an internal pulse generator (IPG), which is typically implanted in the chest area. This device continuously generates rectangular electrical pulses. The stimulation improves motor initiation in the basal ganglia, which is otherwise impaired in Parkinson’s disease. The IPG can be programmed externally via Bluetooth or radio connection. Both the activated contacts and the amplitude (a), frequency (f), and pulse width (pw) of the pulses can be modified within a certain range to optimize the stimulation effect. Programming the IPG is the most critical factor for therapeutic success besides correct intraoperative electrode placement 15,16.
There are expert recommendations for DBS programming17–22 Additionally, studies suggest specific reference ranges for STN-DBS programming.23–30 Based on these data and clinical-neurological parameters, stimulation settings are adjusted.2,17,18,22 Rigidity (rigor) is most frequently used as a target symptom, as it does not significantly depend on patient cooperation, is easy to test, does not fluctuate much, and responds quickly to stimulation31–33. Rigidity can be tested, for example, via passive wrist movement. If rigidity is absent, bradykinesia is used as an alternative, typically assessed through hand or finger tapping. Additional clinical features such as tremor, gait, and general mobility (e.g., standing up from a chair) may also be evaluated.
As part of IPG programming, all contacts are typically tested individually and sequentially on both sides, a process known as a "monopolar review." The most critical parameter in neurostimulation programming is the amplitude29,34. Therefore, frequency and pulse width are usually held constant (60 µs, 130 Hz), and amplitude is slowly increased at each contact from 0 to 4 mA, corresponding to the therapeutic range described in the literature28–30. After each increment, a clinical-neurological assessment is made of the target symptoms and any potential side effects, which are documented.
Modern segmented electrodes from manufacturers such as Boston Scientific® and Abbott® feature 8 individually controllable contacts per lead. Assuming amplitude is increased from 0.5 to 4 mA in 0.5 mA increments (8 steps), the result is a total of 2 x 8 x 8 = 128 test steps. IPG programming is therefore an extremely time- and documentation-intensive process, leading to substantial physician workload in routine clinical care. This workload is particularly relevant in postoperative follow-up. After DBS electrode implantation, Parkinson’s patients typically experience fluctuating motor function over several weeks or months. These fluctuations are due to the so-called “lesion” or “insertion effect,” referring to temporary symptom improvement caused by local tissue irritation following electrode implantation. As this effect subsides over time, symptoms reappear, requiring adjustment of stimulation settings. This necessitates repeated outpatient or inpatient visits, presenting practical, clinical, and economic challenges. Moreover, some side effects only become apparent hours or days after a stimulation change, which can require additional follow-up visits—posing a burden to both patients and providers. To address this, "closed-loop" DBS systems are being developed. These systems record and analyze a biosignal (e.g., EEG from the implanted electrodes), and automatically adjust the stimulation settings using predefined software algorithms 21. While this approach appears promising for the future, it remains unclear which biosignals are most suitable and how they should be processed. It is not yet foreseeable when closed-loop or even self-learning DBS systems will be integrated into routine clinical care. 
As an alternative, telemedicine approaches have recently been developed to reduce the need for repeated in-person visits and to facilitate extended postoperative care and device adjustments in the patient’s home. One example is Abbott’s concept for “remote” programming of brain stimulation devices. Abbott has developed a software solution under the name *Neurosphere™ Virtual Clinic* (https://neurosphere.abbott/virtual-clinic/). This system has received FDA approval and CE marking from the accredited body BSI (MDR 725782) as of July 22, 2021. The core of the *Virtual Clinic* platform is software that allows i) initiating a video connection with a patient and ii) adjusting the DBS parameters without requiring an in-person ("face-to-face") visit. Both the physician and the patient log into the system at a scheduled time and explicitly confirm the connection. Only after mutual confirmation is the video session established (similar to ZOOM or WEBEX), enabling real-time communication. During the video session, the physician can adjust DBS parameters (contact, amplitude, pulse width) while observing the patient. Once a satisfactory adjustment is achieved, the settings are saved and the session ends. If the connection is disrupted (e.g., due to internet failure), the system automatically restores the previous settings used before the session.This novel technology offers the clear advantage of enabling uncomplicated and repeated physician-patient interactions without hospital visits. A perceived disadvantage is the inability to perform a clinical-neurological assessment, i.e., to evaluate how a specific setting affects rigidity or tremor. To address this issue, we conducted a pilot study (VISUAL-STIM; #18-809) to evaluate the applicability and validity of a novel DBS programming strategy for Parkinson’s patients. Instead of clinical testing, a visual analog scale (VAS) was used as a measure of the patient’s subjective feedback. Our preliminary results showed that in the short term, the VAS-based programming strategy was not inferior in efficacy to the standard monopolar review method 2. Thus, VAS-based programming represents a potentially effective alternative approach for remote DBS programming. However, its medium-term safety and efficacy have not yet been scientifically studied.
4. Study Objectives
IPG (implantable pulse generator) programming is crucial for the therapeutic success of DBS (deep brain stimulation) treatment in Parkinson’s disease. However, it is also highly time- and resource-intensive. Currently, no viable alternatives exist to the standard approach for IPG programming. Moreover, novel programming strategies are needed for application in telemedicine, i.e., in the absence of direct patient contact. Therefore, this study primarily pursues the following two objectives:
· VAS-based programming of DBS devices represents a novel approach for the follow-up care of DBS patients. We have previously evaluated programming via a visual analog scale (VAS) in Parkinson’s patients in the short term and found it to be safe and effective 2. However, data for de novo patients (i.e., immediately after electrode implantation) over the long term (i.e., several months) are currently lacking. This study aims to investigate whether VAS-based programming of DBS systems in Parkinson’s patients is equivalent to the standard follow-up approach over a 90-day period.
· One key advantage of VAS-based programming is that it eliminates the need for a clinical-neurological examination. Recently, new software solutions—such as the Neurosphere™ Virtual Clinic—have been introduced for remote programming of DBS patients in their home environment. Therefore, the study will also assess whether VAS-based programming is suitable for use in a telemedicine setting.

5. Endpoints

Hypotheses:
This study is based on the hypothesis that optimal adjustment of stimulation parameters using remote VAS-based programming (VAS-R) is equally effective as the conventional programming approach, which includes clinical-neurological examination (null hypothesis).

Primary and Secondary Objectives:

The primary objective of the study is to assess whether remote VAS-based programming (VAS-R) leads to clinical outcomes comparable to those achieved with the standard method.

The secondary objective is to evaluate the safety of remote VAS-based programming (VAS-R), including risks and side effects.

6. Study Design

Study Type: This is a multicenter, prospective, randomized, interventional study.

Study Duration: The duration of the study is 90 days per participant.
7. Study Centers
	City
	Institution
	Investigator
	Estimated Enrollment

	Munich
	LMU University Hospital
	PD Dr. Thomas Köglsperger
	20

	Erlangen
	Department of Neurosurgery, University Hospital
	Prof. Dr. Thomas M. Kinfe
	5

	Leipzig
	Department of Neurology, University Hospital
	Dr. habil. Jost-Julian Rumpf
	5

	Düsseldorf
	Department of Neurology, University Hospital
	Prof. Dr. Alfons Schnitzler
	10

	Hamburg
	University Medical Center Hamburg-Eppendorf
	Prof. Dr. Carsten Buhmann
	5

	Münster
	Department of Neurology
	Dr. Verena Zentsch
	5

	Total
	
	
	50


8. Inclusion-/Exclusion Criteria
Inclusion Criteria:

· Age between 35 and 80 years

· Ability and willingness to communicate clearly with the investigator and to understand and comply with the requirements of the study

· Provision of written informed consent for participation in the study

· Clinically confirmed idiopathic Parkinson’s disease according to the Movement Disorder Society (MDS) criteria

· Status post implantation of bilateral deep brain stimulation electrodes in the subthalamic nucleus (STN) for the treatment of Parkinson’s disease symptoms

Exclusion Criteria:

· Any condition that prevents the patient from communicating clearly with the investigator, providing written informed consent, or meeting other study requirements

· Presence of exclusion criteria for Parkinson’s syndrome according to the MDS criteria (see below)

· Diagnosis of manifest dementia according to ICD-10 criteria

8. Individual Study Procedure

Patient Recruitment:
To recruit Parkinson’s patients requiring reprogramming of their DBS system, the recruitment pathways described under “Study Population” will be followed.

Informed Consent:
All patients who express willingness to participate in the study will undergo an initial study visit (Visit 1). During this visit, inclusion and exclusion criteria will first be reviewed. If a patient meets all inclusion criteria and none of the exclusion criteria, detailed information will be provided about the background, objectives, and potential risks of the study. Patients will receive a Patient Information and Informed Consent form, which will be thoroughly explained by the study physician. This document must be signed by the patient before study enrolment and will be stored in paper form in the study folder at the respective study centre. Access to these documents will be limited to the local study investigators and the delegated personnel listed in the delegation log. At this time, each participant will be assigned a study ID by the lead site, consisting of a numeric code for the study centre and for the individual participant (e.g., REMOTE_01_0071; 01 = LMU Munich; 0071 = participant no. 0071).

Practical Implementation of the Study (see Fig. 1):
Patients who have signed the written informed consent will first undergo a neurological and psychiatric assessment. During this process, specific clinical and biometric parameters will be collected (see Table 1). As part of Visit 1, the UPDRS Part III will be performed in the OFF state (i.e., after at least 12 hours of withholding dopaminergic medication). The remaining parameters will be assessed in the ON state, i.e., following the patient’s usual medication intake. All collected data will be documented in a Case Report Form (CRF). 

Parameters

· UPDRS Part I, II & IV; UPDRS Part III MED-OFF (1st visit) or MED-ON/STIM-ON (2nd visit) (≥ 12 hours after discontinuation of medication, analogously to (23))

· PDQ-39

· Beck Depression Inventory II (BDI)

· Scale for Suicidal Experience and Behavior (SSEV)

· Montreal Cognitive Assessment Scale (MOCA)

· Ardouin Scale (Assessment of behavior in Parkinson’s disease)

· Monopolar review of DBS settings using VAS scale (1st visit ONLY in group B)

Subsequently, implantation of DBS electrodes in the STN bilaterally will take place. This will be carried out according to the usual protocols of the respective study center. The study centers are not bound by study-associated requirements. As part of the surgical planning (stereotaxy), all patients will receive an MRI of the head. Within this framework, the following MRI sequences should be acquired at a minimum: T1, T2, SWI/SWAN, DTI, FLAIR. After implantation of the STN electrodes and an appropriate IPG (Abbott Infinity™), the initial DBS programming will be performed by the respective study physician. This programming should follow the standard procedures of the respective center. The study physicians are not bound by study-related guidelines in this regard. Following this initial adjustment, patients will be randomly assigned (randomized) to one of two groups (n = 25 per group). Randomization is performed using block randomization based on chance with allocation concealment. The personnel who enrolled participants to the interventions had no access to the random allocation sequence. The investigators are immediately informed about the group allocation (Group A or B), thereby becoming unblinded to the study arm. In Group A, DBS settings will continue to be adjusted by the responsible study physician using a standard approach (i.e., monopolar review assessing clinical signs and symptoms for each contact and amplitude), with no restrictions. Investigators were informed of allocation only after participant enrolment and completion of baseline assessments. Group B will be optimized continuously using a VAS-based (Visual Analog Scale) approach. Additionally, in Group B after unblinding, and in both groups after 90 days, a monopolar review using the VAS scale will be conducted as per the VISUAL-STIM study protocol.2 For this purpose, randomly selected stimulation settings will be applied separately for the right and left electrodes. After each individual adjustment, patients will be asked to rate the quality of the DBS effect on a scale from 1 to 10. They will be instructed: "Please rate the quality of the current setting on a scale from 1 to 10, where 1 means 'very poor' and 10 means 'very good'." No further explanation will be provided. The rating will be documented, and the next adjustment will follow manually as previously described.2  If stimulation side effects (e.g., paresthesia) occur, the setting will be stopped immediately, and the next setting will be selected. Medical rehabilitation (e.g., medication adjustment, physiotherapy) is allowed and encouraged in both groups. DBS programming as part of rehabilitation is unrestricted in Group A. In Group B, DBS adjustments will be performed by the treating physicians at the DBS center. Multiple remote visits are permitted at the discretion of the treating physicians. In short, various DBS settings (segment or ring contacts, amplitude, frequency, pulse width) will be presented to the patient. The choice of contacts and stimulation parameters is entirely at the discretion of the treating study physician. After each adjustment, the patient will again be asked to rate the quality of the DBS effect on the 1–10 scale, as described above. The respective rating will be recorded, and the next adjustment will be performed manually. The study physician is free to choose any combination of contact, amplitude, frequency, and pulse width, and may perform as many iterations as deemed necessary to achieve an "optimal setting." All patients will be blinded to the stimulation settings both before and during the IPG programming.
During the following three months: Patients in Group A may visit their study physicians repeatedly for DBS adjustments using the standard approach. The physician may freely determine which measures are needed, including clinical exams or MRI data. Patients in Group B will have the opportunity to consult their study physician remotely via a video-based online connection. If required, adjustments will be made using the previously described VAS-based approach. The Abbott NeuroSphere™ Virtual Clinic software will be used for this. The video connection will be established through a dedicated system, and the patient will use the smartphone (patient control device) already provided. No additional hardware is needed, just a working internet connection. Aside from DBS parameter adjustments, patients in both groups are allowed to seek medical attention for other complaints. Contact with the study physician—for medication adjustments or other concerns—is possible at any time. After 3 months, patients will undergo a second study visit (see Table 1). Additionally, the L-Dopa equivalent dose (LED) will be calculated before and 90 days after surgery 35,36. Both the initial and final UPDRS-III assessments will be conducted by the same examiner, who: i) is different from the physician who performed the programming, and ii) is ideally blinded to the patient’s group assignment (A vs. B).
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9. Benefit-Risk Assessment

Evaluation and Handling of Adverse Events:
The assessment and management of adverse events (AEs) in this study are conducted in accordance with the guidelines of the GCP-V (Good Clinical Practice Directive). Analogously, adverse events (AEs) and serious adverse events (SAEs) are defined and managed accordingly.

· Adverse Event (AE):
An AE is any unfavorable and unexpected event (e.g., illness, discomfort, or abnormal test result) that occurs in temporal association with post-treatment follow-up, regardless of whether a connection to the DBS (Deep Brain Stimulation) adjustment is assumed. AEs occurring before or during the initial hospital-based adjustment (i.e., before randomization) are not considered study-related and are therefore not recorded as study AEs, since they are part of routine medical care.

· Serious Adverse Event (SAE):
An SAE is any AE that:
1. Results in death,
2. Is life-threatening,
3. Requires hospitalization or prolongation of existing hospitalization, or
4. Leads to permanent or significant disability.

Severity Classification:
The severity of AEs is graded from 1 to 5 based on the Common Terminology Criteria for Adverse Events:

	Grade
	Description

	1
	Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; no intervention needed.

	2
	Moderate; limits age-appropriate instrumental activities of daily living (ADLs); minimal, local, or non-invasive intervention indicated.

	3
	Severe or medically significant but not immediately life-threatening; hospitalization or extension of existing hospitalization necessary; disabling, limits self-care ADLs.

	4
	Life-threatening; urgent intervention required.

	5
	Death.




Causality Classification:
The causality of AEs is assessed based on WHO guidelines:

	Category
	Description

	Unclassifiable
	Conflicting or incomplete information that cannot be completed.

	Unclassified
	Incomplete information that may still be supplemented.

	Unlikely
	Timing makes a link to DBS programming improbable but not impossible; illness or other factors offer plausible explanations.

	Possible
	Temporal relationship to DBS programming exists; illness or other factors could also explain the event.

	Probable
	Temporal relationship exists; illness or other factors unlikely to explain the event.

	Certain
	Plausible temporal relationship: AE cannot be explained by illness or other factors.



Documentation & Reporting Procedures:
Each AE and SAE must be reported to the responsible study physician and documented on an adverse event reporting form. The report must clearly identify the responsible physician and be dated and signed by them. It should include an assessment of the causal relationship between the event and the procedure.

The AE description must include:
· Time of occurrence
· Duration
· Severity
· Intensity
· Outcome
· Assumed causal relationship to DBS adjustment
· Required treatment

All therapeutic measures must be documented.

Therapeutic Measures:
Complications related to DBS reprogramming are considered very unlikely. If AEs or SAEs do occur, the original settings will be immediately restored or reprogrammed according to current medical standards. If AEs or SAEs occur in Group B, in-person consultation with the study physician is always possible. Such visits for medication advice or changes do not result in exclusion from the study. Only in-person DBS reprogramming including clinical testing results in study exclusion.

Benefit:
Deep brain stimulation is a proven and well-established therapy for advanced Parkinson's disease. Achieving optimal therapeutic outcomes requires optimal adjustment of stimulation parameters. The number of adjustable parameters has increased significantly, particularly due to the rise in electrode contacts. Testing all contacts and parameters is time-consuming and difficult to perform in full. Currently, there is no established alternative method for parameter setting. Therefore, alternative methods are urgently needed. If the remote programming proves effective and safe, it could significantly improve follow-up care for DBS patients. The importance of telemedical care structures for this often elderly and multimorbid patient group became especially apparent during the recent SARS-CoV-2 pandemic.

Risk:
DBS adjustments are performed by physicians trained in the therapy. If temporary subjective or objective side effects occur, immediate adjustment is carried out. Persistent side effects are not expected. Serious side effects are also not expected and generally do not occur in the context of DBS programming. In case of a technical disruption during remote programming, the system automatically restores the previous setting used before the video session. The software used in this study is secure and CE-certified.

Benefit-Risk Assessment:
Considering the expected new insights into DBS programming for Parkinson’s disease and the low associated risks, we consider the study to be ethically justifiable.

Legal Aspects:
The study protocol, including all necessary appendices, will be submitted to the Ethics Committee of the Medical Faculty of LMU Munich for review before the study begins. It will also be ratified by the responsible ethics committees at all participating centers. Approval must be granted without restriction before the start of the study. Any changes to the protocol will be immediately communicated to the Ethics Committee.

The study will be conducted in accordance with:
· The Professional Code for Physicians (current version)
· The Declaration of Helsinki (1996)
· The Federal Data Protection Act (BDSG)

Patient names and all confidential information are subject to medical confidentiality and data protection laws. Data will be shared with third parties only in pseudonymized form. Study funding by Abbott will be managed and legally supervised by the legal department of the University Hospital of Munich.

10. Biometry
The determination and professional execution of the biometric test procedures were carried out in cooperation with the Institute for Medical Information Processing, Biometry, and Epidemiology at Ludwig-Maximilians-University Munich.

Study Endpoints

Primary Endpoint:
· The primary endpoint of our study is the UPDRS-III score (STIM-ON/MED-ON) 90 days after surgery.

Secondary Endpoints:
· Clinical and neuropsychological parameters (see Table 2)
· A patient diary documenting daily ON- and OFF-times, as previously described 37
· UPDRS Parts I, II, and IV
· PDQ-39
· Number and duration of physician-patient contacts in both study arms (Group A: number and duration of outpatient visits; Group B: number and duration of REMOTE consultations)
· Total Electrical Energy Delivered (TEED) at the time of the second study visit
· Results of the measurement instruments listed in Table 2 (BDI, MOCA, SSEV, Ardouin Scale, VAS-based monopolar review)

Overview of Endpoints:

	Primary Endpoint
	Secondary Endpoints
	Exploratory Endpoints

	UPDRS-III (STIM-ON/MED-ON)
	UPDRS Part I
	Correlation of electrode position, Volume of Tissue Activated (VTA), and MRI analyses (connectomics)

	
	UPDRS Part II
	

	
	UPDRS Part IV
	

	
	PDQ-39
	

	
	Number of physician-patient contacts in both arms
	

	
	Total Electrical Energy Delivered (TEED)
	

	
	Beck Depression Inventory II (BDI)
	

	
	Scale for Suicidal Experiences and Behavior (SSEV)
	

	
	Montreal Cognitive Assessment (MOCA)
	

	
	Ardouin Scale (behavioral assessment in Parkinson’s)
	

	
	VAS-based monopolar review per VISUAL-STIM protocol (18)
	



Statistical Analysis
Statistical analysis of the primary endpoint will include a non-inferiority test. Based on previous studies defining a minimal clinically relevant difference for the UPDRS-III 6, a difference of ≤ 5 points is considered non-inferior. We expect a 30% improvement on the UPDRS-III scale, with a standard deviation of 6 points in both groups. 7

Expected Values:

	Parameter
	Expected Score

	Preoperative UPDRS-III scores (MED OFF)
	20

	Postoperative UPDRS-III scores (MED ON/STIM ON)
	14 (~30% improvement)

	Standard Deviation (SD)
	6



Biometric Formulation of Main Research Questions:
According to our calculations, a total of n = 23 patients per group is required to achieve a power of 80% with a two-sided confidence interval of 5% (analysis based on: powerandsamplesize.com). To compensate for potential study dropouts, we aim to recruit a total of n = 50 patients (i.e., two more per group than the minimum required). Potential secondary analyses will include correlative evaluations of the secondary clinical and neurocognitive outcome parameters, MRI data (electrode positioning), medication (LED), and stimulation programming parameters (TEED).

11. Data Management

Data Collection
All patients who are potential candidates for the study and who have provided consent to participate will undergo a study visit. Data collected during this visit will be recorded on standardized case report forms (CRFs) (Annex_2A/B). The responsible study physician conducting the assessment is accountable for the accurate and complete entry of all CRF components.

Data Capture and Archiving
Data collection and storage will be conducted in compliance with the General Data Protection Regulation (GDPR) and in consultation with the institution’s Data Protection Officer (Art. 30 GDPR). The recommendations of the Data Protection Officer will be fully implemented. The ICFs and CRFs of study participants will initially be archived in paper format at each study center. Only local study physicians and their authorized delegates (named in the delegation log) will have access. At the conclusion of the study, CRFs will be personally collected by the principal investigator and archived at the main study center (Department of Neurology, LMU Munich). CRFs for patients who have provided written informed consent will also be digitized and securely transferred to the principal investigator (PD Dr. med. Thomas Köglsperger). Data will be stored for a maximum of 10 years, after which all records will be deleted or destroyed. All data will be pseudonymized immediately after collection. Electronic data will only be stored and transmitted in pseudonymized form. ICFs will remain at the local study center. A subject-specific encryption code will be generated for each participant (e.g., REMOTE_01_0071), accessible only to the local principal investigators. Data decryption may occur only for the purposes of (i) fulfilling the scientific objectives of the study or (ii) ensuring patient safety. In the event of withdrawal of consent, participants will be asked whether they wish to have their data deleted or allow its continued use in anonymized form. Imaging data, including CT and MRI scans conducted before and/or after DBS electrode implantation, will also be considered part of the study data. These may be shared in pseudonymized form with authorized research personnel (e.g., PhD students or scientific staff) for analysis.

12. Insurance Coverage
In our assessment, the risk attributable solely to participation in this study is negligible for the reasons outlined above. Therefore, we currently consider study-specific insurance coverage unnecessary, and such coverage has not yet been established.
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