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Abstract

Deep brain stimulation (DBS) with implantable pulse generators (IPGs) is widely used
in the treatment of movement disorders. Rechargeable IPGs (RC-IPGs) were developed
to extend device longevity and address the limitations of battery life in non-rechargeable
IPGs. However, data regarding patient compliance and device-related complications
remain limited. Therefore, this retrospective observational study evaluated compliance,
satisfaction, and complications in patients with RC-IPGs. Compliance in 42 patients with
RC-IPGs was evaluated using the Timmermann questionnaire together with additional
questions regarding device preference, complaints, and complications. Statistical analyses
were performed using NCSS software (Number Cruncher Statistical System, version 2020;
NCSS LLC, Kaysville, UT, USA). Although a substantial percentage (42.9%) of patients
needed help during recharging, the overall satisfaction score was high (96% of the maximum
possible score), and 95.2% of patients preferred RC-IPGs if a repeat DBS would be required,
and the rate of RC-IPG complications (7.1%) was low. The patients rated the display
screen with the lowest scores (54.05%), mainly those who underwent two or more DBS
surgeries. The training subscore showed a statistically significant negative correlation with
age (r = —0.531, p = 0.001), and dystonia patients, constituting the youngest group in the
cohort, rated training with higher points. This study provides additional data on patient
compliance and safety of RC-IPGs. These findings may contribute to a better understanding
of patient experience and factors affecting compliance with rechargeable systems.

Keywords: deep brain stimulation; rechargeable pulse generator; patient satisfaction;
patient compliance; complication

1. Introduction

In clinical practice, deep brain stimulation (DBS) has been used for movement dis-
orders for the last three decades. In DBS, the stimulation applied depends on the type
and severity of the underlying disease. Therefore, the power consumed by the device and
the life of the implantable pulse generator (IPG) vary from patient to patient. The service
life of an IPG is also model-dependent and influenced by device-specific characteristics.
Fixed-life non-rechargeable (nonRC) IPGs that provide regular electrical activity in the
brain were the first devices implanted for DBS, and their predicted life ranged from 3 to 5
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years but could vary between 1 year and 7 years depending on the stimulation parameters
and device usage [1-5].

In 2008, RC-IPGs with a proposed service life of >10 years were introduced, and their
use was shown to be associated with a high satisfaction rate [3,4,6]. Although RC-IPGs have
been associated with high satisfaction rates and lower long-term costs, patient or caregiver
compliance with recharging procedures must also be considered [4,7-16]. Many additional
factors may also influence patient compliance, but studies that investigated these factors
are limited. At present, the choice between RC-IPGs and non-rechargeable IPGs largely
depends on surgeon and patient preference. However, both surgeons and patients still
need adequate information regarding long-term compliance and device-related problems
associated with RC-IPGs. Reports from different centers may provide a broader and more
generalizable view of the feasibility of these devices, as suggested in previous studies [7]. In
addition, such data may contribute to the development of RC-IPGs with improved usability.
Therefore, the present study aimed to evaluate patient compliance, satisfaction in several
domains, complaints, and device-associated side effects in detail.

This study provides a domain-based analysis of patient compliance, satisfaction, and
device-related difficulties using a standardized questionnaire, while also exploring the
impact of age, surgical history, and clinical characteristics on device usability. This approach
aims to better define the practical challenges associated with RC-IPGs and to identify factors
influencing patient experience and compliance. Despite previous studies reporting patient
satisfaction and general outcomes of rechargeable systems, there is still limited evidence
providing a comprehensive domain-based evaluation of compliance, usability, and device-
related challenges within a single, well-characterized cohort. Therefore, this study aims to
address this gap by systematically analyzing multiple dimensions of patient experience
and identifying factors influencing compliance in real-world clinical practice.

2. Materials and Methods

2.1. Inclusion Criteria, Cohort Features and Utilized IPG Devices

Patients who underwent DBS with an RC-IPG between April 2016 and April 2021,
or who had undergone an exchange operation with an RC-IPG, and who were followed
up for at least 6 months were eligible for participation in the survey conducted during
the period 2019-2021. Exclusion criteria included patients with incomplete clinical data,
insufficient follow-up (<6 months), severe cognitive impairment precluding questionnaire
participation, and those unwilling to participate in the survey. Forty-two out of the 87 DBS-
implanted patients qualified for these criteria and were included in the study. RC-IPGs
were applied to 25 patients during the first DBS operation and 17 during IPG replacement.
The mean follow-up was 42.5 months (range 6-76). Thirteen of the patients who applied for
the exchange and accepted the questionnaire application were switched from Activa® PC
(Medtronic, Minneapolis, MN, USA) to Vercise™ and Gevia™ RC-IPG (Boston Scientific,
Marlborough, MA, USA), 2 patients were switched from nonRC-IPG Abbott to RC Ab-
bott, and 2 patients were switched from Vercise PC nonRC-IPG to Vercise RC-IPG (Boston
Scientific). These switches were primarily performed due to battery depletion, patient
preference for rechargeable systems, and the aim to reduce the need for future replace-
ment surgeries. In addition, device selection and switching decisions were influenced by
the availability of rechargeable options, clinician experience, and patient-specific clinical
considerations. These factors were taken into account when interpreting compliance and
satisfaction outcomes. All procedures were performed using standard stereotactic tech-
niques under local or general anesthesia. The implantable pulse generator (IPG) was placed
in the subclavicular region and connected to intracranial electrodes via extension leads.
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2.2. Questionnaires

A Timmermann questionnaire, including 24 questions, was employed (see
Appendix A) [4]. The patients gave scores on a 5-point Likert scale from 1 (completely dis-
agree) to 5 (completely agree) for several aspects regarding the devices and their education
process related to device use. Patients were also asked whether they would prefer a DBS
surgery and an RC-IPG device again if required. The patients were also asked about specific
complaints, accidental device closure, instances of forgetting to recharge, and seeking help
to deal with device-related issues. Lastly, data about recharging periods per week, duration
of recharging, and complications were determined. Given the questionnaire-based design,
potential response bias was considered. Cognitive status was evaluated during routine neu-
rological follow-up visits based on clinical judgment and the patient’s ability to complete
the questionnaire independently. Caregiver assistance during questionnaire completion
was recorded when applicable to improve the reliability of patient-reported outcomes.

2.3. Statistical Analysis

Statistical analyses were performed using NCSS software (Number Cruncher Statisti-
cal System, version 2020; NCSS LLC, Kaysville, UT, USA). The normality of the distribution
of variables was assessed using the Shapiro-Wilk test and boxplots. Student’s t test was
used to compare normally distributed variables between groups; the Mann-Whitney U
test was utilized for the intergroup comparisons of non-normally distributed parameters.
The Pearson correlation analysis was employed to determine the relationships between the
variables. The Pearson Chi-Square, Fisher’s Exact, and Fisher-Freeman Halton tests were
used to compare qualitative data. A p value of < 0.05 was considered statistically significant.
Due to the relatively small sample size and heterogeneity of the cohort, multivariate analy-
ses were not performed; therefore, findings should be interpreted as exploratory. Potential
selection bias and cohort heterogeneity were considered during data interpretation.

2.4. Study Ethics

This observational cohort study was conducted in accordance with the principles of
the Declaration of Helsinki and its latest amendments. Patient consent was waived due
to the retrospective nature of the study and the use of anonymized data. The study was
approved by the Memorial Hospital Ethics Committee, Istanbul, Tiirkiye, dated 5 October
2022 and numbered 53.

3. Results

The study included 18 male and 24 female patients with a median age of 60.5 years
(range: 24-78) and a median follow-up of 42.5 months (range: 6-76). The cohort comprised
25 patients who underwent their first surgery and 17 who were operated on twice or
more. 25, 11, 4, and 2 patients were operated once, twice, three times, and four times,
respectively. Seven patients in the cohort had cerebral atrophy, while 35 patients did not
show radiological signs of atrophy. Patients with cerebral atrophy were significantly older
than patients without atrophy (p = 0.038). Patients with dystonia were significantly younger
than Parkinson’s disease patients (p = 0.001). There was no difference in percentages of
cerebral atrophy when analyzed according to diagnosis (p = 0.747). In this cohort, all
patients with cerebral atrophy underwent a single DBS surgery, whereas 51.4% of patients
without atrophy underwent two or more procedures. This difference may be related to
patient characteristics such as age and comorbidity profile. These diverging ratios were
also significantly different (p = 0.030). (Table 1).
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Table 1. Demographic and Clinical Characteristics According to Cerebral Atrophy.

Variable Atrophy Absent Atrophy Present p Value

Age 55.71 £15.01 67.57 £9.12 0.038

Parkinson’s disease 26 (74.3) 7 (100) 0.747
Dystonia 6 (17.1) 0 —
Essential tremor 2(5.7) 0 —
Tardive dyskinesia 1(2.9) 0 —

Single surgery 18 (51.4) 7 (100) 0.030
Two or more surgeries 17 (48.6) 0 —

The overall satisfaction score was considerably high (average: 14.14 out of 15 maxi-
mum points). When the subscore results were proportioned according to their uppermost
limits, higher percentages correlating with more satisfaction were 88.2%, 87.6%, 80.35%,
71.33%, and 54.05% for the fit-comfort, recharging, programmer, training, and display
domains, respectively. The overall satisfaction score did not differ among patients with
different diagnoses. Yet, patients with dystonia gave higher points for the programmer and
training subscales than those with Parkinson’s Disease (p = 0.002 and p = 0.001, respectively).
(Table 2) (Figure 1).

Table 2. Timmermann Satisfaction Scale Subscores According to Diagnosis.

Subscale Dystonia Mean + SD PD Mean + SD p
Fit—-Comfort 14.66 + 0.81 13.03 + 3.10 0.198
Recharging 19.16 £ 2.04 17.33 +2.93 0.099

Display 12.16 +2.99 10.51 + 3.61 0.108
Programmer 28.50 + 2.07 20.24 + 5.84 0.002
Training 20.00 £ 0.00 15.15 + 2.59 0.001
Overall satisfaction 15.00 &+ 0.00 14.03 + 1.55 0.086

Essential tremor (n = 2) and tardive dyskinesia (n = 1) were excluded from statistical comparisons because of

insufficient sample size.

Patients who were dissatisfied with the device frequently reported that the charging

duration was excessively long. A statistically significant negative correlation was observed

between age and training subscore (r = —0.531, p = 0.001) (Table 3).

Table 3. Timmermann Subscore Correlations with Age.

Subscale

r

p Value

Fit-Comfort
Recharging
Display
Programmer
Training

Overall Satisfaction

—0.049
—0.183
—0.125
—0.268
—0.531
—0.225

0.758
0.245
0.431
0.086
0.001
0.151

r: Pearson correlation coefficient.

Of note, patients who were operated on twice or more gave significantly lower points

for the display subscore (p = 0.001). Nonetheless, there was no difference among other

subscores according to the number of surgeries. Patients who found the recharging duration

long and were therefore discontented with recharging gave lower points for the fit-comfort

and display subscores than those who were okay with the charging duration (p = 0.007 and
p = 0.001, respectively). (Table 4).
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Table 4. Device-Related Complaints, Recharging Characteristics, and Complications.

Variable n (%)/Mean £+ SD
Complaints present 9(21.4)
Accidental device closure 9(21.4)
Forgetting to recharge 6 (14.3)
Need for assistance during charging 18 (42.9)
Recharging frequency (per week) 3.66 = 1.60
Charging duration (minutes) 30.95 £ 8.98
Complications 3(7.1)
Skin dehiscence behind ear 1(2.4)
Burn over cable 1(2.4)
Skin dehiscence over cable 1(24)

30

25

207

104

5—

.

I I I I I I
FIT-COMFORT RECHARGING DISPLAY PROGRAMMER TRAINING OVERALL

SATISFACTION

Figure 1. Distribution of Timmermann Satisfaction Scale Scores Box-plot distribution of the Tim-
mermann survey subscores (Fit-Comfort, Recharging, Display, Programmer, Training, and Overall
Satisfaction). The programmer and training domains demonstrated higher median scores, whereas
the display domain showed the lowest satisfaction scores among patients. Circles indicate outliers,
and asterisks indicate extreme outliers.

4. Discussion

Overall satisfaction in the present cohort was high; all patients reported that they
would undergo DBS again if necessary, and approximately 95% stated that they would
prefer a rechargeable IPG for a future procedure. These findings indicate that rechargeable
systems are generally well accepted by patients. Although training scores negatively corre-
lated with age, both younger and older patients were generally able to adapt to RC-IPG
technology. Moreover, there was no significant difference between the fit-comfort, recharg-
ing, display, and overall satisfaction scores of patients with different diagnoses, suggesting
that the perceived benefits of RC-IPGs were largely independent of the underlying disease.
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Nonetheless, because several patients had some degree of complaints and some subscore
points (mainly regarding the display score) were relatively lower, it should also be kept
in mind that the general satisfaction of the patients relates more to the chronicity of their
disease, their awareness about DBS surgeries could be more efficient than pharmacother-
apy, and their desire to minimize the requirement of repeat surgeries. Lower scores in
display-related domains suggest that certain device-related usability issues remain.

Rechargeable systems provide longer service life and reduce the need for replacement
surgeries, although they require active patient participation during routine charging. In this
context, the relatively high rate of accidental device closure (21.4%) is clinically relevant,
as unintended interruption of stimulation may lead to rapid symptom worsening. These
findings underscore the importance of user-friendly programmer interfaces and structured
patient (and caregiver) education programs. Moreover, given that 42.9% of patients required
assistance during charging, caregiver involvement appears to be an important determinant
of successful long-term device management.

When the subscores of the Timmermann scale were proportioned to their maximum
values, the lowest satisfaction was related to the display features of the RC-IPG. Patients
who had undergone multiple DBS procedures and those dissatisfied with recharging
duration tended to report lower display scores. These findings suggest that the user
interface of RC-IPGs may require further improvement. A simplified display system could
improve usability, particularly in patients with neurodegenerative disorders who may have
cognitive limitations.

When the Timmermann subscores were analyzed according to diagnosis, dystonia
patients gave higher scores for the programmer and training domains than patients with
Parkinson’s disease. This difference is likely related to the younger age of dystonia pa-
tients and their potentially greater familiarity with technology. Previous studies have
also reported high satisfaction rates among dystonia patients treated with rechargeable
systems [7]. However, some reports describe difficulties such as challenges in positioning
the charger or the need for frequent charging [7]. In addition, dystonia-related trunk or
cervical posturing may occasionally complicate access to the implanted device during
recharging [4].

Several studies have reported that the recharging process may be perceived as bur-
densome by some patients [7,15,16]. In the present cohort, the mean charging time was
30.95 £ 8.98 min, which is within the range reported in previous studies. Interestingly,
patient satisfaction with charging duration was not directly associated with the actual
charging time or diagnosis. Instead, subjective perception of time and personal tolerance
for routine device maintenance may play a role.

The overall rate of complaints in this cohort was relatively low (21.4%), and device-
related complications were even lower (7.1%). However, the proportion of patients re-
porting accidental device closure (21.4%) deserves attention because sudden interruption
of DBS may lead to rapid worsening of symptoms. Similar findings have been reported
previously and were attributed to difficulties using the patient programmer [14]. The
relatively high rate of patients requiring assistance during charging (42.9%) highlights the
potential value of periodic retraining and caregiver support.

The relationship between cerebral atrophy, age, and training scores observed in this
study is also noteworthy. Older patients and those with cerebral atrophy tended to report
lower training scores, which may reflect age-related cognitive decline. Nevertheless, the
rates of seeking assistance or forgetting to recharge did not differ significantly between
patients with and without cerebral atrophy. This finding suggests that although older
patients may initially experience difficulties during training, many are ultimately able to
manage device maintenance adequately.
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This study has several limitations. The relatively small sample size and retrospective
design may introduce selection bias, while the use of a subjective questionnaire may
have been influenced by individual perception and potential response bias. In addition,
the absence of a control group and the heterogeneous cohort limit direct comparisons
and subgroup analyses. Although the single-center design and standardized follow-up
protocol provide internal consistency, the findings should be interpreted cautiously. Further
prospective multicenter studies are needed to validate these results.

5. Conclusions

Rechargeable IPGs may represent a feasible and generally well-tolerated option for
selected patients undergoing deep brain stimulation. However, patient compliance may
be influenced by age, cognitive factors, and the need for caregiver support. Given the
retrospective design and limited sample size, these findings should be interpreted with
caution, and further prospective studies are warranted.
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Abbreviations

DBS Deep Brain Stimulation

IPG Implantable Pulse Generator

RC-IPG  Rechargeable Implantable Pulse Generator
PD Parkinson’s Disease

SD Standard Deviation

Appendix A

Table Al. Timmermann Questionnaire.

e Compleely Mesly gy Moy Complay
11 am pleased with the fit of the battery 5 4 3 2 1
2 The battery bothers me 1 2 3 4 5
3 The size of the battery is no concern for me 5 4 3 2 1
4 Thave no problem with wearing the shoulder or waist belt for 5 4 3 2 1

recharging
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Table A1. Cont.
Ttem Completely Mostly Not Sure Mostly Cor'npletely
Agree Agree Disagree Disagree

5 The shoulder or waist belt that I wear for recharging is

1 2 3 4 5
uncomfortable
6 I find it difficult to understand the recharging process 1 2 3 4 5
7 The need to keep recharging the device is inconvenient 1 2 3 4 5
8 Recharging the device is no bother to me 5 4 3 2 1
9 I am comfortable with the need to recharge this device 5 4 3 2 1
10 I find the display on the patient programmer clear and easy to

5 4 3 2 1
understand
11 The display screen is not clear to me at all 1 2 3 4 5
12 The patient programmer gives me a real sense of control over 5 4 3 2 1
my disease
13 The sound alerts that are produced by the patient programmer 1 2 3 4 5
are not very useful
14 1 find it difficult to understand how to check the status of my

1 2 3 4 5
battery
15 The patient programmer gives me confidence 5 4 3 2 1
16 I don’t value the patient programmer 1 2 3 4 5
17 I rely on the patient programmer to check my battery levels 5 4 3 2 1
18 The training materials left me a little confused 1 2 3 4 5
19 The training I received from the nurses and doctors was excellent 5 4 3 2 1
20 I needed help understanding the training materials 1 2 3 4 5
21 The training materials and DVD clearly explained everything I

5 4 3 2 1
needed to know
22 Deep brain stimulation controls the symptoms of my disease 5 4 3 2 1
23 I think the rechargeable DBS device suits my needs better than

: 5 4 3 2 1

other therapies I have used
24 Overall I am very satisfied with the rechargeable DBS device 5 4 3 2 1

Reproduced from Timmermann et al. [4].
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