
UCSF
UC San Francisco Previously Published Works

Title
Patient Experience with Rechargeable Implantable Pulse Generator Deep Brain Stimulation 
for Movement Disorders.

Permalink
https://escholarship.org/uc/item/6gx972rx

Journal
Stereotactic and functional neurosurgery, 97(2)

ISSN
1011-6125

Authors
Mitchell, Kyle T
Volz, Monica
Lee, Aaron
et al.

Publication Date
2019

DOI
10.1159/000500993
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6gx972rx
https://escholarship.org/uc/item/6gx972rx#author
https://escholarship.org
http://www.cdlib.org/


Patient Experience with Rechargeable Implantable Pulse 
Generator Deep Brain Stimulation for Movement Disorders

Kyle T. Mitchella, Monica Volza, Aaron Leea, Marta San Lucianoa, Sarah Wanga, Philip A. 
Starrb, Paul Larsonb, Nicholas B. Galifianakisa, Jill L. Ostrema

aDepartment of Neurology, University of California San Francisco, San Francisco, CA, USA;

bDepartment of Neurosurgery, University of California San Francisco, San Francisco, CA, USA

Abstract

Background/Aims: Nonrechargeable deep brain stimulation implantable pulse generators 

(IPGs) for movement disorders require surgical replacement every few years due to battery 

depletion. Rechargeable IPGs reduce frequency of replacement surgeries and inherent risks of 

complications but require frequent recharging. Here, we evaluate patient experience with 

rechargeable IPGs and define predictive characteristics for higher satisfaction.

Methods: We contacted all patients implanted with rechargeable IPGs at a single center in a 

survey-based study. We analyzed patient satisfaction with respect to age, diagnosis, target, 

charging duration, and body mass index. We tabulated hardware-related adverse events.

Results: Dystonia patients had significantly higher satisfaction than Parkinson’s disease patients 

in re-charging, display, programmer, and training domains. Common positive responses were 

“fewer surgeries” and “small size.” Common negative responses were “difficulty finding the right 

position to recharge” and “need to recharge every day.” Hardware-related adverse events occurred 

in 21 of 59 participants.

Conclusion: Patient experience with rechargeable IPGs was largely positive; however, 

frustrations with re-charging and adverse events were common. Dystonia diagnosis was most 

predictive of high satisfaction across multiple categories, potentially related to expected long 

disease duration with need for numerous IPG replacements.
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Introduction

Deep brain stimulation (DBS) is an effective symptomatic therapy for many movement 

disorders, including tremor, Parkinson’s disease (PD), and dystonia. In its current form, DBS 

requires chronic, continuous stimulation for ongoing benefit. Nonrechargeable implantable 

pulse generators (IPGs) with limited battery life require surgical replacement approximately 

every 3–4 years [1]. In the largest multicenter study, these procedures carried a 3.5% risk of 

complications requiring subsequent removal due to infection [2], a higher infection risk than 

after initial implantation [3]. Further, there is often waning of therapeutic benefit if an IPG 

nears depletion without replacement [4].

With the aim of circumventing further surgical risks and costs, rechargeable (RC) IPGs were 

introduced in 2008 as Activa RC (Medtronic, Minneapolis, MN, USA). Initial reception has 

been positive. Efficacy and postoperative stimulation parameters are similar to 

nonrechargeable IPGs [5–7]. Satisfaction with the devices has been high, with a majority of 

patients preferring RC to traditional IPGs [5, 8–10]. Further, cost analyses have revealed 

estimated savings of approximately 1,000–2,000 EUR (~1,150–2,300 USD) per patient per 

year over the life of the RC IPG, which is estimated at 9 years for the Activa RC [11, 12].

Despite these advantages, a significant subset of patients has voiced frustration with the 

recharging process. Patients have reported difficulty in coupling the recharger with the IPG 

as well as inability to effectively use the accompanying recharging harness [5, 7]. Burden of 

frequent recharging, particularly in older patients, was also noted in a spinal cord stimulator 

study using similar technology [13]. Given the high risk for development of significant 

cognitive impairment in PD, these barriers may become more prevalent later in the life of the 

device.

As RC IPGs become more ubiquitous, it is important to focus on patient experience with the 

new technology to assist preoperative counseling and patient selection for the devices. 

Information on frustrations and adverse events with the devices may help guide engineers 

who are developing the newest generation of RC IPGs. Here, we aim to better understand 

patient experience with RC IPGs in movement disorders in the largest reported study to date 

from a single center including long-term experience with the device.

Materials and Methods

Participant Recruitment

From July 2016 to December 2017, we attempted to contact all 119 patients with Medtronic 

RC IPG devices implanted at our center from 2008 (initial availability of the device) through 

January 2017. We included only patients with surgical placement of a RC IPG at least 6 

months prior to enrollment to allow for adequate experience with the device. Both 
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participants with conversion from previously implanted nonrechargeable IPGs and those 

with initial DBS implantation with RC IPGs were included. Participants were either 

contacted by telephone with the number on file or approached during scheduled follow-up 

appointments. For patients who were not immediately available, we attempted 2 telephone 

calls with voicemails. Participation involved one-time completion of a survey either in 

person, by phone, or returned by mail. The study protocol was approved by the University of 

California San Francisco (UCSF) Institutional Review Board and all participants signed 

informed consent.

Surgical Procedure

All IPGs were Activa RC implanted in the chest wall by either of 2 neurosurgeons (P.A.S. or 

P.L.) at UCSF. Devices were implanted during ambulatory surgeries as replacement IPGs or 

as initial IPGs after DBS lead placement. Both patients with unilateral and bilateral DBS 

leads using the dual channel IPGs were included.

Survey

We modified the previously reported multi-domain patient satisfaction Likert scale published 

by Timmerman et al. [8]. Survey domains included fit/comfort (size and obtrusiveness of 

IPG), re-charging (convenience, understanding, and comfort with the re-charging process), 

display (understanding of patient programmer interface), programmer (confidence with 

battery checks and sense of control), training (from manufacturer materials and clinic 

sessions), and overall satisfaction. All of the questions were reworded for consistent rating 

and scoring with 1 corresponding to “completely disagree” and 5 “completely agree” 

(Appendix Table 1). We supplemented the survey with open-ended questions including 

“what features do you like about the rechargeable battery?” and “what is most bothersome to 

you about the rechargeable battery?” We also queried duration of time and number of times 

per week spent recharging and “would you recommend a rechargeable battery to other 

patients?”

Statistical Analysis

Likert scale responses were transformed for statistical analysis to the following scores: 1 = 

0, 2 = 25, 3 = 50, 4 = 75, 5 = 100. Gender (male vs. female), diagnosis (dystonia vs. PD), 

target (subthalamic nucleus [STN] vs. globus pallidus internus [GPi]), body mass index 

(BMI; normal vs. overweight defined as a cutoff BMI of 25 kg/m2), and prior DBS 

experience (RC IPG as first device vs. conversion from nonrechargeable IPG) were 

compared in each patient satisfaction domain. Univariate comparisons for individual 

predictors were performed using Mann-Whitney U two-tailed tests for nonparametric data (p 
< 0.01 was set as the significance level to correct for multiple comparisons). Linear 

regression models were used for multivariate analyses which included age at time of survey, 

years since RC IPG implantation, time charged per week, and number of times charged per 

week as well as the above variables previously compared in univariate analyses. Responses 

to open-ended questions common to at least 2 patients were tabulated to evaluate frequent 

positive and negative issues with the device. Adverse events related to the IPGs were 

collected by chart review of neurology, neurosurgery, and operative notes.
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Results

Of the 119 patients with Activa RC IPG at our center meeting study criteria, 59 completed 

the survey (49.6%). Amongst those who did not participate, 41 could not be reached via 

phone number on file, 5 declined to participate, and 14 signed the consent form but never 

returned the survey. Participants carried diagnoses (n) of PD (30), dystonia (25), essential 

tremor (3), and Tourette’s syndrome (1) and were slightly male predominant (32 of 59, 

54.2%). The majority of participants (48) had a nonrechargeable IPG prior to RC 

replacement, with the remaining 11 receiving an RC IPG at initial DBS implantation. Mean 

age at time of questionnaire was 59.5 years with a mean BMI at surgery of 25.4 kg/m2. 

Target choice (n) amongst participants with PD included STN (14) and GPi (16). 

Participants with dystonia had targets of STN (2), GPi (22), and thalamus (1).

The majority of patients had high satisfaction in all domains. The median score (out of a 

possible range from 0 to 100) and interquartile range were 83.3 (25.0) for fit/comfort, 75.0 

(45.2) for recharging, 75.0 (37.5) for display, 75.0 (37.5) for programmer, 81.3 (50.0) for 

training, and 91.7 (33.3) for overall satisfaction. Eighty-six percent (51 of 59) reported they 

would recommend the RC IPG to other prospective patients.

Diagnosis of dystonia was the most consistent and robust predictor of patient satisfaction 

with significantly higher satisfaction in all domains except fit/comfort and overall 

satisfaction (Fig. 1). The subgroup of patients with dystonia was younger and more female 

predominant than the subgroup of patients with PD (Table 1). Participants with GPi target 

had higher satisfaction than those with STN target in the display (median 87.5 [25.0] vs. 

68.8 [50.0], p = 0.01) and recharging domains (median 81.3 [33.3] vs. 46.9 [26.3], p < 0.01) 

with trends towards higher satisfaction in the programmer, training, and overall satisfaction 

domains (data not shown). Women had a nonsignificant trend towards higher satisfaction 

than men in the programmer, training, and display domains (data not shown). Normal versus 

overweight BMI and first-time DBS placement versus conversion from nonrechargeable IPG 

showed no differences in any patient satisfaction domain.

In a multivariate model to evaluate for independent predictors of patient experience 

(Appendix Table 2), participants with dystonia had significantly higher satisfaction in 

recharging, display, and training domains with nonsignificant trends in all other domains in 

the same direction as the univariate analyses. None of the other variables from the univariate 

analyses showed significant differences in the multivariate model. Age, years of experience 

with RC device, and recharging metrics likewise were not significant predictors of patient 

satisfaction in any individual domains. Coefficients and confidence intervals are presented in 

Appendix Table 2. BMI did not have an independent effect, so it was excluded from the 

multivariate model to improve statistical efficiency.

Common answers to qualitative questions are reported in Table 2 with the most frequent 

positive answer of “fewer replacement surgeries” and negative answer of difficulty pairing or 

“finding the right spot” to recharge.

The recharging process was time intensive with a mean charging time of 185.8 (range 25–

830) min divided over a mean of 4.5 (range 0.5–14) charging sessions per week. Participants 
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with PD and dystonia had a similar charging time in minutes per week (median 150 vs. 133, 

p = 0.857) and number of charging sessions per week (median 4 vs. 7, p = 0.939). There 

were also no significant differences between STN and GPi targets in charging parameters 

amongst all participants.

Hardware-related adverse events were reported in 21 of 59 subjects (35.6%). Five patients 

had accidental battery depletion and 2 inadvertently turned off the stimulator during the 

recharging process. IPG depletion prompted an emergency department visit due to return of 

severe motor symptoms in 1 subject and multiple days of hospitalization due to delayed 

discovery that stimulation was off at an outside center. In 1 subject who reported inadequate 

charging, the RC IPG was found to be flipped on X-ray and was corrected by manual 

external manipulation in the clinic. Two hardware infections occurred, both of which 

prompted removal of RC IPG and intracerebral lead. Both of these infections were in 

patients with known infections in prior nonrechargeable IPG systems that had been treated 

with a full course of intravenous antibiotics after hardware removal and prior to implantation 

with a RC IPG. The RC IPG was placed in these cases with the goal of limiting future 

replacement surgeries and corresponding infection risk. Issues with impedances (excessively 

high or low) were reported in 6 patients. One patient had partial intracerebral lead migration 

but had continued symptom control after reprogramming. Seven patients reported 

malfunction of external recharging equipment and need for replacement by the vendor.

Discussion/Conclusion

This large, survey-based study provides a comprehensive analysis of patient experience with 

RC IPGs. Experience with the devices was overall positive, with the majority of participants 

reporting high satisfaction in all domains and expressing the opinion that these devices are 

worth recommending to future patients. The smaller size and ability to reduce the frequency 

of future replacement surgeries with their associated risk were the primary drivers of positive 

experience. That said, a significant subset of participants reported frustrations, particularly 

with the recharging process.

Our analysis revealed that a diagnosis of dystonia was the strongest predictor of patient 

satisfaction. Though these participants were of younger age on average, age did appear not 

to play a strong role, and the GPi target amongst all participants with PD and dystonia was 

not as strongly predictive of positive experience as diagnosis of dystonia alone. Further, 

while GPi target and a diagnosis of dystonia typically have higher energy stimulation 

requirements for clinical benefit [14], recharging practices and time requirements were 

similar in this study regardless of diagnosis or target. This significance held for multivariate 

analyses, suggesting that dystonia is an independent predictor of positive patient experience 

with RC IPGs compared to PD, which may be clinically relevant in patient selection. The 

cause for this higher satisfaction in dystonia is unclear and was not seen in prior studies [8]. 

We speculate that the longer expected disease duration with dystonia versus PD, a 

neurodegenerative disease with a more finite course, and ability to reduce the numerous 

expected IPG replacements over the life of an individual with dystonia were primary factors 

in the higher satisfaction scores. Indeed, a higher portion of dystonia patients described 
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fewer IPG replacement surgeries as a positive factor compared to PD patients, though this 

difference was not significant (18 of 25 vs. 14 of 30, p = 0.11).

We found a relatively high incidence of hardware-related adverse events. Recharging can be 

a complex process, and the potential for accidental battery depletion or deactivation should 

be discussed with patients during the training process, as more severe adverse events, 

including hospitalization due to clinical decompensation, can occur if not promptly 

discovered. Flipping of this smaller IPG in the chest wall markedly reduces or prevents the 

ability to recharge the device, and plain-film X-rays are a logical first step to investigate this 

newly reported adverse event. Finally, infection and hardware malfunction remain a risk as 

in all implanted IPGs.

The study has several strengths as the largest study to date examining patient experience 

with RC IPGs. Limiting the analysis to the experience of a single experienced center reduces 

variability introduced by different centers, such as differences in surgical techniques and in 

counseling. Open-ended qualitative answers and exploration of recharging habits provide 

insight into the key frustrations with RC IPGs, including difficulty coupling the IPG with the 

recharger, short duration of charge, and need for frequent recharging. Future generations of 

devices should be engineered with these complaints in mind. Unlike prior studies with RC 

IPGs [8, 13], age did not have a strong correlation with patient experience in this study. 

Duration of experience with these IPGs likewise did not significantly predict patient 

satisfaction. These results reflect that dissatisfaction with RC IPGs had more to do with 

frustration with the coupling process than comfort with the technology. Of note, this study 

had a longer minimum follow-up time than prior studies, which may have allowed for 

adjustment to the charging routine.

While this study provides a comprehensive investigation of patient experience with RC 

IPGs, there are several factors which may limit its interpretation. Though significance was 

set at p < 0.01 to adjust for multiple comparisons and multivariate analysis was performed to 

assess for independent predictors, this was a retrospective, survey-based study with inherent 

biases. Cognitive capability by the patient or caregiver to manage the recharging system 

likely influences the patient experience; however, cognitive baselines and caregiver support 

were not formally assessed in this study. Many potential participants were not successfully 

contacted, which is of unknown significance. Further, the study population was 

heterogeneous with a variety of diagnoses, targets, and demographic factors, which can 

limit/underpower statistical comparisons between groups. Participants who planned to 

remain under the care of our center after completing this survey may have been reluctant to 

voice complaints. This potential selection bias could have resulted in inflated satisfaction 

scores. Finally, none of these participants converted from RC IPGs to primary cell IPGs, 

which limits within-patient comparisons, although this was not an aim of this particular 

study.

RC IPG technology will likely improve in the future. A version has already been developed 

in China with potential for shorter recharging times [15], and another manufacturer has 

made RC IPGs standard for DBS therapy [16]. Perhaps an ideal option would be an IPG that 

could be set to both RC and primary cell modes to provide flexibility for an individual 
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patient’s needs. As with any new technology, this study reveals the importance of evaluating 

patient experiences with new devices to help drive both preoperative counseling and future 

innovation.
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Appendix

Appendix Table 1

Likert scale portion of the study survey, modified from Timmerman et al. [8]

Domain Item Completely 
agree

Mostly 
agree

Not 
sure

Mostly 
disagree

Completely 
disagree

Fit/comfort (1)1 am pleased with the fit of 
the battery 5 4 3 2 1

(2) The battery does not bother 
me 5 4 3 2 1

(3) The size of the battery is no 
concern for me 5 4 3 2 1

Recharging
(4) I have no problem with 
wearing the shoulder or waist 
belt for recharging

5 4 3 2 1

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

5 4 3 2 1

(6) I do not find it difficult to 
understand the recharging 
process

5 4 3 2 1

(7) The need to keep recharging 
the device is not inconvenient 5 4 3 2 1

Display (8) Recharging the device is no 
bother to me 5 4 3 2 1

(9) I am comfortable with the 
need to recharge the device 5 4 3 2 1

(10) I find the display on the 
patient programmer clear and 
easy to understand

5 4 3 2 1

(11) The display screen is clear 
to me 5 4 3 2 1

Programmer
(12) The patient programmer 
gives me a real sense of control 
over my disease

5 4 3 2 1

(13) The sound alerts that are 
produced by the patient 
programmer are useful

5 4 3 2 1
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Domain Item Completely 
agree

Mostly 
agree

Not 
sure

Mostly 
disagree

Completely 
disagree

(14) I do not find it difficult to 
check the status of my battery 5 4 3 2 1

(15) The patient programmer 
gives me confidence 5 4 3 2 1

(16)1 value the patient 
programmer 5 4 3 2 1

(17) I rely on the patient 
programmer to check my battery 
levels

5 4 3 2 1

Training (18) The training materials were 
not confusing 5 4 3 2 1

(19) The training I received was 
excellent 5 4 3 2 1

(20) I did not need help 
understanding the training 
materials

5 4 3 2 1

(21) The training materials and 
DVD clearly explained 
everything I need to know

5 4 3 2 1

Overall 
satisfaction

(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 other therapies I have 
used

5 4 3 2 1

(24) Overall, I am very satisfied 
with the rechargeable DBS 
device

5 4 3 2 1

Mitchell et al. Page 8

Stereotact Funct Neurosurg. Author manuscript; available in PMC 2019 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
p

p
en

d
ix

 T
ab

le
 2

M
ul

tiv
ar

ia
te

 a
na

ly
se

s 
fo

r 
in

de
pe

nd
en

t p
re

di
ct

or
s

P
re

di
ct

or
F

it
/c

om
fo

rt
R

ec
ha

rg
in

g
D

is
pl

ay
P

ro
gr

am
m

er
T

ra
in

in
g

O
ve

ra
ll

co
ef

95
%

 C
l

p va
lu

e
co

ef
95

%
 C

l
p va

lu
e

co
ef

95
%

 C
l

p va
lu

e
co

ef
95

%
 

C
l

p va
lu

e
co

ef
95

%
 C

l
p va

lu
e

co
ef

95
%

 C
l

p va
lu

e

Fe
m

al
e

−
12

.4
−

25
.5

, 0
.7

0.
06

−
10

.8
−

26
.7

, 5
.1

0.
18

−
6.

0
−

23
.4

,1
1.

4
0.

49
3.

0
−

8.
9,

 
14

.9
0.

61
0.

7
−

15
.8

,1
7.

3
0.

93
−

1.
6

−
16

.3
,1

3.
1

0.
82

A
ge

0.
3

0.
0,

 0
.7

0.
08

0.
4

−
0.

1,
0.

9
0.

10
0.

0
−

0.
5,

−
0.

5
0.

97
0.

2
−

0.
2,

 
0.

5
0.

30
−

0.
1

−
0.

7,
0.

4
0.

57
0.

4
−

0.
1,

0.
8

0.
11

Fi
rs

t I
PG

−
2.

1
−

17
.8

, 
13

.6
0.

79
−

1.
6

−
20

.6
,1

7.
5

0.
87

−
16

.7
−

38
.8

, 5
.3

0.
13

−
0.

5
−

14
.7

, 
13

.7
0.

95
−

1.
9

−
21

.3
,1

7.
5

0.
84

−
8.

1
−

25
.7

,9
.5

0.
36

D
ys

to
ni

a
14

.2
−

1.
3,

 2
9.

7
0.

07
24

.5
5.

6,
43

.3
0.

01
29

.7
9.

1,
50

.3
<

0.
01

14
.1

0.
1,

 
28

.2
0.

05
41

.4
23

.0
,6

0.
8

<
0.

00
1

9.
52

−
7.

9,
26

.9
0.

28

Y
ea

rs
 

w
ith

 I
PG

2.
7

−
0.

4,
 5

.9
0.

09
2.

3
−

1.
5,

6.
2

0.
23

1.
9

−
2.

6,
6.

3
0.

40
1.

2
−

1.
7,

 
4.

0
0.

42
−

0.
3

−
4.

2,
 3

.6
0.

89
2.

1
−

1.
4,

 5
.7

0.
23

G
Pi

4.
3

−
12

.4
,2

1.
0

0.
62

21
.3

1.
0,

41
.6

0.
04

8.
6

−
13

.6
, 

30
.8

0.
44

13
.0

−
2.

2,
 

28
.1

0.
09

−
12

.5
−

33
.1

,8
.1

0.
23

12
.5

−
6.

3,
31

.2
0.

19

T
im

e 
ch

ar
ge

d
0.

0
0.

0,
 0

.1
0.

37
0.

0
0.

0,
0.

1
0.

41
0.

0
−

0.
1,

0.
1

0.
72

0.
0

0.
0,

 
0.

0
0.

85
0.

0
−

0.
1,

0.
0

0.
28

0.
0

0.
0,

0.
1

0.
26

C
ha

rg
in

g 
se

ss
io

ns
−

0.
4

−
3.

0,
 2

.1
0.

72
−

0.
4

−
3.

4,
2.

7
0.

80
1.

0
−

2.
4,

4.
3

0.
57

1.
5

6.
6,

 
63

.8
0.

02
3.

7
0.

6,
6.

8
0.

02
−

0.
1

−
2.

9,
2.

7
0.

95

co
ef

, c
oe

ff
ic

ie
nt

; C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; I
PG

, i
m

pl
an

ta
bl

e 
pu

ls
e 

ge
ne

ra
to

r;
 G

Pi
, g

lo
bu

s 
pa

lli
du

s 
in

te
rn

us
.

Mitchell et al. Page 9

Stereotact Funct Neurosurg. Author manuscript; available in PMC 2019 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Niemann M, Schneider GH, Kühn A, Vajkoczy P, Faust K. Longevity of Implantable Pulse 
Generators in Bilateral Deep Brain Stimulation for Movement Disorders. Neuromodulation. 2018 
8;21(6):597–603. [PubMed: 29265529] 

2. Fytagoridis A, Heard T, Samuelsson J, Zsigmond P, Jiltsova E, Skyrman S, et al. Surgical 
Replacement of Implantable Pulse Generators in Deep Brain Stimulation: Adverse Events and Risk 
Factors in a Multicenter Cohort. Stereotact Funct Neurosurg. 2016;94(4): 235–9. [PubMed: 
27554079] 

3. Pepper J, Zrinzo L, Mirza B, Foltynie T, Limousin P, Hariz M. The risk of hardware infection in 
deep brain stimulation surgery is greater at impulse generator replacement than at the primary 
procedure. Stereotact Funct Neurosurg. 2013;91(1):56–65. [PubMed: 23207787] 

4. Mehanna R, Wilson KM, Cooper SE, Machado AG, Fernandez HH. Clinical and programming 
pattern of patients with impending deep brain stimulation power failure: a retrospective chart 
review. J Clin Mov Disord. 2014 11;1(1):6. [PubMed: 26788332] 

5. Waln O, Jimenez-Shahed J. Rechargeable deep brain stimulation implantable pulse generators in 
movement disorders: patient satisfaction and conversion parameters. Neuromodulation. 2014 
7;17(5):425–30; discussion 430. [PubMed: 24112630] 

6. Gillies MJ, Joint C, Forrow B, Fletcher C, Green AL, Aziz TZ. Rechargeable vs. nonrechargeable 
internal pulse generators in the management of dystonia. Neuromodulation. 2013 May-Jun;16(3):
226–9; discussion 229. [PubMed: 23363250] 

7. Harries AM, Major S, Sandhu M, Honey CR. Rechargeable internal neural stimulators—is there a 
problem with efficacy? Neuromodulation. 2012 May-Jun;15(3):214–7; discussion 217–8. [PubMed: 
22074455] 

8. Timmermann L, Schüpbach M, Hertel F, Wolf E, Eleopra R, Franzini A, et al. A new rechargeable 
device for deep brain stimulation: a prospective patient satisfaction survey. Eur Neurol. 2013;69(4):
193–9. [PubMed: 23328107] 

9. Jakobs M, Kloß M, Unterberg A, Kiening K. Rechargeable Internal Pulse Generators as Initial 
Neurostimulators for Deep Brain Stimulation in Patients with Movement Disorders. 
Neuromodulation. 2018 8;21(6):604–10. [PubMed: 29316056] 

10. Kaminska M, Lumsden DE, Ashkan K, Malik I, Selway R, Lin JP. Rechargeable deep brain 
stimulators in the management of paediatric dystonia: well tolerated with a low complication rate. 
Stereotact Funct Neurosurg. 2012; 90(4):233–9. [PubMed: 22699777] 

11. Rizzi M, Messina G, Penner F, D’Ammando A, Muratorio F, Franzini A. Internal Pulse Generators 
in Deep Brain Stimulation: re-chargeable or Not? World Neurosurg. 2015 10;84(4):1020–9. 
[PubMed: 26038334] 

12. Perez J, Gonzalez V, Cif L, Cyprien F, Chan-Seng E, Coubes P. Rechargeable or Nonrechargeable 
Deep Brain Stimulation in Dystonia: A Cost Analysis. Neuromodulation. 2017 4;20(3):243–7. 
[PubMed: 28083888] 

13. Lam CK, Rosenow JM. Patient perspectives on the efficacy and ergonomics of rechargeable spinal 
cord stimulators. Neuromodulation. 2010 7;13(3):218–23. [PubMed: 21992835] 

14. Blahak C, Capelle HH, Baezner H, Kinfe TM, Hennerici MG, Krauss JK. Battery lifetime in 
pallidal deep brain stimulation for dystonia. Eur J Neurol. 2011 6;18(6):872–5. [PubMed: 
21159072] 

15. Jia F, Hao H, Meng F, Guo Y, Zhang S, Zhang J, et al. Patient perspectives on the efficacy of a new 
kind of rechargeable deep brain stimulators(1). Int J Neurosci. 2016 11;126(11): 996–1001. 
[PubMed: 27435521] 

16. Timmermann L, Jain R, Chen L, Maarouf M, Barbe MT, Allert N, et al. Multiple-source current 
steering in subthalamic nucleus deep brain stimulation for Parkinson’s disease (the VANTAGE 
study): a non-randomised, prospective, multicentre, open-label study. Lancet Neurol. 2015 7;14(7):
693–701. [PubMed: 26027940] 

Mitchell et al. Page 10

Stereotact Funct Neurosurg. Author manuscript; available in PMC 2019 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Patient satisfaction by diagnosis. Patients with dystonia had significantly higher satisfaction 

scores than those with PD in recharging (median 87.5 vs. 56.0, p < 0.01), display (100.0 vs. 

62.5, p < 0.01), programmer (85.4 vs. 69.8, p < 0.01), and training (93.8 vs. 62.5, p < 0.001) 

domains. x indicates the median, boxes represent inter-quartile range, whiskers represent 

range with outliers as single points, higher scores represent higher satisfaction on a scale of 

0–100. PD, Parkinson’s disease. Univariate: * p < 0.01, ** p < 0.001. Multivariate: ‡ p < 

0.01, ‡‡ p < 0.001.
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