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Pulse generator battery life in deep brain stimulation: out with
the old… in with the less durable?
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Abstract
Background Battery life of the most commonly used implantable pulse generators in deep brain stimulation is limited. Device
replacement is costly and may expose patients to additional risks. Driven by the observation that in our experience newer
generation devices seemed to need earlier replacement than the older generation, we aimed to retrospectively analyze the battery
life of two generations of non-rechargeable devices, manufactured by a single company (Medtronic, USA).
Methods Battery life of 281 devices in 165 patients was taken into account for data analysis. This represented 243 older
generation devices (Kinetra and Soletra) and 38 newer generation devices (Activa).
Results The battery life of older generation stimulators was 2-fold longer than the newer generation.
Conclusions Newer devices are more versatile than the older generation. Their battery life is however significantly shorter.
Development of next-generation devices needs to address this issue in order to limit health risks and reduce financial costs.
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Introduction

Deep brain stimulation (DBS) has become a common neuro-
surgical therapeutic strategy for managing complex neurolog-
ical disorders including movement disorders, depression, ep-
ilepsy, and other diseases [6]. When indicated, it is a remark-

ably effective treatment that relies on the premise that electri-
cal stimulation in a specific target in the brain may induce
local and distant electrical and neurochemical changes, thus
providing a therapeutic effect [1, 4].

The medical device used in DBS can be broken down into
three components: (1) a DBS lead which is precisely im-
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planted in the targeted brain area, (2) a cable extension, and (3)
an implantable pulse generator (IPG), usually placed in the
subclavicular or abdominal subcutaneous tissue. The IPG in-
cludes a battery necessary to create the electrical impulse.

Many developments have increased the versatility and
complexity of newer devices (e.g., adjustable stimulating pa-
rameters, memory features) while also allowing device size
reduction and increasing significantly the lifespan of the bat-
tery. Battery exhaustion occurs after a few years and device
replacement through surgical revision is needed. Currently,
rechargeable devices are available, but the most frequently
implanted IPGs remain the non-rechargeable ones.

The longevity of the IPG battery depends on the device
characteristics and electrical stimulation settings, which vary
depending on various clinical parameters such as the underly-
ing disease process, the stimulation target, and the age of the
patient. Since DBS is an invasive and costly procedure [2],
identification of factors associated with greater longevity of
the battery is needed. Driven by the observation that in our
experience newer generation devices seemed to need earlier
replacement than the older generation, we aimed to retrospec-
tively analyze the battery lifetime of different kinds of non-
rechargeable devices, manufactured by a single company
(Medtronic, USA) in patients who underwent deep brain stim-
ulation for various movement disorders at our center.

Methods and materials

Population

In the present retrospective analysis, we initially included
all patients who underwent a DBS procedure with primary
electrode, extension, and IPG implantation at Clermont-
Ferrand University Hospital from December 1995 to
August 2016; and analyzed the battery lifetime of the
IPG upon each device replacement. An ethical certificate
was obtained at our local ethics committee for approval of
use of patient data and medical records. Collected data
parameters included patient’s gender and age at implanta-
tion, diagnosis, brain target, the date of the implantation,
the date of IPG replacement, IPG model, the stimulation
voltage, the anatomical positioning of the IPG, and the
presence of any extra extensions or an adapter.

The battery lifespan was defined as the period between the
surgical implantation and the date of device removal for bat-
tery depletion. The threshold for battery depletion was defined
according to the literature and manufacturer guidelines [3].

We excluded the devices which were still operational as of
August 2016, the devices replaced within the first year of
implantation, the devices replaced due to surgical complica-
tions, the devices with missing collection data parameters, and

the devices with missing patient follow-up or in cases of pa-
tient’s death.

Characteristics of the devices

We compared the battery lifespan of four different types of
IPGs manufactured by one single company (Medtronic,
USA).

The older generation of IPGs analyzed includes the
Kinetra®, a 8-contact neurostimulator for two DBS-leads,
and the Soletra®, a 4-contact neurostimulator for one DBS-
lead. The newer generation of IPGs analyzed includes the
Act iva® PC, a programmable 2-lead 16-contact
neurostimulator, and Activa® SC, a single lead 8-contact
stimulator.

Statistical analysis

Statistics were computed using GraphPad Prism, Stata 12
(Stata Corp, College Station, TX, USA) and R-software (ver-
sion 3.3.0).

Time to battery depletion was analyzed using survival
methods. In univariate analysis, we plotted Kaplan-Meier
curves and compared groups using log-rank test. In multivar-
iate analysis, we used amixed effects coxmodel to analyze the
effects of IPG generation (new vs old), voltage, diagnosis,
location, and prior-implantation. Results are shown as adjust-
ed hazard ratio and their 95% confidence interval. The pro-
portional hazard assumptions were checked graphically and
using the Schoenfeld residuals tests, and were found to be
satisfactory. All tests were two-sided. A p value < 5% was
considered significant.

Results

Baseline characteristics of the population

Five hundred seventy non-rechargeable IPGs were implanted
in 271 patients from December 1995 to August 2016. We
excluded implanted IPGs where the device was still functional
or the patient died before battery depletion, implantations
where the device was not documented or the patient was lost
on follow-up, and 3 devices because of infectious complica-
tion. Two hundred eighty-one devices remained included
representing 165 patients. The primary device implantation
indication was Parkinson’s disease (233 devices), followed
by essential tremor (30 devices) and dystonia (18 devices).
One hundred sixty-five were primary implantations and 116
were IPG replacements. This represented 243 older generation
IPGs (203 Kinetra and 40 Soletra) and 38 newer generation
IPGs (35 Activa PC and 3 Activa SC).
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Univariate analysis

As expected, stimulation voltage was inversely correlated
with battery lifetime (p < 0.001). The median battery lifetime
was 2-fold longer for the Kinetra and Soletra (28 months)
devices than the Activa PC and Activa SC devices
(57 months) (p < 0.0001) (Fig. 1a, b). This was valid when
comparing both primo-implantations and replacements inde-
pendently (p < 0.001).

Multivariate analysis

As many factors have been shown to influence the battery
lifetime of IPGs, we used a multivariate analysis, mixed ef-
fects cox model to take into account the effects of IPG gener-
ation (new vs old), voltage, diagnosis, and prior-implantation.

Multivariate analysis confirmed that IPG generation was
the strongest factor influencing battery life in our cohort
(Fig. 1c) (HR = 12.77, 95 CI 6.20–16.34, p < 0.001).

Discussion

Our initial observation that newer generation IPGs needed to
be replaced sooner was confirmed statistically. This is partic-
ularly striking, as the difference is in fact 2-fold and IPG
generation was the most important independent influencing
factor of battery life in our cohort. Two recent articles have
found these similar results [5, 11] and corroborate two previ-
ously published papers [7, 8].

Newer generation IPGs offer more versatile stimulation
programming, with the caveat of shorter battery lifetime.
Implantation of a new generation non-rechargeable IPG re-
quires more device replacements. This exposes patients of
an already frail population to increased surgical risks and
may increase healthcare costs significantly. Furthermore,
DBS patients may become stimulation-dependent. In severe
Parkinson’s disease patients, stimulation withdrawal may
even precipitate life-threatening akinetic crisis [9, 10]. This
dependency makes DBS indispensable for many, especially
given the progressive character of the disease.

It is of paramount importance that the industry acknowl-
edges this problem. Rechargeable IPGs have not provided a
solution as they are more expensive and impose constraints
that few patients are willing to have. Next-generation IPGs
cannot be less durable than their predecessors, as this unequiv-
ocally increases the risk of treatment complications.
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Fig. 1 a Kaplan-Meir survival curve of all IPGs analyzed. b Kaplan-Meir survival curve of old- vs new-generation IPGs. c Odds ratio graph
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