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Abstract

Background Electrode fractures are known hardware prob-
lems in patients with deep brain stimulation (DBS) and
require surgical revision. Short circuits, loose connections or
disconnections of only single contacts of the common
quadripolar stimulation electrodes are more subtle dysfunc-
tions and can result in decreased efficacy of DBS. Measuring
the impedances of electrodes helps detect such technical
dysfunctions. This study evaluates the frequency and clinical
implications of abnormal impedance measurements.
Methods We retrospectively analyzed findings of system-
atic impedance checks in 591 consecutive patients with
DBS for various movement disorders treated in our DBS
center between 2005 and 2010.

Findings A technical dysfunction was found in 36 out of
1,142 electrodes (3.2%). Short circuits (22 electrodes)
were more frequent than disconnections of single con-
tacts (8 electrodes) or loose contacts (6 electrodes).
Moreover, after 109 replacements of impulse generators
another 16 electrodes revealed technical dysfunctions,
again with short circuits (9 electrodes) exceeding
disconnections of single contacts (5 electrodes) and loose
contacts (2 electrodes). Most of the short circuits
occurred immediately after surgical interventions. In
contrast, among dysfunctions occurring later during
long-term DBS, disconnections and loose contacts pre-
vailed. Surgical revision was performed in 4 of the
overall 52 electrodes with dysfunctions, whereas in the
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other electrodes adjustment of stimulation parameters
resulted in stable and satisfying symptom control.
Conclusions Technical dysfunctions of stimulation electrodes
or extension leads are rare but important sources of unsatisfy-
ing DBS efficacy. In the majority of cases DBS programming
or reprogramming allows avoiding surgical revision.
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Introduction

Deep brain stimulation (DBS) has become an important
therapeutic option for a variety of movement disorders,
most notably Parkinson’s disease (PD), dystonia and
tremors [3, 9, 12, 15]. More recently, DBS has also been
used for epilepsy and psychiatric disorders like obsessive
compulsive disorders and depression [5, 8, 11].

The principle of DBS is to implant stimulation electrodes
into target areas like the subthalamic nucleus (STN), the
internal pallidum (GP1i) or the ventral intermediate thalamic
nucleus (Vim) for chronic stimulation. The stimulation
electrodes are connected to impulse generators (IPGs) via
extension leads, and the IPG is programmed telemetrically
to tailor the volume of tissue activated according to the
clinical stimulation effects. Efficacy of DBS, therefore,
strongly depends on the precise localization of the
electrodes and the programming of optimal stimulation
parameters. Quadripolar stimulation electrodes are the
most common electrodes used for DBS. These electro-
des allow the activation of single contacts or combina-
tions of four contacts to optimally adjust the volume of
tissue activated by DBS.
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Efficacy and stability of DBS also depend on proper
technical function to ensure a constant volume of tissue
activated by stimulation. Apart from dysfunctions of the
IPG the most important technical problems can be (1)
disconnections of leads, (2) short circuits between leads or (3)
loose contacts with significant changes of the impedance,
intermittent disconnection or intermittent short circuits with
other leads. The possibility to measure the impedance of leads
is the most important technical feature to help detecting such
dysfunctions and is further supported by the clinical evalua-
tion of stimulation effects and side effects. DBS systems by
Medtronic Co. (Minneapolis, MN) are the most common
systems used worldwide, and the available IPGs provide the
possibility of impedance measurements. In the following
study, we analyzed the frequency of technical dysfunctions
and the clinical management in 591 consecutive DBS patients
and 1,142 electrodes.

Materials and methods

The Neurological Rehabilitation Center Godeshoehe is a
DBS center selecting appropriate candidates for surgery and
programming DBS thereafter. Control and optimization of
stimulation parameters are also part of a hospital rehabilitation
program for patients referred from other DBS centers [1, 2,
13]. Furthermore, patients with DBS are followed up in our
movement disorder outpatient clinic.

Apart from the systematic evaluation of stimulation
effects, all patients with DBS undergo a routine of technical
checking of the DBS system. This check includes the
measurement of all impedances to detect dysfunctions and a
check of the battery capacity. The results of these checks
are documented electronically. Similarly, all changes of
stimulation parameters are continuously documented
electronically.

The IPG models provided by Medtronic for DBS include
single-channel IPGs (Itrel II® Model 7424 followed by
Soletra™ Model 7426) as well as dual channel IPGs
(Kinetra® Model 7428, Activa PC, Model 37601 and
Activa RC, Model 37612). Two models of intracranial
stimulation electrodes are used for DBS in movement
disorders both providing four stimulation contacts at the tip
separated by either 0.5 mm (model 3389) or 1.5 mm (model
3387). These quadripolar stimulation electrodes are
connected via extension leads (Model 7482 or Model
7482A for Kinetra® and Soletra™, Model 37085 for
Activa PC and Activa RC) to the IPG. The extension leads
for the Activa models feature a stretch mechanism with
15% extensibility. An adaptor can be used to connect the
extension leads model 7482 or 7482A to an Activa PC or
RC if a Kinetra® or Soletra’™ is replaced by an IPG of the
Activa models.
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Impedance measurements are provided by help of a
programmer (N’Vision Clinician Programmer, Model
8840). A complete check of all electrode leads and contacts
includes monopolar measurements of each contact as
cathode against the IPG case as anode as well as bipolar
measurements between all contacts. For the Soletra'™ and
the Kinetra® these measurements are performed by the
Clinician Programmer at 30 Hz, 210 us and 1.5 V. For the
Activa-IPGs these measurements are performed at 100 Hz,
80 pus and 0.7 V.

In our study, a disconnection of stimulation contacts was
assumed if (1) the monopolar impedance of a contact
was >2,000 Ohm in case of a Soletra’™, >4,000 Ohm in
case of a Kinetra® or >40,000 Ohm in case of an Activa;
(2) in case of a Soletra™ or Kinetra® if the current flow
with increasing amplitudes did not exceed the resting
current (<7 pA for Soletra™ and <15 pA for Kinetra®);
and (3) if stimulation with therapeutic stimulation parameters
(130 Hz, 60 ups, voltages up to 10.5 V) did not induce
stimulation effects of the central nervous system. A short
circuit of stimulation contacts was assumed if the impedance
of a bipolar measurement was <150 Ohm. This definition is
rather arbitrary because the impedance of short circuited leads
can vary depending on the location of the short circuit and
depending on the monopolar impedances of the affected leads.
In fact, the threshold to highlight “low” impedances in
impedance measurements of Activa-IPGs is 250 Ohm,
whereas other authors have used a limit of 50 Ohm to assume
a short circuit [6]. Further evidence for a short circuit is given
if monopolar therapeutic stimulation of the affected contacts
results in comparable thresholds of stimulation effects and
side effects. Loose contacts were assumed if disconnections
or short circuits were not stable in repeated measurements
and/or if impedances and stimulation effects suggested
intermittent changes in the volume of tissue activated
by DBS.

In our study, we retrospectively analyzed the electronic
documents of stimulation parameters and impedance checks
in all patients with DBS treated between 2005 and 2010
in the Neurological Rehabilitation Center Godeshoche.
Mean+standard deviations are given for the analysis of
stimulation parameters and demographical data.

Results

Five hundred ninety-one patients with DBS for various
movement disorders were included. Demographical data on
the different diseases and age at observation onset are given
in Table 1.

In the vast majority of patients IPGs by Medtronic were
used (Table 2). Only 8 out of 613 IPGs (1.3%) were from 2
other companies. These eight IPGs were excluded from the
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Table 1 Patient demographics

Disease Number of patients Age [years]
(female/male)

Parkinson’s disease 423 (132/291) 62.9+8.3
Dystonia 105 (45/60) 46.6+15.9
Multiple sclerosis 19 (11/8) 40.4+8.4
Essential tremor 31 (12/19) 65.1+14.1
Others 13 (8/5) 47.2+21.5
Total 591 (208/383) 59.0+13.1

further analysis. Due to the more recent introduction the
observation times of patients with Activa PC or Activa RC
were shorter than those for patients with Soletra™ or
Kinetra® (Table 2).

Stimulation parameters including the number of activated
stimulation contacts per electrode are depicted in Table 3.
Most notably, in 76% of the electrodes only one single
contact was activated, and in less than 3% three or four
contacts were activated.

A technical dysfunction at the initial check or during
long-term observation before an IPG replacement was
found in 36 out of 1,142 electrodes (3.2%) (Table 4).
Separated into those electrodes connected via non-
extensible extension leads to the IPG models Soletra™ or
Kinetra® and those connected via extensible extension
leads to the IPG models Activa PC or Activa RC, a
technical dysfunction in the former group was found in
2.8% and in the latter group in 4.1%.

During the initial period after electrode implantation 21
malfunctioning electrodes were observed: 16 electrodes
with short circuits (11 connected to Activa PC or RC, 5
connected to Soletra™ or Kinetra®), 3 electrodes with
disconnections of single contacts (1 connected to an Activa
RC, 1 connected to a Soletra™ and 1 connected to a
Kinetra®) and 2 electrodes with loose contacts (1 connected
to Activa RCs, 1 connected to a Kinetra®). During long-
term follow-up another eight electrodes (connected to
Soletra™ or Kinetra®) developed dysfunctions: disconnec-
tions of single contacts were found in four electrodes and

Table 2 Impulse generator models and observation times

Model Number <6 weeks 6 weeks- 1-3 years >3 years
of IPGs 1 year

Kinetra® 387 134 38 72 143

Soletra™ 56 12 5 15 24

Activa-PC 136 78 34 24 0

Activa-RC 26 13 7 6

Others 8 8 0 0

Total 613 245 84 117 167

loose contacts in three electrodes; one electrode had to be
replaced because of a wound dehiscence 9 months after
surgery and showed a stable short circuit of contacts
thereafter. Another seven electrodes with technical dys-
functions (short circuits in 5 electrodes, a disconnection of
a single contact in 1 electrode and loose contacts in 1
electrode) were observed in patients with already longer
time periods of DBS before first presentation to our center
so that the time of occurrence could not be determined.
However, it is of note that two out of these seven cases had
a previous IPG replacement, and in one case an extension
lead had been replaced before first presentation.

One hundred nine IPG replacements were performed in
patients with long-term follow-up in our center because of
battery failures or hardware failures. After the IPG
replacement a new technical dysfunction was found in 16
electrodes (Table 5). In 13 electrodes the malfunction was
observed immediately after IPG replacement (short circuits
in 8 electrodes, disconnections of single contacts in 4
electrodes and loose contacts in 1 electrode). Another three
electrodes developed a technical dysfunction (short circuit
in 1 electrode, disconnections in 2 electrodes) during long-
term follow-up after IPG replacement, one after additional
surgical transfer of the IPG from a thoracic to an abdominal
position (see case 4).

Most of the dysfunctions remained stable during long-
term observation and did not extend to other contacts.
Among those cases with observation times of at least
3 months, 14 electrodes with short circuits remained stable
during 85+71 weeks follow-up. Similarly, eight electrodes
with disconnections remained stable during 182+91 weeks
follow-up.

Only 3 of the 52 malfunctioning electrodes resulted in a
surgical revision. A fourth electrode with a short circuit
between contacts was replaced primarily because of a
significant dislocation. In one case the IPG was reposi-
tioned because of tension between the extension lead and
the abdominally placed IPG case (Activa RC), which
resulted in progressive disconnection of contacts 10 and
11 of the right hemispheric electrode during hospital
rehabilitation 2 weeks after implantation (monopolar
impedances of contacts 10 and 11 at admission 975 Ohm
and 955 Ohm, respectively, and 2 weeks later both >40,000
Ohm). In a second case a PD patient 6 months after an IPG
replacement (Kinetra® for Kinetra®) and 4Y% years after
DBS implantation noticed that pressure on the connection
between electrodes and extension leads resulted in sudden
double vision and dysaesthesia of the left arm, suggesting
intermittent short circuit of the activated dorsal contact 3 to
more ventral contacts. An X-ray demonstrated a deviation
of the third of four setscrews at the connection between
extension lead and electrode. Intraoperatively a defect of
both the extension lead and the electrode was found, and
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Table 3 Stimulation parameters

Disease Electrodes  Frequency [Hz] = Impulse width ~ Amplitude  Active contacts/
[us] [V] electrode
Parkinson’s disease 830 131+9 61+8 3.24+1.05 1:667
2:144
>3:19
Dystonia 202 132+10 95+48 2.98+1.16 1:132
2:66
>3:4
Multiple sclerosis 30 150+25 68£15 3.20+1.25 1:20
2:9
>31
Essential tremor 57 141£21 62+8 2.99+1.21 1:37
2:19
>3:1
Others 23 147424 95+44 3.07+1.12 1:12
2:5
>3:6
Total 1,142 133+12 68426 3.18+1.09 1:868 (76.0%)

2:243 (21.3%)
>3:31(2.7%)

both were successfully replaced. In a third case a lead
fracture of the stimulation electrode was found, necessitat-
ing the replacement of this electrode (see case 4).

In all other cases programming or reprogramming
allowed avoiding surgical revision. In case of disconnected
or loose contacts neighboring contacts were activated for
chronic DBS, resulting in satisfying symptom control. In
case of short circuits either neighboring contacts were
activated or the short-circuited contacts were programmed
together as cathode. Short-circuited contacts characteristically
show comparable thresholds of stimulation effects/side effects
if one of the respective contacts is activated alone or both
together as cathode. The advantage of activating them
together was that in case of an only intermittent short
circuit, a sudden change of the volume of tissue
activated and consequently the stimulation effects was
avoided (see case 3 below).

The following four cases illustrate different presentations
of technical dysfunctions and the clinical management.

Case 1: A female patient was operated on at the age of
63 years because of an 11-year history of PD complicated

by severe fluctuations and levodopa-induced dyskinesias.
STN DBS resulted in a significant improvement of motor
symptoms and a reduction of the levodopa equivalent
dosage from 1,670 mg/day to 750 mg at the 1-year follow-
up. Impedances of all contacts were normal after surgery,
and a monopolar stimulation of contacts 1 for the left STN
(130 Hz, 60 us, 4.5 V) and 5 for the right STN (130 Hz,
60 us, 4.3 V) was programmed. After 1% years of DBS,
she noticed a significant increase in motor symptoms. The
impedance check revealed a disconnection of the active
contact 1 for the left hemispheric STN: monopolar
impedance >4,000 Ohm (Kinetra®), increase of the voltage
at 130 Hz and 60 ps up to 8 V without stimulation effects
and without increase of the resting current (<15 pA). All
other impedances were normal. DBS was reprogrammed,
resulting in satisfying symptom control at a monopolar
stimulation of contacts 0 and 2 (130 Hz, 60 us, 3.0 V). The
disconnection of contact 1 remained stable during the next
1Y-year follow-up period.

Case 2: A female patient was operated on at the age of
58 years because of a 5-year history of a severe right-sided

Table 4 Electrodes with dys-
functions before IPG
replacements

Impulse generator model

Short circuit Disconnection  Loose connection

(impedance<150 Ohm)

Kinetra® (n=387 with 767 electrodes)

Soletra™ (n=56)

Activa-PC (n=136 with 267 electrodes)
Activa-RC (n=26 with 52 electrodes)

10 (1.3%) 6 (0.8%) 3 (0.4%)
1 (1.8%) 1 (1.8%) 2 (3.6%)
10 (3.7%) 0 0

1 (1.9%) 1 (1.9%) 1 (1.9%)
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Table 5 Electrodes with dys-
functions after impulse genera-
tor replacements

IPG replacement Short circuit Disconnection Loose connection
(impedance<150 Ohm)

Kinetra® for Kinetra® (n=86) 6 (7.0%) 5 (5.8%) 2 (2.3%)
Kinetra® for Soletra™ (n=1) 0 0 0

Activa-PC for Kinetra® (n=6) 1 0 0

Soletra™ for Soletra™ (n=12) 1 0 0

Activa-PC for Soletra™ (n=3) 1 0 0

Activa-PC for Activa-PC (n=1) 0 0 0

PD tremor. Left hemispheric Vim DBS resulted in almost
complete tremor reduction. Impedances of all contacts were
normal after surgery, and a bipolar stimulation of contacts 0
and 1 as anode and 2 as cathode with 130 Hz, 60 us and
54 V was programmed. After 4 months she noticed a
reoccurrence of the right-sided tremor. The impedance
check of contact 0 was >2,000 Ohm (1,511 Ohm in the
previous measurement), and, most notably, the threshold of
side effects (dysaesthesias) in a monopolar stimulation
setting with contact 0 alone increased from 2.0 V during the
initial programming to 7.0 V. Reprogramming to a bipolar
setting with 1 as cathode and 2 as anode, later extended to 1
and 2 as cathode and 3 as anode (130 Hz, 6.0 V), resulted
in satisfying and stable tremor reduction during the next
14-year follow-up period.

Case 3: A male patient was operated on at the age of
69 years because of an 11-year history of PD complicated
by fluctuations with a significant off-tremor and levodopa-
induced dyskinesias. STN DBS during the first 3 months
resulted in unstable symptom control with periods of severe
dyskinesias and periods of increased tremor. Repeated
impedance checks revealed intermittent short circuits
(impedances <100 Ohm) between contacts 4 and 5, 4 and
6, 4 and 7 as well as 5 and 6. An unusual monopolar
stimulation with all contacts 4 to 7 as cathode against the
case as anode at 130 Hz, 60 ps and 1.5 V resulted in
satisfying and stable symptom control during the following
2Vs-year follow-up. Although symptom control was stable
throughout the follow-up period, the impedance checks
continued to show changing results with short circuits
between variable contacts.

Case 4: A PD patient was operated on at the age of
64 years because of a 5-year history of tremor-dominant
PD. After 3% years of STN DBS the IPG was replaced
because of battery failure (Kinetra® for Kinetra®).
Seven months later the IPG was transferred from a thoracic
to an abdominal position because of discomfort.
Four months later she complained of a significant tremor
increase at the left extremities. The impedance check of the
right hemispheric electrode only revealed an abnormally
low impedance between contacts 0 and 3 of 214 Ohm. The
main finding, however, was that test stimulation at contacts

0 and 1 with 130 Hz and 60 ps up to 8 V only elicited
dysesthesia at the site of the connection between the
electrode and extension lead, but not the tetanic facial
contraction observed after the initial DBS surgery 4 years
earlier at thresholds of 4 V. An X-ray demonstrated a lead
fracture of the stimulation electrode near the connection to
the extension lead. The electrode was successfully replaced
thereafter.

Discussion

This retrospective clinical study in a large population of
patients with various movement disorders treated by DBS
demonstrates that the overall frequency of technical
dysfunctions was low (3.2%). However, short circuits,
disconnections or loose connections can have significant
impact on DBS efficacy and need to be excluded
particularly in those patients with unsatisfactory symptom
control. Most importantly, in the majority of cases surgical
revision can be avoided by adequate programming or
reprogramming of stimulation parameters.

Technical support to identify electrode dysfunctions,
therefore, is an important feature for DBS systems. In our
study we focused on DBS systems by Medtronic because
they are the most commonly applied systems worldwide.
Impedance measurements have been improved in the more
recent models Activa PC and Activa RC. Most notably, the
range of measurable impedances has been increased to
40,000 Ohm. The upper limit of both the Soletra™ (2,000
Ohm) and the Kinetra® (4,000 Ohm) are not sufficient to
indicate an electrode disconnection. Although the monopolar
impedance of a single contact is usually between 900 and
1,500 Ohm, impedances above 2,000 Ohm or even above
4,000 Ohm are not rare, and can still serve for stable
and satisfying DBS efficacy. Therefore, disconnections
or significant changes in electrode impedances need
further clinical evaluation of stimulation effects/side
effects and the respective thresholds. The importance
of additional clinical evaluation of stimulation effects is
further demonstrated by the patient of case report 4.
The lead fracture in this case was not detected by
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impedance measurements but by stimulation effects:
local dysesthesias at the site of the fracture.

Similarly, the detection of short circuits cannot solely rely
on a single lower impedance threshold in bipolar impedance
measurements between contacts. In our study, we used a
threshold of 150 Ohm, although the impedances in detected
cases were mostly well below 100 Ohm, with 2 Ohm being
the lowest impedance measured. A short circuit between
contacts means that in monopolar settings the current is
directed to all short-circuited contacts no matter whether
chosen as cathode alone or together. In our experience, a
successful way to cope with this situation has been either by
activating alternative contacts or by immediately activating
the short-circuited contacts as cathode together. This
approach prevents clinical changes of DBS efficacy in
case of loose contacts with only intermittent short
circuits, as demonstrated in case 3 of the case reports.

Short circuits between contacts were the most frequent
immediate dysfunction noticed after electrode implantation
or surgical revisions, whereas among the dysfunctions
developed during long-term stimulation, loose connections
and disconnections of single contacts were more frequent.
Interestingly, complete lead fractures that have been
reported as long-term complications by other authors in
up to 5% of the patients have been rare in our own study [4,
7, 10, 14]. The main reason is probably that the connector
of the electrode and extension lead in all patients in our
study was located at the calvarium, whereas higher rates of
lead fractures were primarily reported in cases with the
connection below the mastoid [4]. In cases of complete lead
fractures surgical replacement is necessary [10]. In contrast,
disconnection of single leads in our study could be
managed by appropriate programming/reprogramming of
stimulation parameters in most cases. From these experiences
we further conclude that short circuits or disconnections of
single contacts do not routinely require workup by X-ray
examination of the DBS. X-ray can be restricted to those
patients in whom DBS efficacy after programming/
reprogramming remains unsatisfactory, particularly if
impedances or clinical data point to a lead breakage.

Surgical interventions (implantation, revision, IPG replace-
ment) bear a risk of damage to the DBS leads. Accordingly,
most of the dysfunctions were found immediately after
implantation of the DBS system and also after IPG replace-
ments. In fact, such technical dysfunctions have been
previously reported to be a source of reduced DBS efficacy
after IPG replacements [2]. Intraoperative handling of
electrodes and extension leads, therefore, requires particular
care to avoid such damage. Moreover, electrodes should be
carefully checked after all surgical interventions. All unnec-
essary surgical interventions should be avoided, most
notably too frequent IPG replacements. This can be achieved
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by adjustment of appropriate stimulation parameters, for
example, the activation of single contacts for monopolar
stimulation, the use of rather short impulse widths and the
avoidance of unnecessarily high frequencies. Furthermore,
the time of IPG replacement should be appropriately
anticipated. In patients with particularly high energy
consumption and, consecutively, short battery lifetimes,
rechargeable IPGs (Activa RC) can further reduce
surgical interventions during long-term follow-up.

Although this was not a prospective study, it is interesting to
note that the incidence of technical dysfunctions immediately
after implantation seems to be higher in IPGs of the new
models of Activa PC and Activa RC, which are connected to
the stimulation electrodes via extension leads with 15%
extensibility. These observations suggest a higher vulnerability
of extensible extension leads and call for an increased alertness
for dysfunctions in these models. Long-term observations are
needed to evaluate the risk of technical dysfunctions during
long-term follow-up of these models.

Conclusions

Electrode dysfunctions with stable or intermittent short
circuits, changes of impedances or even disconnections of
single leads of the quadripolar stimulation electrodes and
extension leads are rare but important sources of unsatis-
factory DBS efficacy. Most dysfunctions occur immediately
after surgical interventions (initial implantation, surgical
revision or IPG replacement), and remain stable thereafter.
Programming/reprogramming in the majority of cases
allows avoiding further surgical revision. DBS systems
should allow impedance measurements in a sufficient range
to help clinicians identify such dysfunctions.
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