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Introduction 

Pacemaker leads with small stimulation electrodes
(1 - 3.5 mm2 geometric surface area) were recently
introduced into clinical practice in order to conserve
pacemaker battery energy by means of elevated pacing
impedance and reduced stimulation threshold [1-7].
Battery energy savings accomplished by low-energy
pacing lead to an increase in pacemaker longevity, a
reduction of the pulse generator size and the incorpo-
ration of additional features into future pacemakers
[3-7]. 
Since the reduced electrode size requires a rough sur-
face texture to maintain a large electrochemically
active electrode surface area for adequate sensing per-
formance and in order to minimize polarization losses,

only two electrode-manufacturing technologies could
offer geometric electrode surface areas below 1.5 mm2: 
• the microporous platinized steroid-eluting electrode,

with > 10x larger electrochemically active than geo-
metric surface area and 

• iridium fractal coated electrode, with the magnifica-
tion factor of 1,000x [2,8-12]. 

While the clinical performance of the 1.2 mm2 steroid-
eluting electrode (CapSure Z, Medtronic, USA) has
been extensively investigated and published, the avail-
able reports on the clinical behavior of the 1.3 mm2

fractal coated electrodes (Synox, Biotronik, Germany)
have to date been limited to smaller patient populations
[1,3,5,6,13,14]. The aim of our multicenter study
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Summary 

Clinical performance of tined bipolar ventricular leads with the silicone rubber insulation and the 1.3 mm² iridi-
um fractal coated electrode (Synox, model SX 60 BP, Biotronik, Germany) was evaluated in a total of 331 patients
in 11 clinical centers. Mean age of the patients was 78 ± 11 years. Unipolar pacing impedance, pacing threshold
and bipolar R-wave amplitude were measured at implantation, patient discharge, and at 1-month, 3-month, 6-
month, 12-month, and 18-month follow-up controls. Acute voltage thresholds were determined in 0.1 V steps at
pulse durations of 0.1 ms steps (from 0.1 ms to 1.5 ms). The strength-duration curve was reconstructed from the
mean threshold values. The acute threshold value at 0.5 ms was 0.35 ± 0.22 V and the voltage chronaxy 0.49 ms.
During the follow-up, the pacing threshold was determined at a pulse width belonging to the 0.37 - 0.50 ms range.
Peak threshold was 1.01 (1-month control) and chronic value about 0.8 V. The median value of polarization loss-
es determined during implantation with the aid of an oscilloscope and ERA 300 pacing system analyzer (Biotronik)
was 0.245 mV, ranging from 100 to 500 mV in the individual patient. The acute impedance of 1,097 ± 275 Ohms
decreased slightly in the weeks to come and stabilized at > 1,000 Ohm mean value at controls later than the
3-month control. Mean acute R-wave amplitude was 12.33 ± 5.09 mV and chronic 13.01 ± 5.57 mV. The studied
lead exhibited favorable electrophysiological values and reliable performance, and may conserve battery energy
by means of high pacing impedance.  
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used to evaluate the differences between the mean val-
ues, with p < 0.05 considered statistically significant.

Results

The mean acute threshold at the 0.5 ms pulse duration
was 0.35 ± 0.22 V. The chronaxy value derived from
the Lapicque strength-duration curve (Figure 2) was
0.49 ms. Figure 3 illustrates the frequency distribution
of the acutely measured threshold values. 
Median polarization losses were 0.245 mV, and ranged
from 100 to 500 mV in the individual patients. The
mean acute impedance was 1,097 ± 275 Ohms, and the
mean acute R-wave amplitude 12.33 ± 5.09 mV. Figure
4 illustrates the frequency distribution of the acutely
measured impedance values. 
The trends of pacing thresholds and impedances fol-
lowing patient discharge are shown in Figures 5 and 6,
respectively, and selected explicit values are given in

involving 11 centers in France was to evaluate and
document clinical performance of the Synox leads in a
large cohort of patients.    

Material and Methods 

A tined bipolar ventricular lead with the silicone rub-
ber insulation and the 1.3 mm² iridium fractal coated
electrode (Synox, model SX 60 BP) was subject to
evaluation. A description of the fractal coating tech-
nology has been provided elsewhere [2,15-17]. The
leads were implanted in a total of 331 patients and con-
nected to a variety of pacemaker models. The mean
age of the patients was 78 ± 11 years (184 males, 147
females). Unipolar pacing impedance, pacing thresh-
old and bipolar R-wave amplitude were measured at
implantation, patient discharge, and at 1-month,
3-month, 6-month, 12-month, and 18-month follow-up
controls. 
In the course of implantation, different centers used
different pacing-system analyzers to make acute mea-
surements. The impedance values were, however,
always determined at the 5 V / 0.5 ms output setting
and voltage thresholds assessed in 0.1 V steps at the
pulse duration of 0.1 ms, 0.2 ms, 0.3 ms, etc., up to
1.5 ms (in 0.1 ms steps). The acute voltage strength-
duration (Lapicque) curve was reconstructed from the
mean threshold values. 
In one center, additional measurements of polarization
losses were undertaken. For this purpose, a Tektronik
oscilloscope was connected in parallel with the output
outlets of the ERA 300 pacing-system analyzer
(Biotronik). The implanted lead was then connected to
the ERA 300 and the constant-current pacing pulse of
2.5 mA in amplitude and 0.5 ms in duration was inject-
ed. Subsequently, the shape of the pacing pulse was
studied on the oscilloscope screen (Figure 1) and the
polarization losses were calculated as the difference
between the leading-edge and the trailing-edge voltage
during the pacing pulse (overpotential in mV).
During the follow-up, the pacing threshold was mea-
sured in either 0.2 V or 0.25 V steps, at a pulse dura-
tion within the 0.37- to 0.5 ms range, depending on the
pacemaker model used. The study results are present-
ed as mean values ± standard deviations, except for
polarization losses that are shown as minimum-to-
maximum range and a median value. The frequency
distributions of acute impedances and pacing thresh-
olds were also determined. The two-tailed t-test was

Figure 1. Polarization-losses measurement on the oscillo-
scope screen (equal to about 250 mV in this example). See
text for further explanations.

Figure 2. The strength-duration curve constructed from
measurements during implantation.
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Table 1. The threshold peak occurred at the 1-month
control (mean value 1.01 V), which was followed by a
significant threshold decrease in the subsequent
months (p < 0.0001 for the controls later than the
3-month control versus 1-month control). Chronic
threshold stabilized at about 0.8 V level after the
6-month control. The pacing impedance significantly
increased (p < 0.0001) from the time of patient dis-
charge (800 Ohms) to the 6-month control (1,054
Ohms). No significant change in impedance was
observed thereafter (p > 0.05).

Discussion

When chronic impedance and threshold values are
compared for Synox leads and CapSure Z leads (data
in literature), a great similarity of the results is evident,
implicating that both leads exert approximately the

same, favorable effect on battery energy consumption.
In particular, chronic pacing impedance with Synox
leads appear to be slightly higher than that in CapSure
Z leads (1,100 Ohms versus 950 Ohms in the unipolar
configuration) while chronic thresholds are slightly
less favorable (about 0.8 V in Synox versus 0.5 V in
CapSure Z) [1,3,5,6]. Having in mind that the thresh-
olds in our study were determined at a pulse duration
slightly shorter than 0.5 ms (in the 0.37 ms to 0.5 ms
range), the comparative difference between the thresh-
olds for the two leads at a fixed pulse duration would
be even smaller. Thus, Synox leads provide some extra
battery savings compared to the CapSure Z lead on the
account of the higher pacing impedance, but in case of
output setting optimization, this advantage may be
abolished by the need for slightly higher pacing output
[4,6]. 
Both Synox and CapSure Z leads offer clear advan-
tages compared to the conventional leads featuring
pacing impedances around 500 Ohms and slightly
higher pacing thresholds due to lower current density

Figure 3. Frequency distribution of the acute threshold val-
ues at 0.5 ms pulse width.

Figure 4. Frequency distribution of acute impedance values.

Figure 5. Pacing threshold trend following patient dis-
charge (0-month control).

Figure 6. Pacing impedance trend following patient dis-
charge (0-month control).
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tudes were fully satisfactory and comparable with the
published data on CapSure Z leads as well as standard-
impedance electrodes.  
The limitation of our study is the lack of a systematical
evaluation of the complication rate associated with the
use of Synox leads. The most frequently encountered
complications with high impedance leads are lead dis-
lodgment, intermittent exit block and high threshold.
In our preliminary publication conveying a single-cen-
ter experience (Clinique Alleray), the complication
rates were 6 % for Synox leads (3 out of 50) and 6 %
for CapSure Z leads (2 out of 33). There was no con-
trol group implanted with standard-impedance leads.
The controversy over whether the high-impedance
leads result in a higher complication rate than stan-
dard-impedance leads has thus far not been settled,
with different centers having different experiences and
attitudes [1-7,13,14]. Although our multicenter study
was initially not designed to gather systematic data on
the complication rate with the Synox leads, the com-
plaints on complications did not emerge as a striking
problem during the study. Seemingly, a low complica-
tion rate can be obtained with handling experience and
by taking care of the following: 
• Avoid pushing the lead against the endocardium

with the stylet completely inserted, to prevent intru-
sion and perforation of the lead tip, especially in
patients with thin cardiac walls (in the atrium, or the
ventricle due to dilated cardiomyopathy).

• Verify the electrode contact stability during normal
and deep breathing and coughing by observing
threshold stability. This should minimize the risk of
later lead dislodgment and microdislodgment.

Members of the French Multicenter Study Group: 

M. Boursier: Regional Hospital of Bon Secours,
Metz
M. Brémondy: Clinique Axium, Aix en Provence
G. Chapus: Clinique Pasteur, Ris Orangis
J. Fabre: Clinique of Residence du Parc, Marseille
P. Gaudeul: Côte Basque Hospital, Bayonne
A. Lazarus: Clinique du Val d'Or, Saint-Cloud
Y. Pansard: Beaujon Hospital, Thionville
G. Pioger: Clinique Alleray, Paris, 
P. Scan: University Hospital, Caen
J.-Y. Thisse: Bel Air Hospital, Thionville
O. Thomas: Lariboisiere Hospital, Paris

at the electrode-tissue interface [2-6]. The Synox lead
may, however, be regarded as more safe in the chronic
phase with respect to lead integrity (silicone insulation
in Synox vs. silicone/polyrethane insulation in Cap-
Sure Z) and threshold stability. While the CapSure Z
lead relies on steroid elution for threshold suppression
and this mechanism may not be permanently efficient
due to the limited amount of steroid incorporated into
the lead tip [6,18,19], the inflammation-moderation
effect of the fractal coated electrode surface is ever-
lasting, decreasing the risk of exit block particularly
when pacing outputs are optimized to low values.   
The further analysis of the study results suggests that
acute thresholds in Synox leads aggregated in the 0.2 -
0.3 V range (Figure 3), thereby being clearly better
than with standard impedance leads and in line with
published data on CapSure Z leads [1,3,5]. The expla-
nation for the reduced acute thresholds in high imped-
ance leads has been already provided in the literature
[1,2,7,20]. During acute threshold peaking, the fractal
coated lead exhibited slightly higher peak thresholds
than the steroid-eluting lead (about 1 V versus 0.7 V).
Both results represent fully satisfactory outcome and the
difference may be of little clinical relevance. Chronaxy
values in Synox and CapSure Z leads are similar
(0.5 ms) [21]. Interestingly, clinical results on chronaxy
values are not in line with the theoretical expectations
based on extrapolation methodology, where chronaxy
values in the 0.1 - 0.2 ms range would be expected for
electrodes with » 1.3 mm2 surface area [22].  
While acute unipolar impedances in Synox and
CapSure Z leads were similar (around 1,100 Ohms),
the steroid-eluting design seems to exhibit a larger
impedance drop in the chronic phase [1,5]. In contrast,
fractal coated electrodes ensure chronic values similar
to the acute ones. Acute and chronic R-wave ampli-

Table 1. Mean values of the observed parameters at the
three major control points.
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