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Introduction

The goals in the development of permanent pacemak-
er leads have been to achieve minimum stimulation
threshold and maximum amplitude of intracardiac
potentials, to increase lead resistance to external inter-
ference, to diminish incidence of lead dislocations, and
to prolong the overall lead and pulse generator service
time. It has been proven that decreasing the pacing
electrode surface results in higher pacing impedance
and, according to Ohm´s law, in reduced lead current
drain [1-5]. The aim of this study was to evaluate long-
term electrophysiological and mechanical properties of
a lead with a very small electrode surface area.

Materials and Methods

Synox 60-BP tined ventricular bipolar lead (Biotronik,
Germany) was implanted in 74 patients with a mean
age of 69 ± 9 years, in the period from September 1996

to March 1997. The lead is insulated with the silicon
rubber and has lead body diameter of 1.4 mm. When
the three tines intended for passive fixation are closed,
maximum lead diameter is 2.1 mm. The electrode tip
has a geometric surface area of 1.3 mm2 and is coated
with fractal iridium. The fractal electrode structure
increases the electrochemically active surface area by
more than 1000 times [6]. The leads were implanted
together with dual-chamber Physios TC 01, single-
chamber Pikos 01, and single-chamber rate adaptive
Dromos SR pacemakers (all from Biotronik, Germany).
Intraoperative  measurement were performed using a
threshold analyzer (ERA 300, Biotronik) in both
unipolar and bipolar lead configurations. The position
of the electrode was accepted if X-rays showed that the
lead tip was placed in the right ventricular apex, if pac-
ing threshold did not exceed 1.0 V at 0.5 ms, the R-
wave amplitude was at least 5 mV (exceptionally
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The aim of our study was to assess the long-term electrophysiological properties and complication rate in a tined
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ments during the follow-up were performed in both
unipolar and bipolar lead configurations. The pace-
makers were permanently programmed to the unipolar
pacing configuration and bipolar sensing configura-
tion.

Results

Lead complications are given in Table 1. Sixteen
patients died during the 4-year observation period.
None of the deaths was thought to be related to the
pacemaker therapy.
One day after implantation, unipolar pacing impedance
was 745 ± 147 Ω. The minimum value was recorded
on day 7 (630 ± 99 Ω) and the maximum at 3 months
after lead implantation (867 ± 226 Ω). Thereafter, the
impedance gradually decreased to 732 ± 119 Ω (4-year
value). Bipolar impedance was about 100 Ω higher
than the unipolar impedance at all instances, otherwise
it followed the same time course. The 4-year bipolar
impedance value was 833 ± 132 Ω (Figure 1).
During the first day after pacemaker implantation,
unipolar pacing threshold was 0.4 ± 0.2 V. The maxi-
mum value was recorded within the first month of
implantation (0.9 ± 0.6 V), with a gradual threshold
decrease thereafter down to a chronic value of 0.6 ± 0.3 V
after 4 years. Bipolar pacing thresholds followed the
same pattern in the time and were always slightly
above the unipolar values. The 4-year bipolar threshold
value was 0.7 ± 0.4 V (Figure 2).
Mean R-wave amplitudes tended to be slightly higher in
the bipolar lead configuration. The minimum value was
recorded at 7 days after implantation: 11.9 ± 5.5 mV
(unipolar) and 12.8 ± 5.8 mV (bipolar). Thereafter the
sensing amplitudes increased and remained stable
throughout the follow-up. The 4-year values were:
15.5 ± 5.4 mV (unipolar) and 15.7 ± 6.3 mV (bipolar)
(Figure 3). 

Discussion

The studied fractal coated Synox leads with the small
cathode surface area of 1.3 mm2 offer significantly
higher lead impedance in either unipolar or bipolar
pacing configuration as compared to conventional
leads. The attained chronic pacing thresholds were in
line with the best values reported in the literature. Our
follow-up schedule did not allow us to find out exact-
ly when the threshold maximum occurred. On the basis

4 mV), the ST segment elevation was greater than 
1.0 mV, and if the diaphragmal stimulation test at
6.0 V/1.0 ms was negative. We did not undertake any
lead repositioning to improve acute parameters beyond
the above mentioned minimum acceptable values. The
lead was introduced via the cephalic vein in 56 patients
and by subclavian vein puncture in 18 patients.
The follow-up controls took place at 1 and 7 days and
1, 3, 6, 12, 24, 36, and 48 months after pacemaker im-
plantation. Pacing thresholds were measured via pace-
maker telemetry in 0.1 V steps (from 0.1 V to 4.8 V) at
a pacing rate of 90 – 110 pulses/min and at the 0.5 ms
pulse duration. Stimulation impedance was assessed at
the 4.8 V/0.5 ms output setting, and R-wave ampli-
tudes were determined by a standard evaluation of the
recorded intracardiac electrograms. All the measure-

Table 1. Review of lead-related complications during the 
4-year follow-up of the Synox 60-BP lead. RV = right ven-
tricular, * = surgical revision was necessary.

Figure 1. Trends of unipolar (UP) and bipolar (BP) pacing
impedance over time (mean value ± standard deviation). 
d: days, m: months. Number of participating patients is indi-
cated for UP/BP configuration.
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of extrapolation, we expect that the maximum was
reached between 7 days and 3 months after pacemaker
implantation. However, it has been suggested that
threshold peaking in small surface electrodes typically
takes place earlier than with standard surface elec-
trodes, and is most likely to occur within the first week

of pacemaker implantation [7]. For a comparison, we
previously studied TIR-60 BP lead (Biotronik), with an
electrode surface area of 6 mm2 and otherwise very
similar design to the studied lead [2], and found out
that the threshold reached its peak value between post-
operative days 13 and 27. 
The achieved low chronic threshold in Synox leads
(0.6 ± 0.3 V) allows to program the ventricular pulse
amplitude to ≤ 2.0 V at the 0.5 ms pulse duration in 90
% of patients. The high pacing impedance will addi-
tionally decrease energy consumption and further pro-
long service life of the implanted pulse generators.
Mean chronic R-wave amplitudes of ≥ 15 mV repre-
sent a very favorable finding, in line with the best
results seen in the literature. Other author groups has
demonstrated that there is no difference in R-wave
amplitudes between small- and standard-surface pac-
ing electrodes [8]. 
We deem that the best solution generally is to program
pacemaker to bipolar polarity with respect to sensing
and to unipolar polarity with respect to pacing func-
tions of the pacemaker. There are several reasons for
such approach. First, the unipolar pacing configuration
allows for larger (easy-to-read) pacemaker spikes to be
recorded in the short-term or 24-hour ECG recordings.
Second, the unipolar pacing configuration increases
patient safety in case of inner insulation defect (i.e.,
short-circuiting of the two lead conductors), which can
lead to pacemaker malfunction only in the bipolar pac-
ing configuration. However, in pacemakers with an
automatic switch to the unipolar pacing configuration
should the problems in bipolar configuration occur, the
latter argument is of less importance. Third, bipolar
configuration is generally preferred for sensing func-
tions as it greatly reduces chances for pacemaker inhi-
bition by myopotentials. Our own experience shows
that in some instances it is not possible to hinder pace-
maker inhibition by myopotentials in the unipolar con-
figuration even after the lowest possible sensing values
have been programmed [2,3]. 
The results of the current study corroborate earlier
observations that fractal coated electrodes exhibit very
low acute and chronic thresholds, and that their thresh-
old performance is thus comparable to that of steroid-
eluting electrodes [2-5,9]. The only difference seems
to be a slightly greater threshold peaking in fractal
coated electrodes during the early postoperative phase
[6,7,10]. In spite of theoretically increased risk of clin-
ical complications with the small surface electrodes,

Figure 2. Evolution of unipolar (UP) and bipolar (BP) pac-
ing thresholds at 0.5 ms (mean value ± standard deviation).
d: days, m: months. Number of patients is indicated for
UP/BP configuration.

Figure 3. Trends of R-wave amplitudes in unipolar (UP) and
bipolar (BP) lead configuration (mean value ± standard
deviation). d: days, m: months. Number of patients is indi-
cated for UP/BP configuration.
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the complication rate in our relatively large study with
the Synox lead was impressively low. The incidence of
surgical revision due to lead microdislocation of 1.35 %
and due to lead insulation defect of 1.35 %, is in line
with the results obtained with quality state-of-the-art
pacemaker leads [11,12].

Conclusion

The studied tined bipolar ventricular Synox lead with
the 1.3 mm2 fractal coated electrode surface showed
impressively low complication rate during the 4-year
follow-up. In addition, high pacing impedance and low
pacing thresholds are achieved in both unipolar and
bipolar pacing configurations. The favorable thresh-
olds permit to program output pulse amplitudes to val-
ues lower than 2.0 V in 90 % of the patients. The low
output and high pacing impedance will reduce the
amount of charge required for effective pacing and
prolong pacemaker life time in comparison to standard
pacemaker leads. 
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