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Summary

Dual chamber stimulation with a single lead combines the advantages of single lead VDD pacing and conventional
DDD therapy. The total volume and number of leads is minimized, yielding a simplified and less complication-
prone implant procedure. Current results of the BRASILEAD clinical project for a validation of the OLBI
(Overlapping Biphasic Impulse) principle for single lead dual chamber pacing confirm the feasibility of this method.
Further approaches for antibradycardia and low energy antitachycardia therapy using floating electrodes and the

OLBI stimulation are discussed in this work.
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Introduction

In order to reduce thrombogenicity and the risk of
complications, as well as burdening of the circulatory
system, the total volume and number of used leads in
single lead DDD systems is to be minimized. Also the

Figure 1: Single lead dual chamber pacing via floating
atrial rings using Overlapping Biphasic Impulses.
implantation procedure itself has to be simplified. Sev-

eral approaches!'? to provide reliable single lead dual
chamber pacing yielded high capture thresholds or
complex electrode geometry. The novel OLBI
(OverlLapping Biphasic Impulse) pacing mode for safe
and effective atrial stimulation via floating ring elec-
trodes was developed and evaluated in several ex-
perimental and acute clinical investigations®4 (figure
1). Two identical pulses with inverse polarity are emit-
ted by the respective ring electrodes on the ventricular
lead, yielding an efficient electrical field distribution in
the atrial myocardium. The BRASILEAD project aims
to evaluate and confirm previous observations®® on
OLBI midterm threshold stability and atrial capturing
performance in a controlled group of patients.

Materials and Methods

Actual experimental and clinical results®™® have proven
the OLBI pacing form to be an effective and reliable
method for atrial pacing with floating electrodes. For
further clinical validation of this concept at 15 clinical
centers 94 patients (47m, 47f) with a mean age of
63+14 years (26-84) were included in the BRASILEAD
project. Single lead electrodes (BIOTRONIK SL60/11
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(28%), 13 (65%), 15 (7%)) with 10 mm atrial ring
spacing were utilized (figure 2). After intraoperative
measurements for the assessment of the optimal lead
position, pacemakers with atrial OLBI pacing capability
(EIKOS SLD, BIOTRONIK) were implanted in patients
with symptomatic AV-block Il or Ill. Atrial capture
thresholds and p-waves were measured during im-
plant, on discharge day and 6 weeks after. Pacing
mid-term stability at various body positions and
breathing maneuvers was determined.
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Figure 2. Distribution of utilized electrodes in 94 pa-
tients of BRASILEAD.

Results

In 68% of the cases atrial capture thresholds below
2.5 V were measured. Threshold values lower than
3.5 V were obtained in 88% of patients. Mean thresh-
old was 2.4+0.8V at discharge follow up. Obtained p-
wave values for discharge and 6 week follow up were
1.6£1.2mV and 1.4+0.9mV respectively.
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Figure 3: Atrial capture thresholds obtained with OLBI

stimulation at supine left supine and sitting position
during discharge and 6 week follow up.
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With respect to the effect of position changes the atrial
capture threshold in supine, left supine and sitting
positions obtained during discharge and 6 week follow
up is summarized in figure 3.

During discharge the threshold was 2.4+0.8V,
2.6+0.9V and 2.5+0.9V for supine, left supine and
sitting position respectively. The measurements during
6 week follow up showed no significant changes. Con-
sequently the effect of changes in posture are ne-
glectable with OLBI stimulation since there are no
significant variations in the atrial threshold.

The effect of breathing maneuvers on the stability of
the threshold was observed in the BRASILEAD proj-
ect. The results are presented in figure 4. Mean atrial
thresholds in the range of 2.7V were obtained during
normal breathing and Valsalva maneuver, both at
discharge and 6 week follow up.
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Figure 4: Atrial capture thresholds obtained with OLBI
stimulation during normal respiration and Valsalva
maneuver at discharge and 6 week follow up.

Also the course of atrial threshold from discharge to 6
week follow up with OLBI stimulation is to be observed
in figures 3 and 4. A stable atrial capture threshold in
the range of 2.7V allowing reliable pacing with floating
electrodes is to be observed during the entire follow up
period. As there is no grow-in behavior of the ring
electrodes to be taken into consideration the stable
course of the atrial threshold was previously expected.

Regarding the preferred region as position for the
atrial ring electrodes the low atrium was selected in
51% percent of 94 patients involved in the BRA-
SILEAD project. The mid right atrium was preferred in
32% and the high right atrium in 17% of cases. Figure
5 shows the rates of successful stimulation with re-
spect to secondary stimulation and capture losses for
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the selected atrial regions. Although the mid right
atrium shows a high success rate (96%) in discharge
follow up, the mid term performance of the low right
atrium with 81% is higher compared to mid and high
atrium.
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Figure 5: Comparison of success rates concerning
safe and effective capturing with regard to the se-
lected atrial regions for the floating ring electrodes.

In figure 6 the corresponding atrial thresholds for the
selected atrial regions are presented. Here again the
low right part is superior to the other regions of the
atrium.

Figure 6: Atrial capture thresholds for high, mid and
low right atrium using OLBI pacing.

Hence at different clinical centers comparable atrial
thresholds in the range of 2.7V have been observed.
These similarly low and consequent threshold values
obtained at several clinics using independent implan-
tation techniques, prove the OLBI stimulation to be a
reliable configuration for pacing with floating elec-
trodes.

Implant Procedure

One important criteria before the implantation is to
select a proper ECG derivation in order to have a
good atrial signal.

Figure 7 demonstrates and summarizes the following
major 3 steps of the implantation procedure:
Depending on the size of right atrium and ventricle and
the position of the tricuspid valve the lead is selected
so that the atrial rings will remain in a floating position
in the right atrium (LRA to be preferred). Here basi-
cally the rules for single lead VDD stimulation apply.

1. The tip of the lead is placed in the apex of the right
ventricle, allowing the rings to remain in a stable
atrial position parallel to the wall.

2. For the final positioning of the atrial rings the fol-
lowing criteria play a major role:

determine
low threshold
position - LRA
recommended
(p-wave > 0.5 mV)
—
increase
stimulation
amplitude to
~ 0.5V + threshold
|
move'rings
+/-0.5cm
up and down -
observe capture

Figure 7: Flowchart of implant procedure and graphi-
cal representation of the ,pacing window".

start in the LRA

try to obtain a p-wave of at least 0.5mV

measure capture threshold (2.5+0.5V are accept-

able)

e in case of diaphragmatic stimulation move to an-
other region and repeat the steps in above %

e after determining the location with the mentioned

criteria increase the stimulation threshold for 0.5V

and move the lead slightly up and down, while ob-

serving the capture behavior. Determine a ,pacing

window*

The final position is the location allowing these move-
ments without permanent loss of capture. For exam-
ple, a loss in capture while moving down will indicate,
that the rings have to be moved to a slightly higher
position.

Discussion

The OLBI configuration proves itself to be a suitable
method for effective and reliable stimulation of the
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atrium with floating ring electrodes. The obtained clini-
cal results of several investigations and the BRA-
SILEAD project show that safe atrial pacing is possible
with low atrial thresholds while maintaining the reliable
sensing properties of VDD single lead systems. The
atrial capture thresholds, especially in the low right
atrium, remain stable and within a high safety margin
since effects like high acute thresholds due to fibrosis
or ischemia are eliminated. Furthermore, as a result of
pacing via floating electrodes, the stimulation becomes
independent from the point of fixation. So a ,dynamic"
stimulation is obtained.

The stimulation occurs via an electrical far-field. The
intention is to yield a high number of myocardial cells
to be depolarized simultaneously. So prevention of
atrial tachycardia and/or fibrillation by keeping as
many as possible cells refractory at the same time and
herewith avoiding re-entry mechanisms is one of the
further expected benefits.
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Figure 8: Atrial threshold histogram for varying car-

diac thorax index (CTI) in supine position during dis-
charge.
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Also the stimulation of large masses of myocardium is
supposed to allow the therapy of cardiac diseases like
Chagas. The cardiac thorax index (CTI) gives infor-
mation about the heart size with respect to the thorax.
Normally this number is 0.5 . Observing the thresholds
for small and big numbers of the CT| shows that there
are no significant changes (figure 8). This leads to the
conclusions that the stimulation with floating elec-
trodes may be an effective way for the therapy of pa-
tients with dilated hearts like in the case of Chagas
disease, which is a major problem especially in South
America.

A further application is the idea of antitachycardia
pacing using the OLBI configuration for instable atria.

As the number of cells captured simultaneously is
expected to be higher due to electrical far-field stimu-
lation the possibility to terminate atrial tachycardias is
supposed to be higher.

Conclusions

With the OLBI principle the stimulation of a large num-
ber of cardiac cells becomes possible, providing reli-
able and physiological pacing with floating ring elec-
trodes. Based on an optimized electrical field configu-
ration obtained by the OLBI configuration new possi-
bilities in antibradycardia and low energy antitachycar-
diac therapy independent from any fixation of the
electrode to the myocardium become feasible.
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