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Abstract: The purpose of this clinical pilot study is the
validation of the closed loop control behavior of cardiac
pacing based on the measurement of the unipolar intracardiac impedance. This sensor signal allows the
monitoring of the contractile state of the heart, which
mainly depends on the sympathetic drive by the autonomic nervous system (ANS). In order to test the charthe ability
acteristic property of a closed loop control
to correct the controlled signal for any disturbance
the paced heart rate is observed during and after the
addition of an artificial offset on the calculated sensor
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rate. The response of the system is monitored by record-

ing pacing rate, ECG and blood pressure. For all patients the expected reduction of the pacing offset and
limitation of blood pressure changes could be observed.
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INTRODUCTION
This contribution presents the conception and performance
of a clinical study in order to validate the control behavior
of the closed-loop rate adaptive cardiac pacing based on the
unipolar intracardiac impedance measurement.

For short term regulation the most important adjusting element of the natural cardiovascular regulation is the heart,
which adapts the different physiologically controlled variables (e.g. mean arterial blood pressure, MABP) to their
reference values by adjusting heart rate (HR) and stroke
volume (SV). The time-variant setpoints are nervally and
humorally modified for an optimal total system behavior by
the circulation center (controller) as a reaction against various external and internal disturbances. In case of chronotropic insufficiency caused by a sick sinus disease the rate
adaptation has to be done by an artificial pacemaker.
METHOD
Based on the principle of a closed loop control the pacemaker adapts the heart rate as a consequence of the sympathetic modulation of the contractile state of the heart. The
impedance measurement (unipolar, 40pA, 4kHz square)
detects local changes in ventricular geometry near the elec-

trode tip and the RQ-algorithm extracts the sympathetic
demand information [1,2). The calculated stimulation frequency (adjusting variable) of the pacemaker (Diplos-PEP,
Biotronik) effects on the circulation center (via an adapted
cardiac output and stabilized blood pressure) in providing a
negative feedback to change appropriately the contractile
state and the resulting impedance signal.
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Figure

1:

Basic principles of open loop (a) and closed loop
control (b).

Figure 1 shows the different control structure of an open (a)
and a closed loop system (b).Without a feedback loop for
success control the open system is only able to take one
main disturbance into account. A further disturbance influence on the controller output would spoil the control behavior. However, the characteristic property of a closed loop
regulated system is that the controlled quantity is corrected
in this case by the
for every disturbance by the controller
- pacemaker.
natural blood pressure regulation via the
In order to validate this essential property directly the disturbance step response method, known from control theory,
is applied. Figure 2 shows a simplified mathematical model
of the re-established chronotropic circulation control with

MABP as controlled quantity. The controlled system
(circulation) in the forward direction as well as the ANS,
including the pacemaker, and the stroke volume loop in the
reverse direction (controller loops) are in first approximation regarded as linear, proportionally delayed systems of
first order. This model is the basis for the verfication and
interpretation of the clinical measurements.
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2: Model of the "closed
disturbance

signal.

loop cardiac pacing" with the additional Figure

3:

Simulation

of the disturbance

be-

havior of figure 2 (T5/Tgp = 10)

The ANS pacemaker system of three patients (Age: 62-68,
2 male) with partial chronotropic insufficiency respectively
AV-block has been calibrated in order to lay down the load
dynamic range as well as to have regard to orthostatic and
frequency dependent influences. In the rate adaptive mode
the paced heart rate is observed while an artificial offset of
positive and negative amplitude (figure 2) is added to the
calculated sensor rate. The exact offset time course depends
on technical terms of the pacemaker. During these offset
steps the pacing rate, impedance and ECG are recorded.
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Figure 3 shows a linearized simulation of the time course of
HR and MABP for an normalized disturbance amplitude of

starting from an equilibrium state. Following the steady
state conditions of the model
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the expected response of HR is a mere in/decrease to regulate back to its original value. The rise/fall of MABP is limited by the closed loop control in comparision to an uncontrolled behavior.
The results of a clinical measurement with the far more
complex "patient-pacemaker-system" are comparatively
presented in figure 4. The change of internal heart rate offset was performed by fast telemetry. Starting from the equilibrium range (grey bars) after a filter settling time the expected automatic correction of the forced heart rate offset is

34567
Figure
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Clinical measurement of resetting of HR and
limitation of MABP for real pacemaker system
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