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Introduction

Since its advent in 1969, the dual-chamber pacing has
been regarded as "physiologic pacing." This concept
later evolved into "true physiologic pacing", when sen-
sors for rate-adaptive pacing were added to dual-cham-
ber devices to improve hemodynamic performance in
chronotropically incompetent patients. The next step
along the path of progress in physiologic pacing is
optimization of atrioventricular (AV) synchrony in
patients with impaired dromotropic response. In a nor-
mal heart, cardiac output (CO) is regulated by several
physiologic factors, among them the AV delay. 

Optimization of the CO in DDD patients requires that
atrial and ventricular contractions are appropriately
timed. An optimal AV delay (OAVD) allows comple-
tion of the end-diastolic filling flow prior to ventricu-
lar contraction, thus providing the longest diastolic fill-
ing time. A long programmed AV delay would produce
a mitral pre-systolic insufficiency, thus decreasing the
ventricular filling. A short programmed AV delay
would produce an early interruption of the active ven-
tricular filling. Modern dual-chamber pacemakers pro-
vide a wide range of programmable AV intervals, fixed
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Summary

An optimal atrioventricular (AV) delay allows end-diastolic filling completion before ventricular contraction in
pacemaker patients. The optimal AV-delay assessment by means of non-invasive hemodynamic measurements is
feasible, but time and resource consuming. The goal of this preliminary study is to show that optimal AV-delay
assessment is feasible by means of right ventricular intracardiac impedance (RVI) variations measured by an 
Inos2 CLS pacemaker. In 12 pacemaker patients, optimal AV delay was calculated using the Ritter's formula.
During an echocardiographic examination, the pacemaker measured RVI at a range of AV delays. The measure-
ments were transmitted via telemetry and stored in a laptop for post-processing. The value for (d(RVI)/dt)2 was cal-
culated at each AV delay. Assuming that RVI is proportional to the blood volume surrounding the tip electrode of
the ventricular lead, this parameter represents the myocardial contractility. In all patients, the peak of the
(d(RVI)/dt)2 curve was at its maximum when the optimal AV delay determined by echo measurements was pro-
grammed. As clinically expected, this meant that the heart contractility was maximal when optimal AV delay was
programmed. Right ventricular intracardiac impedance seems to be a valid tool for optimal AV-delay assessment.
Such an algorithm implemented in a pacemaker would significantly improve patient hemodynamics and reduce fol-
low-up time.
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between the case and the right ventricular tip elec-
trodes. Since the RVI is proportional to the blood
amount within a small volume around the right ven-
tricular tip [18,19], the first RVI derivative is propor-
tional to blood amount changes in the same volume.
AV-delay optimization aims to maximize the stroke
volume through an AV resynchronization that induces
the best myocardial contractility, which is a measure of
the ventricle's contraction power. Since power is ener-
gy over time and energy is proportional to the square
of velocity (here we are interested in the kinetic ener-
gy), it seems correct to hypothesize that contractility is
proportional to the squared derivative of the RVI. The
aim of this study was to compare the OAVD calculat-
ed with Ritter's method to that assessed using the RVI
signal recording.

Materials and Methods

Twelve Inos2 CLS patients with a mean age of 
59 ± 10 years (eight men, four women) were enrolled
in the study. Eight patients had AV block and four sick
sinus syndrome All patients had a normal left ventric-
ular ejection fraction. During Echo Doppler evaluation
at the 1-month follow-up, a manual AV-delay scanning
(100, 120, 150, 180, and 210 ms) was performed in the
DDD pacing mode. This was done at 20 beats/min
above sinus rhythm to ensure 100 % atrial pacing.
During the whole scanning period, the RVI was down-
loaded via telemetry from the pacemaker to a dedicat-
ed Holter device (Unilyzer, Biotronik). The RVI aver-
aged curve was post-processed at each AV delay.
The OAVD was determined by Echo Doppler accord-
ing to Ritter's formula and by RVI as the value with the
maximum peak in the squared derivative of the aver-
aged RVI curves within a window covering the ejec-
tion phase (90 – 140 ms).
The Pearson r-value of the correlation between OAVDs
obtained by Echo Doppler and those obtained by RVI
were calculated. A corresponding p-value < 0.05 was
considered statistically significant to take the hypothe-
sis |r| > 0.

Results

Mean OAVD measured by Echo Doppler and by RVI
were 166.7 ± 21.5 ms and 165.0 ± 23.9 ms respective-
ly. No statistical differences were observed between
these values. In all patients, OAVDs obtained by Echo

or modulated as a function of the spontaneous or sen-
sor driven atrial rate. The contribution of a proper 
AV delay is significant and varies from 13 % to 40 %
of the CO, thus providing a hemodynamic improve-
ment in both normal and diseased hearts [1-12].
AV delay optimization has been investigated in several
studies [3,13-15]. All investigated methods were based
on hemodynamic measures performed with echocardio-
graphic or other time- and resource-consuming CO
measurement techniques. Ritter et al. [16] proposed a
simple method based on Doppler echocardiography of
transmitral flow. According to this method, OAVD is
calculated after measuring the time shift of the mitral
valve closure caused by reprogramming from a long to
a short AV delay (Figure 1). Kinderman et al. [17]
demonstrated that the OAVD evaluated by Ritter's for-
mula predicts the AV delay producing maximum stroke
volume in the majority of patients.
The Inos2 CLS pacemaker (Biotronik, Germany) deter-
mines the right ventricular intracardiac impedance
(RVI) by measuring the induced voltage following
injection of the sub-threshold constant-current pulses
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Figure 1. Optimal atrioventricular delay (OAVD) according
to the Ritter's formula [16] is: OAVD = (LAVD – SAVD) –
(MI SAVD – MI LAVD) + SAVD. Here, MI is the mechanic
index, SAVD is the shortest atrioventricular delay tested,
and LAVD is the longest atrioventricular delay tested. 
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Doppler and by RVI showed a good correlation, as
illustrated in Figure 2 (r = 0.90, p-value < 0.0001).

Discussion

Most studies report that OAVD varies widely between
individual patients in the range of 150 – 200 ms [20].
Optimal values shorter than 60 ms [13] and longer than
225 ms [21] have been reported as well. It has also
been demonstrated that the OAVD is longer during
DDD than during VDD pacing, and the difference is in
the range of 30 – 50 ms [22,23]. This is a first limita-
tion of this study since only DDD pacing was tested.
Daubert et al. [24] showed that the P-R interval imme-
diately adapts to exercise in an inversely proportional
manner to the heart rate. Ritter et al. [25] investigated
the benefit of an adaptive AV interval during maximal
exercise using an automatic adaptive AV interval algo-

rithm. Compared with a fixed AV interval, exercise
duration is enhanced using the rate-adaptive AV inter-
val. Metha et al. [26] demonstrated that rate-adaptive
AV-interval shortening is also important during sub-
maximal exercise. Thus, the OAVD is not a static, but
a dynamic and continually changing parameter, which
at every cycle enables the atrial systole to give its max-
imum contribution to the stroke volume should the
patient be resting or exercising. In our study, OAVD
was assessed in patients at rest in the supine position
only. The AVdelay variability, depending on different
conditions, was not considered. This is the other limi-
tation of this study.
Our results show that Echo Doppler and RVI evalua-
tions lead to similar AV-delay values with a significant
correlation between the OAVDs measured using the
two methods when the patient is at rest and paced in
the DDD mode at a fixed heart rate.

Conclusion

An appropriate timing of the atrioventricular sequence
is critical to optimize hemodynamics in patients paced
in the DDD mode and may have clinically important
consequences in cases of an underlying reduced left
ventricular function. Echo Doppler evaluations are
costly and time-consuming and are not easily feasible
during exercise or daily activity. Since RVI and Echo
Doppler evaluations lead to similar OAVDs with a sig-
nificant correlation between the values measured by
the two methods, in patients implanted with the 
Inos2 CLS system, OAVD could be calculated directly
from the device, using a cost-efficient and time-saving
procedure. The Inos2 CLS system could provide a valid
method to ensure the required OAVD at any moment,
in order to maximize atrial contribution to the stroke
volume. Such an algorithm implemented in a pace-
maker would improve a patient's hemodynamic perfor-
mance and reduce follow-up time.

References

[1] Daubert JC, Mabo P, Gras D, et al. Physiological cardiac pac-
ing: An individual objective. In: Aubert AE, Ector H (edi-
tors). Cardiac Pacing and Electrophysiology. A Bridge to the
21st Century. Dortrecht/Boston/London: Stroobandt, Kluwer
Academic Publishers. 1994: 228-250.

[2] Bedotto J, Grayburn P, Black W, et al. Alternations in left
ventricular relaxation during atrioventricular pacing in
humans. J Am Coll Cardiol. 1990; 15: 658-664.

Progress in Biomedical Research

Figure 2. Correlation between optimal atrioventricular delay
(OAVD) measured by means of right ventricular intracar-
diac impedance (RVI) and by Echo Doppler. Pearson's coef-
ficient of correlation was r = 0.90 and the corresponding 
p-value < 0.0001.



412 September 2001

[19] Bernhard J, Lippert M, Ströbel JP, et al. Physiological rate-
adaptive pacing using Closed-Loop contractility control.
Biomedizinische Technik. 1996; 41(Suppl 2): 13-15.

[20] Janosik DL, Labovitz AJ. Basic physiology of cardiac pacing.
In: Ellenbogen KA, Kay GN, Wilkoff BL (editors). Clinical
Cardiac Pacing. Philadelphia: W.B. Saunders Company.
1995: 367-398.

[21] Defaye P, Petit L, Vanzetto G, et al. Optimization of dual-
chamber pacers programming by thoracic electrical bio-impe-
dance (about 34 cases). In: Aubert AE, Ector H, Stroobandt R
(editors). Proceedings of 6th European Symposium on Cardiac
Pacing. 1993 Jun 6-9; Ostenda; Belgium. Bologna: Monduzzi
Editore. 1993: 315-319.

[22] Janosik DL, Pearson AC, Labovitz AJ. Applications of
Doppler echocardiography in cardiac pacing. Echocardio-
graphy. 1991; 8: 563-575.

[23] Alt EU, Von Bibra H, Blomer H. Different beneficial AV
internals with DDD pacing after sensed or paced atrial events.
J Electrophysiol. 1987; 1: 481-489.

[24] Daubert C, Ritter P, Mabo P, et al. Physiological relationship
between AV internal and heart rate in healthy subjects:
Applications to dual-chamber pacing. PACE. 1996; 9: 1032-
1039.

[25] Ritter Ph, Vai F, Bonnet J, et al. Rate adaptive atrioventricu-
lar delay improves cardiopulmonary performance in patients
implanted with a dual-chamber pacemaker for complete heart
block. Eur JCPE. 1991; 1: 31-38.

[26] Mehta D, Gilmour S, Ward DE, et al. Optimal atrioventricu-
lar delay at rest and during exercise in patients with dual-
chamber pacemakers: A non-invasive assessment by continu-
ous wave Doppler. Br Heart J. 1989; 61: 161-166.

[3] Pearson AC, Janosik DL, Redd RR, et al. Doppler echocar-
diographic assessment of the effect of varying atrioventricu-
lar delay and pacemaker mode of left ventricular filling. Am
Heart J. 1988; 115: 611-621.

[4] Wish M, Fletcher RD, Gotdiener JS, et al. Importance of left
atrial timing of dual-chamber pacemakers. Am J Cardiol.
1987; 60: 566-571.

[5] Shefer A, Rozenman Y, Ben David Y, et al. Left ventricular
function during physiological cardiac pacing: Relation to rate,
pacing mode and underlying myocardial disease. PACE.
1987; 10: 315-325.

[6] Janosik DL, Pearson AC, Buckingham TA, et al. The hemo-
dynamic benefit of different atrioventricular delay intervals
for sensed and paced atrial events during physiologic pacing,
J Am Coll Cardiol. 1989; 14: 499-507.

[7] Yelin E, Nicols S, Frater R. Left ventricular filling dynamics
and diastolic function. Prog Cardiovasc Dis. 1990; 22: 247-271.

[8] Mortelmans L, Vanhecke W, Mertens D, et al. Assessment of
the optimal atrioventricular delay in dual-chamber paced
patients by a portable scintillation probe (VEST). J Nucl
Cardiol. 1996; 3: 321-326.

[9] Brockman SK. Dynamic function of atrial contraction in reg-
ulation of cardiac performance. Am J Physiol. 1963; 204:
597-603.

[10] Liu P, Burns RJ, Weisel RD, et al. Comprehensive evaluation
of ventricular function during physiologic pacing. In:
Steinbach K, Glogar D, Laszkovicz A, et al. (editors). Cardiac
Pacing. Darmstadt: Steinkopff Verlag. 1983: 213-221.

[11] Rahimotoola SH, Eshani A, Sinno MZ, et al. Left atrial trans-
port function in myocardial infarction. Importance of its
booster pump function. Am J Med. 1975; 59: 686-694.

[12] Carelton RA, Passovoy M, Graethinger JS. The importance of
the contribution and timing of left atrial systole. Clin Sci.
1966; 30: 151-157.

[13] Nishimura RA, Hayes DL, Holmes DR, et al. Mechanism of
hemodynamic improvement by dual-chamber pacing for
severe left ventricular dysfunction: An acute Doppler and
catheterization hemodynamic study. J Am Coll Cardiol.
1995; 25: 281-288.

[14] Freedman RA, Yoch PG, Echt DS, et al. Effect of variation in
PQ interval on patterns of atrioventricular valve motion and
flow in patients with normal ventricular function. J Am Coll
Cardiol. 1986; 7: 595-602.

[15] Iwase M, Sotobata I, Yokota M, et al. Evaluation by pulsed
Doppler echocardiography of the atrial contribution to left
ventricular filling in patients with DDD pacemakers. Am J
Cardiol. 1986; 58: 104-109.

[16] Ritter Ph, Dib JC, Lelievre T, et al. Quick determination of
the optimal AV delay at rest in patients paced in DDD mode
for complete AV block (abstract). Eur JCPE. 1994; 4: A163.

[17] Kindermann M, Fröhlig G, Doerr T, et al. Optimizing the 
AV delay in DDD pacemaker patients with high degree 
AV block: Mitral valve Doppler versus impedance cardiogra-
phy. PACE. 1997; 20: 2453-2461.

[18] Osswald S, Cron T, Gradel C, et al. Closed-loop stimulation
using intracardiac impedance as a sensor principle:
Correlation of right ventricular dP/dtmax and intracardiac
impedance during dobutamine stress test. PACE. 2000; 23:
1502-1508.

Progress in Biomedical Research

Contact
Antonio P. Ravazzi, MD
Divisione di Cardiologia Ospedale Civile SS
Antonio e Biagio
Via Venezia 18
15 100 Alessandra
Italy
Telephone: +39 0131 206297
Fax: +39 0131 206204
E-mail: ravazzim@tin.it


