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Abstract
Introduction. Nominal atrioventricular (AV) delay in a dual chamber pacemaker (DDDR) is not, by haemodynamics, the best option for the majority of patients with AV conduction disorders.

Methods. To establish a simple method of AV delay optimization we evaluated the programmer electrocardiogram (ECG) during the follow-up of the device. DDDR pacemakers were implanted in 96 patients, 58 men and 38 women, with complete AV block or second degree Mobitz 2. Optimal AV delay was achieved by programming an additional delay of 95 ms, to the medium value of the interval between atrial pacing spike to the end of P wave or to the width of intrinsic P wave, on the ECG of the programming device. At discharge, early after the implant procedure the patients were examined by Doppler echocardiography, during nominal and optimal AV delay pacing measuring: left ventricular end diastolic and end systolic volumes, ejection fraction and diastolic function parameters (A wave velocity, E wave velocity, E/A ratio and isovolumic relaxation time).

Results. Compared with nominal AV delay settings, left ventricular end diastolic volume increased [to (63,3 ml from 61,6 ml), P < 0,05], end systolic volume decreased [to (33,8 ml from 35,9 ml), P < 0,05] after adjusted AV delay, followed by an increased ejection fraction [to (66,3 % from 61,7 %), P < 0,05]. Left ventricular diastolic filling and isovolumic relaxation time were not significantly changed.

Conclusion. AV delay adjusted by programmer ECG in a follow-up session of an implantable device could be a resource for ventricular pacing optimization and haemodynamic improvement in patients with a dual chamber pacemaker (DDDR). 
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In the permanent electric dual chamber cardio-acceleration, the electrodes are usually positioned, the atrial one at the level of right atrial auricle and the ventricular one at the peak of the right ventricle. Alterations at the level of depolarization sequence, as well as of electromechanical one of the heart have repercussions upon contraction and filling of left ventricle and atrium, leading to diminishing of pump function of the left ventricle, caused by an abnormal(
) auriculoventricular (AV) interval. To benefit from the hemodynamic advantages of dual chamber activated heart, in terms of heart rating, programming of an optimum auriculoventricular width is required, personalized for each patient(
).
Previous studies have proven that optimization of auriculoventricular width can be achieved with the aid of colour Doppler echocardiography, but it is very time-consuming and, therefore, it does not offer clinical(
) usefulness. 

The purpose of our study was to evaluate the clinical usefulness of a rather simple method of optimizing the AV width, based on the duration of P wave, using the electrogram generated on the programmer at the time of interrogation and routine schedule of implantable cardiac device. 
Material and Method
The study lot consisted of 96 patients, 58 men and 38 women, with an average age of 61±6 years, who went through permanent DDDR electric pacing at the Institute of Cardiovascular Diseases ”Prof. George I.M. GEORGESCU” of Iaşi, between January 2005 and December 2010. All patients had a major passage failure as pacing advice, either on the second-degree atrioventricular nodal block Mobitz 2 type or on the third-degree atrioventricular nodal block, identified on the standard electrocardiogram, recorded on 12 channels, at hospitalization. The patients were excluded with severe valve defects, a non-persistent coronary disease, supraventricular tachycardia or hypertrophic cardiomyopathy. 
Thus, a DDDR peacemaker was implanted to each patient, through the access of cephalic vein, respectively the right subclavicular vein, transvenous, and the atrial electrode was positioned in the right auricle, respectively the ventricular auricle at the peak of right ventricle. Note that bipolar electrodes were used with active anchoring for the atrium and bipolar electrodes with passive anchoring for the ventricle. Then, the duration of internal wave P (a) as well as the spike width – end of atrial reaction (paced P) (b)(
) were measured on the programming electrogram. The atrioventricular interval was calculated by adding 95 ms to the duration of internal P wave or to the paced wave (Figure no. 1). This method is based on the observation that the programming electrogram offers the best possibility of obtaining a physiological atrioventricular interval by adding an average value of 95 ms from the end of P wave to the nadir complex QRS. 
Each patient was evaluated by Doppler echocardiography at the release from the hospital. A Siemens Acuson CV 70 echocardiograph was used, in parallel with monitorization of programming electrocardiogram on the Biotronik ERA 3000 programmer. 
In the bidimensional mode, the telediastolic volume of left ventricle, the telesystolic volume of left ventricle through the Simpson method was measured and then the ejection fraction of left ventricle was calculated. At the same time, the filling diastolic parameters of the left ventricle were determined: velocity of E wave, velocity of A wave, E/A ratio and the iso-volumetric defiltration relaxation time. For each patient, the eco-cardiographic identifications were performed initially at the nominal atrioventricular interval of the peacemaker and, then, after optimization of atrioventricular interval. The two measurements were performed at an interval of 15 minutes from each other, in order to allow hemodynamic adaptation at the programmed atrioventricular interval. The average values by three consecutive cardiac cycles were considered. 
Statistical Analysis 
The data were represented as an average ± the standard deviation. For comparison of echocardiographic data obtained at nominal atrioventricular interval, with those obtained at optimized atrioventricular interval, the Student’s t-test. Values with a high statistical significance were considered at p<0,05.

Results
The atrioventricular interval optimized based on the programming electrocardiogram varied from 145 ms to 250 ms, as to the normal one which was between 120 ms and 150 ms. To eliminate the circulatory effects of rating variation, the Doppler echocardiographic exam was performed at similar pacing frequencies, 70±8 beats/minute versus 70±7 beats/minute. As compared to the measurements performed at nominal atrioventricular interval, after optimization of atrioventricular interval, a significant increase of telediastolic volume of left ventricle was obtained of 4,2% and a decrease of telesystolic volume of left ventricle by 5,9%, causing a significant improvement of the ejection ratio of left ventricle. The rest of parameters monitored, velocity of E wave, velocity of A wave, E/A ratio and the isovolumetric relaxation time did not show statistically significant differences (table 1). 
Discussions 
It is already known that permanent dual chamber pacing is not necessarily a physiologic stimulation also. Under these conditions, optimization of atrioventricular interval has a very important role in improving the hemodynamic performances. Both the pacing and the sensing from the level of conventional placing spots for the intracavitary electrodes are considered to be at the origin of inter- and intra-arterial passage delays. From the electrophysiological and hemodynamic point of view, in the dual chamber atrioventricular cardiac pacing there is an alteration of the physiologic depolarization sequence. Several evaluation methods are quoted in the literature of hemodynamic effects of programming the peacemaker. The Swan Ganz method  is an invasive(
) procedure; however, non-invasive methods can also be used to get an optimum atrioventricular interval: transthoracic(
) impedance or a dual chamber peacemaker (DDDR) rate responsive, whose ventricular electrode can detect mechanical acceleration of the cord by means of a micro-accelerometer-type sensor located at its peak(
). The Doppler echocardiography method is, however, the most used method in practice, being the most adopted of the non-invasive techniques. With its help, the ventricular filling and the systolic performance of the left ventricle can be evaluated, although its routine use for the purpose of optimizing the atrioventricular interval is time-consuming. 
The optimal atrioventricular interval at a dual chamber simulator refers to the atrioventricular interval which closes until full closing of the mitral cups due to the isovolumetric increase of pressure after the atrial contraction (the Ritter method). Due to variations of intraatrial or interatrial passage speed, obtaining an optimum atrioventricular interval may vary very much. The nominal atrioventricular interval at a dual chamber peacemaker does not represent the best option for 70% of patients, its optimization being necessary. Some studies have shown the increase of stroke volume by 13%-40% after optimization of atrioventricular interval(
). Duration of P wave measured on the programming electrogram represents depolarization of right atrium, the first half and of the left atrium, the second half. If there is a delay in the inter- or intra-atrial passage, than the depolarization of left atrium will occur later. In this case, at the patients with a nominal atrioventricular interval, the left atrium and the left ventricle will contract almost simultaneously, which will lead to decrease of ventricle filling and, implicitly of systolic performance(
). These unfavourable hemodynamic effects can produce or worsen the symptoms of pump dysfunction. 
To conclude, the atrioventricular interval of a dual chamber peacemaker must be optimized according to each patient. The proposed method, being based on the duration of P wave measured by the programming electrogram, is simple and efficient, easy to apply in clinical practice. 
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Figure no. 1. Calculation modality used for modification of AV interval. PAV – paced P wave, SAV – intrinsic P wave, a – duration of a paced P wave, b – duration of an intrinsic P wave. 

Table 1. Results obtained. VTDVS – the telediastolic volume of the left ventricle, VTSVS – the telesystolic volume of the left ventricle. 

	Ecocardiographic parameters 
	Nominal AV interval
	Optimum  AV interval
	P

	Left ventricle
	
	
	

	
	VTDVS (ml)
	61,6 ( 10,3
	64,3 ( 11,1
	< 0,05

	
	VTSVS (ml)
	35,9 ( 6,4
	33,8 ( 5,2
	< 0,05

	
	Ejection ratio (%)
	61,7 ( 5,3
	66,3 ( 6,2
	< 0,05

	Velocity of E wave (m/s)
	0,78 ( 0,24
	0,79 ( 0,26
	0,58

	Velocity of A wave (m/s)
	0,84 ( 0,27
	0,84 ( 0,29
	0,83

	E/A
	0,94 ( 0,64
	0,95 ( 0,65
	0,81

	Isovolumetric relaxation time 
	119 ( 21
	120 ( 25
	0,143


Bibliography
� Roenqvist M, Bergfeldt L, Hega Y, Ryden J, Ryden L, Owall A. The effect of ventricular activation sequence on cardiac performance. PACE 1996; 19:1279-1286.


� Frielingsdorf J, Gerber AE, Dur P, Vuilliomenet A, Bertel O. Importance of an individually programmed atrioventricular delay at rest and on work capacity in patients with dual chamber pacemakers. PACE 1994; 17:37-45.


� Nishimura RA, Hayes DL, Holmes DR Jr, Tajik AJ. Mechanism of hemodynamic improvement by dualchamber pacing for severe left ventricular dysfunction: an acute Doppler and catheterization henodynamic study. J Am Coll Cardiol 1995; 25:281-288.


� Levine PA. Guidelines to the initial programming of paced (AV) and sensed (PV) atrioventricular intervals. In: Ovsyshcher IE, ed. New developments in cardiac pacing and electrophysiology. New York: Futura Publishing Company, Inc; 2002: 137-150.


� Chevalier S, Basta M, Leitch JW. The importance of the left atrioentricular interval during atrioventricular sequential pacing. PACE 1997; 20:2958-2966


� Eugene M, Lascault G, Frank R, Fontaine G, Grosgogeat Y, Teillac A. Assessment of the optimal atrioventricular delay in DDD paced patients by impedance plethysmography. Eur Heart J 1989; 10: 250-255


� Dupuis JM, Kobeissi A, Vitali L, Gaggini G, Merheb M, Rouleau F, et al. Programming optimal atrioventricular delay in dual chamber pacing using peak endocardial acceleration: comparison with a standard echocardiographic procedure. PACE 2003; 26 (1 Pt 2):210-213


� Crystal E, Ovsyshcher IE. Cardiac output-based versus empirically programmed AV interval－how different are they? Europace 1999; 1:121-125


� Ishikawa T, Sumita S, Kimura K, Kikuchi M, Kosuge M, Kuji N, et al. Prediction of optimal atrioventricular delay in patients with implanted DDD pacemakers. PACE 1999;


22: 1365-1371














Received in June 2011, accepted in July 2011








