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Atrial fibrillation (AF) is the most common form
of arrhythmia encountered in clinical practice,
accounting for approximately one third of hospital
admissions for cardiac rhythm disturbances [1]. The
number of hospital admissions due to AF increased
over recent decades, probably as a result of an aging
population and a rising prevalence of predisposing
risk factors [2]. The major drawback of the routine
cardioversion strategy is the high rate of relapse to
AF. The instigation of prophylactic pharmacologi-
cal antiarrhythmic therapy increases the proportion
maintaining sinus rhythm (SR), but the rhythm
maintenance strategy still fails in approximately half
of the patients [3]. Studies such as AFFIRM [4] and
RACE [5], have demonstrated that accepting per-
manent AF, with appropriate rate control and
thromboembolic prophylaxis, results in comparable
clinical outcome. However, further analyses of
AFFIRM have shown that although the rate- and
rhythm-control strategies had comparable outcome,
the presence of SR was indeed associated with
a lower risk of death, 1.e., the risk of death was lo-
wer in patients in whom a rhythm-control strategy
was chosen and successful, than when a rate-con-
trol strategy was chosen [6]. On the other hand, the
use of antiarrhythmic drugs was associated with
a higher mortality when adjusted for the presence
of SR, i.e., the risk of death was higher in patients
in whom a rhythm-control strategy was chosen but
failed, than when a rate-control strategy was cho-
sen [6]. These findings highlight the need for ana-
lyses of the characteristics of atrial electrophysio-
logy in each patient with or at risk for AF, in order

to increase the chance of success, whichever tre-
atment strategy is chosen. Given the large number
of patients with AF, characterization must be ba-
sed on results from an easily administered and in-
terpreted methods, i.e., a non-invasive approach is
preferred.

Non-invasive methods for evaluating the atrial
electrophysiology during AF have been developed
[7, 8]. Although the techniques differ to some extent
the main parameter of these analyses is an index of
the atrial refractory period (expressed as atrial
fibrillatory rate). Atrial fibrillatory rate has been
shown to correlate well with invasive measures of
atrial refractoriness [7, 9] and to carry valuable in-
formation regarding anti-arrhythmic drug respon-
se [10] and maintenance of SR following cardiover-
sion [11, 12]. For analysis during SR, the P wave
signal averaged ECG (SA-ECG) was introduced al-
ready in the early 1980’s [13]. The bandpass filte-
ring was designed to eliminate unwanted signals
that would obscure the low-amplitude late-poten-
tials of tissue depolarization. The assumption was
that the ability to analyze these low level cardiac
signals enables one to identify patients with delay-
ed myocardial conduction, a pre-requisite factor for
any arrhythmia, ventricular as well as atrial. Seve-
ral studies have shown an association between fil-
tered P wave duration and AF [14, 15]. The predic-
tive properties of the method have foremost been
studied in the setting of postoperative AF, where
it in several studies has been shown to predict AF
development with high sensitivity and specificity
[16-18]. Moreover, analyses of P wave morpholo-
gy derived from P wave SA-ECG without the com-
monly applied bandpass filtering, was in a recent
publication shown to enable identification of the
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interatrial conduction route used with high accura-
cy [19]. The clinical implications of these findings
remain to be explored in future studies. Despite the
fact that the overall results of P wave SAECG ana-
lysis are very promising and are likely to add value
in the clinical evaluation of patients at risk of deve-
loping AF, the method is still hampered by lack of
standardization and harmonization of the different
methods used as well as of a basic electrophysiolo-
gical knowledge of what is the invasive correlate
to the non-invasive measures [20-22].

The ambitious research program conducted by
Kutarski et al. published in the current and previo-
us issues of ”"Cardiology Journal” addresses a num-
ber of important issues associated with method
validation and an increased electrophysiological
understanding [23-27]. Via an innovative study
design and a patient material thoroughly covered
in five separate publications, they are able to inve-
stigate the relationship between P wave SAECG
analyses performed on externally and internally re-
corded ECG signals and the response of these pa-
rameters to different pacing sites. In the initial study
P wave SA-ECG, performed on internally (i.e., via
the pacemaker electrodes) and externally recorded
signals, are compared [23]. The authors notice dif-
ferences in the measurements, which they state
may be of methodological importance. This may
well be, but a note of caution is warranted, the con-
cept of SA-ECG was developed and studied using
three orthogonal leads. The intracardiac bipolar le-
ads used by the authors are unlikely to be strictly
orthogonal, which complicates the interpretation of
the vector signal and hence most of its derived pa-
rameters. In the following studies, the authors fo-
cus on the electrophysiological consequences of
right atrial appendage pacing [24], coronary sinus
pacing [25] and biatrial acing [26]. The authors conc-
lude, based on their P wave SA-ECG findings that
biatrial pacing seems favorable, coronary sinus pa-
cing may also be favorable while right atrial appen-
dage pacing seems to be unfavorable in terms of
atrial electrophysiology. Data on this topic in the
literature are scant [28, 29], but the few studies that
exist are largely in keeping with the findings of
Kutarski et al. [23-27]. However, the possible dif-
ferences in clinical beneficial or non-beneficial ef-
fects of the different atrial pacing sites are yet to
be proven in large, randomized clinical trials [30].
In that regard, studies like the ones from Kutarski
et al. may well prove valuable in identifying suita-
ble methods to estimate surrogate end-points indi-
cating positive or negative electrophysiological
changes at an early stage.

The study presented in the current issue of
”Cardiology Journal” by Kutarski et al. [27], which
summarizes their previous findings, represent an
important continuation of the task of increasing our
knowledge about basic electrophysiological pro-
perties obtained via non-invasive analyses. In the
long run, these kinds of methods are likely to lead
to optimization of the resources used and even
more importantly to improved patient care. Howe-
ver, to do so improved method validation and stan-
dardization, like the one in the presented articles,
1s mandatory.

References

1. Kannel WB, Wolf PA, Benjamin E]J, Levy D. Prevalence, inci-
dence, prognosis, and predisposing conditions for atrial fibrilla-
tion: Population-based estimates. Am J Cardiol, 1998; 82: N2-N9.

2. Stewart S, MacIntyre K, MacLeod MM, Bailey AE, Capewell S,
McMurray JJ. Trends in hospital activity, morbidity and case
fatality related to atrial fibrillation in Scotland, 1986-1996. Eur
Heart J, 2001; 22: 693-701.

3. Lundstrom T, Ryden L. Chronic atrial fibrillation. Long-term
results of direct current conversion. Acta Med Scand, 1988; 223:
53-59.

4. Wyse DG, Waldo AL, DiMarco JP et al. A comparison of rate
control and rhythm control in patients with atrial fibrillation.
N Engl ] Med, 2002; 347: 1825-1833.

5. Van Gelder IC, Hagens VE, Bosker HA et al. A comparison of
rate control and rhythm control in patients with recurrent
persistent atrial fibrillation. N Engl ] Med, 2002; 347: 1834—
-1840.

6. Corley SD, Epstein AE, DiMarco JP et al. Relationships
between sinus rhythm, treatment, and survival in the Atrial
Fibrillation Follow-Up Investigation of Rhythm Management
(AFFIRM) Study. Circulation, 2004; 109: 1509-1513.

7. Holm M, Pehrson S, Ingemansson M et al. Non-invasive assess-
ment of the atrial cycle length during atrial fibrillation in man:
introducing, validating and illustrating a new ECG method.
Cardiovasc Res, 1998; 38: 69-81.

8. Bollmann A, Kanuru NK, McTeague KK, Walter PF, DeLurgio DB,
Langberg JJ. Frequency analysis of human atrial fibrillation us-
ing the surface electrocardiogram and its response to ibutilide.
Am J Cardiol, 1998; 81: 1439-1445.

9. Husser D, Stridh M, Cannom DS et al. Validation and clinical
application of time-frequency analysis of atrial fibrillation elec-
trocardiograms. J Cardiovasc Electrophysiol, 2007; 18: 41-46.

10. Husser D, Stridh M, Sornmo L et al. Time-frequency analysis
of the surface electrocardiogram for monitoring antiarrhyth-
mic drug effects in atrial fibrillation. Am J Cardiol, 2005; 95:
526-528.

11. Bollmann A, Husser D, Stridh M et al. Frequency measures
obtained from the surface electrocardiogram in atrial fibrillation
research and clinical decision-making. J Cardiovasc Electrophys-
iol, 2003; 14: S154-S161.

12. Holmgqvist F, Stridh M, Waktare JE, Sornmo L, Olsson SB,
Meurling CJ. Atrial fibrillatory rate and sinus rhythm mainte-
nance in patients undergoing cardioversion of persistent atrial
fibrillation. Eur Heart J, 2006; 27: 2201-2207.

98 www. cardiologyjournal.org



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Fredrik Holmqvist, Non-invasive assessment of atrial electrophysiology

Buxton AE, Josephson ME. The role of P wave duration as a
predictor of postoperative atrial arrhythmias. Chest, 1981; 80:
68-73.

Yamada T, Fukunami M, Ohmori M et al. Characteristics of
frequency content of atrial signal-averaged electrocardiograms
during sinus rhythm in patients with paroxysmal atrial fibrilla-
tion. J Am Coll Cardiol, 1992; 19: 559-563.

Fukunami M, Yamada T, Ohmori M et al. Detection of patients
at risk for paroxysmal atrial fibrillation during sinus rhythm by P
wave-triggered signal-averaged electrocardiogram. Circulation,
1991; 83: 162-169.

Steinberg JS, Zelenkofske S, Wong SC, Gelernt M, Sciacca R,
Menchavez E. Value of the P-wave signal-averaged ECG for
predicting atrial fibrillation after cardiac surgery. Circulation,
1993; 88: 2618-2622.

Tamis JE, Steinberg JS. Value of the signal-averaged P wave
analysis in predicting atrial fibrillation after cardiac surgery.
J Electrocardiol, 1998; 30 (Suppl): 36-43.

Budeus M, Hennersdorf M, Perings S et al. Amiodarone prophy-
laxis for atrial fibrillation of high-risk patients after coronary
bypass grafting: a prospective, double-blinded, placebo-con-
trolled, randomized study. Eur Heart J, 2006; 27: 1584-1591.
Holmgqvist F, Husser D, Tapanainen JM et al. Interatrial conduc-
tion can be accurately determined using standard 12-lead elec-
trocardiography: Validation of P-wave morphology using elec-
troanatomic mapping in man. Heart Rhythm, 2008; 5: 413-418.
Darbar D, Jahangir A, Hammill SC, Gersh BJ. P wave signal-
averaged electrocardiography to identify risk for atrial fibrilla-
tion. Pacing Clin Electrophysiol, 2002; 25: 1447-1453.

Ehlert FA, Korenstein D, Steinberg JS. Evaluation of P wave
signal-averaged electrocardiographic filtering and analysis meth-
ods. Am Heart J, 1997; 134: 985-993.

Holmgyvist F, Havmoller R, Platonov P, Carlson J. Signal-averaged
P wave analysis for delineation of interatrial conduction: Further
validation of the method. BMC Cardiovasc Disord, 2007; 7: 29.

23.

24.

25.

26.

27.

28.

29.

30.

Glowniak A, Kutarski A, Szczesniak D, Rucinski P. Analysis of
high gain signal-averaged P/A wave time domain parameters
recorded from external leads (SA-ECG) and internal electro-
grams (SA-IEGM) recorded from three right- and left-intraatrial
leads. Cardiol J, 2007; 14: 287-300.

Kutarski A, Glowniak A, Szczes$niak D, Rucinski P. Electro-
physiological effects of single site RAA pacing evaluated by
means of high-gain SA-ECG recorded from intra-atrial leads.
Cardiol J, 2007; 14: 372-383.

Kutarski A, Glowniak A, Szcze$niak D, Rucinski P. Coronary
sinus pacing: Its influence on external and intraatrial signal-
-averaged P wave time domain parameters. Cardiol J, 2007; 14:
470-481.

Kutarski A, Glowniak A, Szczes$niak D, Rucinski P. Electro-
physiological effects of biatrial pacing evaluated by means of
signal-averaged P wave time-domain parameters. The signifi-
cance of persistent atrial late potentials in right atrium during
biatrial pacing. Cardiol J, 2008; 15: 26-38.

Kutarski A, Glowniak A, Szcze$niak D, Rucinski P. Effects of
different atrial pacing modes evaluated by intracardiac signal-
averaged ECG. Cardiol J, 2008: 15: 129-142.

Papageorgiou P, Monahan K, Boyle NG et al. Site-dependent
intra-atrial conduction delay. Relationship to initiation of atrial
fibrillation. Circulation, 1996; 94: 384-389.

de Voogt WG, van Mechelen R, Scheffer M, van Miltenburg
van Zijl AJ, Elhendy AA. Electrocardiographic characteristics
in low atrial septum pacing. J Electrocardiol, 2005; 38: 166—
-170.

Knight BP, Gersh B]J, Carlson MD et al. Role of permanent
pacing to prevent atrial fibrillation: science advisory from the
American Heart Association Council on Clinical Cardiology (Sub-
committee on Electrocardiography and Arrhythmias) and the
Quality of Care and Outcomes Research Interdisciplinary Work-
ing Group, in collaboration with the Heart Rhythm Society. Cir-
culation, 2005; 111: 240-243.

www.cardiologyjournal.org 99



