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Summary

Background: The prevalence of atria fibrillation (AF) has
been reported to increase with advancing age. Histol ogic stud-
iesin AF havedemongtrated that the percentage of fibrossand
degenerative changesin the atria muscleincrease significant-
ly with age.

Hypothesis: Thisstudy was undertaken to assesstheinflu-
ence of advancing age on atria endocardial electrogramsre-
corded during sinusrhythmin patientswith paroxysmd etria
fibrillation (PAF), which had not been assessed previoudly.

Methods: Right atrial endocardial catheter mapping during
sinusrhythmwasperformedin 111 patientswith PAF to eval -
uate theinfluence of advancing age on atrial endocardia elec-
trograms. Thebipolar electrogramswererecorded at 12 Sites
intheright atrium, and an abnormal atrial electrogramwasde-
fined aslasting = 100 ms, and/or showing eight or morefrag-
mented deflections.

Results: Indl, 1,332 right atrial endocardia e ectrograms
wereassessed and measured quantitatively. The number of ab-
normal atrid electrogramsin patientswith PAF showed asig-
nificantly poditive correlation with age (r = 0.34; p<0.0005).
Patientsaged > 60 yearshad asignificantly greater mean num-
ber of abnormal electrograms (2.58 + 2.05) than those aged
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<60years(1.43+ 2.03; p<0.004). Thelongest duration (r =
0.35; p<0.0005) and themaximal number of fragmented de-
flections(r = 0.29; p< 0.005) of atrid eectrogramsamongthe
12right atrid Sitesd so showed asignificantly positivecorrdla
tionwithage.

Conclusons: Aging dtersthed ectrophysiologic properties
of theatria musclein patientswith PAF. Elderly patientshave
asgnificantly greater abnormdlity of atrial endocardia elec-
trograms than do younger ones. Thereisaprogressiveincre-
ment in the extension of atered atrial musclewith advancing
agein paientswith PAF.

Key words: aging, paroxysmal atrid fibrillation, atria mus-
cle, atrial endocardia mapping

Introduction

Itiswell knownthat atrid fibrillation (AF) isnot an el ectro-
physiologically homogeneous process. Several predisposing
factorsmay providethe background for thistachyarrhythmia
to occur. Elderly subjectsareparticularly pronetodevelop AF,
and changesof the atrial musclewith advancing agemay bea
factor accounting for this phenomenon. Davies and Pomer-
ance reported that AF in some aged patients was associated
with loss of muscle fibers in the sinoatria node and its ap-
proaches without any clear pathological cause.l Muscle loss
with advancing age was found to be accompanied by anin-
creasein fibroustissuein both the sinoatrial node and thein-
ternoddl tracts.2# It was strongly suggested that muscle loss
and increase of fibrosisin the ariais adow but continuous
processstarting at about 60 yearsof age.3

Since aging has a profound effect on structural changes of
the atrial muscle, and since fractionated atrial endocardia
electrograms may reflect nonsynchronized, delayed loca
electrica activity through adiseased atrial muscle,® it seems
reasonableto assumethat there may be detectableage-induced
changes in atrial endocardia eectrograms in patients with
paroxysma atria fibrillation (PAF). To the best of our knowl-
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edge, thisisthefirst study designed to clarify theinfluence of
advancing age on atrial endocardia el ectrograms recorded
during sinusrhythm by meansof intra-atrial catheter mapping
inpatientswith PAF.

Methods
Study Patients

A total of 111 nonconsecutive patientsreferred tothe Naga
saki University Hospital for electrophysiologic eva uation of
their arrhythmias underwent right atrial endocardial mapping
in sinus rhythm during the course of the studies. Excluded
from the study protocol were patients with organic heart dis-
easeor congestiveheart failure, aswell asthoseshowing etrial
enlargement on echocardiography.

Thestudy comprised 111 patients (35 women, 76 men, age
range 19-80 years, mean age 57.0 + 14.1) with PAF. There
were 55 patients with idiopathic PAF, 33 patients with sick
sinus syndrome, and the remaining 23 had Wolff-Parkinson-
Whitesyndrome. The PAFindl patientswaswell document-
ed by meansof conventional electrocardiography (ECG), bed-
side ECG monitoring, or at least two ambulatory 24-h Holter
recordings. Thesinusnode recovery timewasmeasuredinal
patients after an atrial overdrive pacing® 7 at rates of 70 to
210/min, for aperiod of 1 minat eachlevel.

Electrophysiologic Study

After givinginformed consent, all patientswere studiedin
the postabsorptive, nonsedated state. The present investiga-
tion complieswith the declaration of Helsinki. Electrophysi-
ologic evaluation was performed after approval of the study
plan by the regional Ethics Committee. All drugs were dis-
continued at least 72 h before the procedure. No patient re-
ceived amiodarone.

Theintra-atrial catheter mapping techniquewasperformed
with bipolar catheter e ectrodes(No. 6F USCI, Div. C.R. Bard,
Billerica, Mass,, USA) that wereinserted percutaneoudy into
the femoral and subclavian veins and advanced into the right
atriumunder fluoroscopic guidance. Thedistancebetweenthe
electrodeswas 10 mm and thewidth of the electrodering was
2 mm. All the right atrial endocardia eectrograms were
recorded during sinusrhythm at afixed gain setting accompa-
nied by a0.2 mV =3 mm cdibration signa, and werefiltered
at 50 to 1,000 Hz. The basdline of recordings was stable for
each patient. Theatrial endocardid dectrogram and three sur-
face ECGs(l, avVF, V1) weredisplayed on amultichannd os-
cilloscope (polygraph MIC-8800T, Fukuda-Denshi Inc.,
Tokyo, Japan) and s multaneoudly recorded at apaper speed of
100 mm/son a12-channel, ink-jet recorder (Siemens-Elema
804, Siemens-Elema, Solna, Sweden). All datawere stored on
magnetic tapethroughout the entire el ectrophysiol ogic study.
Theatria electrogramsremained constant and reproducibleat
eachrecording siteinindividua patients.

Theintra-atria catheter mapping procedure has been de-
scribed previoudy.8 9 In each patient, the bipolar electro-

gramswererecorded from 12 sitesin theright atrium, that is,
atrial electrogramswererecorded from the anterior, posterior,
lateral, and medial aspectsof the high, middle, and low right
atrium. The high and middle atrial siteswere mapped by the
catheter inserted through the femoral vein, but thelow atrial
siteswere mapped through the subclavian vein. No complica
tionswerenoted in any patient asaresult of these maneuvers.
Stability wasensured by recording a each sitefor aminimum
of 10 sand by using aloop configuration of the catheter. The
position of the catheter tip was verified by multiple- or single-
plane fluoroscopy in the presence of at least two experienced
physiciansfamiliar with theright atrial endocardial mapping
procedure. Particular attention was paid to assurethat all in-
strumentswere properly isolated and grounded.

Definitions

The duration of an atrial electrogram was defined as the
timefrom the beginning of the earliest e ectrical activity devi-
ating from the stable basdline valueto thelast point of the atri-
al electrogram at which the basdline value was crossed. The
number of fragmented deflectionswas measured by counting
thenumber of downward deflections.®

In aprior study® we defined quantitative standardsfor nor-
mal bipolar € ectrogramsbased on the measurementsobtained
from 516 atria eectrogramsin 43 patientswith norma sinus
node function and without PAF. The mean duration and the
mean number of fragmented defl ections of these patientswere
72+ 11and 3.9+ 1.3ms(mean+ sandard deviation [SD]), re-
spectively. Atria eectrogram vaues> 2 SD of thesemeanval-
uesweredefined asnormd. Hence, an dbnormd atria dectro-
gram was defined as having a duration of =100 ms and/or
eight or morefragmented deflections.

DataAnalysis

Results are expressed asthe mean values + SD. Statistical
sgnificance was determined by using the Student’st-test for
unmatched pairs. Prevalence was compared using the chi-
squaretest. Correl ation coefficientsweredetermined by linear
regression anaysis. Theduration and the number of fragment-
ed deflections of theatria electrogramswere assessed at eech
siteby at least two independent observers. A minimum of five
to eight atria complexes of uniform morphology were as-
sessed at each of the 12 sites of the right atrium, and values
with aninterobserver variability of £ 5mswereexcludedfrom
thisinvestigation.

Results

Inall, 1,332 atria endocardia el ectrogramswere assessed
and measured quantitatively in the present sudy. Thelongest
duration and the maximal number of fragmented deflections
of atrial eectrogramsamong the 12 right atrid siteswereas-
sessed in each patient. In addition, the number of abnormal
atrial electrogramsin each patient wasal so determined.
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TaBLE |  Electrophysiologic dataon atrid endocardial el ectrogramsin patients <60 and =60 yearsof age

Number of Maximal number
Age AAE per patient Longest duration of deflections Incidenceof AAE
<60 Years 143+£2037_a 95.9+14.8ms 7_| 8.04+£2287 ¢ 30/56 (54%0) ]_d
260 Years 258+205 103.7+ 14.6m: 9.13+2.72 46/55 (84%)

ap<0.004;Pp<0.01; ¢p<0.03;9p<0.001.

Abbreviations: AAE = abnormal atria electrograms, PAF = paroxysmd atrid fibrillation.

Of the 111 patientswith PAFincluded in thisinvestigation,
therewere 56 who were < 60 years of age. On the other hand,
there were 55 patients whose age was = 60 years. Abnormal
atrial electrogramswere observed in 46 (84%) of these 55 pa-
tients; p<0.001 (Tablel).

The mean number of abnormal atrial electrograms per pa
tient aswell asthelongest duration and the maximal number
of fragmented deflections of atrial electrogramswere signif-
icantly grester in the patients aged > 60 years than those in
younger patientswith PAF,
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Fic.1 Correlation between age and the longest duration of atria
electrograms among the 12 right atrid sites in each patient with
paroxysmal atria fibrillation. The linear regression line, equation,
and correlation coefficient are shown.
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Fic.2 Correlation between age and the maximal number of frag-
mented deflections of atrial electrograms among the 12 right atria
dtesin each patient with paroxysmd atrial fibrillation. Thelinear re-
gression line, equation, and correl ation coefficient are shown.

The correlation between the longest duration of atrial elec-
trogramsand ageisshowninFigure 1. Therewasasignificant
paositiverel ationship (r = 0.35; p < 0.0005). The comparison of
the maximal number of fragmented deflections of atria elec-
trograms with age revealed a significant positive correlation
(Fig. 2). Thecorrelation coefficient (r) was0.29; p < 0.005.

The correlation of the totd number of abnormad atrid
electrograms in each patient with PAF and age is shown in
Figure 3. There was a significant positive relationship (r =
0.34; p<0.0005).

Discussion

Atrid fibrillation is one of the most common arrhythmias
encountered in adult life, and it isknown to be the most com-
mon underlying tachyarrhythmiain the diseased heart. There
are many precipitating conditions that provide the setting in
which AF develops, and aging may beafactor accounting for
itsoccurrence. Theprocessof aging anditseffect onthehisto-
logic appearance of the conduction system of the heart have
been described insufficiently. Some investigators have ob-
served that normal histologic changesin theatrial muscle oc-
cur with advancing age. Theseincludeareductioninthenum-
ber of myocardia cells within the sinus node, a generalized
lossof atrial myocardia fibersinthevicinity of theinternodal
tracts, aswell asan increasein the quantity of connectivetis-
sue, whichleadsto an apparent lossof myocardia fiber conti-
nuity.2 Davies and Pomerance reported that in some aged
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Fic.3 Correation between ageand total number of abnormal atri-
al electrograms in each patient with paroxysmal atrial fibrillation.
Thelinear regression line, equation, and correlation coefficient are
shown.
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patients AF was associated with loss of muscle fibersin the
sinoatrial node and itsapproacheswithout any clear patholog-
icd cause! Erickson and Lev have shown degenerative
changesin the conduction system with age.10

With this histologic background in mind, changesin the
electrophysiologic properties of the atrial muscle with ad-
vancing age can be expected. Indeed, dispersion and lengthen-
ing of atrial refractorinesswith aging have been reported. 1113
The demongtration of el ectrophysiologic changesinthe atria
muscle with agel*18is consistent with the concept that elec-
trophysiologic functional changes are related to histologic
changes of the conduction system of the heart with advancing
age. Michdlucci et al. suggested that aging modifiesatrial re-
fractorinessin anonuniform manner, inducing aprogressing
increment of dispersion of atrid refractoriness.! They report-
ed that aging induces a lengthening of atria refractoriness
only at the high right atrium, but not at the mid and low right
atrium. Spach and Dober!” demonstrated anonuniform aniso-
tropic atrium with advancing age. However, the influence of
ageon atrial endocardia €l ectrograms has not been described
sofar. Our resultsindicate that aging dso influencesthe char-
acteridicsof arid endocardial e ectrogramsrecorded during
sinusrhythmin patientswith PAF

In the present study, we have found asignificantly positive
correlation between age and the number of abnormd atria
electrogramsin patients with PAF. Patients aged > 60 years
had asignificantly greater mean number of abnorma dectro-
gramsthan younger patients. In addition, thelongest duration
and the maximal number of fragmented deflections of atrial
electrogramsamong the 12 right atria sitesalso showed asig-
nificantly positive correlation with age. Our results show a
progressive increment in the extension of the electrophysio-
logically dtered atrid musclewith advancing agein patients
with PAF. A prolonged and fractionated atrial electrogram
may reflect desynchronized locd dectricd activity related to
adelayed and nonuniform anisotropic conduction through a
diseased atrial muscle. Therefore, abnormal electrogramsin-
dicate areas of dtered anatomy and conduction that are suit-
able substrates for reentrant arrhythmias.> Since abnormal
atria electrograms increase with advancing age, these elec-
trophysiologic changes may account for the ease with which
AFcandevelopinelderly patients.

Limitations

Certain limitations are inherent to this electrophysiologic
study. In the present study, atrial endocardial electrograms
wererecorded only from theright atrium, hence our findings
cannot be extrapolated to those of the left atrium. Theinter-
electrode distance of bipolar catheters, the filter frequency
settings, the high gain recordings, and the motion at the elec-
trode-tissueinterface may affect the recording of fragmented
electrograms by the endocardia mapping technique.

Theresults of our study suggest that (1) the number of ab-
normd atrial eectrogramsin patientswith PAF hasasignifi-
cantly positive correl ationwith age, (2) patientswith PAF aged
> 60yearshaveasignificantly greater mean number of abnor-
mal atria electrogramsthan younger ones, and (3) thelongest

duration and the maximal number of fragmented deflections
of aria eectrogramshave asignificantly positive correlation
withage.

Conclusion

Aging altersthe el ectrophysiologic properties of the atrial
muscle in patients with PAF. Elderly patients have a signifi-
cantly greater abnormality of atrial endocardia € ectrograms
than younger ones. Thereisaprogressiveincrement intheex-
tension of dtered atrid musclewith advancing agein patients
with PAFR
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