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Atrial Activation During SnusRhythm in Patientswith Rheumatic
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Domain AnalyssUsng Signal-Aver aged Electrocar diography
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Objective - Using P-wave signal-averaged electro-
cardiography, we assessed the patternsof atrial electrical
activation in patientswith idiopathic atrial fibrillation as
compared with patternsin patientswith atrial fibrillation
associated with structural heart disease.

Methods- Eighty patientswith recurrent paroxysmal
atrial fibrillation were divided into 3 groups asfollows:
group | - 40 patients with atrial fibrillation associated
with non-rheumatic heart disease; group I - 25 patients
with rheumatic atrial fibrillation; and group 111 - 15 pati-
entswith idiopathic atrial fibrillation. All patients under-
went P-wave signal -aver aged el ectrocar diography for fre-
guency-domain analysis using spectrotemporal mapping
and statistical techniques for detecting and quantifying
intraatrial conduction disturbances.

Results- We observed animportant fragmentationin
atrial electrical conduction in 27% of the patientsin
group|, 64% of the patientsingroup 11, and 67% of the pa-
tientsingroup 111 (p=0.003).

Conclusion - Idiopathicatrial fibrillation hasimpor-
tant intraatrial conduction disturbances. These altera-
tions are similar to those observed in individuals with
rheumatic atrial fibrillation, suggesting the existence of
somedegreeof structural invol vement of theatrial myocar-
diumthat cannot be detected with conventional electro-
cardiography and echocardiography.
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Atrid fibrillationisthemost common sustained arrhyth-
miadiagnosedinclinica practice'*. Inthegenerd population,
itsprevalenceincreaseswithage: itislower than 1%intheage
bracket from 40to 65 years, rangesfrom 2%to 5%intheage
bracket from 65 to 74 years, and ishigher than 5% abovethe
ageof 75years. Nodifferenceinincidencehasbeen observed
betweenthesexes®. Theincreasein prevalenceandincidence
of atrid fibrillationwithageismainly associatedwith coexigting
cardiac diseases. However, an independent effect of direct
ageing ontheatrial tissuecannot beexcluded®.

A history of congestiveheart failure, rheumaticvalvar
disease, |eft ventricular hypertrophy, and | eft atrial enlarge-
ment areindependent risk factorsassociated with thegene-
sisof atrial fibrillation. The presence of thisarrhythmiain
structurally normal hearts, althoughinfregquent, may bede-
tectedin clinical practice. Thetriggering and maintenance
factorsof idiopathicatrial fibrillation arenot very well defi-
ned. However, asignificant number of patientswiththepa-
roxysmal or persistent formof atrial fibrillation, eventhough
without evidence of anatomical cardiac alterations, evolve
towards chronic atrial fibrillation. Such patientsinclude
thosewith structural heart diseasedespitetheuseof antiar-
rhythmic drugs. The objective of our study wasto identify
theelectrophysiol ogical behavior of atrial activationin pati-
entswith paroxysmal or persistent atrial fibrillation, through
theuseof P-wavesignal-averaged el ectrocardiography for
frequency-domainanalysis.

Methods

In across-sectional study, we analyzed 80 patients
whowerebeing followed upintheoutpatient cardiac arrhy-
thmiacareunit of theHospital Universitério Pedro Ernesto.
These patients had ahistory of at least 2 episodes of paro-
xysmal or persistent atrial fibrillation confirmed on el ectro-
cardiography in the last year, and they had not used any
antiarrhythmic drug for at least 5 half-livesof each drugin
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question. Thestudy wascarried out from December 1996 to
December 1997. These patients were followed up in the
outpatient clinics, assessed through anamnesis, physical
examination, electrocardiography, and two-dimensional
Doppler echocardiography. They weredividedinto 3grou-
psaccording tothe cause of paroxysmal or persistent atrial
fibrillationasfollows:

Group | - 40 patients with amean age of 49.2+15.8
years, 21 being females, with paroxysmal or persistent atrial
fibrillation secondary to different heart diseasesasfollows:
ischemic (16 patients), hypertrophic (7 patients), hyperten-
sive (3 patients), chagasic (8 patients), and idiopathic car-
diomyopathy (6 patients).

Groupll - 25 patientswithamean ageof 42.1+14.3ye-
ars, 11 beingfemales, all of whom had paroxysmal or persis-
tent atrial fibrillation associ ated with rheumaticinvol vement
of themitral valve.

Groupl Il - 15 patientswithamean ageof 62.9£18.4ye-
ars, 6 beingfemales, al of whomhadidiopathic paroxysmal
or persistent atrial fibrillation.

Those patientsinwhom no dataregarding atrial fibril-
lation could befoundintheclinical history, onphysical exa
mination, e ectrocardiogram, echocardiogram, or inthelabo-
ratory testsfor thyroid function that could correlate with a
primary cause were considered as having idiopathic paro-
xysmal or persistent atrial fibrillation.

After the patients provided written consent totake partin
the study, they underwent P-wave signal-averaged elec-
trocardiography. All testswere performedinthemorning. The
recordswereobtainedwithmodd 11cART-Corazonicsequipment
(ART Inc., Texas, USA) andlater analyzed by asingleobserver.

Frank’ sorthogonal systemwith 3 bipolar leadsandin-
version of the X and Y axeswas used for dataacquisition.
The vector waspositioned onthe4™intercostal space, in
themidaxillary line, the negative poleto theright, and the
positive poleto theleft. The X vector was positioned with
its negative polein the manubrium and its positive polein
theleft costal margininthemidclavicular line.

Signal-averaged el ectrocardiography was performed by
displacing thefiducid point to theright of the coherent avera-
gingwindow, withtotal exposureof theP-wave. Thecorrdation
window with 30msof durationwas positioned ontop of the P-
wave, andthecorre ation coefficientwasfixedat 0.99. Thenoise
window waspositioned ontop of the TP segment and had adu-
ration of 100ms. Thefinal coherent averaging noisewasesta
blishedin 0.3 uV. Recognition of the P-wave morphol ogy was
specificfor thewave used asareference, and theaberrant atrial
complexesweresuccessfully rejected.

After coherent averaging, thefrequency-domainana-
lysisof the Pwavewasperformed using the spectro-tempo-
ral mapping technique. Themapswerebuilt by dividingthe
areaof analysisupon the Pwaveinto segments of 16ms of
duration, separated by intervalsof 2ms, multiplied by ata-
pering window of the Blackman-Harristype. Determination
of thecontent of signal frequency was performed, applying
thefast Fourier transformwith 512 pointsfor each segment.
Thesignal sof each segment were preprocessed for thecal-
culation of thenumerical derivative, andthen, thearithmetic
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mean was subtracted. The maps of the X, Y, and Z leads
were added for building the spectral vectorial magnitude
and further analysis.

Based on the spectral map, we analyzed the mean
(CEM) and standard deviation (CEDP) of theintersegmen-
tar linear correlation between the amplitudes of the power
spectra of the adjacent segments. We also analyzed the
standard deviation of thefrequency add track (BDDP) of the
concentration of energy of the power spectrum of each seg-
ment during atrial activation. Intersegmentar correlation
analyzesthe amplitude distribution of the power spectrum
of between consecutive segmentsthroughout atrial activa-
tion. Absolutely uniform conduction of the electrical sti-
muluswould be hypothetically represented by amean equal
to 1 and standard deviation equal to zero, indicating perfect
correl ations between the segments. The valueswere mul-
tiplied by 100tofacilitatereading and manipul ation.

The add track, on one side, identifies the concentra-
tion of energy corresponding to 80% of the area of the po-
wer spectrum of the segment analyzed in Hertz. Thefollo-
wing cut values, already established in previous publica-
tions®, wereconsidered abnormal: CEM <78, DPCEM =32,
and CEDP=75Hz. Theexaminationisconsidered positive
for the presence of fragmented atrial potentials, when 2 or
morevariablesareabnormal.

Dataof al variables obtained werefiled and analyzed
using apersonal computer and version 6 of the EPI Info pro-
gram. Thevariablesof thegroupswereanayzed usingthe 2-
tailed Student t test for 2-by-2 compari sonsand 1-way analy-
sisof variance (ANOVA) for comparison of multiplemeans
with normal distribution. Thechi-sguare(x?) test with Yates
correction was used for comparing the frequency distribu-
tions. Thelevel of dphasignificancewasfixedat 0.05. Theva
riablesCEDPand BDDPweretransformedintotheir natural
logarithmsprior tothestatistical andysisfor normalization of
their functionsof distribution of probability.

Results

Gender distributionin thegroupswassimilar, withno
statistically significant differences. In regard to age, we
observed a higher meanin group 11 as compared with
groupsl and 1 (ANOVA; p<0.001).

The means and standard deviations of the variables

Table! — Spectral analysisof atrial activation (mean + standard deviation)

Variable Group | Group |1 Group 111 o
CEM 80.7+7.8 76.3+9.3 755+81 0.04
CEDP 289+ 115 330+ 129 359+ 10.6

CEDP LnT 32+06 34+05 35+03 0.14
BDDP 574+ 125 57.2+128 67.1+ 13.0

BDDP LnT 40+0.2 40+0.2y 42+02 0.04

CEM - mean of the segmentary linear correlation; CEDP- standard deviation
of the segmentary linear correlation; BDDP- standard deviation of the add
track; 2level of significance of the “one-way” anaysis; 4p<0.05 group | vs
group I1; 1 p<0.05 group | vs group 111; y p<0.05 group 11 vs group I11.
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Table Il —Incidence of abnormal values of the variables analyzed
on signal-aver aged electrocardiogram in the groups studied (% of
abnormal values)

Variable Group |  Group Il Group Il X2 p

CEM 325 64.0 66.6 8.482 0.014
CEDP 45.0 64.0 733 4.446  0.108
BDDP 7.5 12.0 26.6 3.672 0.159
Positive test * 275 64.0 66.6 11.34  0.003

CEM - mean of the segmentary linear correlation; CEDP- standard de-
viation of the segmentary linear correlation; BDDP- standard deviation
of theadd track; * defined by the presence of 2 or more abnormal variables.

studied areshownintablel. Weobserved that for the CEM
variable, group | had higher valuesthan groups|l and 111
(ANOVA; p=0.04). The CEDPvariabl e showed no stati sti-
cally significant difference between the 3 groups. The BD-
DPindex showed statistically significant differences, which
weregreater ingroup Il ascompared withthosein groupsl
andll (ANOVA; p=0.04).

Table Il showstheincidence of abnormal values of
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the variablesanalyzed in the groups studied and theinci-
dence of positive examinationsfor fragmented atrial po-
tentials.

When looked at individually, only the CEM variable
showed a statistically significant difference, which was
greater in group | as compared with the other groups. Inthe
analysisof fragmented atrial potentials, groupsll and 11 had
ahigher incidenceof positiveexaminationsthandid groupl.
Figure 1 shows the P-wave signal-averaged el ectrocar-
diogram frequency-domain analysis of patientsin groups|
(negativeexamination) and 111 (positiveexamination).

Discussion

Slownessin the conduction of theelectrical stimulus
and dispersion of atrial refractoriness constitute the major
factorsintheformation of reentrant circuitsintheatria, espe-
cially in compromised hearts’. Structural changesin the
atrial tissue are also related to factors predisposing oneto
thisheterogeneity in el ectrical conduction and excitation®.
Age, atrial distension, interaction with the autonomous
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Fig. 1—P-wavesignal-averaged el ectrocardiography for frequency-domain analysisof the patientsin groups| and 1. Ontop, the spectral correlation technique, and at the bottom,
thefrequency add track. To theleft, in apatient with idiopathic atrial fibrillation, observe (arrow) the 3 atered parameters: CEM (Ave), CEDP (standard deviation), and BDDP
(standard deviation). Totheright, in apatient with atria fibrillation and chagasic cardiomyopathy, the 3 parameters studied arenormal .
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nervous system, anisotropic conduction, and extrastimuli
arealsoinvolvedintriggeringatrial fibrillation.

In the present study, 3 groups of individuals with
paroxysma or persistent atrial fibrillationwerestudied. Des-
pite the similar femal e distribution among the groups, the
analysis of age distribution showed that individuals with
idiopathic paroxysmal or persistent atria fibrillationaresig-
nificantly older. Thisfact seemsto reflect the epidemiol o-
gical characteristics of the diseasesin question.

Until the present time, no typical morphological
aterationinatria fibrillation hasbeenreported. Fibrosisand
fat infiltration, such asthefibrosisthat occursin atriain
chronic atria fibrillation, are alterationsfound in healthy
hearts of elderly individuals. Occasionally, specific con-
ditions like tumors, amyloidosis, or lipomatous hyper-
trophy may constitute arrhythmogenic histol ogical subs-
trates.

Atrial fibrillation has been the object of increasing
interest for wider clinical research, duetothehemodynamic
deterioration and the increase in morbidity and mortality
that this arrhythmia may generate, with an important
impairmentinthequality of lifeand asignificantincreasein
medical costs. Atrial fibrillationisalmost alwaysassociated
with aheart disease or clinical disorder; however, inupto
30% of cases, no evidence of structural cardiac disease
exists®.

QRS-complex signal-averaged el ectrocardiography
hasbeen used in recent yearstoidentify patientsat risk for
potentially fatal ventricular arrhythmias®. I1n 1991, Kelenet
al ! proposed anew model to compensate for some disad-
vantagesof thetime-domain analysisand themethodsused
until thenfor frequency-domain analysis*2. Thistechnique
includestheanalysisof the QRS complex asawholeand not
only the previously determined temporal part of frequency
oramplitude.

Frequency-domain mapping is characterized by
segmentation of the electrical signal at fixed intervals,
decomposingitinelementary frequencies, throughtheuse
of rapid Fourier transform. Themark of thearrhythmogenic
abnormality is theorized to be the frequent and abrupt
change in the direction of the wave front activation,
crossing areas of abnormal conduction, resulting in the
presence of spectral turbulence 2.

Based on P-wave spectral mapping, some authors
investigated spectral turbulence asamarker of intraatrial
conductiondisorders**%5. In this context, P-wave signal-
averaged electrocardiography provedto beanoninvasive,
low-cost, easily performed and reproducible method;
therefore, it has been widely used in the evaluation and
stratification of therisk of atrial fibrillation &%,

Dueto the presence of clear cardiac structural chan-
ges, patientswith atrial fibrillation associated with rheu-
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matic disease and other forms of heart disease would be
expected to have more alterationsin atrial electrical acti-
vation detected on P-wave signal-averaged electrocar-
diography. However, the electrophysiological aterations
characterized by spectral turbulence in individuals with
idiopathic paroxysmal or persistent atrial fibrillationindicate
theexistenceof intraatrial conduction disordersasintense
as or more intense than those observed in patients with
paroxysmal or persistent atrial fibrillation and structural
heart disease.

Previousstudieshave shown that frequent monomor-
phic atrial extrasystoles may trigger episodes of atrial
fibrillation, and that ablation of thisfocuswith a catheter
may prevent future episodes?. Thisconcept of focal atria
fibrillation may explain, in some patients, the recurring
episodes of this arrhythmia despite the existence of a
structurally normal heart. On the other hand, other studies
in patientswith paroxysmal or persistent atrial fibrillation
havereported histol ogical abnormalitiesof theatrial myo-
cardium characterized by fibrosisand amyloidinfiltration,
both in the rheumatic and in the idiopathic forms of this
arrhythmia®*<°. However, no data exist in the literature
allowing the comparison between the different atrial
histol ogi ¢ patterns according to each etiology and the
correlation with P-wave el ectrocardiographic findings. A
reasonable hypothesis to be considered, still lacking
scientific confirmation, isthat the cause of idiopathic
paroxysmal or persistent atrial fibrillation isaprimary
dterationintheatrial myocardium similar tothat foundin
rheumatic patients with fibrosis or deposition of amyloid
substances, facilitating the formation of reentrant circuits.
Inthiscondition, idiopathic paroxysmal or persistent atrial
fibrillationwill show an el ectrophysiological pattern of atrial
activationsimilar tothat of rheumatic heart disease, inwhich
these structural alterations are frequently found.

In the present study, we show that alterationsin
intraatrial electrical conduction are found with the same
frequency or morefrequently inindividualswithidiopathic
paroxysmal or persistent atrid fibrillationthaninthosewith
severa heart diseases, suggesting the presence of atype of
structural involvement of the atrial myocardium, which
cannot be detected on conventional electrocardiography
and echocardiography.

Aslimitations of this study, we can point out that the
P-wave alignment used allows adirect comparison of the
waveforms, with exclusion of ectopic beats. However, due
to P-wave morphological characteristics represented by
low voltagevaluesand of thefirst derivative, ascompared
with those of the QRS complex, the error of alignment of
waveformsmay behigh, generatinglessaccurateanalyses.
Moreadvanced systemsof P-wave coherent averaging may
be required to support our findings.
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