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Distance and Similarity Measurements of P Waves Before and fter
Pulmonary Vein Isolation in Patients with Atrial Fibrillat ion

Nuria Ortigosa, Oscar Can#, Luca Mainardt

Abstract— This study aimed to assess electric markers ob- clinical classification of AF [4]. Regarding catheter aldat
tained from the surface electrocardiogram in order to analyse  of pulmonary veins, this technique is able to maintain sinus
significant differences before and after pulmonary vein istation rhythm in 80% of patients with paroxysmal atrial fibrillatip

in patients who suffered from paroxysmal atrial fibrillatio n.
30 patients who underwent catheter ablation (in order to but the success rates drop to 40 to 60% of success of freedom

permanently restore sinus rhythm and stop atrial fibrillation ~ from arrhythmia for persistent patients.
episodes) were included in the study. Both surface electro- In addition, it is well known that spontaneous electrical

cardiogram and intracavitary recordings were simultaneowsly  reconnection of pulmonary veins is one of the major causes
acquired starting some minutes before catheter ablation bgan ¢ ¢inica| recurrence of AF after catheter ablation prages

until the whole procedure successfully ended. P-waves have . . .
been delineated on V1 lead, and measurements of distances[2l: [6]- This spontaneous reconnection has been studied by

and similarities between them have been obtained to compare Many references in the last decade [7], [8], [9] but, unfortu
the recordings. It has been found that distances between P- nately, nowadays there are still no non-invasive markele ab
waves significatively decrease (about 14%) whereas similéies o detect this spontaneous reconnection before the patient
significatively increase (about 3%) after catheter ablatio. The suffers a new arrhythmia episode again

use of these features would help to identify the success of . . A . .
the catheter ablation procedure, which is the main objectie Since the identification of predictors of pulmonary vein

of this preliminary study: the non-invasive identification of reconnection would be of great help in clinical practice,
spontaneous reconnection of pulmonary veins, the main caes in this paper we propose the analysis of different markers

of the arrhythmia recurrences. extracted from the P-waves of the surface ECG, whose main
. INTRODUCTION aim is to confirm the complete isolation of pulmonary veins

Atrial Fibrillation (AF) is the most common sustainedafter catheter ablation procedures.

arrhythmia in clinical practice [1]. Its prevalence grows
markedly with age and, due to the increment in global life
expectancy, its importance in relation with other arrhyien 30 patients suffering from paroxysmal atrial fibrillation
will grow up, even nowadays it already affects millions ofwere included in the study. All of them underwent pulmonary
patients worldwide [2]. vein isolation in an arrhythmia clinic of a tertiary centre
Atrial fibrillation classification is based on the duration(Hospital Universitari i Politecnic La Fe, Valencia -Sphi
of the arrhythmic episodes. Patients can be stratified &@linical characteristics of the patients are detailed ibl&a
paroxysmal, if they present self-terminating episode$iwit |. The Institution’s Ethical Review Board approved all ex-
7 days; persistent, if the arrhythmia lasts for more than @erimental procedures involving human subjects described
days; long-standing persistent, if the arrhythmia lasts fdn this paper.
more than one year; and permanent, if cardioversion is not Surface electrocardiogram and intracavitary recordings
successful and sinus rhythm cannot be restored [3]. were simultaneously acquired by the Labsystem Pro EP
AF treatment includes antiarrhythmic drugs and non phaRecording System, Boston Scientific. Recordings started
macological treatments, such as catheter ablation of pueme minutes before the beginning of the procedure until
monary veins. The efficacy of each treatment depends on tbatheter ablation was completely and successfully peddrm
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Thus, each patient was constantly monitored. As all patien€. Similarity measurements
included in the study had paroxysmal AF episodes, we

only have extracted the ECG segments corresponding toAhS(E)t of measgrtehments to e\t/.aluate the sllmllag:y_between
precordial V1 lead in which each subject was in sinu§ach F-wave and the conseculive one 1S aiso o ainel (

rhythm. V1 lead was chosen since P waves can easily be (PPl )
seen on it. S = T 3)
1P| - [ P[]
l1l. METHODS where t denotes the vector transpose ap@,,|| is the

. . magnitude or Euclidean norm of P-waw®,:
A. Signal preprocessing

First step was to remove powerline interference by means

of a Notch filter at 50Hz. The ECG signal was also filtered [Pl =
in order to remove baseline wander by using cubic splines
[10].

An average of alk,,, values (i.e. similarity measurements

Then, two segments of one-minute length of lead V1 were . .
W g nu g W Iculated for pairs of P-waves of a ECG segment) is

extracted: the first one corresponding to recordings befof tained and included in the comparison analysis of ECG

catheter ablation began, and another one corresponding di Similarity i i hen it i Lo 1
minutes after the procedure had successfully ended. THECOrdIngs. Simianty 1 maximum when it 1S equal to 2,
%nd is smaller as long as it decreases towards 0.

length of the recordings was set to one minute in order t
have enough P-waves in each recording. P waves were care- o .
fully delineated on them, marking their onsets and endindsd. Statistical analysis

and been revised one by one by an expert cardiologist. g5t Shapiro-Wilk's test was performed to verify if the

_ data followed a normal distribution. As the null hypothesis
B. Distance measurements was rejected for all features, a paired Wilcoxon test was

For each patient, Euclidean distance between each pairRffformed in order to compare the data before and after
two consecutive P-waves from each recording (before arf@theter ablation.
after catheter ablation) were calculated. Given the marix

of sizem xn, which contains then P-waves in the recording, IV. RESULTS
wheren is the length in samples of each P-wave, we have ) .
obtained a vector of distances. Once P-waves are delineated, different features are ob-

This vector D contains each one of the Euclidean dist@ined to compare similarity and distance differences feefo
tances between each pair of two consecutive P-waig a_md after the procedure. Table Il ShOWS mgdian and interql_Jar
normalized by the total number of samples for the m?" tile range (Q3-Q1) values (also depicted in boxplots of Fig.
P-wave {,,), calculated as: 1).

It can be observed that the average distances between
2 - (P — Prg1) (P — Proy1)’ D pairs of P-waves (both with absolute value and normalized)
m n decrease after catheter ablation of pulmonary veins, even

where P,, denotes the amplitude for the samples of On((a)nly the normalized distance values provide statisticsidy

. . ) nificant differences when comparing the features befaes/af
P-wave in particularP,,+1 denotes the amplitude for the : . 2
. ; the procedure using the paired statistical t-test, probaié
samples of the next P-wave in the recording, ardenotes f . :
to the P-wave amplitude differences between patients.
the vector transpose.

Once we have vectoP, we proceeded to calculate the In addition, it can be also observed that similarity measure

. - ments between consecutive P-waves also provide staliigtica
average value of all its components, obtaining the feature

. significant differences. Similarity is increased afterheder
for the analysis.

) . . . lation for 70% of patients, whereas the normalized digtan
As each patient had different amplitudes and durations 9 0P

. ) values become smaller for 67% of patients.
P-waves, a normalized value of the distance was also calcu-

lated, in order to have those values in the interval [0-1i§,h .Thus_, th_e Qisqrgani;ed atri_al activity present in Ipatients
we obtained the vector of normalized Euclidean distancé’%'th atrial fibrillation episodes is reduced after the p ’

DN composed by the different normalized distana@s2() and it can be rglated to the significant varlatl_ons in the fea-
calculated as: tures analysed in the present study. A graphical example of

how the electric disorganization of atrial activity is regd
dn? — (P — Prg1) (P — Py 5 after catheter ablation is shown in Fig. 2, where it can be
T = \/m 2 observed that P-waves have less dispersion and are more
= ‘regular’ and similar between them after the proceduresThi
After that, an average of all the components/oiV was is also reflected on the major similarity of P wave durations
also obtained and included in the analysis. after the catheter ablation procedure.
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Fig. 1. Boxplot of features obtained before and after cathablation procedure on the cohort under study. (a) Avedigtance, (b) Normalized average
distance, and (c) Similarity.

.
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TABLE I
MEDIAN AND INTERQUARTILE RANGE OF FEATURES OBTAINED FOR THE
30 SUBJECTS INCLUDED IN THE STUDYRESULTS SHOW VALUES 800
CALCULATED ON ECG PWAVES BEFORE AND AFTER CATHETER

1000

ABLATION . SIGNIFICANT DIFFERENCES ARE INDICATED BY* (P-VALUE

<0.05)AFTER THE CALCULATION OF PAIREDWILCOXON TEST. E
Feature Before After p-value E
Similarity [-] 0.866 (0.815-0.917)| 0.894 (0.844-0.923)| 0.007*
Distance V2] || 7.970 (6.644-10.906) 7.901 (6.563-11.080) 0.357
Normalized N
) 0.459 (0.368-0.558)| 0.403 (0.351-0.499)| 0.011
Distance [-]
0 2‘0 4‘0 (;0 86 1(;0 120 11‘10
Time (ms)
@)

V. DISCUSSION

1000

Presented results go in line with previous studies [11],
[12]. Patients with AF are characterized by the disorgani-
zation of atrial activity. The reduction of the distanceslan
the increment of similarities between consecutive pairs of
P-waves after catheter ablation of pulmonary veins may be
explained by the reduction of disorganized propagation of
electric activity through the atria, which is the main aim of
catheter ablation to permanently restore sinus rhythm in AF
patients [13].

Amplitude (pV)
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These differences may be due to the reduction of the Time (ms)
fragmentation and the atrial activity disorganization af p (b)

tients after the procedure. The use of features extracted fr _ _ _
dinas acaquired by non-invasive methods. such as tﬁg 2. Example of set of P-waves extracted from V1 lead ofteepawith

recoraing q y 2 S . oxysmal AF. (a) Before catheter ablation beginning.Afi¢r complete

surface ECG, may open the door to help clinicians in thend successful catheter ablation is performed.

follow-up of patients and early detect possible recurrence

of the arrythmia.

Future work will focus on enlarge the population under VI. CONCLUSIONS
study and analyse the future recurrences of the patientsin this paper we have presented a study whose aim is to
involved in the study, in order to study which featuresanalyse the differences in the surface electrocardiogham t
can be considered as non-invasive predictors of spontane@an be found before and after pulmonary vein isolation in
pulmonary veins reconnection. patients with paroxysmal atrial fibrillation.



It has been shown that the average of normalized Eu-
clidean distances between consecutive pairs of P-waves
statistically significantly decrease when sinus rhythm is
permanently restored, as well as the average of similaritie
calculated over pairs of consecutive P-waves is increndente
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