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An Effective Novel Index for Predicting the
Recurrence of Atrial Fibrillation Ablation: P Wave
Duration-to-Amplitude Ratio

Atriyal Fibrilasyon Ablasyonu NukstUna Tahmin Etmede
Etkili Yeni Bir Indeks: P Dalga Stresi-Amplitid Orani

ABSTRACT

Objective: Atrial fibrillation is the most common arrhythmia observed in the clinical practice.
Pulmonary vein isolation is a well established treatment option for atrial fibrillation but is lim-
ited by recurrence. Previous studies have demonstrated that abnormal P wave indices were
associated with adverse atrial remodeling and its role in predicting atrial fibrillation recurrence.
In the present study, we aimed to evaluate the place of a novel index as we named P wave
duration-to-amplitude ratio in predicting the recurrence of atrial fibrillation.

Methods: Patients who underwent pulmonary vein isolation for symptomatic drug-resistant
atrial fibrillation between January 2016 and March 2018 were retrospectively screened. A total
of 111 patients were enrolled in the current study. P wave indices of the patients were calcu-
lated by precisely measuring the electrocardiogram traces recorded with an electrophysiology
recording system.

Results: While P wave duration (129 + 18.4 vs. 109 + 15.7 ms, P <.001), P wave duration-to-
amplitude ratio (1072.7 + 528.3 vs. 626.9 + 368 ms/mV, P <.001), P wave peak time (65 +
12 vs. 54 + 10 ms, P <.001), and P wave dispersion (49 + 14.1 vs. 27.9 + 17 ms, P =.001) val-
ues were significantly higher in the atrial fibrillation recurrence (+) group, the P wave amplitude
(0.12 + 0.05 vs. 0.18 + 0.02 mV, P <.001) value was found to be lower. A P wave duration-t
o-amplitude ratiovalue of >830 ms/mV has 61.8% sensitivity and 88.4% specificity for the
prediction of the atrial fibrillation recurrence (area of under the curve [AUC], 0.727).

Conclusion: P wave duration-to-amplitude ratio, which may be considered as an indicator of
the temporal and electrical propagation of the P wave in the atria, can predict atrial fibrillation
ablation recurrence.

Keywords: Atrial fibrillation ablation, P wave amplitude, P wave duration, recurrence

OzET

Amac: Atriyal fibrilasyon (AF) klinik pratikte en sik goriilen aritmidir. Pulmoner ven izolasyonu
(PVI), AF igin iyi bilinen bir tedavi secenegidir ancak nliks ile sinirlidir. Onceki galismalar, anor-
mal P dalga indekslerinin ters atriyal yeniden sekillenme ile iliskili oldugunu ve AF nikstnd
tahmin etmedeki yerini gdstermistir. Bu calismada, P Dalga Suresi-Genlik Orani (PWDAR) adini
verdigimiz yeni bir indeksin AF reklrrensini 6ngérmedeki yerini degerlendirmeyi amacladik.

Yontemler: Ocak 2016 ile Mart 2018 arasinda semptomatik ilaca direncli AF nedeniyle PVI
uygulanan hastalar geriye donlk olarak tarandi. Mevcut calismaya toplam 111 hasta alindi.
Elektrofizyoloji kayit sistemi ile kaydedilen EKG traseleri hassas bir sekilde élcllerek hastalarin
P dalga indeksleri hesapland.

Bulgular: PWD (129 + 18,4 vs 109 + 15,7 msn, P <,001), PWDAR (1072,7 + 528,3 vs 626,9 +
368 mesc/mV, P <,001), PWPT (65 + 12 vs 54 + 10 msn), P <,001) ve PWdisp (49 + 14,1'e
karsi 27,9 + 17 msn, P =,001) degerleri AF nikst (+) grubunda anlaml olarak daha ylksek
saptanirken, PWA (0,12 + 0,05 vs 0,18 + 0,02 mV, P <,001) degerinin daha dustk oldugu
bulundu. >830 msn/mV'lik bir PWDAR degeri, AF niksinl 6ngérmede %61,8 duyarliliga ve
%88,4 6zglllige sahip oldugu saptandi (AUC 0,727).

Sonug: P dalgasinin atriyumda zamansal ve elektriksel yayiuminin bir gdstergesi olarak kabul
edilebilecek P Dalga Suresi-Genlik Orani (PWDAR), AF nlkstinl 6ngoérebilir.

Anahtar Kelimeler: Atriyal fibrilasyon ablasyonu, niks, P dalga amplitddd, P dalga stresi
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Doddus et al. P Wave Duration-to-Amplitude Ratio for predicting recurrence of AF

Atrial fibrillation (AF) is the most common arrhythmia
observed in the clinical practice and is associated with an
increased risk of stroke, heart failure, and death." Atrial fibrillation
can be managed with pharmacotherapy, but percutaneous abla-
tion modalities are used in symptomatic patients who wish to
avoid, have not responded to, or cannot tolerate medical therapy.
Catheter-based pulmonary vein isolation (PVI) is a well estab-
lished, efective, and safe treatment option for drug-resistant AF
with a success rate of 50%-70%.2 However, there is still a risk of
recurrence for patients.® Identification of patient groups at higher
risk for developing recurrent AF can help in developing preventive
strategies and tailoring of rhythm control therapy post-ablation.

The comorbidities contributing the development of AF, such
as diabetes mellitus (DM), hypertension (HT), and cardiovas-
cular disease (CVD), promote atrial remodeling that results in
abnormal surface electrocardiogram (ECG) P wave indices such
as prolonged P wave durations and decreased P wave voltages.*®
Previous studies have demonstrated that abnormal P wave indi-
ces were associated with adverse atrial remodeling and predicted
AF recurrence after ablation.”-'° In the present study, we aimed
to evaluate the place of a novel index as we named P wave durat
ion-to-amplitude ratio (PWDAR) in predicting the recurrence
of AF.

Methods

Study Population

The patients who underwent PVI for symptomatic drug-resistant
AF between January 2016 and March 2018 were retrospectively
screened. After the exclusion criteria, 111 patients were included
in the study. Atrial fibrillation recurrence was defined as an epi-
sode lasting longer than 30 seconds. New-onset atrial tachycar-
dia and atrial flutter were also considered as recurrences. Atrial
fibrillation recurrences were evaluated after a 3-month blanking
period. Atrial fibrillation recurrence was observed in 25 of these
patients during the 27-month follow-up. Study population were
divided into 2 groups as follows: 25 patients with AF recurrence
[AF recurrence (+) group] and 86 patients without AF recurrence
[AF recurrence (=) groupl. Patients with the history of prior AF

ABBREVIATIONS

AF Atrial fibrillation

ASE American Society of Echocardiography
CAD Coronary artery disease

CRP C-reactive protein

CvD Cardiovascular disease

DM Diabetes Mellitus

ECG Electrocardiogram

EP Electrophysiology

HT Hypertension

IAB Interatrial block

LVEF Left ventricular ejection fraction
PWA P wave amplitude

PWD P wave duration

PWDAR P wave duration-to-amplitude ratio
PWDisp P wave dispersion

PWPT P wave peak time

PVI Pulmonary vein isolation

RF Radiofrequency

TSH Thyroid-stimulating hormone
WBC White blood cell
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ablation, acute cardiovascular or cerebrovascular events within
3 months, severe valvular heart diseases, history of valvular sur-
gery, cardiac pacemaker, left ventricular ejection fraction < 50%,
inflammatory and/or infectious diseases, malignancy, chronic
renal and hepatic insufficiency, uncontrolled hypertension, and
thyroid and parathyroid dysfunction were excluded from the
study. Dokuz Eyltl University Faculty of Medicine ethics commit-
tee approved the present study (decision number: 2021/13-27;
date: April 19, 2021). Our study was carried out in compliance
with the ethical guidelines of the Declaration of Helsinki.

Demographic characteristics, cardiovascular risk factors such as
HT, DM, and CAD, and laboratory results were obtained from
the medical records of the patients. Conventional transtho-
racic echocardiographic assessment of the patients before PVI
was recorded. Echocardiographic evaluations were performed
in accordance with the American Society of Echocardiography
(ASE) criteria from the parasternal long-axis, parasternal short-
axis, and apical 4 chamber sections in the left lateral position,
and subcostal section in the supine position with one-lead ECG
monitoring."

Atrial Fibrillation Ablation Procedures and Calculation of P
Wave Indices

For PVI, radiofrequency (RF) ablation with 3-dimensional (3D)
mapping or cryoballoon ablation was performed according to
operator preference. The patients underwent electrophysiologi-
cal study and ablation after 8 hours of fasting. A 3D electro-
anatomical mapping system (CARTO, Biosense Webster, Inc.
DiamondBar, Calif, USA) was used for RF ablation. Left PVs and
then right PVs were isolated with RF energy. After the lines
were formed, PVI was completed by showing the pulmonary
vein entry and exit blocks. Cryoballoon ablation was performed
using the Arctic Front™ Cardiac Cryoablation Catheter System
(Minneapolis, Medtronic, USA). A 28 mm second-generation
cryoballoon catheter (Arctic Front Advance, Medtronic Inc,
Minneapolis, Minn, USA) was used for ablation. It was started
with the lower left PV, followed by isolation of the upper left PV,
the lower right PV, and the upper right PV. The duration of each
freezing cycle was 240 seconds. Complete isolation was demon-
strated again with Achieve mapping catheter after PVI.

The P wave indices of the patients were calculated on both
standard surface 12-lead ECG and the electrophysiology (EP)
system: P wave indices'?t¢ and P wave indicest”. Then, the cor-
relation between these 2 measurement methods was examined.
Surface 12-lead standard ECGs were recorded for each patient
with a 25 mm/s paper speed at 10 mm/mV amplitude (Nihon
Kohden Cardiofax M ECG-1350). Electrocardiogram images
were amplified 8 times and P-wave duration was measured
blindly by using semiautomatic digital calipers in all 12 leads
to acquire the longest duration. All of the measurements
were repeated 3 times and average values were obtained. The
onset of the P-wave was the point of initial upward or down-
ward deflection from ECG baseline, and the P-wave endpoint
was determined as the point where the waveform returned
to baseline. The P wave indices® of the patients were calcu-
lated by precisely measuring the ECG traces recorded with the
CardioLab™ EP Recording System (GE Healthcare, USA) with
calipers when the patients were admitted to the EP laboratory
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for AF ablation. P wave duration (PWD) was calculated as the
difference between the onset and the offset of P wave and
was measured in lead Il. P wave amplitude (PWA) was mea-
sured from the peak of the P wave to the isoelectric line of the
T-P interval in lead Il. The PWD was measured when the ECG
trace in the EP system was 100 mm/s and filter was 150 Hz. P
wave amplitude was calculated by setting the amplitude in the
range of 0-0.5 mV. The PWDAR was calculated for all patients.
P wave dispersion (PWdisp) was quantified by the difference
between the longest PWD and the shortest PWD. P wave peak
time (PWPT) was described as the time from the beginning of
the P wave to its peak, and it was measured in lead II.

The P wave indices were evaluated by 2 independent blinded
investigators and Bland-Altman analyses were performed to
assess the inter- and intra-observer reproducibility of PWD
(3.2 ms and 2.8 ms, respectively), PWA (0.06 mV and 0.08 mV,
respectively), PWPT (1.9 ms and 2.2 ms, respectively), and
PWdisp (1.2 ms and 1.4 ms, respectively).

Statistical Analysis

Statistical Package for the Social Sciences 25.0 (IBM Corp.,
Armonk, NY, USA) program was used for variable analysis.
Normally distributed continuous data were expressed as mean
+ standard deviation. Continuous variables that are not normally
distributed were expressed as median, and categorical variables
were expressed as n and percentages. The normal distribution
of the data was evaluated by Kolmogorov-Smirnov test and
Shapiro-Wilk test and the variance homogeneity was evalu-
ated by the Levene test. Data with a normal distribution were
compared using Student's t-test and data with a non-normal
distribution were compared using the Mann-Whitney U test.
Pearson chi-square and Fisher's exact tests were tested using
exact results to compare categorical variables. Spearman’s cor-
relation coefficient was used to disclose possible correlations
between P wave indicest” and P wave indices'2-5¢, Receiver oper-
ating characteristics (ROC) curves were performed to determine
the cut-off values of PWDAR and PWPT to predict recurrence
of AF. Multivariate logistic regression analysis was performed to
identify the independent predictors of AF recurrence. Variables
were examined at 95% Cl. A P-value <.05 was considered as
statistically significant.

Results

A total of 111 patients were enrolled in the current study
[25 patients in AF recurrence (+) group and 86 patients in the
AF recurrence (=) group]. The baseline clinical characteris-
tics and laboratory results of the study population are shown
in Table 1. The mean age of the study population was 56.2 +
11.4 years, and 51% of the patients were female. Although the
number of patients with paroxysmal AF was high in both groups
(81.4% vs. 72%), there was no statistical difference (P =.226).
There was no significant difference between the groups in terms
of AF ablation procedure preference. The usage of amiodarone
was significantly higher in the AF recurrence (+) group than in
the AF recurrence (—) group (28% vs. 10.4%, P =.036). There
were not any significant differences between groups in terms
of age, gender, comorbidities (HT, DM, CAD), and laboratory
results (Table 1).
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Although the left atrium diameter was numerically larger in the
AF recurrence (+) group compared to the other group (49.6 +
5.2 mm vs. 44.7 + 5.4 mm), it did not reach statistical signifi-
cance (P =.088); other than this, there were no significant dif-
ferences between the 2 groups regarding the 2-dimensional
echocardiographic results (Table 2).

While PWD® (129 + 18.4 vs. 109 + 15.7 ms, P <.001),
PWDARF (1072.7 + 528.3 vs. 626.9 + 368 ms/mV, P <.001),
PWPT® (65 + 12 vs. 54 + 10 ms, P <.001), and PWdisp® (49 +
14.1vs. 27.9 + 17 ms, P =.001) values were significantly higher
in the AF recurrence (+) group, the PWAF (0.12 + 0.05 vs. 0.18
+ 0.02 mV, P <.001) value was found to be lower (Table 2;
Figure 1A, 1A).

It was examined whether there were any significant cor-
relations between P wave indices®™ and P wave indices'>,
Positive significant linear correlations were observed between

Table 1. The Baseline Clinical and Laboratory Characteristics

AF Recurrence  AF Recurrence

(=) Group (+) Group
(n=86) (n=25) P

Age, years 57.3+99 54.8 +13.3 .567
Female gender, n (%) 43 (50) 13 (52) 521
Paroxysmal AF, n (%) 70 (81.4) 18 (72) 226
RF ablation, n (%) 49 (57) 14 (56) .554
Hypertension, n (%) 43 (50) 11 (44) 199
Diabetes mellitus, 12 (14.6) 5(20) 514
n (%)

CAD, n (%) 13 (15.1) 4(16) 317
Fasting glucose 103.7 + 36.6 1125+284 192
(mg/dL)

Creatinine (mg/dL) 0.93 +£0.22 0.84 +0.19 362
Na (mmol/L) 140.2 + 3.4 1386+25  .853
K (mmol/L) 4.23 +0.49 4.13 + 0.65 273
AST (U/L) 24 (10 /95) 22 (8/74) 913
ALT (U/L) 22 (5/60) 18 (6 /83) 632
CRP (mg/dL) 3.14 +1.02 3.58 +0.94 562
TSH (muU/mL) 1.67 +£0.5 1.89 +£0.7 .061
WBC (K/uL) 7322 + 1975 7700 + 2269  .456
Neutrophil (K/uL) 4752 + 2064 5126 + 1984 272
Hemoglobin (g/dL) 13.7+1.5 13.3+ 2.1 411

Platelet (K/pL) 227000 + 65000 196000 + 68000 .173

ACE-I/ARB, n (%) 38 (44.1) 8(32) 154
Beta-blocker, n (%) 49 (56.9) 17 (68) 351
Amiodarone, n (%) 9(10.4) 7 (28) .036
Propafenone, n (%) 22 (25.5) 6 (24) 543

AF, atrial fibrillation; RF, radiofrequency; CAD, coronary artery disease;
CRP, C-reactive protein; TSH, thyroid-stimulating hormone; WBC, white
blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
blocker.
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Table 2. The Echocardiographic and Electrocardiographic
Results

Table 3. Correlations Between P Wave Indices®” and P Wave
Indices'?-E¢¢

AF Recurrence AF Recurrence
(=) Group (+) Group

PWDAR (ms/mV)2-Ec6

(n=86) (n=25) P r P
EP
LVEF (%) 58.1 + 4.2 564445 376 D WDAR(ms/mY) 0.794 <001
12-ECG
Left atrium 447 +54  496+52 088 PWPT (ms)
diameter (mm) r P
LVSWT (mm) 105+ 19 102 +2.3 751 PWPT (ms)*? 0.708 <.001
PWT (mm) 92+1.5 9.6+ 1.8 .952 PWdisp (ms)'2-Ece
LVEDD (mm) 49.5 + 4.2 529+ 3.8 128 r P
LVESD (mm) 342 +3.3 345+3.6 .644 PWdisp (ms)&® 0.675 .002
PWD (msec)® 109 + 15.7 129 + 184  <.001 Spearman'’s correlation coefficient
PWDAR, p wave duration-to-amplitude ratio; PWPT, p wave peak time;
PWdisp, p wave dispersion; & electrophysiology-based data; 2-¢¢ standard
PWD (msec)2-EcG 112 +18.5 125+ 17.6 .001 12-lead ECG-based data.
PWA (mV)® 0.18 + 0.02 0.12+0.05 <.001
PWA (mV)2-£c6 0.2 +0.05 0.15 + 0.05 013 the AF recurrence (AUC.. 9.727) (Figure 2A). A PWPTEP value of
- >62.5 ms has 60% sensitivity and 86.1% specificity for the pre-
PWDAR (msec/mV) 626.9 +368 1072.7+528.3 <001 giction of the AF recurrence (AUC, 0.671) (Figure 2A).
PWDAR 1266 610 +£345 10505 +540.5 .004
WDAR (msec/mV) 610 £ 345 050.5%540.5 .00 In multivariate logistic regression analysis; PWDAR® (P < .001,
PWPT (msec)® 5410 65+£12 <001  odds ratio (OR)=3.47, 95% Cl=1.15-5.64), PWDAR'-CG
PWPT (msec)'2-t 50+ 15 62 + 15 .001 (P=.001, OR=1.62, 95% C..=1.06-2.81), and PWPT®
PWisp (msec)® 279+ 17 49 + 14.1 001 FP=.018, OR=1.?1. 95% C.I.=1.02-1.75) were found to be
independent predictors of AF recurrence (Table 4).
PWdisp (msec)2-kc¢ 255+ 15 46 + 16 .012

AF, atrial fibrillation; LVEF, left ventricular ejection fraction; LVSWT, left ven-
tricular septal wall thickness; PWT, posterior wall thickness; LVEDD, left
ventricular end-diastolic diameter; LVESD, left ventricular end-systolic
diameter; PWD, p wave duration; PWA, p wave amplitude; PWDAR, p wave
duration-to-amplitude ratio; PWPT, p wave peak time; PWdisp, p wave dis-
persion; £ electrophysiology-based data; '2-5¢ standard 12-lead ECG-based
data.

the 2 measurement methods [r=0.794 for PWDAR (ms/mV)f®
and PWDAR (ms/mV)'2E%€, r=0.708 for PWPT (ms)¥® and
PWPT (ms)'2-¥¢¢, and r =0.675 for PWdisp (ms)® and PWdisp
(ms)'2-E¢¢] (Table 3).

Receiver operating characteristic analysis was performed to find
out the ideal PWDAR® and PWPT cut-off values for predict-
ing the AF recurrence. A PWDAR® value of >830 msec/mV has
61.8% sensitivity and 88.4% specificity for the prediction of

Discussion

The results of the present study demonstrated that the mean
PWDARE® value was significantly higher in the AF recurrence (+)
group compared to the AF recurrence (=) group, and a PWDAR®
value of >830 ms/mV has 61.8% sensitivity and 88.4% specific-
ity for the prediction of the AF recurrence. In multivariate logis-
tic regression analysis, PWDAR® was found to be independent
predictor of AF recurrence. As far as to our knowledge, this is
the first study demonstrating the predictive value of PWDAR for
recurrence of AF after PVI.

Multiple independent predictors of AF recurrences after AF
ablation have been identified, such as age, persistent AF,'2 HT,
HLP, left atrial diameter,”'* and atrial remodeling by delayed-
enhancement MRI,' but quantitative non-invasive markers are
still lacking. P wave indices obtained from ECG, which is one

0.00 mV

-—_ -E
=
—

Figure 1. PWD and PWA values calculated using the CardioLab™ Electrophysiology Recording System in patients without (A) and
with (B) AF recurrence. PWD, P wave duration; PWA, P wave amplitude.
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Figure 2. (A) PWDAR value of >830 ms/mV has 61.8% sensitivity and 88.4% specificity for the prediction of the AF recurrence
(AUC, 0.727). (B). A PWPT value of >62.5 ms has 60% sensitivity and 86.1% specificity for the prediction of the AF recurrence

(AUC, 0.671).

of the non-invasive tools, have been the focus of attention of
researchers for predicting AF recurrence.

P-wave morphology represents atrial electrical activation. This
activation depends on the distance and velocity of electrical cur-
rents on the myocardium. Atrial remodeling causes changes in
the conduction pathway on the myocardial tissue of the atrium;
these changes are divided into structural and electrical remodel-
ing and most commonly occurs together. From the surface ECG,
electrical and structural remodeling are seen as a prolonged PWD

Table 4. The Univariate and Multivariate Analysis for
Predicting AF Recurrence

Univariate Multivariate
Odss Ratio Odss Ratio
(95% Cl) P (95% Cl) P
Age 1.01(0.74-1.19) .084
Hypertension 0.98 (0.66-1.27) .105
Left atrium  1.13(0.82-1.33) .062
diameter
PWDARE? 2.08 (1.24-3.52) <.001 3.47 (1.15-5.64) <.001
PWDAR™€¢ 127 (1.04-1.68) .015 1.62(1.06-2.81) .001
PWPTE 1.19(0.87-1.35) .033 1.21(1.02-1.75) .018
PWPT'2E¢¢ 1,15 (0.79-1.23) .057
PWdisp®? 1.08 (0.76-1.21) .069
PWdisp™>t¢  0.99 (0.81-1.25) .095
CAD 0.83 (0.62-1.03) .276
RF ablation  0.79 (0.58-0.92) .565
Paroxysmal  0.87 (0.74-0.99) .106
AF

AF, atrial fibrillation; PWDAR, p wave duration-to-amplitude ratio; PWPT,
p wave peak time; PWdisp, p wave dispersion; & electrophysiology-based
data; "2t standard 12-lead ECG-based data; RF, radiofrequency.
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and PWPT, shortening of the refractory period with increased
PWdisp and reduction of PWA.

P wave duration, PWdisp, PWPT, and PWA are ECG indexes
related to P-wave, which may be linked to AF and its recurrence.
Among the abovementioned indexes, PWdisp and PWD reflect
discontinuous conduction and heterogeneity in the atrium.
Numerous clinical studies were published on PWdisp in various
fields. Related studies are available to show that PWdisp is one of
the most sensitive muscle-specific factors in ECG prediction of
AF,"® and PW(disp also has a potential value in recurrence after AF
ablation.” In our study, supporting the literature, PWdisp value
was found to be higher in the AF recurrence (+) group than in
the other group.

P wave peak time is an ECG parameter and represents the time for
the conduction of the electrical activity from the sinus node to
the maximal summation of positive deflection from both atria.’®
An increased PWPT has been shown as an independent predic-
tor for PAF and its recurrence after ablation,’ and also has been
associated with acute ischaemic stroke.?® In terms of predicting
AF ablation recurrence, in our study, we showed increased PWPT
values in the recurrence group.

In a recently published study, Karacop et al?' investigated the
role of P wave duration/P wave voltage, which is a novel index,
in predicting new-onset AF. They screened a total of 640
consecutive patients who admitted to cardiology outpatient
clinic with a complaint of palpitation. 24-hour Holter moni-
toring, echocardiography, and ECG recordings were reviewed
to identify new-onset AF. They demonstrated that P wave
duration/P wave voltage was found to be significant indepen-
dent predictor of new-onset AF in a multivariate analysis, after
adjusting for other risk parameters. This is a pioneering study
showing that the newly introduced P wave duration/P wave
voltage ratio among P wave indices has a high sensitiv-
ity in predicting an important public health problem such as
AF. In our study, we investigated this novel index, which we
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named PWDAR (P wave duration-to-amplitude ratio), to pre-
dict recurrence in AF patients who underwent PVI. We found
that a PWDARF value of >830 ms/mV has 61.8% sensitiv-
ity and 88.4% specificity for the prediction of the AF recur-
rence. Unlike their study, the P wave indices of the patients
were calculated on both the standard surface 12-lead ECG and
the EP system: P wave indices'2¥ and P wave indicest”. Then,
the correlation between these 2 measurement methods was
examined. Positive significant linear correlations were observed
between the 2 measurement methods. Also, in multivariate
logistic regression analysis, PWDARE? was found to be indepen-
dent predictor of AF recurrence.

Recently, the electrocardiographic risk score which is named
morphology-voltage-P-wave duration (MVP) score was reported
to be useful for predicting new-onset AF and recurrence of AF
ablation. Yang et al® retrospectively evaluated the score's ability
to predict arrhythmia recurrence after PVI procedure for PAF. The
MVP ECG risk score is calculated in each patient being assign-
ing 0-2 point for each of the following factors: PWD, IAB, and
P-wave amplitude. They demonstrated that a score cut-off
value of >3 showed the best predictive ability for AF recurrence
within 1 year after PVI, with sensitivity (53.03%) and specificity
(89.87%). However, although this ECG score is more easy-to-
measure than other clinical scores, its sensitivity in predicting
AF recurrence is relatively lower than in our study (53.03% vs.
61.8%).

Almost all of the mentioned P wave indices are based on mea-
surements made over the P wave duration. The relationship
between atrial remodeling and AF development/recurrence
is known by the prolongation of the P wave duration and the
changes in the calculated P wave indices. We think that with
the addition of the P wave amplitude, which is an indicator of
the electrical activity in the atrial tissue, in our study, this rela-
tionship is shown more comprehensively both structurally and
electrically. When the results of the current study were evalu-
ated, PWDAR, which reflects the duration and amplitude of the
P wave combined, was found to be more sensitive in predicting
AF recurrence compared to other P wave indices.

Our study has several limitations. It was a single-centered
study with a limited number of patients (111) and has a ret-
rospective design. Measurement of P wave indices with the
CardioLab™ Electrophysiology Recording System is not easily
accessible. Since the number of patients was small, AF sub-
types were not analyzed separately in our study. PWDAR was
not analyzed separately according to ablation techniques.
Larger multicenter prospective studies are needed to investi-
gate the effects of PWDAR in predicting AF recurrence and on
clinical outcomes.

Conclusion

As far as to our knowledge, this is the first study demonstrat-
ing the predictive value of PWDAR for recurrence of AF after
PVI. It may be considered PWDAR as an inclusive parameter
that evaluates both temporal and electrical propagation of the
P wave in the atria. This novel index may be used to give an
idea about structural and electrical atrial remodeling and the
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possibility of AF recurrence before the procedure in patients who
will undergo PVI.
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