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trophysiological studies.

better than P-wave parameters.

o Atrial fibrillation that occurs during electrophysiological studies is an indicator of electrical vulnerabil-

o We report a new predictor of atrial fibrillation within the second half of the P-wave.
o The new parameter, maximum Ppeak-Pend, is an independent predictor of atrial fibrillation in elec-

o Atrial conduction times predict the occurrence of atrial fibrillation during electrophysiological studies
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Abstract

Objective: Several P-wave parameters reflect atrial conduc-
tion characteristics and have been used to predict atrial fi-
brillation (AF). The aim of this study was to determine the
relationship between maximum P-wave duration (PMax)

and new P-wave parameters, with atrial conduction times
(CT), and to assess their predictive value of AF during elec-
trophysiological studies (AF-EPS). Subjects and Methods:
This was a cross-sectional study in 153 randomly selected
patients aged 18-70 years, undergoing EPS. The patients
were divided into 2 groups designated as no AF-EPS and AF-
EPS, depending on whether AF occurred during EPS or not.
Different P-wave parameters and atrial CT were compared
for both study groups. Subsequently, the predictive value of
the P-wave parameters and the atrial CT for AF-EPS was eval-
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uated. Results: The values of CT, PMax, and maximum Ppeak-
Pend interval (Pp-eMax) were significantly higher in patients
with AF-EPS. Almost all P-wave parameters were correlated
with the left CT. PMax, Pp-eMax, and CT were univariate and
multivariate predictors of AF-EPS. The largest ROC area was
presented by interatrial CT (0.852; p < 0.001; cutoff value:
>82.5 ms; sensitivity: 91.1%; specificity: 81.1%). Pp-eMax
showed greater sensitivity (79.5%) to discriminate AF-EPS
than PMax (72.7%), but the latter had better specificity
(60.4% vs. 41.5%). Conclusions: Left atrial CT were directly
and significantly correlated with PMax and almost all the pa-
rameters of the second half of the P-wave. CT, PMax, and Pp-
eMax (new parameter) were good predictors of AF-EPS, al-

though CT did more robustly. ©2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Various parameters derived from the P-wave have
been reported to predict atrial fibrillation (AF) [1-3] and
are therefore considered as “intermediate phenotypes” of
this arrhythmia [4]. Most researchers agree that these pa-
rameters reflect atrial conduction characteristics, one of
the most representative being the P-wave duration [5].
Some of these parameters have shown a direct correlation
with intra-atrial and interatrial conduction time or other
electrophysiological parameters reflecting conduction
disturbances [6-11].

Only a few studies have used electrophysiological
studies (EPS) to evaluate the degree of involvement of
atrial conduction in the genesis of the different P-wave
parameters [6]. It would be useful to know the ability to
predict AF based on different P-wave parameters in the
same study where direct measurements of atrial conduc-
tion are available. This would be particularly valuable if
this arrhythmia has not been clinically expressed and
there is only a state of increased electrical vulnerability.
The aim of this study was to determine the relationship
between the maximum P-wave duration and new param-
eters of the second half of the P-wave, with atrial conduc-
tion time, and to evaluate their value as predictors of AF
during EPS (AF-EPS).

Subjects and Methods

This was a cross-sectional study that included 153 patients aged
18-70 years. These patients were randomly selected from a study pop-
ulation consisting of 286 patients with a clinical history of palpitations
and a confirmed diagnosis of atrioventricular node re-entry tachycar-

Predictors of Atrial Fibrillation during
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dia (AVNRT) or accessory pathways, who underwent EPS and endo-
cardial mapping in the Cardiac Electrophysiology Lab of the Cardio-
vascular Hospital “Ernesto Guevara,” Santa Clara, Cuba, between
June 2017 and February 2020. Only patients without significant car-
diac anomalies and/or a previous history of AF were included.

The patients were divided into 2 groups designated as AF-EPS
and no AF-EPS, defined as patients who had AF and patients who
had no AF during EPS, respectively (for definition of “AF during
EPS,” see below). Different P-wave parameters derived from elec-
trocardiogram and atrial conduction times were compared in both
study groups. Subsequently, the correlation between P-wave pa-
rameters or atrial conduction times and AF-EPS was evaluated.

The EPS was performed after at least 6-8 h of fasting and with-
out antiarrhythmic medication, at least for 5 or more half-lives of
the drug. All subjects were assessed by transthoracic echocardiog-
raphy for exclusion of cardiac anomaly.

Exclusion Criteria

(1) More than 2 electrocardiographic leads that did not allow
measurement of the P-wave and/or any channel of the atrial intra-
cavity records with poor signal quality. (2) Permanent ventricular
pre-excitation (excluded because of the difficulty of measuring the
P-wave offset).

Study Variables

The following general variables were taken into account: age,
gender, arterial hypertension, diabetes mellitus, and the occur-
rence of AF-EPS. AF-EPS was considered to be present if parox-
ysms lasting >10 s (induced spontaneously or by catheter manipu-
lation) were documented. Stimulation techniques were not used
for its induction. In this study, the occurrence of AF-EPS was used
as an indicator of electrical atrial vulnerability.

P-Wave Parameters Studied

Maximum P-wave duration (PMax) is the longest P-wave du-
ration in any of the 12 leads of the electrocardiogram. Maximum
Ppeak-Pend interval (Pp-eMax) is the greatest value of the time
between the peak of the P-wave and its end, in any of the 12 leads
of the electrocardiogram (new P-wave parameter). Ppeak-Pend
dispersion (Pp-eDis) was determined by subtracting the lowest
Ppeak-Pend interval from Pp-eMax, taking into account the 12
leads of the electrocardiogram (new P-wave parameter).

Up to 3 consecutive P-waves were measured and averaged in
each of the 12 leads. Electrocardiographic records were obtained
at a calibration of 20 mm/mYV and a sweep speed of 50 mm/s. The
onset of the P-wave is defined as the point of first detectable up-
ward or downward slope from the isoelectric line for positive or
negative waveforms, respectively. Return to the isoelectric line is
considered as the end of the P-wave. If the start or end of the P-
wave was not clearly defined, that lead was excluded. All electro-
cardiographic measurements were expressed in milliseconds. In
leads with positive P-wave and without notches, the most promi-
nent elevation was considered as its peak (in case of notch, its deep-
est point was chosen as the equivalent of the peak), and in case of
negative P-wave, the nadir was taken. In the case of P-wave + as in
V1, the negative terminal portion was taken as its second half.

Electrophysiological Parameters Studied
P-proximal coronary sinus interval (P-PCS) was measured
from the onset of the P-wave to the onset of the earliest reproduc-
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Table 1. Baseline characteristics of all patients and stratified by arrhythmic substrates

All patients AVNRT Accessory pathways p value
(N=153) (N=83) (N=70)
Age, years 39.53+£14.36 43.40+13.83 34.94+13.70 0.001*
Male sex 58 (37.91) 22 (26.51) 36 (51.43) 0.002*
AF-EPS 45 (29.41) 17 (20.48) 28 (40.00) 0.026*
Hypertension 36 (23.53) 27 (32.53) 9 (12.86) 1.000
Diabetes mellitus 4(2.61) 3(3.61) 1(1.43) 0.146
Body weight, kg 69.39+10.01 68.49+9.62 70.50+10.44 0.146
Heart rate, bpm 82.05+20.50 82.55+21.80 81.41+18.86 0.737
Echocardiographic findings, mm
LA size 33.65+4.56 33.86+4.36 33.39+4.82 0.522
RA size 27.76£3.81 28.01£3.78 27.45£3.85 0.365

AF, atrial fibrillation; AF-EPS, atrial fibrillation in the electrophysiological study; AVNRT, atrioventricular
nodal re-entrant tachycardia; LA, left atrium; RA, right atrium. * Only significant variables were included in the

analysis.

ible rapid deflection of the atrial electrogram recorded from the
proximal poles of a decapolar catheter (BIOTRONIK) positioned
into the coronary sinus (most proximal record within the area of
the coronary sinus ostium). The exact position of the coronary si-
nus ostium was defined using its relationship with the HIS catheter
(defining the septum) and the presence of typical coronary sinus
records (interelectrode distance of the same pair, 5 mm; distance
between pairs, 10 mm). This parameter was accepted as a measure
of the intraright atrial conduction time from the sinus node to the
respective recording area.

P-distal coronary sinus interval (P-DCS) was measured from
the onset of the P-wave to the onset of earliest reproducible rapid
deflection of the atrial electrogram recorded from the distal poles
of a decapolar catheter (BIOTRONIK) positioned into the coro-
nary sinus around the left lateral portion of the mitral ring (inter-
electrode distance of the same pair, 5 mm; distance between pairs,
10 mm). This parameter was accepted as a measure of interatrial
conduction time.

Left intra-atrial conduction time (DCS-PCS) was calculated as
the difference of P-DCS — P-PCS. The measurements were per-
formed in sinus rhythm by an experienced electrophysiologist,
blinded to the data of each case and with the patient awake, with-
out the effect of anesthetics or isoprenaline, and before the appli-
cation of radiofrequency, on an EP TRACER multichannel poly-
graph (CardioTek, Maastricht, The Netherlands). Electrophysio-
logical measurements were made manually using electronic
calipers at a sweep speed of 300 mm/s and expressed in millisec-
onds. The catheter positions were monitored using biplane fluo-
roscopy with standard right anterior oblique and left anterior
oblique views.

The echocardiographic parameters studied included left atri-
um size (anteroposterior) and right atrium size (minor axis), mea-
sured according to current recommendations from the American
Society of Echocardiography and the European Association of
Cardiovascular Imaging [12]. The echocardiographic study was
performed prior to the EPS according to the protocol established
in the institution.
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Statistical Analyses

For all analyses, commercially available computer software
(SPSS Version 21.0, SPSS Inc., Chicago, IL, USA) was used. For the
comparison of quantitative variables with normal distribution, the
Student’s ¢ test was used, and for quantitative variables with non-
parametric distribution, the Mann-Whitney U test was used. The
normality test was performed for continuous data using a Kol-
mogorov-Smirnov test with Lilliefors correction. The comparison
of categorical variables was carried out using the x* test. Correla-
tions were performed by estimating Pearson’s correlation coeffi-
cient, while binary logistic regression was used for univariate and
multivariate analysis. The determination of sensitivity and speci-
ficity of the predictors derived from the logistic regression analysis
was carried out by calculating receiver operating characteristic
(ROC) curves. The cutoff points were determined by calculating
the Youden index. Values of p < 0.05 were set as the minimum
level of statistical significance throughout the study.

Results

Baseline Characteristics

Of the 153 cases studied, the majority presented
AVNRT and less than half had accessory pathways. The
group with accessory pathways was younger than that of
patients with re-entry of the atrioventricular node. Fe-
male sex and arterial hypertension were more frequently
observed in patients with AVNRT, while male sex and the
occurrence of AF-EPS predominated in cases with acces-
sory pathways. Diabetes mellitus had a low prevalence in
this sample and did not show differences between groups.
There were no significant differences in body weight,
heart rate, or atrial size when comparing both groups (Ta-
ble 1).

Carmona Puerta et al.



Table 2. P-wave parameters and atrial
conduction times according to the

All patients (n = 153)

occurrence or not of atrial fibrillation NOVAEIEES AF-EPS p value
during the electrophysiological study
PWP
PMax 116.16+£11.58 124.79+16.49 0.001
Pp-eMax 61.07+£10.44 65.64+11.22 0.020
Pp-eDis 29.94+10.57 33.94+14.53 0.105
CT
P-DCS 78.59+10.52 90.57+11.63 <0.001
P-PCS 54.74+9.27 65.57+15.03 <0.001
DCS-PCS 23.86+4.72 28.05+£11.09 <0.001

AF-EPS, atrial fibrillation in the electrophysiological study; CT, conduction times;
DCS-PCS, left intra-atrial conduction time; P-DCS, P-distal coronary sinus interval;
PMax, maximum P-wave duration; P-PCS, P-proximal coronary sinus interval; Pp-eDis,
Ppeak-Pend interval dispersion; Pp-eMax, maximum Ppeak-Pend interval; PWP, P-wave

parameters.
Table 3. Correlations between conduction ]
times and P-wave parameters according CT PWP All patients (N = 153)
to the occurrence or not of atrial . . no AF-EPS AF-EPS
fibrillation during the electrophysiological
study r p value R p value
P-DCS PMax 0.459 0.002 0.658 <0.001
Pp-eMax 0.568 <0.001 0.677 <0.001
Pp-eDis 0.398 <0.001 0.395 0.006
P-PCS PMax —-0.068 0.649 0.440 <0.001
Pp-eMax 0.141 0.361 0.252 0.009
Pp-eDis 0.064 0.670 0.089 0.363
DCS-PCS PMax 0.369 0.011 0.601 <0.001
Pp-eMax 0.589 <0.001 0.755 <0.001
Pp-eDis 0.337 0.021 0.681 <0.001

AF-EPS, atrial fibrillation in the electrophysiological study; DCS-PCS, left intra-atrial
conduction time; P-DCS, P-distal coronary sinus interval; PMax, maximum P-wave
duration; P-PCS, P-proximal coronary sinus interval; Pp-eDis, Ppeak-Pend interval
dispersion; Pp-eMax, maximum Ppeak-Pend interval.

Basic Comparisons

The 3 conduction times studied had a significantly
longer duration in the group with AF-EPS compared to
the group without AF-EPS. Of the P-wave parameters,
only PMax and Pp-eMax were significantly higher in the
AF-EPS group (Table 2).

Correlations

The 3 P-wave parameters were directly and signifi-
cantly correlated with the P-DCS interval in cases with
AF-EPS, and the same was observed in those without AF-
EPS. DCS-PCS correlated with all P-wave parameters.

Predictors of Atrial Fibrillation during
Electrophysiological Studies

The P-PCS interval was significantly correlated with
PMax and Pp-eMax but only in the AF-EPS group. In
general, the correlations were stronger in patients with
AF-EPS (Table 3).

Univariate and Multivariate Analysis

In univariate logistic regression analysis, all conduc-
tion times, as well as the P-wave parameters, PMax and
Pp-eMax, were significant predictors of AF-EPS (Ta-
ble 4). In multivariate logistic regression analysis, it was
observed that both PMax and Pp-eMax were independent
predictors of AF-EPS, after adjustment for age, hyperten-
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Fig. 1. ROC curves showing the relationship between sensitivity and specificity through all possible values of
atrial conduction times and P-wave parameters that define patients with atrial fibrillation in the electrophysio-
logical study. a Analysis for atrial conduction times and b analysis for P-wave parameters. ROC, receiver operat-
ing characteristic; AUC, area under the ROC curve; DCS-PCS, left intra-atrial conduction time; P-DCS, P-distal
coronary sinus interval; PMax, maximum P-wave duration; P-PCS, P-proximal coronary sinus interval; Pp-
eMax, maximum Ppeak-Pend interval.

Table 4. Results of the univariate and
multivariate binary logistic regression
analysis based on the prediction of atrial

Univariate analysis (N = 153)

Multivariate analysis* (N = 153)

fibrillation during the electrophysiological OR p value 95% CI OR pvalue  95% CI

study by atrial conduction times and

P-wave parameters DCS-PCS 1.088 0.004 1.028-1.151 1.092 0.006  1.025-1.163
P-DCS 1.101 <0.001 1.059-1.146 1.101 <0.001  1.059-1.144
P-PCS 1.090 <0.001 1.047-1.135 1.097 <0.001  1.053-1.144
PMax 1.048 0.001 1.020-1.078 1.055 0.001  1.024-1.088
Pp-eMax 1.039 0.021 1.006-1.074 1.046 0.012  1.013-1.079
Pp-eDis 1.028 0.063 0.998-1.058 1.006 0.072  0.976-1.036

CI, confidence interval; DCS-PCS, intra-left atrial conduction time; OR, odds ratio;
P-DCS, P-distal coronary sinus interval; PMax, maximum P-wave duration; P-PCS,
P-proximal coronary sinus interval; Pp-eDis, P peak-P end interval dispersion; Pp-eMax,
maximum P peak-P end interval duration. * Adjusted for age, hypertension, arrhythmic

diagnosis, and left and right atrial size.
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sion, arrhythmic diagnosis, and left and right atrial size
(Table 4). P-PCS, P-DCS, and DCS-PCS were also inde-
pendent predictors, after adjustment for the same vari-
ables (Table 4).

Discriminatory Ability of Atrial Conduction Times

and P-Wave Parameters for AF-EPS - ROC Curves

In general, the area under the ROC curve of the elec-
trophysiological parameters as a function of predicting
AF-EPS was significant for the 3 atrial conduction times
(DCS-PCS, P-DCS, and P-PCS) (Fig. 1a). The best sensi-
tivity and specificity values were obtained for P-DCS and
P-PCS (bottom, Fig. 1a). PMax and Pp-eMax showed sig-
nificant areas under the curve (Fig. 1b). Pp-eMax was a
more sensitive marker of AF-EPS than PMax but much
less specific (bottom, Fig. 1b).

Discussion

Our finding that patients with AF-EPS have longer
atrial conduction times can be explained by the role
played by fibrosis, anisotropy, and electrical remodeling
in conduction disturbances. The patients studied pre-
sented arrhythmic substrates that could also influence the
results. Deniz et al. [13] studied 86 cases with supraven-
tricular arrhythmias by EPS and in whom AF was in-
duced by rapid stimulation; they found that patients with
induced AF had higher values in interatrial conduction
time (67 + 15 ms vs. 55 + 14 ms; p < 0.001) and DCS-PCS
(27 £ 10 ms vs. 19 £ 8 ms; p < 0.001). In an electroana-
tomic mapping study that compared the right and left
atrial conduction velocityin patients with AFand AVNRT
(control group), a significant decrease in this was ob-
served in the group with AF, both in the right and left
atrium, with lower values in the latter [14]. Even in pa-
tients with persistent AF, the electromechanical delay is
greater than in patients with paroxysmal AF, which can
be explained by the more advanced degree of remodeling
in the former, highlighting the role that this plays in AF
[15].

The finding of direct and significant correlations be-
tween the parameters of the second half of the P-wave and
the electrophysiological parameters of atrial conduction
isanovel observation. Our finding suggests that measure-
ments of the second half of the P-wave from the surface
electrocardiogram could prove to be of value for predict-
ing clinical AF. Correlation was best for P-DCS and DCS-
PCS, supporting the hypothesis of our research, namely,
that these variables better characterize left atrial conduc-

Predictors of Atrial Fibrillation during
Electrophysiological Studies

tion. Similar correlations have been reported for PMax
and P-wave dispersion in other studies [16]. In a case-
control study, Liu et al. [6] found that PMax had a longer
duration in subjects with paroxysmal AF than in those
without. PMax also correlated with conduction altera-
tions during EPS. Ermis et al. [7] found that PMax sig-
nificantly correlated with intra- and interatrial conduc-
tion times in prehypertensive patients, also using the
same measurement method. In nondipper hypertensive
patients, longer atrial electromechanical delay times were
seen together with higher values of PMax, P-wave disper-
sion, and P-wave terminal force in lead V1, in addition to
lower values in the parameters of left atrial strain [11].

Several P-wave parameters on the surface electrocar-
diogram, particularly “interatrial block,” are good predic-
tors of AF [17, 18]. In elderly patients enrolled in the PRE-
DICTOR study, interatrial block strongly predicted AF
indicating more than triple the risk [19]. In a meta-anal-
ysis that included 18,204 patients, Tse et al. [20] showed
that interatrial blocks are significant predictors of both
new-onset AF and AF recurrence. Recently, the MVP
(morphology-voltage-P-wave duration) score was pub-
lished, for the prediction of new-onset AF [21]. Using the
MVP risk score, the patients were classified as low, inter-
mediate, and high risk. In these last 2 groups, the appear-
ance of AF was more likely (odds ratio: 2.4; 95% CI: 1.3-
4.4; p = 0.006, and odds ratio: 2.1; 95% CI: 1.4-3.27; p =
0.009, respectively). Other important P-wave parameters
in the prediction of AF are P-wave axis, P-wave duration
(maximum, minimum, and mean), P-wave area, P-wave
terminal force in lead V1, signal-averaged P-wave dura-
tion, and P-wave dispersion [22].

P-wave duration is also a recognized predictor of AF.
The fibrotic and fatty changes in the atria that disrupt the
electrical flow and result in prolonged P-wave duration
also facilitate AF [23]. The cutoff value reported in this
investigation for PMax is close to 120 ms, which is the
cutoff point used to diagnose partial interatrial block. The
novelty would be its predictive capacity when there is still
no clinical evidence of AF, since AF-EPS should be inter-
preted as an indicator of increased electrical vulnerability.
P-wave duration is a reflection of the time required for
right and left atrial depolarization [22]. This became evi-
dent from its good correlation with P-DCS, which reflects
total atrial conduction time. There is evidence that mea-
surement of these intervals can reveal atrial conduction
defects even in the absence of P-wave prolongation [24],
making them very sensitive predictors. Therefore, the re-
sult of a lower discriminative capacity of the P-wave pa-
rameters with respect to conduction times is expected.
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The P-wave is produced by the interaction of electrophys-
iological, vectorial, geometric, and body surface factors
that must be taken into account in its interpretation.

The higher prevalence of AVNRT in women has been
previously reported, while male gender, younger age, and
occurrence of AF are more prevalent in patients with ac-
cessory pathways [25, 26]. To the best of our knowledge,
except for the study by Morris [27], no other studies have
evaluated the parameters of the second half of the P-wave
and their value in predicting AF. Of the 2 new parameters
initially proposed (Pp-eMax and Pp-eDis), only Pp-eMax
showed discriminative capacity to identify cases with AF,
slightly surpassing the sensitivity of PMax, albeit with less
specificity. The good correlation observed between DCS-
PCS and Pp-eMax indicates that this P-wave parameter
characterizes the left intra-atrial conduction time well.
Other predictors such as interatrial blocks have shown a
more robust predictive capacity than those reported here.
However, they have always been studied in patients who
clinically manifest AF; in addition, the advanced form of
these blocks that has been most favored by research is not
frequently observed.

Limitations of our study include the noninclusion of
cases with a previous history of AF and the small sample
size. In addition, most patients had AVNRT which can
limit the generalization of our findings. In the present
study, the analyzed P-wave parameters were able to pre-
dict AF-EPS, which undoubtedly suggests that they could
represent powerful markers of increased risk for clinical
AF. Our greatest contribution lies in relating the findings
in the P-wave parameters with those that invasively assess
atrial conduction and the proposal of a new electrocar-
diographic predictor.
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