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INTERATRIAL BLOCK AND ABNORMAL P-WAVE ELECTROCARDIOGRAPHIC PARAMETERS AS 
NON-INVASIVE PREDICTORS OF ATRIAL FIBRILLATION

T.G.Vaikhanskaya, T.M.Kaptiukh, I.D.Kozlov, A.V.Frolov
State Institution «Republican Scientific and Practical Centre «Cardiology»», Belarus,  

Minsk, 110b Rose Luxembоurg str. 

Aim. To identify noninvasive markers of atrial electrical dysfunction and risk of nonvalvular atrial fibrillation (AF) 
and to develop a predictive mathematical model to estimate the AF risk based on electrocardiographic (ECG) P-wave 
parameters during sinus rhythm. 

Methods. The study included 211 patients with cardiovascular pathology (aged median 62 [52; 71] years, 67.8% 
male, NYHA heart failure class I-III). All patients (follow-up median 45 [26; 67] months) underwent a complex of studi
es: 12-lead ECG, echocardiography, 24-hour ECG monitoring. Based on surface ECG data during sinus rhythm, parame
ters of atrial electrical activation were assessed such as Morphology, Voltage and P waves duration (MVP) according to 
integral analysis by MVP score.

Results. During 3.7-year period, 44 (20.8%) patients experienced new-onset sustained AF and 12 (5.69%) patients 
developed ischemic stroke. As a result of ROC analysis and univariate Cox regression, independent predictors of AF 
were identified: P-wave prolongation in the DII lead, 3rd degree or advanced interatrial block (aIAB), an increase P-wave 
terminal force in lead V1 (PTFV1), low-voltage P-wave in the DI lead and сalculated level of abnormal P-wave ≥3 points 
on the MVP score. Data from multivariate Cox proportional hazards regression analysis confirmed the prognostic signifi
cance for three independent predictors of AF: aIAB (hazard ratio (HR) 5.92; 95% confidence interval (CI) [2.48-4.12]; 
p=0.0001); PTFV1 (HR 1.14; 95% CI [1.04-1.24], p=0.003); low-voltage P-wave in lead DI <0.1 mV (HR 1.03; 95% 
CI [1.02-1.05]; p=0.0001); and as a result a mathematical model was created to predict AF risk (-2LL =258; χ2 =105; 
p=0.0001). Predictors such as PTFV1 (HR 1.41; 95% CI [1.17-1.72], p=0.0001) and MVP score of abnormal P-waves (HR 
1.85; 95% CI [1.27-1.72] 2.70], p=0.001) were associated with a high risk of stroke according to Cox regression model 
(-2LL= 62.5; χ2=38.4; p <0.001).

Conclusion. Complex of ECG markers of atrial electrical dysfunction such as aIAB, PTFV1, level MVP score of 
abnormal P-wave and low P-wave voltage allows identifying patients at high risk of AF and ischemic stroke.
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Atrial fibrillation (AF) is the most common cardiac 
tachyarrhythmia in the general population (1–2%), the in-
cidence of AF increases with age and reaches 6% in peo-
ple over 65 years of age. AF is associated with the most 
common diseases - coronary artery disease (CAD), arte-
rial hypertension (AH), endocrinological diseases, valvu-
lar diseases, and heart failure (HF) [1, 2]. In patients with 
CAD (depending on the type and degree of damage to the 
coronary arteries), the prevalence of AF ranges from 4.1% 
to 58%, and the frequency of CAD approaching 65% for 
individuals with AF. The addition of AF causes exacerba-
tion of symptoms of coronary heart disease and HF, wors-
ens the clinical course, and increases the risk of serious 
complications - systemic thromboembolism, stroke and 
cognitive impairment [1-3]. 

AF is associated with atrial disease, an atriomyop-
athy characterized by structural and electromechanical 
changes [3-6]. As a rule, these changes in the atria precede 
the onset of AF and can be detected by assessing atrial ac-
tivation both during endocardial mapping and surface elec-
trocardiography (ECG) [7]. P wave parameters on the ECG 
are reflected the electrical activation of the atria depending 
on the atrial structure, dimension and electromechanical 
function, and therefore a number of P wave indicators have 
been actively studied over the last 10 years as predictors of 
the occurrence of AF [8-14]. As an example, the authors M. 
Rasmussen et al. (2020) showed that P wave duration >120 
ms, an increase Р wave terminal force in V1 (PTFV1) and 
a deviation of the electrical axis of the P wave to the right 
were associated with age-dependent manifestation of AF 
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[14]. Some epidemiological studies have demonstrated the 
prognostic significance of P wave prolongation and partial 
and advanced interatrial block as independent predictors of 
AF [14-18]. 

Interatrial block (IAB) is one of the most studied 
ECG phenomena reflecting a conduction delay between 
the right and left atrium through the Bachmann bundle 
[18,19]. Atrial abnormalities, such as atrial fibrosis and left 
atrial (LA) dilatation, lead to abnormal electrophysiology 
and electrical atrial remodeling with slowing of impulse 
conduction and these are the electro-anatomical substrate 
for the occurrence of atrial arrhythmias [17–20]. Structural 
changes around the Bachmann bundle cause longitudinal 
dissociation in neighboring muscle fibers and contribute to 
the formation of the re-entry mechanism for the occurrence 
of AF. The relationship between IAB and AF was con-

firmed in numerous studies [13–19]. Experts in the field 
of electrophysiology, associates of the famous Spanish sci-
entist A. Bayes de Luna, who first presented this phenom-
enon, proposed a new term in 2015 - “Bayes syndrome” as 
a separate clinical syndrome which is characterized by a 
combination of 3rd degree IAB and supraventricular tach-
yarrhythmias, the most common of which is AF [15, 19-
21]. So already in 2018, the results of a meta-analysis were 
published (16 studies with long-term follow-up of 17.865 
patients), which demonstrated a strict relationship between 
IAB and AF. The authors found that the presence of ad-
vanced IAB doubles the risk of AF [22]. 

Advanced IAB (further in the text a-IAB or third de-
gree) is characterized by retrograde depolarization in the 
left atrium, which is reflected on the ECG by expansion of 
the P wave (>120 ms) and biphasic morphology of the P 

wave in the three inferior ECG 
leads (II, III, aVF). Partial IAB 
(further in the text p-IAB or first 
degree) appears on the surface 
ECG as an extended positive 
(mono- or isophasic) P wave 
lasting ≥120 ms [23].

However, studies of the 
relationship between AF and P 
wave parameters are limited by 
certain methodological factors: 
retrospective analysis, subjec-
tivity in assessing the duration 
and morphology of the P wave 
in the absence of unified auto-
matic algorithms for analyzing 
P waves, and underestimation of 
the real prevalence of AF due to 
underdiagnosis of asymptomatic 
and subclinical variants of AF 
[7-11].

Тo assess asymptomatic 
episodes of AF in a study by F. 
Kreimer et al. (2021) were ex-
amined data from 366 patients 
with implanted loop recorder. 
An analysis of independent fac-
tors found that advanced IAB 
and abnormal terminal force P 
wave in lead V1 were associated 
with a 5-fold increase in the risk 
of AF [24].

Thus, intention to investi-
gate was to examine the associa-
tion of abnormal P wave parame-
ters with occurrence of AF in the 
analyzed cohort of the patients 
with cardiovascular pathology, 
including those with implanted 
electronic devices (IEDs).

The research aim was to 
study electrical atrial dysfunc-
tion and the prevalence of IAB 
in patients with cardiovascular 
diseases (CAD, hypertension, 

Parameter Patients (n=211)
Age, years 62 [52; 71]
Male, n (%) 143 (67.8)
Body weight, kg 72 [64; 85]
Body mass index, kg/m2 28 [27; 30]
Diabetes mellitus, n (%) 66 (31.3)
Hypertension, n (%) 118 (55.9)
Chronic obstructive pulmonary disease, n (%) 23 (10.9)
Coronary artery disease, n (%) 121 (57.3)
Hypertrophic non-obstructive cardiomyopathy, n (%) 10 (4.74)
Dilated / restrictive cardiomyopathy, n (%) 7/3 (3.32/1.42)
NYHA III FC heart failure, n (%) 46 (21.8)
Interatrial block (1–3 degrees), n (%) 65 (30.8)
P wave duration in lead II of the ECG, ms 112 [107; 122]
Advanced interatrial block (3rd degree), n (%) 42 (19.9)
P wave amplitude in lead I of the ECG, mV 0.12 [0.10; 0.14]
PR interval duration in lead II of the ECG, ms 176 [156; 200] 
P wave amplitude of the negative phase in lead II ECG, mV 0.12 [0.01; 0.17]
P wave amplitude of the positive phase in lead II ECG, mV 0.23 [0.15; 0.28]
P wave amplitude of the negative final phase in lead V1, mV 0.06 [0.01; 0.10]
P wave in duration of the negative phase in lead V1, ms 48 [0.01; 64]
Р wave terminal force in lead V1 (PTFV1), ms × mV 3.22 [0.01; 6.43]
P wave evaluation scale  (MVP), points   1 [0; 3]
Left ventricular ejection fraction, % 62 [55; 64]
Left atrial diameter (anterior-posterior dimension), mm 40 [36; 44]
HATCH score, points 1 [0; 3]
CHA2DS2-VASc score, points 2 [1; 3]
Score HASBLED, points 2 [1; 2]
Implanted electronic devices, n (%) 37 (17.5)
Follow-up, months 45 [26; 67]

Table 1. 
Clinical characteristics of 211 patients included in the study (ME [LQ; UQ])

Note: HATCH, scoring scale for predicting AF progression: hypertension (1 
point), age ≥75 years (1 point), TIA/stroke (1 point), COPD (1 point), HF (2 
points); CHA2DS2-VASc, thromboembolic risk assessment score; HASBLED, 
bleeding risk score.
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cardiomyopathy), evaluate non-invasive ECG predictors 
of the risk of non-valvular AF and create a mathematical 
model for AF predicting.

METHODS

The study included 211 patients with sinus rhythm 
and stable cardiovascular disease (CAD, hypertension, car-
diomyopathy). Symptoms of HF class II (n=102) and class 
III (n=46) according to NYHA were detected in 70.1% 
of the cohort. Electronic pacemakers were implanted in 
37 patients (15 dual-chamber DDD and 22 CRT-P devic-
es for resynchronization therapy). Clinical characteristic 
of the total cohort is presented in Table 1. The follow-up 
period was median 45 [26; 67] months. When forming a 
prospective single-center sample representing a “popula-
tion cross-section” of the most common cardiovascular 
diseases in people aged ≥50 years, the following criteria 
for inclusion in the study were used: written informed con-
sent for research; sinus rhythm at the time of inclusion in 
the study; normal left ventricular ejection fraction (LVEF) 
or moderate reduced LVEF (≥39%); no previous ablation 
procedure or valve correction. The criteria for exclusion 
from studies were the following: a history of stroke, myo-
cardial infarction or coronary artery bypass grafting less 
than 6 months ago, dementia, primary valvular or congen-
ital heart disease, end-stage heart failure, history of AF or 
catheter treatment for arrhythmia, poor quality ECG inac-
cessible for precision measurement of the P wave.

The baseline indices of digital ECG-12 (P ampli-
tude and duration, P wave morphology and PR interval) 
and echocardiography (Echo) parameters analyzed. Car-

diac magnetic resonance imaging (MRI) performed in 
183 patients and the late gadolinium enhancement (LGE) 
pattern adopted as a criterion for myocardial fibrosis. The 
amplitude-time parameters of the P wave assessed using 
a 12-channel digital computer system “Intecard-8” (Belar-
us) according to automatic ECG analysis algorithms. Ad-
ditional manual correction of P wave marks on the ECG 
in patients with IEDs was performed by two independent 
blinded specialists using a zoomed-in scale of ECG com-
plexes and a precision electronic caliper.

The MVP score used for analyzing P wave param-
eters for an integral assessment of the atrial activity sig-
nal on the surface ECG [10], the predictive value of the 
MVP score has been previously confirmed in several trials 
studying various population groups [25, 26]. The MVP 
score (assessment of the Morphology, Voltage and P wave 
duration) allows to identify a complex of abnormal P wave 
indices reflecting the degree of atrial electrical remodeling 
and IAB in points:
•	 Morphology in the inferior leads (II, III, aVF) scoring 
with a monophasic P wave <120 ms – 0 points, with a 
monophasic P wave ≥120 ms – 1 point, with a biphasic P 
wave ≥120 ms – 2 points;
•	 Voltage (amplitude) in lead I (for P >0.20 mV – 0 points; 
for P in the range of 0.10–0.20 mV – 1 point, for P <0.10 
mV – 2 points);
•	 P wave duration (for P <120 ms – 0 points, for P wave 
duration in the range of 120–140 ms – 1 point, for P >140 
ms – 2 points).

ECG classification criteria were used [27, 28] to as-
sess the degree of IAB, classification is presented in Ta-

Classification of 
IAB

Degree 
and type Pathophysiology ECG signs

Partial IAB First
Deceleration of impulse 
transmission through a 

Bachmann bundle  

P wave ≥ 120 ms, P wave is monophasic in inferior 
leads (II, III, aVF)

Intermittent IAB Second
Transient block of 
impulses along the 
Bachmann bundle

Alternation of a monophasic P wave ≥120 ms in lead 
(II, III or aVF) with biphasic (+/−) extended P wave 

in the same lead

Advanced IAB Third

Complete permanent block 
of electrical impulses along 
the Bachmann bundle with 
retrograde activation of the 

left atrium (the impulse 
spreads downwards to the 
atrioventricular node and 
the mouth of the coronary 
sinus, and then up in the 
caudal-cranial direction)

P wave is prolongated ≥120 ms with biphasic (+/−) 
morphology in all inferior leads (II, III and aVF)

Atypical advanced 
IAB

Type I
P ≥120 ms, P wave in leads III and aVF  biphasic 

(+/−), the terminal component of the P wave in lead 
II is isoelectric

Type II
P ≥120 ms, P wave is biphasic in leads III and aVF, 

the second part of P wave in lead II is biphasic (+/−), 
therefore, the P wave is triphasic (+ /−/ +) 

Type III
P ≥120 ms, P wave morphology in leads III and aVF 
is completely negative, but started being isodiphasic, 

and the P wave in lead II is biphasic (+/−) 

 Type IV P ≥120 ms with 3-phase morphology in leads II, III 
and aVF

Type V* P <120 ms with typical 2-phase morphology (+/-) in 
all inferior leads (II, III, aVF)

Table 2. 
Classification and criteria for interatrial block (IAB)

Note: * - with normal P wave duration



ORIGINAL ARTIСLES 	 27

JOURNAL OF ARRHYTHMOLOGY, № 2 (116), 2024

ble 2. To differentiate advanced IAB from an atrial ectopic 
rhythm arising at the level of the crista terminalis, a scru-
pulously examination of the inferiolateral ECG leads (V5 
and V6) was carried for the presence of a positive P wave 
(a criterion that helps distinguish IAB from ectopic nodal 
and atrial rhythms). Arrhythmic events assessed over time 
(twice a year) using surface ECG-12, Holter monitoring 
(HM) and the pacemaker interrogation procedure (request 

for specified parameters and statistical data on hardware 
detection of arrhythmic episodes recorded by the patient’s 
implanted device).

The primary endpoint was the first episode of par-
oxysmal or persistent AF. The end point (ICD-10 diag-
nosis code 148) was considered achieved if AF (parox-
ysmal, persistent and permanent forms) or persistent 
atrial flutter (AFt) was detected according to ECG and/

or HM, with pacemaker inter-
rogation, or with a document-
ed history of AF. Depending 
on the presence or absence of 
AF/AFt episodes during the 
follow-up period, the analyzed 
total cohort was divided into 2 
groups: 1) a group without AF 
events with sinus rhythm (SR, 
n=167, including 23 patients 
with pacemaker) and a group 
with registered episodes of AF/
AFt during the observation pe-
riod (AF, n=44; including 14 
patients with pacemaker).

SR group 
(n=167)

AF group ФП 
(n=44)

р

Age, years (M±sd) 58.9±14.1 65.3±12.6 0.006
Male, n (%) 117 (70.1) 26 (59.1) 0.166
Hypertension, n (%) 89 (53.3) 29 (65.9) 0.134
Diabetes mellitus, n (%) 49 (29.3) 17 (38.6) 0.237
Dyslipidemia, n (%) 78 (46.7) 16 (36.4) 0.292
Smoking status, n (%) 35 (20.9) 9 (20.4) 0.858
Chronic obstructive pulmonary disease, n (%) 8 (4.8) 15 (34.1) <0.0001
Echocardiographic parameter 
Left ventricular ejection fraction, % 59.1±9.48 55.9±10.7 0.079
Left atrium volume indexed, ml/m2 (Me [LQ; UQ]) 32 [29; 35] 39 [35; 43] 0.006
Left atrium anterior-posterior dimension, mm (M±sd) 39.3±5.16 44.1±6.75 0.011
Electrocardiographic parameter 
P wave duration in lead II, ms (M±sd)  110±9.20 137±23.5 <0.001
Duration of the negative phase of the P wave in lead II, ms (Me [LQ; UQ]) 44 [40; 50] 68 [65; 117] 0.001
Duration of the positive phase of the P wave in lead II, ms (Me [LQ; UQ]) 39 [33; 52] 38 [30; 49] 0.575
Duration of the negative phase of the P wave in lead V1, ms (M±sd) 33.9±30.5 58.4±31.7 <0.001
P terminal force of negative phase in lead V1 (PTFV1), mV˟ms (Me [LQ; UQ]) 3.23 [0; 4.45] 5.87 [3.9; 9.98] 0.004
P wave amplitude in lead I, mV (M±sd) 0.14±0.03 0.06±0.03 <0.001
P wave amplitude in lead II, mV (M±sd) 0.24±0.08 0.14±0.04 <0.001
PR interval, ms (M±sd) 176±35.0 203±38.2 <0.001
Partial interatrial block, n (%) 6 (3.59) 17 (38.6) <0.001
Advanced interatrial block, n (%) 5 (2.99) 37 (84.1) <0.001
HATCH score, points (Me [LQ; UQ]) 1.25 [0; 2.5] 2.5[1.5; 4] 0.001
Score CHA2DS2-VASc, points (Me [LQ; UQ]) 2 [0.5; 3.25] 3.5 [1.25; 5.25] 0.013
Score MVP, points (Me [LQ; UQ]) 0.46 [0; 1.25] 4.5 [3.5; 6] <0.001

Table 3. 
Comparative characteristics of patients depending on achievement of the end point (AF)

Note here and below: AF, atrial fibrillation, SR, sinus rhythm

Fig. 1. Variants of abnormal interatrial conduction in patients of the analyzed 
cohort.
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Statistical analysis
Statistical data processing was carried out using the 

IBM SPSS-23.0 program; the critical value of the level of 
statistical significance when testing null hypotheses was 
taken equal to 0.05. Quantitative characteristics that do not 
correspond to the law of normal distribution are presented 
as median, lower and upper quartiles (Me [LQ; UQ]). For 
categorical variables, the absolute values (n) of symptom 
manifestation and the frequency of symptom manifestation 
as a percentage (%) were calculated. Statistical processing 
was carried out using the Mann-Whitney test for quantita-
tive indicators, for qualitative indicators - the χ2 test with 
Yates correction. Differences between study groups were 
tested using the median test. Determining the cut-off point 
corresponding to the optimal predictor value for predict-
ing AF, as well as determining the quality of regression 
risk models, was carried out using ROC analysis with the 
construction of ROC curves and assessment of their oper-
ational characteristics. Hazard ratio (HR) parameters were 
calculated using Cox proportional hazards regression mod-
el (univariate and multivariate Cox regression).

The study was approved by 
the local ethics committee and 
was carried out in accordance 
with the standards of Good Clin-
ical Practice and the principles 
of the Declaration of Helsinki. 
Before inclusion in the study, 
written informed consent was 
obtained from all participants. 

RESULTS

Initially during the study 
intact atrial conduction was re-
vealed in 146 (69.2%) patients 
(if P wave duration <120 ms), 
and IAB was detected in 65 
patients (30.8%), including ad-
vanced IAB was recorded in 
42 (19.9%) cases. An atypical 
variant of third degree IAB was 
identified in 23 (54.8%) of 42 
individuals with advanced IAB. 
The 2nd degree of IAB was re-
corded in one case. In patients 
with implanted pacemaker de-
vices, IAB was detected in 16 
(43.2%) of 37 patients in native 
sinus rhythm (in 32.4% - partial 
IAB, in 10.8% - advanced IAB). 
Variants of interatrial conduc-
tion disturbances are presented 
in Figure 1.

Episodes of paroxysmal or 
persistent AF (new onset events) 
were registered in 44 individ-
uals during the analyzed peri-
od; in patients with implanted 
pacemakers, asymptomatic AF 
was recorded in 8 (57.1%) of 14 
patients with paroxysms of sus-

tained AF. When comparing the initial ECG data, it was 
found that AF events were significantly more often ob-
served in patients with an extended P wave ≥120 ms (88.6% 
vs 15.6%; criterion ꭔ2=87.2; p <0.0001), in patients with 
symptomatic HF (III FC vs I-II FC according to NYHA: 
38.6% vs 17.4%; ꭔ2=9.24; p=0.002) and in persons with 
chronic obstructive pulmonary disease (COPD): (34.1% 
vs 4 .8%; ꭔ2=30.8; p=0.0001). Descriptive characteristics 
of patients depending on achievement of the primary end 
point (AF) are presented in Table 3.

Thus, as a result of comparison of clinical data and 
markers of electrical atrial dysfunction (abnormal P wave 
parameters) it was found that patients with newly diagnosed, 
incl. persistent or asymptomatic AF had baseline more pro-
nounced prolongation of the P wave in the II ECG lead (p 
< 0.001) and a higher initial level of MVP and HATCH 
scores (HATCH score is risk prediction scale of AF progres-
sion). Prolongation of the PR interval and increase of the 
left atrium diameter were also more common for the group 
of patients with documented AF (p <0.05). In the group of 
patients with AF events a higher prevalence of advanced 

SR group 
(n=167)

AF group 
(n=44) ꭓ2 р

Gender (female – 1, male – 
2), n (%)

1 50 (29.9) 18 (40.9)
1.92 0.166

2 117 (70.1) 26 (59.1)
Myocardial fibrosis* LV/LA, 
n (%)

no 119 (85.6) 22 (50.0)
24.0 0.0001

yes 20 (14.4) 22 (50.0)

HF (NYHA ≥III FC), n (%)
no 138 (82.6) 27 (61.4)

9.24 0.002
yes 29 (17.4) 17 (38.6)

Chronic obstructive 
pulmonary disease, n (%) 

no 159 (95.2) 29 (65.9)
30.8 0.0001

yes 8 (4.8) 15 (34.1)

Diabetes mellitus, n (%) 
no 118 (70.7) 27 (61.4)

1.40 0.237
yes 49 (29.3) 17 (38.6)

P wave duration more than 
130 ms, n (%)  

no 167 (100) 20 (45.5)
102.8 0.0001

yes 0 24 (54.5)
 P wave duration more than 
150 ms, n (%)

no 167 (100) 35 (79.5)
35.7 0.0001

yes 0 9 (20.5)

MVP score ≥3 points, n (%)  
no 166 (99.4) 6 (4.2)

170 0.0001
yes 1 (0.6) 38 (86.4)

Interatrial block (1–3 
degrees), n (%)

no 141 (84.4) 5 (13.6)
87.2 0.0001

yes 26 (15.6) 39 (88.6)
Interatrial block third degree 
(advanced), n (%)

no 162 (97.0) 7 (15.9)
144 0.0001

yes 5 (3.0) 37 (84.1)

Death, n (%)
no 166 (99.4) 37 (84.1)

22.4 0.0001
yes 1 (0.6) 7 (15.9)

Stroke, n (%)
no 166 (99.4) 33 (75.0)

38.7 0.0001
yes 1 (0.6) 11 (25.0)

Note: criteria adjusted for all pairwise comparisons using Bonferroni correction;  
* - marker of myocardial fibrosis LGE (late gadolinium enhancement) in the left 
atrium or/and left ventricle was determined during magnetic resonance imaging for 
183 out of 211 patients; HF, heart failure.

Table 4. 
Comparison of categorical parameters in patients with SR and AF events
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IAB was observed (Chi-square test with Yates correction 
ꭔ2=144; p <0.001), MRI signs of myocardial fibrosis of the 
LV/LA (LGE: ꭓ2=24.7; p <0.001) and cardioembolic stroke 
(ꭓ2=38.7; p <0.001). Data from the categorical analysis of 
the compared groups are presented in Table 4.

To select independent variables suitable for con-
structing a prognostic regression model, ROC analysis 

was performed using multiple parameters with a signifi-
cance level of differences p ≤0.001, determined as a result 
of comparison of two groups by Mann-Whitney-Wilcox-
on or Pearson χ2 tests. The maximum level of sensitivity, 
specificity and significance was determined for the MVP 
scale (AUC 0.908: 95% CI 0.895–0.989; p = 0.0001; cut-
off point - 3 points; sensitivity 92%, specificity 89%). 
Prognostically significant P wave prolongation in the II 
lead ECG was ≥130 ms (AUC 0.878: 95% CI 0.777–
0.979; sensitivity 82%, specificity 90%; p=0.0001). 
Highly significant predictors of AF were identified: low P 
wave voltage in lead I of the ECG (AUC 0.987: 95% CI 
0.975–0.999; cut-off point <0.1 mV; p=0.001; sensitivity 
92%, specificity 86%) and abnormal PTFV1 - increased 
Р wave terminal force in lead V1 (AUC 0.873; 95% CI 
0.771‒0.976; cut-off point >4.75 mV˟ms; p=0.001). The 
asymptotic significance and informative value of the mor-
pho-structural independent risk factors for AF – LV fibro-
sis (AUC 0.697; 95% CI 0.597‒0.796: p=0.001) and LA 
diameter (AUC 0.696; 95% CI 0.594‒0.798: p=0.001) 

were comparatively less signif-
icant.

To assess the probable risk 
of AF a univariate regression 
analysis of Cox proportional haz-
ards was performed; the regres-
sion results are presented in Table 
5. Figure 2 shows a schematic 
representation of the exponential 
increase in the predicted proba-
bility of AF (hazard ratio in the 
univariate Cox regression model: 
HR 1.99 → HR 4.56 →HR 15.1) 
depending on the duration of the 
P wave and IAB degree. 

The most significant pre-
dictors influencing the risk AF 
in a 3.7-year period according to 
univariate Cox regression were 

Fig. 3. Graphs demonstrating the dynamics of AF risk functions over time 
according to univariate proportional hazards models in Cox regression, and 
reflecting the influence of independent predictors – advanced interatrial block and 
P-wave abnormality corresponding to the MVP score ≥3 points.

Fig. 2. Exponential increase in hazard ratio (HR) 
depending on the degree of interatrial block according 
to univariate Cox regression model for predicting atrial 
fibrillation/

AF predictors HR (95% CI) р
P-wave terminal force in lead V1 (PTFV1) 1.21 (1.01-1.25) <0.001
P wave duration in the lead II ECG 1.01 (1.001-1.021) 0.035
MVP score 1.51 (1.31-1.73) <0.001
MVP score ≥3 points 17.8 (7.44-42.7) <0.001
Duration of the negative phase of the P wave in lead V1 1.02 (1.01-1.03) 0.003
Amplitude of the negative phase of the P wave in lead V1 25.9 (1.56-50.2) 0.036
P wave amplitude in the lead I ECG 0.011 (0.005-0.027) 0.012
Low P wave voltage in lead I (PI <0.1 mV) 1.02 (1.012-1.029) <0.001
P wave duration more than 130 ms   4.56 (2.47-8.43) <0.001
P wave duration more than 150 ms 8.76 (2.34-19.5) 0.003
IAB partial and intermittent (degrees 1–2) 11.6 (4.86-27.6) <0.001
Advanced IAB (third degree) 15.1 (6.64-34.2) <0.001
Left atrium dimension 1.11 (1.06-1.16) 0.001

Table 5. 
Results of univariate Cox regression analysis of the primary endpoint

Note here and below: HR, Hazard ratio; CI, confidence interval; IAB, interatrial block
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identified factors such as an advanced IAB (HR 15.1; 95% 
CI 6.64–34.2; p <0.001) and the level of abnormality of 
the P wave morphological and voltage-time parameters on 
the MVP score ≥3 points (HR 17.8; 95% CI 7.44–42.7; p 
<0.001). Age, gender, presence of myocardial fibrosis and 
LA volume indexed (HR 0.99 [0.91–1.07] p = 0.078) did not 
confirm their significance according to univariate Cox re-
gression. Graphs of the influence of independent predictors 
such as advanced IAB and abnormal atrial activation on the 
MVP score ≥3 points on the dynamics of AF risk functions 
according to univariate Cox proportional hazards models are 
presented in Figure 3.

Multivariate Cox regression analysis was performed 
to develop a predictive mathematical model. The multivari-
ate Cox regression procedure was performed using the step 
backward Wald method with stepwise exclusion of risk fac-
tors identified using univariate Cox analysis. The results of 
the regression analysis confirmed the high prognostic signif-
icance of the independent ECG marker a-IAB for prediction 
AF events (HR 5.92; 95% CI [2.48–14.12]; p <0.001). A 
low-voltage P wave (PI amplitude <0.1 mV) in lead I of the 
ECG (HR 1.03; 95% CI [1.02–1.04]; p <0.001) and PTFV1 
(HR 1.14; 95% CI [1.04–1.24]; p=0.003) were also identi-
fied as a significant independent predictor of AF risk.  The 
morphological parameter – anterior-posterior LA dimension 
(HR 1.11; 95% CI [1.06–1.16]), which demonstrated prog-
nostic significance (p = 0.001) as a result of univariate Cox 
analysis, did not confirm its predictive characteristics as a re-
sult of multivariate regression analysis of Cox proportional 
hazards (HR 1.07; 95% CI [0.99–1.18], p=0.051). Thus, the 
multivariate regression model (Table 6) demonstrated high 
prognostic significance (-2LL=257; χ2=92.3; p <0.001) and 
the level of influence of the identified predictors on the risk 
of AF, determined by the following mathematical equation:
λ(t) = exp (0.131 × PTFV1 + 1.778 × a-IAB [0/1] + 0.032 
× PI <0,1 мВ [0/1]),
where - λ (t) is the risk of AF at each time-point, [0/1] - is 
the binary character of the presence or absence of a-IAB 
(0 – presence of a-IAB, 1 – absence of a-IAB) and low 
voltage of the P wave in the I lead ECG lead (0 – voltage PI  
≥0.1 mV; 1 –  PI  <0.1 mV).

In this model, regression coefficients indicate the 
influence of each predictor on the risk function - with an 
increase in the value of the predictor by one, if the values 
of other variables are unchanged, the risk of an event in-
creases by exp (B) times. Thus, the presented mathematical 
model makes it possible to estimate the risk AF in any ob-
servation time interval.

In the analyzed period (median 45 months), cerebral 
thromboembolic complications were observed in 12 pa-
tients (including 11 patients with paroxysmal AF, 5 of them 
asymptomatic). According to univariate regression analy-
sis of Cox proportional hazards, 
significant predictors of stroke 
were identified: age ≥ 69 years, 
a decrease in the P wave ampli-
tude in ECG lead I, an increase 
of the terminal negative phase of 
the P wave in lead V1, and high 
scores on the MVP scale. Identi-
fied risk factors were included in 

multivariate Cox regression analysis, which confirmed in-
dependent associations of atrial electrical dysfunction with 
stroke; two independent predictors of stroke were identi-
fied: abnormal terminal negative phase P wave area in lead 
V1 – PTFV1 (HR 1.41; 95% CI [1.17–1.72], p <0.001) and 
high P wave abnormality scores on the scale MVP (HR 
1.85; 95% CI [1.27–2.69], p=0.001). The Cox regression 
results are presented in Table 7. According to the regres-
sion model (-2LL=62.5; χ2=38.4; p <0.001), abnormal 
negative phase of the P wave in lead V1 (↑PTFV1) and 
abnormal atrial activation according to morphological and 
voltage-time assessment of P waves on the MVP scale are 
associated with an increase in the likelihood of stroke by 
58% and 62%, respectively.

DISCUSSION OF FINDINGS

P wave parameters reflect electromechanical and 
structural disorders in the atria; therefore, in retrospective 
and prospective studies [5–17] correlations of abnormal P 
wave parameters with LA dimension and myocardial fibro-
sis were assessed, and relationships between P wave indi-
ces and indicators of atrial strain deformation with rapid 
atrial rhythm and AF were studied. Thus, the ARIC study 
found a strong association between abnormal terminal part 
of the P wave in lead V1 and risk of AF, and associations 
of a prolonged P wave with an increased risk of AF and 
cognitive impairment were also identified [29].

The P wave on a surface ECG reflects atrial depolar-
ization – the action potential is spreading from the sinoatri-
al node in the right atrium (RA) along the conduction path-
ways and the interatrial Bachmann bundle to the LA. Any 
disturbances or modifications of the depolarization front 
are reflected on the ECG in the form of prolongation or de-
formation of the P wave. Although the P wave reflects ac-
tivation of both atria, LA depolarization accounts for most 
of the amplitude and duration of the P component (terminal 
phase) because the LA has greater mass than the RA.

The presented study revealed an interesting fact - 
most of the identified independent prognostic ECG mark-
ers are associated with prolongation of the final phase of 
the P wave, an increase in the amplitude of the negative 
phase of the P wave in lead V1 and a decrease in the ampli-
tude of the P wave <0.1 mV in lead I ECG. It is likely that 
these parameters are associated with structural remodeling 
of the atria, which includes both the hypertrophy stage and 
the dilatation stage. Hypertrophy is usually manifested by 
an increase P wave voltage, whereas atrial dilatation is 
manifested by a decrease P wave amplitude. Slowing of 
atrial activation is characteristic of both hypertrophy and 
dilatation of the atria. Thus, different types and stages of 
atrial myocardial remodeling can lead to diametrically dif-
ferent changes in amplitude (increase or decrease), while 

Stroke predictors B SE Wald p HR (95% CI) *
PTFV1 0,347 0,099 12,34 0,000 1,414 (1,166-1,716)
MVP score 0,614 0,193 10,13 0,001 1,847 (1,266-2,695)

Note: PTFV1 , P wave terminal force in lead V1; MVP, score of the Morphology, 
Voltage and P wave duration

Table 7. 
Results of multivariate cox regression analysis of stroke predictors 
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electrical activation of the LA will always be prolonged 
regardless of the type and stage of LA remodeling, which 
increases the significance and role of the temporal parame-
ters of the P wave and its phase components dependent on 
the duration of atrial activation in predicting AF. This hy-
pothesis is confirmed by the high prognostic significance 
of the pattern of complete Bachmann bundle block – ad-
vanced IAB according to the results of multivariate Cox 
regression analysis in the presented study (HR 5.92; 95% 
CI 2.48-14.12). Structural changes in the Bachmann bun-
dle contribute to the formation of the re-entry mechanism 
for AF. Our results are consonant with data from two large 
multicenter studies that confirmed independent associa-
tions of a prolonged P wave with a high risk of AF: ARIC 
(HR 4.07, 95% CI 2.55-6.51) and the Copenhagen ECG 
study (P ≥130 ms; HR 2.06, 95 % CI 1.89-2.23) [29, 30].

In clinical practice it is convenient to use score and 
threshold values of parameters to determine the likelihood 
of developing adverse complications and stratify patients 
at high risk. As an example, the authors A. Jadidi et al. 
(2018) found that P wave duration >150 ms determines a 
high risk of AF recurrence after the pulmonary vein isola-
tion procedure [31]. In 2019 scientists V. Alexander et al. 
[10] were the first to propose the MVP AF risk score, which 
included assessment of morphology (M), voltage (V) 
and P wave duration (P). The MVP score was developed 
from an analysis of 676 patients (mean age 65 years; 68% 
male) without previous AF undergoing coronary angiogra-
phy. Points (0, 1 or 2) were awarded based on analysis of 
P-wave morphology in the inferior leads ECG (monopha-
sic <120 ms, monophasic ≥120 ms or biphasic ≥120 ms), P 
voltage in lead I (P >0.20 mV, 0.10–20 mV or P<0.10 mV) 
and P wave duration (P<120 ms, 120–140 ms or >140 ms). 
In patients with scores of 5–6 (high risk) and 3–4 points 
(intermediate risk), the incidence of AF was significantly 
higher than in those with scores of 0–2 (low risk) [10]. In 
our study the integral assessment of atrial electrical remod-
eling according to the MVP score also demonstrated good 
prognostic significance: with an MVP cut-off point of ≥3 
points for the prognosis of AF (as a binary predictor in uni-
variate Cox regression) and for assessing the risk of stroke 
(as a discrete predictor in multivariate Cox regression). 
Our data are concordant with the results of a 5-year study 
by the Malmö Preventive Project (n=983, age 70±5 years, 
38% women), in a population-based cohort of elderly peo-
ple the MVP score (threshold 4 points) was determined to 
be an independent predictor of AF (adjusted for gender and 
age: HR 6.17; CI 95% 1.76–21.64) [32]. However, in the 
Malmö study, the authors M.Baturova et al. (2024) did not 
find significant associations between increased P duration, 
PR interval prolongation, abnormal PTFV1 and high risk 
of AF, that indicates on the limited value of these P wave 
parameters as universal predictors of AF risk [32], while 

the variant of advanced IAB was the most common type 
of IAB in the Swedish cohort and biphasic morphology P 
waves (in leads III and aVF) showed good predictive value 
in the univariate Cox model (HR 2.59 CI 95% 1.02–6.58).

Limitations of the study
The presented study has several limitations: 1) the 

study is a single-center and retrospective cohort study, de-
spite the prospective nature of the observational registry; 
2) cohort and observation period are relatively small; 3) it 
cannot be excluded that some patients with asymptomatic 
AF could have been missed (in the absence of implantation 
and analysis of loop recorders). A large cohort with mul-
ticenter approach, long-term follow-up, and prospective 
clinical studies remain relevant to confirm the prognostic 
value of noninvasive ECG atrial predictors of abnormal 
amplitude-time parameters of the P wave.

CONCLUSION

Thus, because of this study a complex of ECG mark-
ers of atrial electrical dysfunction was identified, such as 
a-IAB, PTFV1, MVP score and low P wave voltage, which 
makes it possible to identify patients at high risk of AF and 
ischemic stroke.

Data from multivariate Cox proportional hazards re-
gression analysis confirmed the independent association of 
advanced IAB with risk of AF (HR 5.92; 95% CI [2.48–
14.12], p <0.001), which means an almost 6-fold increase 
in the risk of AF with moment of appearance of a new-onset 
advanced IAB and this corresponds to 85.5% probability 
of early onset of AF. Based on the data obtained, advanced 
IAB should be considered as an independent predictor for 
risk stratification of AF and this predictor should be used in 
patients with increased thromboembolic risk for a dynamic 
and more detailed examination to search and identify atrial 
tachyarrhythmia (Fig. 4).

Analysis of cerebral thromboembolic complications 
in the cohort showed information value for two predic-
tors: an abnormal increase of the terminal negative phase P 
wave in lead V1 – PTFV1 (HR 1.41; 95% CI [1.17–1.72], 
p <0.001) and P wave changes on the scale MVP (HR 1.85; 
95% CI [1.27–2.69], p=0.001), corresponding to 58.5% 
and 65% likelihood chance of earlier stroke in those with 
atrial electrical dysfunction.

The data obtained indicate the importance of taking 
into account atrial ECG patterns in clinical practice and 
dictate necessity to identify patients with abnormal P wave 
parameters and atrial risk predictors of AF, which is a 
priority strategy for dynamic monitoring of patients with 
cardiovascular pathology who have population and comor-
bid risk factors (obesity, diabetes mellitus, smoking, sleep 
apnea, obstructive pulmonary disease, etc.) for timely de-
cision-making on the preventive prescription of anticoagu-
lant therapy and choice of treatment tactics.
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