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ABSTRACT
Aims: Ischemia with no obstructive arteries (INOCA) is a clinical condition in which symptoms and signs of coronary artery 
disease are present, but coronary angiography does not show severe vessel narrowing. Atrial fibrillation (AF) is a common 
arrhythmia in cardiology practice, with an increasing prevalence with age and concomitant heart disease. P-wave dispersion 
(PWD) is an electrocardiographic (ECG) parameter defined as the difference between the maximum and minimum P-wave 
duration. There is an increasing number of studies showing an association between PWD and cardiovascular events. In this 
study, we aimed to evaluate the risk of AF in INOCA patients by detecting PWD, a new ECG parameter. 

Methods: The study included 51 INOCA patients and 36 healthy subjects as a control group. The groups were compared in 
terms of demographic characteristics, laboratory findings, echocardiography, and ECG findings. The difference between the 
longest P wave (Pmax) and the shortest P wave (Pmin) was considered as PWD (PWD=Pmax-Pmin). 

Results: When the patient group was compared with the control group, no difference was detected in terms of demographic 
characteristics or laboratory findings. When compared with the control group, Pmax duration and Pd values were significantly 
longer in the patient group compared to the control group (Pmax durations 112.7±7.09 ms and 98.1±5.5 ms, respectively, 
p<0.001; Pd durations 43.0±9.4 ms and 31.4±12.4 ms, respectively, p<0.001). On the other hand, Pmin durations did not differ 
significantly between the groups (p>0.05). 

Conclusion: We observed that PWD was higher in INOCA patients compared to controls, and our results suggest that INOCA 
patients are at risk for AF. 
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INTRODUCTION

Ischemia with no obstructive arteries (INOCA) is a 
clinical condition with clinically stable symptoms and signs 
of ischemic heart disease despite normal or near-normal 
coronary arteries in angiography. The incidence of this 
syndrome, which was included in the Cardiology Guidelines 
for the first time in 2021, has been reported to be between 
50-65% in women and 17-32% in men.1-3 Approximately 
30% of patients with coronary artery disease (CAD) have 
concomitant atrial fibrillation (AF).4 AF independently 
increases the risk of death by 39% in patients with stable 
CAD. Patients with stable CAD and concomitant AF have 
almost twice the risk of stroke compared with patients with 
stable CAD without AF.5

AF, which is the most common rhythm disorder in 
clinical practice, is of critical importance because of the 
hemodynamic disturbances and thromboembolic events 
it brings with it.6 Although the mechanisms causing AF 
are not fully understood, many risk factors, including age, 
hypertension (HT), CAD, cerebrovascular disease, and 

diabetes mellitus (DM), are thought to play a role in the 
development of AF.7 Moreover, accumulating evidence has 
shown that myocardial damage and ischemia, inflammation 
and inflammatory factors, the autonomic nervous system, and 
oxidative stress play an important role in the pathogenesis of 
AF.8-11

P-wave dispersion (PWD), defined as the difference 
between the maximum and minimum P-wave duration on 
surface electrocardiography (ECG), is a new ECG marker 
associated with the inhomogeneous and discontinuous 
propagation of sinus impulses.12 The correlation between 
the presence of inter- and intra-atrial conduction 
abnormalities and the induction of paroxysmal AF (PAF) 
is well documented.13 Estimating the likelihood of patients 
developing PAF can guide the clinician in the management 
and stratification of patients at a higher risk of developing AF.

To our knowledge, cardiac evaluation using PWD has not 
been previously performed in INOCA patients. Therefore, 
we aimed to investigate whether AF can be predicted by 
evaluating PWD in these patients. 
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METHODS

The study was carried out with the permission of Ethical 
Committe of Faculty of Medicine of Erciyes University 
(Date:16.12.2020, Decision No: 2020-35). All procedures 
were carried out in accordance with the ethical rules and 
the principles of the Declaration of Helsinki. 

Patients aged 18-85 years who presented to the Erciyes 
University Faculty of Medicine outpatient clinic with chest 
pain and/or exertional dyspnea due to ischemia, underwent 
coronary angiography, and did not have obstructive epicardial 
CAD on coronary angiography (coronary artery stenosis 
ratio ≥50% and/or fractional flow reserve <0.8) were included 
in the study. The study was conducted between November 
2019 and November 2023 and included 51 INOCA patients. 
Thirty-six demographically similar patients without ischemic 
chest pain who underwent a stress test for any reason and had 
a negative stress test were considered the control group.

All patients underwent a detailed history, physical 
examination, 12-lead ECG, complete blood count, and 
serum biochemistry tests. A detailed transthoracic 
echocardiographic (ECHO) examination was performed 
in all patients. No atrial or ventricular conduction 
abnormality was detected on ECGs in the patient group or 
the control group. In addition, none of the patients included 
in the study had a history of PAF. Patients with a history 
of ischemic heart disease, patients without sinus rhythm 
and with pacemakers, patients with segmental or global 
wall motion abnormalities, patients with moderate to 
severe valvular heart disease, and patients with structural 
heart disease, endocrine neoplasms, parathyroid cancer, 
patients with thyroid cancer or hyperparathyroidism, renal 
failure, hypertrophic cardiomyopathy, hypokalemia and 
hyperkalemia, hypomagnesemia and hypermagnesemia, 
creatinine clearance (CrCl) <60 ml/min, body mass index 
(BMI) <30 kg/m2, and severe comorbidities were excluded.

Electrocardiogram Analysis
All standard 12-lead ECGs were obtained in the supine 

position and at rest using an ECG device (Philips brand) 
standardized to 1 mV/cm and 25 mm/s paper speed. All ECGs 
were scanned and transferred to personal computers. ECGs 
were magnified 5-fold and measured using an electronic 
caliper (Cardio Calipers software version 3.3; Iconico.com, 
Philadelphia, PA, USA) for the necessary measurements.

The starting point of the P wave was considered the 
intersection of the isoelectric line and the P wave, and the 
endpoint of the P wave was considered the intersection of 
the isoelectric line and the terminal point of the P wave. The 
maximum P wave (Pmax) duration was considered to be 
the longest atrial conduction time. The difference between 
the longest P wave (Pmax) and the shortest P wave (Pmin) 
was considered PWD (PWD=Pmax-Pmin). All calculations 
were evaluated by two cardiologists who were blinded to the 
clinical characteristics of the patients.

Echocardiography 
Patients and healthy volunteers underwent conventional 

ECHO imaging with an M4S-RS (1.5-3.6 MHz) cardiac 
transducer and Vingmed System 7 (General Electronic 
Horten, Norway) ECHO. Left ventricular diastolic (LVIDd) 
and systolic (LVIDs) diameters, interventricular septum 
(IVSWT), and posterior wall (LVPWT) diastolic thicknesses 

were measured in the parasternal long axis with M-mode 
ECHO according to the standards defined by the American 
Medical Association. The ejection fraction on ECHO was 
calculated using the Teichholz formula.14

Statistical Analysis
Statistical analyses were performed using SPSS Statistics 

software package version 21.0 (SPSS Inc., Chicago, IL, 
USA) for Windows. The distribution characteristics of the 
data were determined by using the Kolmogorov-Smirnov 
test. Independent samples A t-test was used for parametric 
scale variables. Mann-Whitney the U test was used for 
nonparametric scale variables. The χ2 (chi-squared) test 
was used for univariate analysis of the categorical variables. 
The variables were reported as means ± SD (standard 
deviation), whereas the categorical variables were reported 
as percentages. Correlation analyses were performed 
using Pearson and Spearman coefficients of correlation. A 
probability value of p <0.05 was considered to be significant, 
and two-tailed p values were used for all statistical analyses.

RESULTS

The baseline characteristics of the patient and control 
groups are given in Table 1. There was no statistically 
significant difference between the two groups in terms of 
demographic and clinical parameters, such as age, gender, 
presence of HT, presence of DM, smoking status, and 
baseline blood parameters (p>0.05). The ECHO parameters of 
the patient and control groups are shown in Table 1. There 
was no statistically significant difference between the two 
groups in terms of the ECHO parameters. Heart rate and PR 
intervals were similar in both groups.

Table 1. Baseline clinical, demographic and  echocardiographic features of the study groups

Variables Control Group                     
(n=36)

   INOCA 
Group

p 
value

Age (years) 52.7±11.2 51.4±7.4 0.742
Male/female 25/11 37/14 0.655
HT 7 (%19.4) 11 (%21.6) 0.439
DM 3 (%8.3) 6 (%11.8) 0.772
Smoke 4 (%11.7) 7 (%16.2) 0.645
Systolic blood pressure, mm Hg 119.4±15.2 121.3±10.9 0.712
Diastolic blood pressure, mm 
Hg

71.28±10.3 69.9±9.7 0.385

Glucose (mg/dL) 89.4±9.3 92.1±11.3 0.225
Creatinine (mg/dL 1.0±2.1 0.9±1.9 0.298
Total cholesterol 185.7±33.2 191.1±42.4 0.743
HDL 42.9±11.5 39.5±9.4 0.199
LDL 116.2±31.5 121.65±48.7 0.941
TG 165.7±70.6 155.4±66.9 0.445
AST (U/L) 23.6±8.4 20.9±6.9 0.813
ALT (U/L) 21.4±8.1 23.0±8.3 0.221
WBC (10^3/uL) 8.3±2.1 7.55±2.5 0.673
Hemoglobin (g/l) 13.1±0.9 15.2±1.9 0.334
Platelet (/mm3) 280.8±61.5 253.5±81.5 0.568
LVEF 65.1±4.7 58.6±2.9 0.378
LVEDD (cm) 4.1±0.8 4.4±2.2 0.509
LVESD (cm) 3.4±0.5 3.55±2.3 0.692
IVSD (cm) 0.9±0.4 1.0±0.3 0.436
PWD (cm) .9±0.7 1.1±0.3 0.591
Data are expressed as mean ± standard deviation for normally distributed data and percentage (%) for categorical variables. 

DM: Diabetes Mellitus, HT: Hypertension, HDL; High density lipoprotein, LDL; low density lipoprotein, TG; Triglyceride, 

WBC: White Blood Cell. LVEDD: Left Ventricular End Diastole Diameter, LVESD: Left Ventricular End Systole Diameter, 

IVSD: Interventricular Septal Diameter, PWD: Posterior Wall Diameter, LVEF; Left Ventricular Ejection Fraction
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Pmax duration and Pd values of the patient group were 
significantly longer than those of the control group (Pmax 
durations 112.7±7.09 ms and 98.1±5.5 ms, respectively, 
p<0.001; Pd durations 43.0±9.4 ms and 31.4±12.4 ms, 
respectively, p<0.001; Table 2). On the other hand, Pmin 
times did not differ significantly between the groups (p>0.05).

Table 2. Electrocardiographic Characteristics of the study population

Variables Control Group                         
(N=36) INOCA Group p value

Heart rate (min) 82.7±11.2 86.25±3.2 0.109
PR interval (ms) 144 ± 9 142 ± 5 0.798
P Max(ms) 98.1±5.5 112.7±8.9 p<0.001
P Min (ms) 66.2±8.1 68.1±6.6 0.235
PD (ms) 31.4±12.4 43.0±9.4 p<0.001
Pmax = maximum P-wave duration; Pmin = minimum P-wave duration; Pd = P-wave  dispersion, Min = Minute, ms = 

millisecond

DISCUSSION

In this study, PWD on a 12-lead superficial ECG was 
found to be significantly higher in INOCA patients. To the 
best of our knowledge, this is the first study in the literature. 

In INOCA, the risk of developing myocardial infarction, 
cardiovascular death, stroke, and heart failure may increase 
up to 10-fold compared to the normal population.15,16 If 
accompanied by DM and HT, the mortality rate increases 
even more.15 Some studies have claimed that patients with 
INOCA have a worse quality of life, more limited physical 
activity, and a higher frequency of angina compared to 
patients with stable CAD.16 These patients require more 
frequent hospitalization and more frequent angiography.  

PWD is a new ECG marker associated with the 
heterogeneous and discontinuous propagation of sinus 
impulses. Moreover, the association between the presence of 
intra-atrial conduction abnormalities and the induction of 
PAF is well documented.17-19 PWD has also been found to be 
associated with carotid atherosclerosis.20 PWD has also been 
shown to increase the coronary slow flow phenomenon.21 

PWD has been reported to be significantly associated with 
left ventricular diastolic dysfunction.22 Tukek et al.23 showed 
that a shorter minimum P wave duration was associated 
with PAF in patients with an increased left atrial diameter. 
Dilaveris et al.24 reported that shorter P-wave duration was an 
independent predictor of extensive AF. Haşimi et al.25 showed 
that a shorter minimum P-wave duration was an important 
determinant of AF in patients undergoing coronary 
artery bypass surgery. Altun et al.26 showed that PWD 
was longer in patients with Syndrome X compared to the 
normal population. Ariyarajah et al.27 showed a significant 
relationship between increased P-wave duration (prolonged 
atrial depolarization) and AF recurrence in myocardial 
infarction patients without ST elevation. In our study, we 
found an increase in PWD. This increase in PWD may be a 
determinant of the possible development of AF in INOCA.

The pathophysiology of AF development in INOCA 
patients may be quite complex. However, the following 
mechanisms can be speculated as the causes: first, the atrial 
blood supply is reduced in the coronary arteries, even at 
the microvascular level, and atrial reentry mechanisms are 
accelerated.28,29 Second, atrial pressure increases as a result 
of atrial ischemia and causes atrial changes (compression 
ischemia) due to stretching of the atrial walls, leading to 

natriuretic peptide release.30-34 Third, inflammation occurs in 
the atrium with ischemia and plays an important role in the 
development of AF with increased inflammatory response 
and oxidative stress.35-39 Another one suggests that increased 
sympathetic activity in CAD leads to heterogeneous changes 
in atrial refractoriness, causing reentrant waves and having 
an effect on the development of AF.40,41

CONCLUSION

Although our study was not a follow-up study, we 
observed that PWD, a technique to predict cardiac 
arrhythmias, was significantly longer in INOCA patients. 
Our results suggest that INOCA patients are at risk for AF. 
Identifying individuals with INOCA who are at higher risk of 
developing AF may facilitate early detection of AF. Therefore, 
we believe that the results of this study are clinically relevant.
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