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Introduction:

Cardiovascular diseases (CVDs) are the most common
cause of premature death worldwide, accounting for 17.9
million deaths per year.1 Despite decreasing mortality
trends of coronary artery disease (CAD) in many

developed countries, increasing number is noticed in
developing countries.2 The prevalence of CAD in a
Bangladeshi rural population was 4.5%. Compared with

the female (3.5%) the male participants had a significantly
higher prevalenceof CAD (6.0%). The younger people had
a similar risk as the aged people.3 The prevalence of CAD
in working professionals in Dhaka was 19.6% as evident
in a study by Ahsan et al. (2009).4

The clinical presentations of coronary artery disease
include silent ischemia, stable angina pectoris, acute
coronary syndrome, heart failure, and sudden death.5 So
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Abstract:

Background:Stable angina forms a significant proportion of coronary artery disease. Newer non-invasive

modalities with good predictive values like CT coronary angiography and myocardial perfusion imaging are

available, they are not feasible for widespread use. In this scenario, we can use the ECG parameter (P wave

dispersion) as a non-invasive, efficient and cost-effective tool for diagnosing coronary artery stenosis in

chronic stable angina.

Objective: To find out the association between P wave dispersion in electrocardiogram and angiographic

findings by coronary angiogram in patients with chronic stable angina.

Methods: This cross sectional study was conducted at the Department of Cardiology, Bangabandhu Sheikh

Mujib Medical University, Dhaka from July 2018 to June 2019.Patients with chronic stable angina who were

undergoing invasive coronary angiography was included in this study. A total of 45 patients were included in

the study. Immediately after admission, standard 12 lead ECG was recorded at a 50 mm/s paper speed and a

gain of 10 mm/mV. P wave dispersion are calculated from the standard ECG during sinus rhythm in any of the

12 ECG leads. Finally, all the enrolled patients underwent invasive evaluation by coronary angiography. The

severity of CAD was assessed by Gensini score.

Results:The mean PD was 23.3±8.1 millisecond in patients without CAD, 37.1±7.6 millisecond in single

vessel disease, 45.3±9.1 millisecond in double vessel disease and 45.9±9.4 millisecond in triple vessel disease,

which were statistically significant (p<0.05) among four groups.There was a significant correlation of PD (P

wave dispersion) with Gensini score (r=0.631; p=0.001).

Conclusion: This study demonstrates that there is a significant association of PD (P wave dispersion) with the

severity of coronary artery disease in patients with chronic stable angina.
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the ability to predict the presence of significant coronary
stenosis can help to decrease morbidity and mortality due
to IHD. Electrocardiogram (ECG) is a very early

noninvasive marker to predict CAD. Electrocardiography
is the most immediately accessible and widely used
diagnostic tool. It has proven its efficacy in diagnosis,
therapeutic and prognosis of ACS patients. There is a
need to determine subgroups of patients having
anatomically or functionally severe coronary obstruction

based on standard 12-lead ECG interpretation.6

P wave dispersion (PD) is defined as the difference between
the maximum (Pmax) and the minimum P wave duration (Pmin).
P wave dispersion (PD) on standard ECG is a noninvasive
markers of in homogeneous and discontinuous propagation
of sinus impulses through the atrial wall7 (Dilaveris et al.,

1998).The normal value of PD is 29±9 ms.8 P wave dispersion
is a measure of heterogeneity of atrial refractoriness and an
increase in PD shows the intra-atrial and inter-atrial non-
uniform conduction9 (Yazici et al., 2007). P wave parameters
have been studied in some cardiac conditions such as
hypertension, paroxysmal AF, valvular heart disease, dilated

cardiomyopathy and acute myocardial infarction and
coronary angioplasty10,11 (Aytemir et al., 2000; Ozmen et
al., 2001).

Although it has been demonstrated that PD is increased
during the above-mentioned conditions, the effect of stable
coronary artery disease (CAD) on the P wave dispersion

and relation between P wave parameters and severity of
CAD have not yet been well established in our country.
So it is high time to conduct a study in our setting to see
the association of P wave dispersion with severity of CAD
in patients with chronic stable angina.

Materials and Methods:

Study population: This cross sectional study was carried
out in the Department of Cardiology, University Cardiac
Center, Bangabandhu Sheikh Mujib Medical University,
Dhaka from July 2018 to June 2019. Patients with stable
angina who underwent coronary angiography for
detection of coronary artery disease were included in this
study. A total of 45 patients were enrolled in the study.
Patients with acute coronary syndrome, angina at rest,
valvular heart disease, any arrhythmia, hypertension,
congenital heart disease, lung diseases, electrolyte
abnormality, heart failure, old myocardial infarction,
percutaneous coronary intervention, coronary artery
bypass graft were excluded.

Methodology: The eligible patients were explained about
the study, written informed consent was taken. Detailed
medical history and physical examination were done.

Immediately after admission, standard 12 lead ECG was
recorded at a 50 mm/s paper speed and a gain of 10 mm/mV
in the supine position. Maximum and minimum P wave
durations are calculated from the standard ECG during sinus
rhythm. P wave dispersion (PD) is derived by subtracting
the minimum P wave duration from the maximum in any of
the 12 ECG leads. Manual measurement was done by hand-
held calipers and accompanied by the use of magnification.
Transthoracic echocardiography was done before coronary
angiography. Other laboratory investigations such as CBC,
Random blood glucose level, HbA1c, Fasting lipid profile
were collected. Finally, all the enrolled patients underwent
invasive evaluation by coronary angiography. Diagnostic
coronary angiography was performed by expert
interventional cardiologist. The extent and severity of
coronary artery disease (CAD) was assessed by vessel
score and Gensini score. Separate data collection sheet was
used for each subject with maintaining confidentiality.

Statistical analysis: Statistical analyses were carried out
by using the Statistical Package for Social Sciences (SPSS)
version 23.0 for Windows Software. Continuous data were
expressed as mean ± standard deviation (SD) and
categorical data were expressed as frequency and
percentages. Mean and standard deviation were computed
for quantitative variables and was analyzed by ANOVA
test. The association of ECG (PD) with the Gensini score
was done by Pearson’s correlation coefficient test. P values
<0.05 was considered as statistically significant.

Results:

In the study period, total 45 patients were enrolled in the
study according to inclusion and exclusion criteria.
Detailed analysis of patients was done.

The mean age was found 54.5±10.4 years and the majority
(40.0%) of the patients belonged to age 50-60 years.Table
I shows age distribution of the study population.

Table-I

Age distribution of the study population (n=45)

Age (years) Frequency Percentage

≤40 4 8.9

41-50 13 28.9
50-60 18 40.0
61-70 7 15.6
>70 3 6.7
Mean±SD 54.5 ±10.4
Range 32 -78

n= Number of study population, SD= Standard deviation

Almost two-thirds (64.4%) patients were male and

16(35.6%) were female. The male-female ratio was 1.8:1.
Figure 1 shows the sex distribution of the study population.
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The mean Pmaxwas found 116.9±12.7 msec, the mean Pmin
was found 75.1±8.7 msec and the mean PD was found
41.3±11.6 msec. Table II shows the distribution of the study
population according to ECG (Pmax, Pmin and PD).

Table-II

Distribution of the study population according to ECG

(Pmax, Pmin and PD) (n=45)

ECG Mean ±SD

Pmax (Millisecond) 116.9 ±12.7

Range 80 -140
Pmin (Millisecond) 75.1 ±8.7
Range 60 -80
PD (Millisecond) 41.3 ±11.6
Range 20 -60

n= Number of study population, SD= Standard deviation, Pmax=
Maximum P wave duration, Pmin= Minimum P wave duration, PD=
P wave dispersion.

More than half (51.1%) of the patients were found to have
positive ETT followed by 20(44.4%) in conclusive, 1(2.2%)
negative and 1(2.2%) equivocal ETT. Figure 2 shows the
distribution of the study population according to ETT.

Thirty-nine (86.7%) patients had significant CAD (≥70%
lesion in any major coronary arteries or ≥50% lesion in left
main artery) and 17(37.8%) had triple vessel disease. Table

III shows the distribution of the study population
according to Coronary Angiography.

Table-III

Distribution of the study population according to

Coronary Angiography (n=45)

Coronary Angiography Frequency Percentage

Significant CAD

Yes 39 86.7
No 6 13.3

Number of vessel involved
No CAD 6 13.3
Single vessel disease 7 15.6

Double vessel disease 15 33.3
Triple vessel disease 17 37.8

n= Number of study population, CAD= Coronary artery
disease.

More than three fourth (75.6%) patients had Gensini score
≥36. Mean Gensini score was 45.7±27.4 with range from

0.0 to 108.0. Table IV shows the distribution of the study
population according to Gensini score.

Table IV

Distribution of the study population according to

Gensini score (n=45)

Gensini score Frequency Percentage

<36 (absent or mild coronary 11 24.4

atherosclerosis)

≥36 (moderate to severe 34 75.6
coronary atherosclerosis)

Mean±SD 45.7 ±27.4

Range 0.0 -108.0

n= Number of study population, SD= Standard deviation.

The mean Pmax was 96.7±8.2 msec in patients without
coronary artery disease, 111.7±10.7 msec in single vessel
disease, 120.0±10.7 msec in double vessel disease and
122.4±9.7 msec in triple vessel disease. The mean PD was
23.3±8.1 msec in patients without coronary artery disease,
37.1±7.6 msec in single vessel disease, 45.3±9.1 msec in

double vessel disease and 45.9±9.4 msec in triple vessel
disease, which were statistically significant (p<0.05) among
four groups. Table V shows the association between vessel
score and ECG (Pmax, Pmin and PD).

Fig.-1: Pie chart shows the sex distribution of the study

population (n=45)

n= Number of study population

Male

64.4%

Female

35.6%

Inconclusive

44.4%

Negative

2.2%

Positive

51.1%

Equivocal

2.2%

Fig.-2: Pie chart shows the ETT of the study population

(n=45)

n= Number of study population, ETT= Exercise tolerance
test
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Pearson’s correlation coefficient test shows that there is a
significant correlation of PD (P wave dispersion) with
Gensini score (r=0.631; p=0.001). Figure 3 shows the
correlation between PD (P wave dispersion) and Gensini
score.

In the current study, we observed that the mean
Pmax,Pminand PD value were almost similar to the study
done by Akin et al. (2014).13

In this study, we observed that 39(86.7%) patients had
significant CAD and 17(37.8%) had triple vessel disease.

Akin et al. (2014) also reported 60 patients had significant
CAD13. Yilmaz and Demirbag (2005) reported that 11.9%
of patients had triple vessel disease.14

In the current study, we observed that more than three
fourth (75.6%) patients had Gensini score ≥36 (moderate
to severe coronary atherosclerosis). Mean Gensini score

was 45.7±27.4 with range from 0.0 to 108.0.

In the present study, we observed that mean Pmaxvalue
was gradually increasing from without CAD to triple vessel
disease. The difference was statistically significant
(p<0.05) among four groups. Akin et al. (2014) also reported
similar study results.13 We also observed that mean PD

value was gradually increasing from without CAD to triple
vessel disease. The difference was statistically significant
(p<0.05) among four groups. These findings were
consistent with other studies (Yilmaz and Demirbag, 2005;
Akin et al., 2014; Sahin et al., 2016).12,13,14Ozmen et al.
(2001) confirmed PD in patients with angioplasty induced

myocardial ischemia.11

In this study, we observed that there was a significant
correlation of PD (P wave dispersion) with Gensini score
(r=0.631; p=0.001). Similar observation was reported by
Akin et al. (2014), they showed positive correlations
between Gensini score and PD (r=0.825, p<0.001)13. Yilmaz

and Demirbag (2005) reported that PD was positively
correlated with both the vessel and Gensini scores (r =
0.465, P <0.001; and r = 0.338, P = 0.005, respectively).14

Table-V

Association between vessel score and ECG (Pmax, Pmin and PD)

ECG                             Vessel score P-value

No CAD (n=6) Single (n=7) Double (n=15) Triple(n=17)

Mean±SD Mean±SD Mean±SD Mean±SD

Pmax (Millisecond) 96.7±8.2 111.4±10.7 120.0±10.7 122.4±9.7 0.001s

Range 80-100 100-120 100-140 100-140

Pmin (Millisecond) 73.3±10.3 74.3±9.8 73.3±9.8 76.5±7.9 0.772ns

Range 60-80 60-80 60-80 60-80

PD (Millisecond) 23.3±8.1 37.1±7.6 45.3±9.1 45.9±9.4 0.001s

Range 20-40 20-40 40-60 40-60

n= Number of study population, SD= Standard deviation, ECG= Electrocardiogram, Pmax= Maximum P wave duration, Pmin= Minimum P
wave duration, PD= P wave dispersion, s= significant, ns= not significant, P-value reached from ANOVA test.

Discussion:

In this study, the mean age was 54.5±10.4 years. Sahin et
al. (2016) reported the average age of the patients 57.9±8.5
years.12Akin et al. (2014) also reported similar
observations.13 This study showed that almost two-thirds
(64.4%) patients were male and the male-female ratio was

1.8:1. Sahin et al. (2016) reported sixty-two participants
were female (24.8%) while 188 participants were male
(75.2%).12

y = 0.267x + 29.12

r = 0.631, p=0.001

0 50 100 150

Gensini score

P
D

0

20

40

60

80

Fig.-3: Scatter diagram showing positive correlation

(r=0.631; p=0.001) between PD (P wave dispersion)

and Gensini score.

PD= P wave dispersion, r= Pearson’s correlation
coefficient, P-value reached from Pearson’s correlation
coefficient test.
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The findings of our study were consistent with the findings
of previous studies though the study group was different.
So, according to the results of this study, patients with

higher PD values have more severe CAD. Therefore, we
can use this ECG parameter for assessment of the severity
of CAD in patients with chronic stable angina.

Limitations

There are some facts to be considered which might affect
the results. The sample size was small in number and it

was conducted in a single center.The sampling method
was not random rather purposive, so there is a risk of
selection bias.Coronary angiography was assessed by
visual observation; intravascular ultrasonography was not
used, so there was every chance of inter observer variation.

Conclusion:

This study reveals that there is a significant association
of PD (P wave dispersion) with severity of coronary artery
disease in patients with chronic stable angina. Higher P
wave dispersion is associated with a more severe form of
coronary artery disease. So P wave dispersion has
significant value for assessment of presence and the

severity of coronary artery disease in patients with chronic
stable angina.
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