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Abstract

Background: P wave dispersion (PWD) constitutes a relatively recent contribution to the field of non-invasive electrophysiology. PWD is 
defined as the difference between maximum P wave duration (P max) and minimum P wave duration (P min) recorded from multiple surface 
ECG leads.

Methods: The effect of thrombolytic therapy on P wave dispersion was studied in 30 patients (pts) with acute STEMI. Pts received 
thrombolytic therapy (Streptokinase). Pts were divided into 2 groups; group A: Pts with successful thrombolytic therapy (23) and group B: Pts 
with failed thrombolytic therapy (7). P wave duration maximum (P max) and minimum (P min) and dispersion were measured. The normal PWD 
is 28 ms + 10. The incidence of arrhythmia was recorded.

Results: PWD was higher in pts with STEMI than normal range. PWD on admission was positively related to age, ST deviation score, CK-MB, 
Troponin, left atrial size, ejection fraction, and inversely related to beta blocker use before admission and not related to heart rate. No significant 
difference between sites of infarction as regards PWD. After thrombolytic therapy; PWD and P max were higher in group B than group A: (Gr A 
34 + 6 vs Gr B 47 + 10 ms, P < 0.006). Arrhythmias during the duration of stay in the ICU were atrial fibrillation in one, ventricular fibrillation in 
one and V tachycardia in three. Three pts died.

Conclusion: PWD is correlated with success of thrombolytic therapy and with other parameters as LA size and EF.
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Introduction
Background: P wave dispersion (PWD) constitutes a relatively 

recent contribution to the field of non-invasive electrophysiology 
[1]. PWD is defined as the difference between maximum P wave 
duration (P max) and minimum P wave duration (P min) recorded 
from multiple surface ECG leads.

Aim of the work: The aim of this study was to evaluate the 
effect of thrombolytic therapy using streptokinase on Pmin, Pmax 
and PWD and to estimate if there is any special lead distribution of 
Pmin or Pmax. Also, to evaluate the relation between the severity 
of STEMI and the extent of PWD in patients with ST segment 
elevation myocardial infarction.

Methods
The effect of thrombolytic therapy on P wave dispersion and 

QRS duration were studied in 30 patients (pts) with acute STEMI. 
Pts were admitted to the critical care department in Alexandria 
Main University Hospital. Informed consent was taken from 
every patient included in the study or from his or her relatives.  

 
Inclusion criteria: 1- Presence of ST segment elevation (at least 1 
millivolt) in two contiguous leads anatomically related to certain 
artery. 2-Absence of contraindications of thrombolytic according 
to practice guidelines published by the American College of 
Cardiology and American Heart Association (ACC/AHA) [2]:

Absolute contraindications: 1- History of any intracranial 
hemorrhage. 2- History of ischemic stroke within the preceding 
three months, with the important exception of acute ischemic 
stroke seen within three hours which may be treated with 
thrombolytic therapy. 3- Presence of a cerebral vascular 
malformation or a primary or metastatic intracranial malignancy. 
4- Symptoms or signs suggestive of an aortic dissection. 5- A 
bleeding diathesis or active bleeding, with the exception of 
menses; thrombolytic therapy may increase the risk of moderate 
bleeding, which is offset by the benefits of thrombolysis.

Exclusion criteria: ECG showing other rhythm then sinus 
rhythm and presence of one of contraindications of thrombolytic 
therapy mentioned above.
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After thrombolytic therapy patients were divided into 2 
groups according to the response to the therapy:

1)	 Group A: successful thrombolytic therapy evidenced by 
[3]:

•	 More than 50 percent ST segment resolution.

•	 Resolution of the chest pain

•	 Presence of reperfusion arrhythmias.

2)	 Group B: failed thrombolytic therapy evidenced by:

•	 Less than 50 percent ST segment resolution.

•	 Persistence of the chest pain.

•	 Absence of reperfusion arrhythmias.

Methods: All patients were subjected to the following on 
admission:

1)	 Clinical evaluation.

2)	 Electrocardiography: Twelve-lead ECGs of all patients 
at rest before and one hour after thrombolytic therapy and 
then twice daily, with 1mV/cm amplitude and 50mm/s speed, 
were obtained. P wave parameters: The P-wave onset was 
defined as the first atrial deflection from the isoelectric line 
and the offset was the return of the atrial signal to baseline. 
Patients whose measurements could be performed in at 
least 8 derivations were included in the study. In all patients, 
derivations were excluded if the beginning or the ending of 
the P wave could not be clearly identified. Maximum P wave 
duration (Pmax) is defined as the longest and minimum 
P wave duration (Pmin) is defined as the shortest P wave 
duration. Leads that showed Pmin and Pmax were observed. 
PWD defined as difference between Pmax and Pmin. All the 
measurements were repeated three times and average values 
were calculated for each of electrocardiographic parameter. 
All of the measurements were performed using the same 
experienced investigators blind to the subject’s clinical status. 

Parameters of MI: leads that showed ST segment elevation, 
number of leads that showed ST segment deviation (elevation 
or depression), extent of elevation in these leads and ST 
segment deviation score (the sum of ST segment deviation in 
all 12 leads).

3)	 Echocardiographic measurements.

4)	 Routine laboratory investigations.

The study was approved by the local ethics committee of our 
institution, and all patients gave written informed consent.

Pts received thrombolytic therapy (Streptokinase) in addition 
to standard medical therapy. Pts were divided into 2 groups; group 
A: Pts with successful thrombolytic therapy (23) and group B: Pts 
with failed thrombolytic therapy (7). P wave duration maximum 
(P max) and minimum (P min) and dispersion were measured. 
The normal PWD is 28 ms + 10 [4]. QRS duration was measured 
and pts were divided into 3 groups; Duration < 90 ms, duration 
90-110, and duration > 110 ms. The incidence of arrhythmia was 
recorded.

Results
Table 1 & 2 PWD was higher in pts with STEMI than normal 

range. PWD on admission was positively related to age, ST 
deviation score, CK-MB, Troponin, left atrial size, ejection fraction, 
and inversely related to beta blocker use before admission and 
not related to heart rate. No significant difference between sites 
of infarction (anterior, inferior, anterior and inferior) as regards 
PWD. After thrombolytic therapy; PWD and P max were higher 
in group B than group A: (Gr A 34 + 6 vs Gr B 47 + 10 ms, P < 
0.006). Arrhythmias during the duration of stay in the ICU were 
atrial fibrillation in one, ventricular fibrillation in one and V 
tachycardia in three. The thrombolytic therapy was successful in 
23 patients (76.6%) and failed in 7 patients (23.3%). We classified 
the patients according to the outcome of the thrombolytic therapy 
into two groups: Group (A): patient with successful thrombolysis. 
Group (B): patient with failed thrombolysis. Three pts died.

Table 1: Relation between PWD and different parameter on admission.

Variable Applied test P value

Age r =0.891 <0.001

Heart rate r = -0.259 0.168

STDS r =0.896 <0.001

History of beta-blocker use Rho = -0.609 <0.001

CKMB r = 0.732 <0.001

Troponin r = 0.634 <0.001

Left atrial size r =0.782 <0.001

Ejection fraction r = 0.938 0.002

Presence of heart failure Rho = 0.411 0.003

Rho: Spearman coefficient statistically significant at p < 0.05 r: Pearson correlation coefficient.
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Table 2: ECG findings one day after thrombolytic therapy.

Success of Thrombolysis Z (P)

Parameter Yes (group A) 23 patients N0 (group B) 7 patients

P W Dispersion 32 45 2.77 (0.006)

Discussion
Today, several noninvasive electrocardiographic (ECG) 

indicators have been investigated to predict the occurrence 
of arrhythmia. It has been shown, for example, that P wave 
dispersion (PWD)-because of its relation to the non-homogenous 
and interrupted conduction of sinus impulses both intra and 
interatrially-is a noninvasive indicator that enables the calculation 
of atrial fibrillation risk on the 12-lead surface ECG [5-8].

It is also known from previous studies that atrial fibrillation 
occurs in 10 to 15 percent of patients with acute infarction. Its 
early presence signifies atrial ischemia; later it may also represent 
atrial stretch caused by increasing filling pressures, that is why it 
is associated with such an adverse prognosis [9-11].

ECG finding on presentation
In our study, we found that the average Pmax, Pmin and PWD 

on presentation were 125.77 ± 8, 83.97 ± 4.48 and 41.13 ± 7.74 
ms respectively and these values was higher than the normal 
values described in one survey to study the normal range of P 
wave parameters in large sample covering almost all age groups 
of Chinese people, 12-lead surface ECGs were obtained from 
2078 healthy Chinese subjects aged between 1 and 87 (mean age 
39.4±17.3) years. The average Pmax, Pmin and PWD in all subjects 
were 109.9±7.9, 81±11.4 and 28.9±10.7 ms respectively [5].

We also found that there is a strong positive correlation 
between Pmax and the age of the studied patients (P<0.001) and 
also between PWD and the age (P<0.001). The Chinese study also 
revealed that there was a progressive increase in the mean value 
of Pmax, Pmin and PWD with age [5].

We did not find any specific lead distribution of Pmin or Pmax 
in the studied patients, but the previous study found that most 
Pmax was found in lead II (77.0%) or V5 (14.3%). Whereas most 
Pmin was found in lead VI (74.7%) or V2 (7.8%).

In a study to evaluate the effects of myocardial ischemia on 
P dispersion and P maximum. 95 patients with coronary artery 
disease (CAD) and typical angina pectoris and 15 controls with 
angina like symptoms underwent 12-lead surface ECG during and 
after the relief of pain. During pain and during the asymptomatic 
period, P maximum and P dispersion were calculated from the 
averaged complexes of all 12 leads, it found that only P wave 
dispersion was significantly higher during the anginal episode 
compared to the asymptomatic period in both patient groups 
with or without prior MI. P maximum and P dispersion were 
not significantly different between patients and controls during 
the asymptomatic recording, while they were both significantly 
higher in patients than in controls during pain (P = 0.048 and P = 

0.037, respectively). P minimum was not found to differ between 
patients and controls in the symptomatic nor in the painless 
period. During the anginal episode, both P dispersion and P 
maximum were found to be significantly higher in those patients 
who showed ST segment changes (depression or elevation) in 
both lead groups (II, III, aVF, and I, aVL, V2-V6) compared to those 
patients who showed ST segment alterations in only one of the 
two lead groups [11-19].

Thus, we agree with this study in that:

•	 During attacks of myocardial ischemia, Pmax and PWD 
are larger than normal.

•	 PWD was positively correlated with the extent of 
myocardial ischemia.

•	 We found that there was no significant difference in 
PWD as regard site of infarction (anterior, inferior or anterior 
and inferior).

•	 On examination, we found 3 patients with signs of heart 
failure. By applying statistical tests, we found that PWD was 
higher in these patients.

Echocardiographic findings in first day of admission
We also found that PWD was significant positive correlation 

between PWD and both left atrial size (P<0.001) and left ventricular 
ejection fraction (P=0.02) in the first day of hospitalization.

Dilaveris P, et al. [11] studied the effects of myocardial ischemia 
on P dispersion and P maximum. 95 patients with coronary artery 
disease (CAD) and typical angina pectoris and 15 controls with 
angina like symptoms and found that P dispersion was significantly 
higher in patients with left ventricular dysfunction (EF < 45%) 
than in patients with preserved left ventricle function (EF > 
45%) during angina (P = 0.032), but not in painless conditions. 
Univariate analysis of variances showed that during the anginal 
episode, P dispersion was significantly higher in patients with left 
ventricular dysfunction, independent of the presence of previous 
MI [11].

Drug history
In our study, twenty-two (73.3%) patients were receiving 

beta-blocker and ten (33.3%) patients were receiving ACE 
inhibitor.

We found that PWD was positively correlated with the use of 
beta blocker (P<0.001) and ACE inhibitors (P 0.00l) so, patients on 
beta blockers or ACE inhibitors before presentation had smaller 
PWD. Korkmaz H et al. [17] studied the effect of nebivolol and 
quinapril on P-wave duration and dispersion in newly diagnosed 
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hypertensive patients, the study group consisted of 54 patients 
(Mean age: 53 ± 9 years, 46% women) with 27 patients in each 
group patients who were assigned to the two treatment groups 
and received either 20 mg quinapril/day or 5 r mg nebivolol/day. 
P-Wave dispersion (PWD) was measured at baseline and after four 
weeks of treatment. Both groups showed a similar but significant 
reduction in PWD and Pmax. The delta PWD was -16 ±14 ms (P 
0.000l) and -13 ± ll ms, (P0.000l) in the nebivolol and quinapril 
group, respectively. Corresponding figure for Pmax was -10±11 
ms (P=0.001) and -9±11 ms (P=0.001), respectively. This effect 
was independent of blood pressure and heart rate changes [17].

Investigations on presentation: In our study we found 
significant positive correlation between PWD and both Troponin 
T (P<0.001) and CK MB (P 0.00l) on presentation. A similar 
correlation of the degree of troponin elevation with mortality was 
seen in the TIMI IIIB trial, the GUSTO Ha trial, and the FRISC study 
[20].

In our study we found a strong positive correlation between ST 
segment deviation score (STD score) before thrombolytic therapy 
and PWD (P<0.001). the importance of STD score was shown 
in a multivariate analysis from the GUSTO-I database of 41,021 
patients it was found that The number of ECG leads showing ST 
segment deviation (elevation or depression) and the ST segment 
deviation score (using the sum of ST segment deviation in all 12 
leads) are markers for the extent’ of the ischemic area in acute 
coronary syndromes [21]. Thus, the extent of PWD can reflect the 
severity of MI.

Conclusion
PWD is correlated with success of thrombolytic therapy and 

with other parameters as LA size and EF. There is no conflict of 
interest.
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