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Abstract 

Background: Coronary artery disease (CAD) is a paramount cause of death. 
Global and regional left ventricular (LV) systolic function is an important 
non-invasive marker of CAD. We can use tissue Doppler imaging (TDI) to 
measure the low velocities generated by myocardium which are: S'-wave, 
E'-wave, and A'-wave. We aimed to examine the value of the S'-wave disper-
sion of TDI across mitral valve annular velocities to predict angiographically 
significant coronary artery obstruction. Patients and Methods: We included 
100 patients with symptoms suggesting CAD. All patients had undergone full 
history taken and clinical examination; ECG, echocardiographic with assess-
ment of LV function, and Doppler derived mitral valve velocities; TDI with 
measuring of S'-wave and coronary angiography. Lesions with ≥70% or more 
stenosis in major epicardial artery or ≥50% stenosis in the left main coronary 
artery were considered significant. Patients were classified into two groups 
according to the presence or absence of significant coronary stenosis. Results: 
Clinical and conventional echocardiographic and Tissue Doppler measures 
were comparable between the two groups; there was statistically significant 
difference between Group I and Group II (P value < 0.0001); patients with 
significant coronary arteries lesions have higher S' wave dispersion as com-
pared with patients with normal or mild significant coronary lesions. Con-
clusion: S'-wave dispersion may consider a good predictor of angiographi-
cally significant coronary artery disease. 
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1. Introduction 

Ischemic heart disease (IHD) is a major cause of death in developed countries. 
Although IHD mortality rates worldwide have declined over the past four dec-
ades, coronary artery disease (CAD) is still responsible for around 35% of the 
overall mortality among individuals over age 35 [1]-[6]. 

It has been appraised that about 50% of middle-aged men and 1/3 of mid-
dle-aged women in the USA will develop some manifestations of CAD [7]. 

Non-invasive imaging modalities as stress echocardiography and myocardial 
perfusion imaging are important and useful tools in everyday practice for early 
detection, evaluation, and risk stratification of CAD [8]. Global ejection fraction 
and segmental wall motion abnormalities of left ventricular (LV) are an impor-
tant marker of CAD in echocardiographic studies, which is usually assessed us-
ing two-dimensional echocardiography [9]. 

Tissue Doppler imaging (TDI) is an echocardiographic modality that uses 
Doppler principles to measure myocardial motion velocity, Doppler echocardi-
ography relies on changes in frequency of US signals reflected from moving 
structure [10] [11]. Pulsed-wave TDI is used to calculate the peak myocardial 
velocities and is primarily the long-axis ventricular motion because of the longi-
tudinally oriented endocardial fibers, which are more parallel to the US waves in 
the apical views. As the apex remains more or less stationary throughout the 
cardiac cycle, mitral annular motion is by far a good measure of the overall lon-
gitudinal left ventricular (LV) movement [12]. The PW-TDI enables the exam-
iner to obtain several indices, with both clinical and prognostic implications. 

2. Patients and Methods 

This study included 100 patients that calculated by sample size equation (using 
confidence level, margin of error & population size) with symptoms suggesting 
CAD in whom coronary angiography we indicated according to the ACC/AHA 
Guidelines for the diagnosis and management of patients with stable ischemic 
heart disease [13] in Qena University Hospital S.V.U. in the period from June 
2017 to May 2018 and we excluded patients with previous myocardial infarction 
(MI), atrial fibrillation (AF), congestive heart failure and significant valvular le-
sions (more than mild regurgitation or stenosis. 

3. Methodology 

We did all the following for all participants: full medical history, clinical exami-
nation, 12 lead ECG, echocardiography and Doppler study performed by GE 
Vivid S5 Cardiovascular Ultrasound Machine in the form of: 
- Two-dimensional Guided M-mode measurements of left ventricular end-diastolic 

dimension (LVEDD), left ventricular end-systolic dimension (LVESD), ejection 
fraction (EF) and fraction of shortening (FS) [14]. 

- Doppler across MV flow velocity waves; E-wave, A-wave, and E/A ratio [14]. 
- TDI: myocardial velocities of MV annulus were measured for all cases at api-
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cal 4-chamber and apical 2-chamber views. The velocities were measured at 
the anterior, lateral, septal and inferior walls of MV annulus. 

Three velocities were taken for every wall, S'-wave for systole, E'-wave at early 
filling phase during early diastole, and A'-wave for atrial contraction phase at the 
end of the ventricular diastole [15] (Figures 1-4), S'-wave dispersion calculated 
for every patient according to the following formula: 

S'-wave dispersion = (Maximum S' – Minimum S')/Maximum S' %) 

- Coronary angiography: Coronary angiography was done to all patients. The 
coronary artery obstruction estimated by an expert angiographer and ex-
pressed as percentage. Lesions with ≥70% stenosis in major epicardial artery 
or ≥50% stenosis in the left main coronary artery will consider significant 
angiographic stenosis [16]. 

- According to the presence or absence of significant coronary artery (CA) ob-
struction, patients classified into two groups: 

- Group I: Patients with significant CA lesion(s).  
- Group II: Patients with normal or with non-significant CA lesion(s). 

 

 
Figure 1. Across lateral wall of MV annulus, S'-wave: 0.08 m/s. E'-wave: 
0.15 m/s, A'-wave: 0.13 m/s. 

 

 
Figure 2. Across septal wall of MV annulus, S'-wave: 0.10 m/s. E'-wave: 
0.12 m/s, A'-wave: 0.11 m/s. 
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Figure 3. Across anterior wall of MV annulus, S'-wave: 0.08 m/s. E'-wave: 
0.14 m/s, A'-wave: 0.11 m/s. 

 

 
Figure 4. Across inferior wall of MV annulus, S'-wave: 0.08 m/s. E'-wave: 
0.12 m/s, A'-wave: 0.11 m/s. 

4. Statistical Analysis 

All patients had been analyzed using the Statistical Package for Social Sciences 
(SPSS) version 25(IBM corporation, Chicago, USA, 2017). Quantitative data was 
expressed as mean and standard deviation, while qualitative data was expressed 
as number and percentages. Pearson Correlation coefficient was used to estimate 
the correlation between two quantitative variables. 

5. Ethics 

Written consents from patients who participated in the study or from their fami-
lies were obtained and approved by Qena Medical Ethics Committee (QMEC) of 
Faculty of Medicine—South Valley University. The study was conducted in ac-
cordance with the Declaration of Helsinki. 
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6. Results 

Our study included 100 patients with symptoms suggesting CAD in whom 
coronary angiography was indicated according to the ACC/AHA Guidelines di-
vided into two groups according to the lesions in the coronary angiography (CA): 
- Group I normal or mild lesions in CA include 46 patients 24 males and 22 

females with mean age 53.91 ± 6.025 and 
- Group II Significant lesions in CA include 54 patients 27 males and 27 fe-

males with mean age 57.43 ± 8.433 
As shown in Table 1 there was statistically significant difference between the 

studied groups concerning Age, symptoms, smoking, diabetes mellitus, Ejection 
fraction and S' wave dispersion. 

Patients with significant CAD had a significantly higher S' wave dispersion 
than patients without significant CAD (P value < 0.0001). 

There was no statistically significant difference between the studied groups 
concerning sex, hypertension and diastolic dysfunction. 

7. Discussion 

TDI is a technique developed for quantification of left ventricular functions; 
both regional and global, both systolic and diastolic. During ischemic events, the 
first affected fibers are usually the longitudinal endocardial fibers; thus the ve-
locity changes can be detected from the apical approach. In addition to the sys-
tolic S' wave, also the diastolic velocity E' and E'/A' ratio were found to be linking 
with wall motion abnormalities [17]. 

The study of Derumeaux et al. [18] found a strong significant correlation be-
tween myocardial S' wave and regional myocardial blood flow in animal models 
of myocardial ischemia. 

Despite its great value; TDI still has some important limitations. One of these 
is the lack of clear, well-defined, cutoff values for maximum systolic and diastol-
ic velocities that may suspect CAD [19]. 

 
Table 1. Population characteristics, risk factors and echocardiographic data. 

Variables 
Significant CAD  

(n = 54) 
Non-Significant CAD 

(n = 46) 
P Value 

Age (ys) 57.43 ± 8.433 53.91 ± 6.025 0.042 

Sex (Male, Female) 24 (52.17), 22 (47.83%) 27 (50%), 27 (50%) 0.494 

Symptoms  
(dyspnea, chest pain) 

3 (5.56%), 
51 (94.44%) 

17 (36.96%),  
29 (63.04%) 

0.0001 

Smoking 17 (31.48%) 7 (15.22%) 0. 047 

Diabetes 34 (62.96%) 13 (28.26%) 0.001 

Hypertension 40 (74.07%) 36 (75.26%) 0.647 

EF (%) 57.94 ± 6.196 61.57 ± 5.488 0.003 

Diastolic dysfunction 1.2 ± 0.528 1.13 ± 0.582 0.547 

S' wave dispersion 0.386 ± 0.0767 0.2008 ± 0.0432 0.0001 
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This may occur because most of the echocardiographers depend on measuring 
the systolic and diastolic velocities of the examined segments only. However, this 
is dependent on the global LV function (both systolic and diastolic) and the lat-
ter may be affected by many other systemic diseases such as diabetes mellitus 
(DM) [20]. 

However, the American Society of Echocardiography/European Association 
of Echocardiography guidelines recommended the use of TDI in diagnosis and 
evaluation of CAD patients; in spite of this important limitation [21]. 

Our study demonstrated that patients with typical chest pain had significant 
lesions in coronary angiography as compared with patients complaining of 
dyspnea (P value 0.0001). 

Our study demonstrated that smoker patients had significant lesions in coro-
nary angiography as compared with the non-smoker patients (P value 0.047) 
against the study of Al-Daydamony et al. [22]. 

Our study demonstrated that diabetic patients had significant lesions in coro-
nary angiography as compared with the non-diabetic patients (P value 0.001) 
against the study of Al-Daydamony et al. [22]. 

Our study demonstrated that there was no statistical significance difference 
between Group I and Group II according to hypertension of the studied patients 
(P value 0.647) as in Al-Daydamony et al. [22]. 

Our study demonstrated that patients with lower EF had significant lesions in 
coronary angiography as compared with the patients with higher EF (P value 
0.003) as in Nagib et al. study [23]. 

Also, our study demonstrated that patients with significant coronary lesions 
had higher S' wave dispersion as compared with patients with normal or mild 
significant coronary lesions p-value < 0.0001 as in Al-Daydamony et al. [22] and 
Nagib et al. [23] studies; but not applied in multivessel disease. 

So our results suggest that TDI has a role in the evaluation of CAD severity 
same result in Agarwal et al. [19], Al-Daydamony et al. [22] and Nagib et al. [23] 
studies. 

8. Conclusions 

S'-wave dispersion may be useful as a valuable predictor of angiographically sig-
nificant CAD. 

Patients with significant coronary lesions had higher S' wave dispersion as 
compared with patients with normal or mild significant coronary lesions. 

9. Study Limitations 

In addition to the relatively small number of patients and being a single center 
study, the major limitation of our study is that it did not include many patients’ 
categories like those with previous MI, those with AF and those with CHF. We 
did not include them due to the effect of MI on LV regional functions beyond 
the flow limiting coronary obstruction and the inconsistency of TDI velocities 
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with AF. 
Further studies on a larger number of patients and on other patients’ catego-

ries are recommended. 
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