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ABSTRACT 

 

Article information 

 

Background: In patients with stable angina pectoris [SAP], conventional 

echocardiography at rest gives minimal information regarding 

coronary artery disease [CAD]. Even in patients with severe CAD, 

left ventricle [LV] wall motion at rest may be normal. As a result, it 

would be beneficial if another resting parameter could aid to 

distinguish patients with severe CAD from those with milder or no 

CAD. 2D strain echocardiography can anticipate the degree of 

coronary lesions. 

Aim of the work: The goal of this study was to study the relationship 

between LV systolic deformation and the severity of CAD in 

individuals with SAP using 2D STE. 

Patients and Methods: This study included [120] SAP patients, who 

were divided into three groups according to coronary angiography: 

Group [A] consists of [12] patients whose coronary angiography is 

normal Group [B]: [40] patients with low SS < 22. Group [C]: [48] 

patients with SS ≥ 22. All patients were undergoing 

Echocardiography [conventional and STE for assessment of global 

and circumferential strain. 

Results: There is a statistically significant correlation between the number 

of vessels affected and GLS and GCS. There is a significant 

correlation between SS and GLS [P=0.001] which is weak significant 

in group B and lost in group C. GLS can predict high SS with a cut-

off value of ≤-15, with a sensitivity of 85% and specificity of 87.5%, 

also GCS can predict high SS with a cut-off value ≤-18, with a 

sensitivity of 75% and specificity of 83.3%. 

Conclusion: 2D STE using GLS can diagnose ischemia with a cut-off 

value of ≤-19 and predict lesion severity with a cut-off value of ≤-15; 

also, GCS can diagnose ischemia with a cut-off value ≤ -23 and 

predict lesion severity with cut-off value ≤-18. 
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INTRODUCTION 

Echocardiography is considered the most 

common cardiac imaging device in patients 

suspected of having a cardiac disease. However, 

at rest, this conventional echocardiography gives 

us little information about the state of the 

coronary artery in patients suspected of having 

stable angina pectoris [1].  

Parameters of conventional echocardio-

graphy are usually used for LV function 

assessment. However, these parameters have 

multiple drawbacks, such as their angular 

dependency, low spatial resolution, and one-

dimensional deformation analysis [2]. Even in 

patients with severe CAD, the resting wall 

motion of the left ventricle may be normal. 

Hence, it would be advantageous if another 

resting characteristic could help discriminate 

between patients with severe CAD and those 

with less severe or no CAD [3]. 

Two-dimensional strain echocardiography 

can detect early changes in the heart function that 

result from ischemia and predict the coronary 

disease severity as SYNTAX score [SS], which 

is a score used to evaluate the severity of 

coronary artery disease [CAD] in patients 

undergoing coronary angiography [4]. 

The left ventricular [LV] myocardium 

deforms in complex three-dimensional ways 

throughout the cardiac cycle. Myocardial 

deformation in echocardiography can be defined 

in several ways, but for simplicity, the three 

principal strains are the longitudinal strain, the 

radial strain, and the circumferential strain [5, 6]. 

Because longitudinally oriented myocardial 

fibers are localized sub-endocardial, and it is the 

most vulnerable area to ischemia, measurements 

of the longitudinal motion and deformation using 

two-dimensional strain echocardiography [2D 

STE] may be the most sensitive markers of CAD 
[7]. 

Patients who are suspected of having 

coronary artery disease should routinely be 

evaluated with strain echocardiography because 

it is a cheap and risk-free diagnostic tool. To 

improve the selection of patients who are referred 

for coronary angiography we need to detect the 

link between SYNTAX score as an index of 

severity of CAD and left ventricular systolic 

deformation, Patients undergoing coronary 

angiography must have a high SS predicted. 

PATIENTS AND METHODS 

Our observational study included 120 

patients who sought medical attention for chest 

pain and were suspected to have stable angina 

pectoris at Sayed-Galal Hospital [Al-Azhar 

University] between April 2021 to February 

2022.  Twenty patients were excluded due to 

fulfilling the exclusion criteria.  

Our study followed the Helsinki declaration 

principles. We got ethical approval from the 

Cairo faculty of medicine [Al-Azhar University]. 

Written informed consent was obtained from 

each patient.  

We grouped the included patients according 

to their coronary angiography results into Group 

[A]: 12 patients with normal coronary 

angiography, and Group [B]: 40 patients with 

SS<22. Group [C]: 48 patients with SS≥22. We 

defined stable coronary artery disease as a non-

acute condition due to atherosclerosis of 

epicardial coronary arteries and/or micro-

circulation and is diagnosed following a 

diagnostic ischemia test or an acute coronary 

syndrome [8]. The exclusion criteria were: 1] 

Conduction abnormalities on ECG [LBBB, 

RBBB], 2] Ejection fraction <50%, 3] Evidence 

of cardiomyopathy, 4] Patient with left 

ventricular hypertrophy, 5] Patients with more 

than mild valvular disease, 6] Patients with 

previous CABG and poor image quality 

Data collection: Careful history was taken 

from all patients for assessment of chest pain, 

other cardiac symptoms, and previous diagnostic 

tests for ischemia. General examination and 

cardiac examination were done for each patient 

Conventional 2D Transthoracic Echocardio-

graphy 

All the patients were examined in the lateral 

decubitus posture on the left side. It was 

performed on a "Philips iE33 X Matrix" 

ultrasound machine equipped with STE 

technology and "S5-1" & "X5-1" matrix array 

transducers [Philips Medical Systems, Andover, 

USA] [1 - 5 MHz]. ECG-gated examinations are 

typically applied to aid us in picture acquisition 

and processing.  

The following information has been 

gathered: The M-mode modality was utilized to 

evaluate the parasternal long axis view linear 

internal LV dimension. At the level of the mitral 
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valve leaflet tips, it is measured perpendicular to 

the left ventricular long axis. Apical 2-chamber 

and 4-chamber views were used to estimate EDV 

and ESV, respectively, which were then used to 

derive ejection fraction [EF]. The Simpson-

modified formula for EF is: EF = [EDV - ESV] / 

EDV [9]. 

2-D Study of speckle tracking 

echocardiography:  

For further study, we captured the apical 4-

chamber view, apical 2-chamber view, and apical 

long-axis view. The operator visually evaluated 

the tracking quality, made adjustments as 

necessary, and finally gave his approval. The 

longitudinal strain of the LV was automatically 

measured across 17 segments, with the mean 

value of each strain used to represent the strain 

over the entire LV [LVGLS]. 

Aortic valve closure in the apical long-axis 

view was used as the automated threshold for 

identifying peak systole. By marking the level 

and apex of the mitral annulus on each digital 

loop, the endocardial borders were mechanically 

delineated. If the automatic delineation of the 

area of interest was subpar, it was refined by 

hand. Because there is no way to quantify LS. 

Poorly acquired or artifactual images were not 

included [9]. In addition, the following points of 

view were recorded for future analysis: basal 

short-axis view at the tip of mitral valve leaflets, 

mid-short-axis view at the level of papillary 

muscles, and apical short-axis view at the level 

of apex distal to papillary muscle level just 

proximal to the level at which LV cavity end-

systolic obliteration occurs [10]. 

The operator examined the tracking quality 

visually, made any necessary changes, and 

accepted it. By marking the endocardial and 

epicardial borders, the automated delineation of 

endocardial borders was obtained. The operator 

assessed the LV strain values automatically in 16 

segments, then manually averaged them as the 

mean value of each strain and displayed them as 

global circumferential strain [LVGCS]. If the 

automated delineation was not optimal, the area 

of interest was manually adjusted. Because of the 

inability to measure CS, segments with poor 

image acquisition or artifacts were excluded.  

Coronary angiography: It was done using 

the usual [Judkins] method, and digital imaging 

was used to get and store the images. All of the 

analyses on cine loops from different angles were 

done after the fact by a single skilled invasive 

cardiologist who didn't know what the results of 

the echocardiographic studies were. Stenosis was 

reported as either left anterior descending artery 

[LAD] stenosis, right coronary artery [RCA] 

stenosis or left circumflex artery [LCX] stenosis. 

[RCA]. More than 70% of the blockage was 

considered to be a significant stenosis [11]. 

Interventional cardiologists evaluated each 

patient's coronary angiography data and provided 

the SS using www.syntaxscore.com. 

Statistical analysis: All statistical analysis 

was done using the SPSS version 25 [IBM Corp., 

Armonk.,NY.,USA]. Categorical variables were 

described as numbers and percentages and were 

compared using the Chi-square test. The 

Kolmogorov-Smirnov test was initially used to 

check the normality of continuous data. All 

continuous data were presented as mean and SD 

and were compared using the wat ANOVA test. 

Pearson’s correlation was done to test for linear 

relations between variables. ROC curve was 

made to determine the sensitivity, specificity, 

and cut-off value of GLS and GCS for 

discrimination of normal coronary angiography 

from CAD. A p-value of <0.05 was considered 

statistically significant. 

RESULTS 

Our study included 120 patients suspected to 

have stable angina pectoris. The patients were 

divided into three groups based on the coronary 

angiography results. All three groups were 

matched for the demographics and baseline 

characteristics [age, gender, hypertension, 

diabetes, and smoking] with no statistically 

significant difference between them [P value < 

0.05] [table 1].  

In terms of systolic function, the difference 

between the three groups was not significant 

statistically [P value =0.062]. According to the 

Number of affected vessels, we found a 

significant difference between groups B and C 

[p-value=0.001] as shown in table [2]. Also, the 

number of affected vessels was significantly 

correlated with the GLS and GCS. The greater 

the number of vessels affected the more reduced 

strain [p-value 0.001 for both, r= -0.6, and - 0.58 

respectively] as shown in table [3].  

As regards the global longitudinal strain, it 

was significantly higher in group A than in 

groups B and C [p-value ≤0.001] [table 4]. Also, 

we found significant statistical correlation exists 

http://www.syntaxscore.com/
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between SYNTAX score and GLS in all patients 

[r = -0.7, P value = 0.001], However, it was weak 

significant in group B [r=-0.3, p = 0.03] and lost 

in group C [r=-0.19, p = 0.1] [table 5].  

As regards the Global Circumferential strain, 

it was significantly higher in group A than in 

groups B and C [p-value ≤0.001] [table 4]. Also, 

we found a very strong statistical correlation 

exists between SYNTAX score and GCS in all 

patients [r = -0.67, P value = 0.001], However, it 

was weak significant in group B [r=-0.3, p = 

0.01] and lost in group C [r=-0.22, p = 0.1] [table 

5]. 

ROC curve acted as a discriminatory tool 

between the patient with normal coronary 

angiography from a patient with CAD by Global 

Longitudinal Strain that can predict obstructive 

CAD with a cut of value ≤-19, sensitivity of 85%, 

specificity of 81%, positive predictive value of 

83%, negative predictive value of 52% and 

diagnostic accuracy of 84.3% [figure 1, table 6]. 

ROC CURVE was used to discriminate the 

patient with a Low SYNTAX score from the 

patient with a high SYNTAX score by Global 

Longitudinal Strain that can predict a high 

SYNTAX score with a cut of value ≤-15, with a 

sensitivity of 85% specificity of 87.5%, positive 

predictive value of 85%, negative predictive 

value of 87.5% and diagnostic accuracy of 88.4% 

[figure 2, table 6]. 

ROC curve was used to discriminate the 

patient with normal coronary angiography from 

the patient with CAD by Global Circumferential 

strain that can predict obstructive CAD with the 

cut of value ≤-23, sensitivity of 77.3%, 

specificity of 83.3%, positive predictive value of 

97.1%, negative Predictive value of 33.3% and 

diagnostic accuracy of 86.7% [figure 3, table 6].  

ROC curve was used to discriminate the 

patient with a Low SYNTAX score from the 

patient with a high SYNTAX score by Global 

Circumferential strain that can predict a high 

SYNTAX score with cut-off value ≤-18, with a 

sensitivity of 75% specificity of 83.3% positive 

predictive value of 78.9%, negative predictive 

value of 80% and diagnostic accuracy of 81.8% 

[figure 4, table 6]. 

Table [1]: Comparison between three groups as regard demographic data 

  Group A 

[n=12] 

Group B 

[n=48] 

 Group C 

[n=40] 

P-value 

Gender [n, %] Males 

Females 

4 [33%] 

8 [67%] 

28 [58%] 

20 [42%] 

16 [40%] 

24 [60%] 
0.128 

Diabetes mellitus 

[n, %] 

Yes 

No 

8 [67%] 

4 [33%] 

35 [73%] 

13 [27%] 

27 [67.5%] 

13 [32.5%] 
0.828 

Hypertension Yes 

No 

9 [75%] 

3 [25%] 

24 [50%] 

24 [50%] 

23 [57.5%] 

17 [42.5%] 
0.287 

Smoking  Yes 

No 

8 [67%] 

4 [33%] 

22 [46%] 

26 [54%] 

28 [70%] 

12 [30%] 
0.143 

Age Mean ± SD 60 56.71 56.5 0.586 

Table [2]: Comparison between the groups [B, C] as regard number of vessels affected 

 Number of affected vessels Chi-square 

test 

P-value 

Single vessel Two vessels Three vessels 

Group B [N=48] 20 [90.9%] 24 [57.1%] 4 [16.7%] 
64.623 <0.001 

Group C [N=40] 2 [9.1%] 18 [42.9%] 20 [83.3%] 

Table [3]: Correlation between number of vessels and GLS 

 Number of vessels 

r p-value 

GLS -0.600 <0.001* 

GCS - 0.58 <0.001* 

Table [4]: Comparison between three groups as regard GCS and GLS 

 Group A [n=12] Group B [n=48] Group C [n=40] ANOVA P 

GCS Mean ± SD 

Range 

-27.33± 3.67 

21-36 

-24.88±3.62 

20-36 

-20.90±3.84 

16-28 
16.062 <0.001 

GLS Mean ± SD 

Range 

-20.67±2.42 

18-24 

-17.46±1.74 

14-21 

-13.75±2.38 

10-19 
31.381 <0.001 
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Table [5]: Correlation between SYNTAX score and global longitudinal Strain and global 

circumferential strain 

 SYNTAX score 

Pearson correlation Sig. [2-tailed] 

GLS for all study -0.787 <0.001 

GLS for group B -0.360 0.035 

GLS for group C -0.118 0.199 

GCS for all study -0.678 <0.001 

GCS for group B -0.381 0.013 

GCS for group C -0.255 0.111 

Table [6]: Validity of obstructive CAD and severity of CAD detection by using GCS and GLS 

 Cut-Off sensitivity specificity PPV NPV Accuracy 

Validity of obstructive CAD detection 

GCS ≤-23 77.3% 83.3% 97.1% 33.3% 86.7% 

GLS ≤-19 85% 81% 83% 52% 84.3% 

Validity of detection of severity of CAD 

GCS ≤-18 75% 83.3% 78.9% 80% 81.8% 

GLS ≤-15 85% 87.5% 85% 87.5% 88.4% 

 

 
 

Figure [1]: ROC curve of predictive accuracy of 

GLS for discrimination of normal coronary 

angiography from CAD 

Figure [2]: ROC curve of the predictive 

accuracy of GCS for discrimination of normal 

coronary angiography from CAD 

 
 

Figure [3]: ROC curve for the predictive accuracy 

of GLS for discrimination of the LOW syntax 

score from HIGH syntax score 

Figure [4]: ROC curve of the predictive 

accuracy of GCS for discrimination of the 

LOW syntax score from HIGH syntax score. 
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DISCUSSION 

Our study showed no significant differences 

between the three study groups in terms of age 

and gender, which was consistent with the 

findings of Nucifora et al. [15] and Biering- 

Sørensen et al. [16]. We detected no significant 

difference in EF across the three groups in this 

investigation, which agrees with Shimoni et al. 
[7] and Mustafa et al. [17]. This is also consistent 

with the findings of Choi et al. [18] who 

investigated whether global and segmental 

longitudinal plain systolic strain [LPSS] 

measured 2D STE could be useful for diagnosing 

severe CAD and discovered that the GLS was 

lower in the high-risk group. 

In this study, we discovered a significant 

negative correlation between the SYNTAX score 

and GLS. On a resting echocardiogram, all 

patients showed normal global and/or regional 

wall motion, and a lack of correlation with the 

high-risk group was discovered, which agreed 

with Sarvari et al. [19] who examined 77 patients 

with NSTE-ACS and discovered a substantial 

inverse relationship between SYNTAX score 

and GLS20.  

In this study, we found a significant inverse 

correlation between syntax score and GCS. This 

is in line with Sarvari et al. [19]. We discovered 

that resting GLPSS and GCSS could be used in 

the discrimination of patients with normal CAG 

and patients with CAD by a cut of value =-19, 

sensitivity 85% and specificity 81% for 

longitudinal strain and cut of value -23, 

sensitivity 77.3 and specificity 83.3 for 

circumferential strain. This is in agreement with 

Sarvari et al. [19] that studied 77 patients with 

NSTE-ACS for discrimination of non-obstructed 

CAD from significant CAD by cut-off value -

15.9 for GLPSS and cut-off value -17.5 for GCS.  

Additionally, this is in agreement with 

Norum et al. [20] who evaluated 781 patients with 

suspected cardiac ischemic chest pain, the mean 

GLS was -17.2% in CAD-positive patients 

versus 19.2% in CAD-negative patients. Also, it 

is consistent with Biering-Srensen et al. [16], who 

investigated 293 patients with GLPSS cut-off 

value - of 18.4% with a sensitivity of 74% and 

specificity of 58%, and Smedsrud et al. [21] who 

researched 109 patients with GLPSS cut off 

value -17.4% with sensitivity 51% and 

specificity 81%. This also is consistent with other 

studies [3, 7, 15]. Nucifora et al. [15] examined 182 

patients who had been sent for MSCT coronary 

angiography due to an elevated risk profile or 

stable chest discomfort. They discovered that the 

GLPSS cut-off value was -17.4 with 83% 

sensitivity and 77% specificity. Also, Anwar et 

al. [22] used left ventricular 17-segment models to 

compare the accuracy of global and segmental 

longitudinal strain [LS] for the detection of CAD 

to visual assessment of WMA using coronary 

angiography as a gold standard in 25 patients 

referred to coronary angiography with clinical 

suspicion of CAD. Also, in agreement with 

Mustafa et al. [17] they studied 200 patients with 

chronic stable angina with GLPSS cut off value-

19.5. Also consistent with Radwan et al. [23], 

where the GLPSS cut-off value was -18.65, and 

Bakhoum et al. [24], where the GLPSS cut-off 

value was -21.1.  

In our study, we noticed that resting GLPSS 

and GCS were found to be useful in 

distinguishing patients with severe CAD from 

those with less severe CAD by a cut of value-15, 

sensitivity 85%, and specificity 87.5% for 

longitudinal strain and cut of value-18, 

sensitivity 75% and specificity 83.3% for 

circumferential strain. This was consistent with 

Sarvari et al. [19], who examined 77 patients with 

NSTE-ACS to distinguish between significant 

CAD [defined as a vessel diameter reduction of 

at least 50% in at least one major coronary artery] 

and occluded CAD [defined as a TIMI flow 

grade of 0 or 1] by cut off values of -12.4 for 

GLPSS and -14.2 for GCS [20]. Also in agreement 

with Sarvari et al. [19], study who found that the 

GLPSS cut-off value of the high risk group was 

−13.95% with good sensitivity and specificity, 

therefore, Reduced GLPSS can help identify 

patients who are more likely to have complex 

CAD on angiograms and for whom coronary 

artery bypass surgery may be the best treatment 

option by increasing the pretest likelihood for the 

existence of severe CAD. And also, in agreement 

with Mustafa et at. [18], that studied 200 patients 

with chronic stable angina and found that the 

GLPSS cut-off value of the high-risk group was-

13.5. Also, according to Eek et al. [25] who 

assessed 61 NSTEMI patients using 2D STE for 

the correlation between GLPSS and the infarcted 

size of the myocardium revealed by CMR, the 

cut-off value for GLPSS in the high-risk group 

was -13.8, with a sensitivity of 85% and a 

specificity of 96%. The SS calculation considers 

morphological parameters such as tortuosity and 

calcification in addition to the number of 

coronary lesions. As a result, a greater SS may 

not always indicate an increase in the amount of 

myocardial ischemia, which may explain the loss 
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of correlation in the high-SS group. Our findings 

back up previous studies that looked into the use 

of speckle-tracking echocardiography in the 

diagnosis of CAD. Strain echocardiography is a 

simple, low-cost, risk-free diagnostic procedure 

that should be utilized routinely in individuals 

suspected of having CAD. 

Conclusion: contrary to traditional 

echocardiography, 2D speckle tracking 

echocardiography [GLS and GCS variables] 

provides better tools for predication of coronary 

artery disease severity. This supports its 

application in excluding substantial coronary 

artery stenosis in individuals with suspected SAP 

and in identifying and risk-stratifying 

atherosclerotic CAD. 

Conflict of Interest and Financial 

Disclosure: None. 

REFERENCES 

1. Hoffmann S, Jensen JS, Iversen AZ, Sogaard P, 

Galatius S, Olsen NT, et al. Tissue Doppler 

echocardiography improves the diagnosis of 

coronary artery stenosis in stable angina pectoris. 

Eur Heart J Cardiovasc Imaging. 2012 Sep;13[9]: 

724-9. doi: 10.1093/ehjci/jes001. 

2. Bansal M, Cho GY, Chan J, Leano R, Haluska BA, 

Marwick TH. Feasibility and accuracy of different 

techniques of two-dimensional speckle based strain 

and validation with harmonic phase magnetic 

resonance imaging. J Am Soc Echocardiogr. 2008 

Dec;21[12]:1318-25. doi: 10.1016/j.echo.2008.09. 

021. 

3. Montgomery DE, Puthumana JJ, Fox JM, 

Ogunyankin KO. Global longitudinal strain aids the 

detection of non-obstructive coronary artery disease 

in the resting echocardiogram. Eur Heart J 

Cardiovasc Imaging. 2012 Jul;13[7]:579-87. doi: 

10.1093/ejechocard/jer282. 

4. Nesbitt GC, Mankad S, Oh JK. Strain imaging in 

echocardiography: methods and clinical 

applications. Int J Cardiovasc Imaging. 2009;25 

Suppl 1:9-22. doi: 10.1007/s10554-008-9414-1. 

5. Mor-Avi V, Lang RM, Badano LP, Belohlavek M, 

Cardim NM, Derumeaux G, et al. Current and 

evolving echocardiographic techniques for the 

quantitative evaluation of cardiac mechanics: 

ASE/EAE consensus statement on methodology 

and indications endorsed by the Japanese Society of 

Echocardiography. J Am Soc Echocardiogr. 2011; 

24[3]:277-313. doi: 10.1016/j.echo.2011.01.015. 

6. Blessberger H, Binder T. NON-invasive imaging: 

Two dimensional speckle tracking echocardio-

graphy: basic principles. Heart. 2010 May;96[9]: 

716-22. doi: 10.1136/hrt.2007.141002. 

7. Shimoni S, Gendelman G, Ayzenberg O, Smirin N, 

Lysyansky P, Edri O, et al. Differential effects of 

coronary artery stenosis on myocardial function: the 

value of myocardial strain analysis for the detection 

of coronary artery disease. J Am Soc Echocardiogr. 

2011 Jul;24[7]:748-57. doi: 10.1016/j.echo.2011. 

03.007. 

8. Fihn SD, Gardin JM, Abrams J, Berra K, 

Blankenship JC, Dallas AP, et al.; American 

College of Cardiology Foundation/American Heart 

Association Task Force. 2012 ACCF/AHA/ACP/ 

AATS/PCNA/SCAI/STS guideline for the 

diagnosis and management of patients with stable 

ischemic heart disease: a report of the American 

College of Cardiology Foundation/American Heart 

Association task force on practice guidelines, and 

the American College of Physicians, American 

Association for Thoracic Surgery, Preventive 

Cardiovascular Nurses Association, Society for 

Cardiovascular Angiography and Interventions, and 

Society of Thoracic Surgeons. Circulation. 2012 

Dec 18;126[25]:e354-471. doi: 10.1161/CIR. 

0b013e318277d6a0. 

9. Lang RM, Badano LP, Mor-Avi V, Afilalo J, 

Armstrong A, Ernande L, et al. Recommendations 

for cardiac chamber quantification by 

echocardiography in adults: an update from the 

American Society of Echocardiography and the 

European Association of Cardiovascular Imaging. 

Eur Heart J Cardiovasc Imaging. 2015 Mar; 

16[3]:233-70. doi: 10.1093/ehjci/jev014.  

10. Mondillo S, Galderisi M, Mele D, Cameli M, 

Lomoriello VS, Zacà V, et al; Echocardio-graphy 

Study Group Of The Italian Society Of Cardiology 

[Rome, Italy]. Speckle-tracking echocardiography: 

a new technique for assessing myocardial function. 

J Ultrasound Med. 2011 Jan;30[1]:71-83. doi: 

10.7863/jum.2011.30.1.71. 

11. Moaref A, Zamirian M, Safari A, Emami Y. 

Evaluation of global and regional strain in patients 

with acute coronary Syndrome without previous 

myocardial infarction. Int Cardiovasc Res 

J.2016;10[1]:6-11. doi: 10.17795/icrj-10[1]6. 

12. de Agustín JA, Pérez de Isla L, Núñez-Gil IJ, 

Vivas D, Manzano Mdel C, Marcos-Alberca P, et 

al. Assessment of myocardial deformation: 

Predicting medium-term left ventricular 

dysfunction after surgery in patients with chronic 

mitral regurgitation. Rev Esp Cardiol. 2010;63[5]: 

544-53. doi: 10.1016/s1885-5857[10]70116-x. 

13. Urheim S, Edvardsen T, Torp H, Angelsen B, 

Smiseth OA. Myocardial strain by Doppler 

echocardiography. Validation of a new method to 

quantify regional myocardial function. Circulation. 

2000 Sep 5;102[10]:1158-64. doi: 10.1161/01.cir. 

102.10.1158. 

14. Fox K, Garcia MA, Ardissino D, Buszman P, 

Camici PG, Crea F, et al.; Task Force on the 

Management of Stable Angina Pectoris of the 



Said IF, Khalaf HA.                                                                                             IJMA 2023 May; 5 [5]: 3262-3269 

3269 
 

European Society of Cardiology; ESC Committee 

for Practice Guidelines [CPG]. Guidelines on the 

management of stable angina pectoris: executive 

summary: The Task Force on the Management of 

Stable Angina Pectoris of the European Society of 

Cardiology. Eur Heart J. 2006 Jun;27[11]:1341-81. 

doi: 10.1093/eurheartj/ehl001. . 

15. Nucifora G, Schuijf JD, Delgado V, Bertini M, 

Scholte AJ, Ng AC, van et al., Incremental value of 

subclinical left ventricular systolic dysfunction for 

the identification of patients with obstructive 

coronary artery disease. Am Heart J. 2010 

Jan;159[1]:148-57. doi: 10.1016/j.ahj.2009.10.030.  

16. Biering-Sørensen T, Hoffmann S, Mogelvang R, 

Zeeberg Iversen A, Galatius S, Fritz-Hansen T, 

Bech J, Jensen JS. Myocardial strain analysis by 2-

dimensional speckle tracking echocardiography 

improves diagnostics of coronary artery stenosis in 

stable angina pectoris. Circ Cardiovasc Imaging. 

2014 Jan;7[1]:58-65. doi: 10.1161/ 

CIRCIMAGING.113.000989. 

17. Moustafa S, Elrabat K, Swailem F, Galal A. The 

correlation between speckle tracking 

echocardiography and coronary artery disease in 

patients with suspected stable angina pectoris. 

Indian Heart J. 2018 May-Jun;70[3]:379-386. doi: 

10.1016/j.ihj.2017.09.220. 

18. Choi JO, Cho SW, Song YB, Cho SJ, Song BG, 

Lee SC, Park SW. Longitudinal 2D strain at rest 

predicts the presence of left main and three vessel 

coronary artery disease in patients without regional 

wall motion abnormality. Eur J Echocardiogr. 2009 

Jul;10[5]:695-701. doi: 10.1093/ejechocard/jep041. 

19. Sarvari SI, Haugaa KH, Zahid W, Bendz B, 

Aakhus S, Aaberge L, et al. Layer-specific 

quantification of myocardial deformation by strain 

echocardiography may reveal significant CAD in 

patients with non-ST-segment elevation acute 

coronary syndrome. JACC Cardiovasc Imaging. 

2013 May;6[5]:535-44. doi: 10.1016/j.jcmg.2013. 

01.009. 

20. Norum IB, Ruddox V, Edvardsen T, Otterstad JE. 

Diagnostic accuracy of left ventricular longitudinal 

function by speckle tracking echocardiography to 

predict significant coronary artery stenosis. A 

systematic review. BMC Med Imaging. 2015 Jul 

25;15:25. doi: 10.1186/s12880-015-0067-y. 

21. Smedsrud MK, Sarvari S, Haugaa KH, Gjesdal O, 

Ørn S, Aaberge L, Smiseth OA, Edvardsen T. 

Duration of myocardial early systolic lengthening 

predicts the presence of significant coronary artery 

disease. J Am Coll Cardiol. 2012 Sep;60[12]:1086-

93. doi: 10.1016/j.jacc.2012.06.022. 

22. Anwar A, Nosir Y, Alasnag M, Llemit MA, 

Elhagoly AA, Chamsi-Pasha H. Quantification of 

left ventricular longitudinal strain by two-

dimensional speckle tracking: a comparison 

between expert and non-expert readers. Int J 

Cardiovasc Imaging. 2013 Oct;29[7]:1451-8. doi: 

10.1007/s10554-013-0247-1. 

23. Radwan H, Hussein E. Value of global 

longitudinal strain by two dimensional speckle 

tracking echocardiography in predicting coronary 

artery disease severity. Egypt Heart J. 2017 Jun 

1;69[2]:95-101. doi: 10.1016/j.ehj.2016.08.001. 

24. Bakhoum SW, Taha HS, Abdelmonem YY, Fahim 

MA. Value of resting myocardial deformation 

assessment by two dimensional speckle tracking 

echocardiography to predict the presence, extent 

and localization of coronary artery affection in 

patients with suspected stable coronary artery 

disease. The Egypt Heart J. 2016 Sep 1;68[3]:171-

9. doi: 10.1016/j.ehj.2016.02.001.  

25. Eek C, Grenne B, Brunvand H, Aakhus S, 

Endresen K, Hol PK, et al. Strain echocardio-

graphy and wall motion score index predicts final 

infarct size in patients with non-ST-segment-

elevation myocardial infarction. Circ Cardiovasc 

Imaging. 2010 Mar;3[2]:187-94. doi: 10.1161/ 

CIRCIMAGING.109.910521.  

 



 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                  

 

https://ijma.journals.ekb.eg/ 
Print ISSN: 2636-4174 

Online ISSN: 2682-3780 

https://ijma.journals.ekb.eg/

