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ABSTRACT 

Background: The principal goal of the evaluation of myocardial viability is to identify patients whose 

symptoms, exercise capacity, and long-term prognosis may improve after revascularization. Contrast 

enhanced cardiac MRI has developed as a promising imaging modality for the evaluation of myocardial 

viability which provides direct imaging of necrotic tissue with contrast and high spatial resolution.  

Objective: To assess the role of cardiac MRI as a non- invasive tool in the evaluation of myocardial viability 

in patients with coronary artery disease. 

Patients and Methods: The study included 25 patients diagnosed as having coronary artery disease (CAD), 

(age range, 28-68 years). All selected patients were subjected to cardiac MRI examination using 1.5-T MR 

system for studying myocardial function and viability. Comparison was made between echocardiography and 

cardiac MRI regarding segmental wall motion using the 17-segment model of the American Heart 

Association for assessment of myocardial function. Delayed-enhancement MRI was performed to determine 

myocardial viability and scarring while black blood T2W sequence with fat suppression was done to detect 

cases with acute infarction. Microvascular occlusion was diagnosed using early Gadolinium enhancement 

sequence. 

Results: Good agreement between cardiac MRI and echocardiography regarding segmental wall motion with 

P-value of 0.065. Sensitivity and specificity of cardiac MRI for detecting SWMA were 93.6%, and 44.4% 

respectively. Myocardial viability was evaluated by cardiac MRI with the use of end-diastolic wall thickness, 

imaging of early and late enhancement after contrast administration. Late gadolinium enhancement allowed 

assessing state of myocardium and visualizing myocardial scar with its quantification. Two segments showed 

1-25% transmural extent of myocardial wall infarction, while 120 segments showed 71-100% extent and 261 

segments showed no enhancing scar. 

Conclusion: Cardiac MR imaging is an effective and reliable method for the evaluation of myocardial 

function as compared to echocardiography. Also, it is effective and reliable method for the evaluation of 

myocardial viability being able to assess both the infarct size and transmurality and accordingly helps to 

predict functional recovery after revascularization. 

Key Words: Ischemic Heart Disease (IHD), Segmental Wall Motion Abnormality (SWMA), Myocardial 

viability, Late gadolinium enhancement. 
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INTRODUCTION 

     Coronary Artery Disease (CAD) is a 

common morbidity among the aging 

population and has a significant mortality. 

The treatment strategies are frequently 

between medical treatment and 

revascularization however, not every 

patient with CAD can benefit from 

coronary revascularization so, and 

assessment of viable myocardium has an 

important prognostic implication. Patients 

with a substantial amount of dysfunctional 

but viable myocardium are likely to 

benefit from coronary revascularization 

and may show improvements in regional 

and global contractile function, symptoms, 

exercise capacity, and long-term 

prognosis (Allman et al., 2012; Kaandorp 

et al., 2015 and Schinkel et al., 2017). 

Imaging modalities such as Positron 

Emission Tomography (PET) in 

combination with perfusion imaging or 

Single Photon Emission Computed 

Tomography (SPECT) have been used 

previously for the detection of myocardial 

viability however, these techniques are 

relatively time-consuming and expose the 

patient to radiation (Abdelrahman et al., 

2016). 

     During the last two decades, Contrast 

Enhanced cardiac MRI (CE-MRI) has 

developed as a promising imaging 

modality for the assessment of myocardial 

viability. It provides direct imaging of 

necrotic tissue with high contrast and high 

spatial resolution. In patients with CAD, 

the transmural extent of the scar tissue 

which can be determined by cardiac MRI, 

predicts functional recovery after 

myocardial revascularization (Wagner et 

al., 2013; Schvartzman et al., 2013). 

Magnetic resonance imaging can assess 

the myocardial viability through a series 

of different techniques which can assess 

metabolic, functional, and morphological 

alterations and tissue characteristics, in 

addition to evaluating cellular viability. 

The technique most widely used and with 

the greatest potential for clinical use is 

delayed myocardial enhancement. This 

technique can identify in a simple and 

objective way areas of hyper intense 

signal in the myocardium after 

administration of the contrast agent, with 

excellent histologic correlation to 

characterize areas with infarction/ fibrosis 

(Souto et al., 2017). 

PATIENTS AND METHODS 

Study population: 

     This prospective study was performed 

upon 25 patients already diagnosed as 

having coronary artery disease, (age 

range, 28-68 years; 22 males & 3 females) 

between August 2020 and May 2021, 

Patients were referred to MRI unit the 

Department of Diagnostic and 

Interventional Radiology, at Al-Azhar 

University Hospitals in Cairo. Ethics 

Committee approval and informed written 

consent were obtained. Privacy and 

confidentiality of all patient data were 

guaranteed. All data provision were 

monitored and used for scientific purpose 

only. 

     All selected patients were subjected to 

cMRI examination using 1.5-T MR 

system for studying myocardial function 

and viability. 

     The inclusion criteria: patients with 

ischemic heart disease based on clinical 

symptoms and documented LV 

dysfunction by ECG, echocardiography in 

the cardiology department, history of 
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percutaneous coronary intervention (11 

patients) or previous attack of myocardial 

infarction (11 patients). Patients enrolled 

in this study had to fulfill the following 

criteria: sinus heart rhythm, the ability to 

hold breath for accepted time (10-20 

seconds) and normal serum creatinine. 

     The exclusion criteria included 

hemodynamic instability, acute respiratory 

insufficiency, altered general status, the 

need for continuous monitoring 

incompatible with MRI confines, 

decompensated congestive heart failure 

(unable to lie flat during MRI), impaired 

renal excretory function (calculated 

Glomerular Filtration Rate less than 

30mL/min/1.73 m2) unless on dialysis, 

history of nephrogenic systemic fibrosis, 

history of claustrophobia and the other 

general contraindication to MRI included: 

     Cardiac pacemaker, implantable 

defibrillator, cerebral aneurysm clip, 

neural stimulator (e.g., tens- unit), any 

type of ear implant, ocular foreign body 

(e.g., metal shavings), any implanted 

device (e.g., insulin pump), metal shrapnel 

or bullet. 

     All patients of our study were 

subjected to full history taking, clinical 

examination: Including general 

examination and local examination by 

cardiologist, ECG monitoring, 

echocardiography, and serum cardiac 

biomarkers estimation (e.g., troponin) and 

cardiac MRI examination with the 

studying of myocardial function and 

viability. 

MR imaging protocol: 

     This prospective study was performed 

using cardiac MRI examinations for 25 

patients on closed MRI machine, 1.5-T 

magnet resonance scanner (Philips 

Achieva, Netherland) at Al-Hussein 

University hospital in Cairo, at Diagnostic 

and Interventional Radiology department. 

     Localizer sequences in three 

orthogonal planes were taken followed by 

standard cardiac two- chamber and four-

chamber views as well as Short Axis (SA) 

cine images in Steady State Free 

Precession (SSFP). All images were 

acquired during single breath-holds (end 

expiratory of about 9- 15sec.) with ECG 

gating. Acquisition parameters for two-

chamber and four-chamber views were: 

Repetition time msec/echo time msec, 

4.2/1.8; flip angle, 55º; pixel size, 1.8-

2.3mm; Field of View (FOV), 320mm2; 

matrix, 192. 

     Short axis cine images acquisition 

parameters were Repetition time 

msec/echo time msec, 4/1.6; flip angle, 

55º; section thickness, 8mm; no gap; pixel 

size, 1.8-2.3mm; Field of View (FOV), 

380 mm2; matrix, 280. 

     Contrast media was injected of about 

0.2 mmol/kg body weight with acquisition 

of real-time retrospective gated dynamic 

cine SA view in three slices in free 

breathing (at rest). Then, Late Gadolinium 

Enhancement (LGE) images were 

obtained 10min after the injection of the 

contrast material using an Inversion 

Recovery (IR) sequence. Image 

acquisition was performed from the base 

to the apex in SA view and additionally in 

two chamber and four chamber views. 

Images were acquired during end-

expiration breath hold. 

     Acquisition parameters of IR sequence 

are Repetition time msec/echo time msec, 

7.4/3.4; section thickness, 8mm; no gap; 
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Field of View (FOV), 380mm2; matrix, 

224; TI, variable for every patient. 

Data processing for MRI: 

Functional image analysis: 

     Short axis CINE images were 

transferred to commercially available 

workstation for post-processing and image 

analysis.  

     The endocardial and epicardial borders 

of both ventricles were traced manually 

from the short axis images cine images 

during peak systole and end diastole 

giving global functional parameters (EF). 

The impact of IHD on regional function 

was assessed qualitatively using SA cine 

images (described as normal, hypokinetic, 

akinetic, or dyskinetic) using the 17-

segment model. 

Morphological assessment: 

     The end diastolic wall thickness was 

assessed to detect cases with reduced end 

diastolic wall thickness in chronic state. 

Also, the functional 2 chamber and 4 

chamber cine images were assessed for 

other associated abnormalities such as 

valvular lesion or intra-cavitary thrombus 

The presence of edema to determine acute 

cases was assessed in the morphological 

short axis black blood T2WIs qualitatively 

as an area of high signal intensity than 

normal myocardium. 

Viability analysis: 

     Visual assessment of early gadolinium 

enhancement images for the presence of 

any hypo-intense signal that denoted 

microvascular occlusion was also 

performed. Thereafter, visual assessment 

of late gadolinium enhancement images 

for the presence of scar tissue and its 

extent across the myocardial wall was 

performed using the identical 17- segment 

model. The basal, mid-ventricular, and 

apical segments were evaluated on short-

axis images, whereas the apical cap was 

evaluated in the two-chamber or four-

chamber long-axis planes. Transmural 

extent of infarction was expressed as the 

following: 1-25% of left-ventricular wall 

thick- ness or 26-50% of LV wall 

thickness or 51-75% LV wall thickness 

and 76-100% of LV wall thickness. 

Statistical analysis: 

• Statistical analysis was processed by 

using SPSS program, Version 16 of 

IL, USA. 

• For quantitative data, the range, mean, 

and standard deviation were 

calculated. For qualitative data which 

describe a categorical set of data by 

frequency, percentage or proportion of 

each category, comparison between 

two groups and more was done using 

Chi-square test and Fisher Exact test. 

For comparison between percent's 

testing of proportion was done (Z-

test). Significance was adopted at 

p<0.05 for interpretation of results of 

tests of significance. 

• For people who had the characteristic 

(segmental wall motion abnormality), 

the number of people who tested 

positive and the number of people who 

tested negative were recorded. The 

same was done for people who didn't 

have the characteristic. People with 

the characteristic and tested positive 

(enhanced scared myocardium on 

LGE in cMRI) are the True Positives 

(TP). People with the characteristic 

(SWMA) and tested negative (no 

enhanced scared myocardium on LGE 

in cMRI) are the False Negatives 
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(FN). People without the characteristic 

(No SWMA) and tested positive are 

the False Positives (FP). People 

without the characteristic and tested 

negative are the True Negatives (TN). 

• To calculate the sensitivity, TP was 

divided by (TP + FN). 

• To calculate the specificity, TN was 

divided by (FP + TN). 

• To calculate the Positive Predictive 

Value (PPV), TP was divided by (TP 

+ FP). 

• To calculate the Negative Predictive 

Value (NPV), TN was divided by (TN 

+ FN). 

• Accuracy, or efficiency, is the percentage 

of test results correctly identified by 

the test, i.e. (true positives + true 

negatives)/total test results= (T+ TN) / 

(TP + TN + FP + FN). 

 

RESULTS 

 

     Among the twenty-five (25) patients 

included in our study, males represented 

88% & females represented 12%. (22 

males, 3 females), the age ranged between 

(28-68 years); with mean age: 48.68 years. 

     According to the predisposing factors 

for developing coronary artery disease, 

hypertension was the most common 

finding as it was seen in 17 patients (68%) 

followed by hypercholesterolemia which 

was present in 10 patients (40%) and then 

diabetes mellitus which was present in 7 

patients (28%). 14 patients (56%) were 

smokers, 6 patients (24%) were drug 

addicts, 14 patients (56%) had positive 

family history of coronary artery disease 

(Chart 1). 

 

 

     Good agreement between 

Echocardiography and MRI for the 

estimation of Ejection Fraction (EF) was 

noted. In this study, the mean EF by cMRI 

was 43.92% and the mean EF by 

echocardiography was 39.87% with mean 

difference was 4.05%. 

     As regard the detection of segmental 

wall motion abnormality, 

echocardiography showed that 149 

segments were normo-kinetic while cMRI 
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revealed that 140 segments were normo-

kinetic. Also, echocardiography showed 

that 206 segments showed hypo-kinesia 

while cMRI showed that only 186 

segments were hypo-kinetic. 67 segments 

were seen to be akinetic by 

echocardiography while 91 segments were 

seen to be akinetic by cMRI. Only 3 

segments showed dyskinesia by 

echocardiography while, 8 segments 

showed dyskinesia by cMRI. So, there 

was difference between cMRI and 

echocardiography as regard detection of 

segmental wall motion abnormality as 

described however it is insignificant with 

the p-value=0.065 (Table 1). 

 

Table (1): Segmental wall motion abnormality diagnosed by echocardiography 

(ECHO) versus cardiac magnetic resonance imaging (MRI) among the 

studied 25 patients having ischemic heart disease 

Variables 

Segmental wall motion abnormality diagnosed by 

echocardiography (ECHO) versus cardiac magnetic 

resonance imaging (MRI) among the studied 25 

patients 

X2 P 

ECHO cMRI   

Type SWMA 

detected 
N=425 100% N=425 100%   

Normo- kinetic 109 35.1 140 33.0 

7.220 0.065 
Hypokinetic 206 48.5 186 43.8 

Akinetic 67 15.7 91 21.4 

Dyskinetic 3 0.7 8 1.8 

Affected segments detected by cMRI: 

Segment 1 0 0 4 16.0 FE 0.110 

Segment 2 1 4.0 5 20.0 FE 0.189 

Segment 3 2 8.0 5 20.0 FE 0.417 

Segment 4 1 4.0 4 16.0 FE 0.349 

Segment 5 2 8.0 4 16.0 FE 0.667 

Segment 6 1 4.0 4 16.0 FE 0.349 

Segment 7 8 32.0 13 52.0 1.310 0.251 

Segment 8 12 48.0 15 60.0 0.320 0.570 

Segment 9 9 36.0 7 28.0 0.090 0.761 

Segment 10 3 12.0 7 28.0 1.130 0.289 

Segment 11 4 16.0 9 36.0 1.660 0.197 

Segment 12 2 8.0 6 24.0 FE 0.267 

Segment 13 12 48.0 17 68.0 1.310 0.252 

Segment 14 16 64.0 16 64.0 0.000 1.000 

Segment 15 3 12.0 6 24.0 FE 0.643 

Segment 16 2 8.0 6 24.0 FE 0.247 

Segment 17 7 28.0 8 32.0 0.000 1.000 

All Segment 3 12.0 0 0 FE 0.235 
Significant (p<0.05). FE: Fisher Exact test. 

 

     On comparing types of segmental wall 

abnormality detected by both 

echocardiography and cMRI, there was 

some difference in the type of SWMA as 

following (Table 2). 

     It was found that 149 segments 

appeared to be normo-kinetic by 

echocardiography. Only 77 segments 

(51.7%) of them were normo-kinetic by 

both echocardiography and cMRI and 56 
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segments (37.6%) appeared normo-kinetic 

by echo, but they showed hypo-kinesia by 

cMRI. Also, 16 segments (10.7%) 

appeared normo-kinetic by echo, but they 

showed akinesia by cMRI. 

     Also, 206 segments appeared to be 

hypo-kinetic by echocardiography. Only 

99 segments of them (48.1%) were hypo-

kinetic by both echocardiography and 

cMRI and 51 segments (24.8%) appeared 

hypo-kinetic by echo, but they were 

normo-kinetic by cMRI and 52 segments 

(25.2% showed hypo- kinesia by echo but 

they were akinetic by cMRI. Moreover, 4 

segments (1.9%) were hypo-kinetic by 

echo, but they were found to be dyskinetic 

by cMRI. 

     By echocardiography, 67 segments 

appeared to be akinetic. Only 23 segments 

(34.3%) of them were akinetic by both 

echocardiography and cMRI while 12 

segments (17.9%) appeared akinetic by 

echo, but they were normo-kinetic by 

cMRI, and 31 segments (46.3%) showed 

akinesia by echo, but they were hypo-

kinetic by cMRI. Moreover, 1 segment 

(1.5%) appeared akinetic by echo but it 

was found to be dyskinetic by cMRI. 

 

Table (2): Per-segment agreement between echocardiography and MRI as regards 

detection of SWMA in the 425 segments examined in 25 patients 
SWMA by echo 

SWMA 

by 

cMRI 

  Normal Hypokinesia Akinesia Dyskinesia Total 

Normal 

Count 77 51 12 0 140 

% Of 

count 
51.7% 24.8% 17.9% 0% 33% 

Hypokinesia 

Count 56 99 31 0 186 

% Of 

count 
37.6% 48.1% 46.3% 0% 43.8% 

Akinesia 

Count 16 52 23 0 91 

% Of 

count 
10.7% 25.2% 34.3% 0% 21.4% 

Dyskinesia 

Count 0 4 1 3 8 

% Of 

count 
0% 1.9% 1.5% 100.0% 1.8% 

Total 

Count 149 206 67 3 425 

% Of 

count 
100.0% 100.0% 100.0% 100.0% 100.0% 

 

     For the prediction of the contractile 

reserve in the studied 25 patients, 

assessment of Segmental Wall Motion 

Abnormality (SWMA) identified with 

cMRI associated with scar tissue as 

diagnosed by LGE was studied in the 

collectively three vascular territories 

(LAD, LCX & RCA). A total number of 

75 territories (in the studied 25 patients; 

three vascular territories in each patient) 

were studied. It was found that 58 

territories of the 75 territories (77.3%) 

showed abnormal regional function, 

whereas 40 of them (53.3%) showed scar 

by LGE and 18 territories (24%) showed 

no scar. Seventeen segments (22.7%) 

showed no SWMA with only three of 

them (4%) showed scar by cMRI (Table 

3). 

     The same was done for 

echocardiography and it was found that 56 

territories of 75 territories (74.6%) 
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showed abnormal regional function, 

where- as 36 of them (48%) showed scar 

by LGE and 20 territories (26.6%) showed 

no scar. Nineteen segments (25.4%) 

showed no SWMA with only five of them 

(6.7%) showed scar by cMRI. 

     Cardiac MRI provided the ability to 

differentiate cases with acute myocardial 

infarction from chronic cases using 

morphological black blood T2 weighted 

imaging with fat suppression and it was 

found that 12 patients (48%) showed 

abnormally high signal intensity in T2WI 

in the jeopardized myocardium denoting 

myocardial edema and hence acute 

myocardial infarction and 13 patients 

(52%) had chronic ischemic heart disease. 

 

Table (3): The diagnostic value of SWMA identified with cMRI for the prediction of 

myocardial scar as diagnosed by cMRI in the three vascular territories 

(LAD, LCX, RCA) 

SWMA detected 

by cMRI 

Myocardial scar by MRI 

 Scar No Scar Total 

Motion abnormality 
40 18 58 

53.3% 24% 77.3% 

No Motion abnormality 
3 14 17 

4% 18.7% 22.7% 

Total 
43 32 75 

57.3% 42.7% 100% 

Sensitivity 93.6%    

Specificity 44.4%    

Positive 

predictive value 

(PPV) 

68.8%    

Negative 

predictive value 

(NPV) 

66.7%    

Accuracy 72%    
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     With the use of LGE to detect 

myocardial scar tissue; 23 patients (92%) 

showed abnormal high signal intensity 

involving some segments denoting 

myocardial infarction and 2 patients (8%) 

showed no evidence of enhancing scar 

tissue denoting totally viable myocardium. 

     Regarding the extent of myocardial 

scar tissue, this study revealed that 2 

segments showed 1-25% transmural 

extent of the myocardial wall infarction, 

34 segments showed 26-50% transmural 

extent of infarction, 8 segments showed 

51-70% transmural extent of infarction 

and 120 segments showed 71-100% 

transmural extent of infarction while 261 

segments showed no enhancing scar tissue 

(Table 4). 

 

Table (4): Late gadolinium enhancement (LGE) diagnosed by cardiac magnetic 

resonance imaging (cMRI) among the studied 425 left ventricular segments 

in the 25 patients having ischemic heart disease were included this study. 

Variable 

The studied patients with ischemic 

heart disease (n=25) 

N % 

(A) late gadolinium enhancement (LGE):   

▪ No scar tissue (totally viable myocardium) 2 8.0 

▪ Evident enhancing scar tissue 23 92.0 

(B) Extension of the scar 

Total number of studies 425 left 

ventricular segments in the 25 patients 

included in the study 

N=425 100% 

▪ No enhancing scar tissue 261 61.41% 

▪ 1-25% of myocardial wall 2 0.47% 

▪ 25-50% of myocardial wall 34 8.00% 

▪ 50-75% of myocardial wall 8 1.88% 

▪ 75-100 of myocardial wall 120 28.24% 

 

     By LGE, segment 13 (apical-anterior 

segment) which is a LAD territory was 

found to be the most affected segment 

(scarred) (noted in 15 cases: 60%). 

     The left anterior descending artery 

(LAD) was found to be the most affected 

coronary artery among the 23 patients 

showing scar tissue on LGE being 

involved in 18 patients (78.3%). 

     Evidence of microvascular occlusion 

was found in 9 patients (39.1%) among 

the 23 patients who revealed scar tissue on 

LGE denoting poorer prognosis (Table 5). 

 

Table (5): Microvascular occlusion (MVO) diagnosed by cardiac magnetic resonance 

imaging (MRD) among the studied 23 patients showing scar tissue on LCE 

Variable 

The studied patients with ischemic heart 

disease (n=23) 

N % 

Microvascular obstruction (MVO):   

No 14 60.9 

Present 9 39.1 

Affected territory with MVO:   

Left anterior descending artery 

(LAD) 
8 34.7 

Right coronary artery (RCA) 1 4.3 
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DISCUSSION 

     Coronary artery disease, accounts for 

about 2/3 of cases of congestive heart 

failure and LV dysfunction which is often 

not the result of irreversible scar but rather 

caused by functional impairment of still 

viable myocytes, with the opportunity for 

improved function if coronary blood flow 

is re- stored. Those patients benefit from 

revascularization by Percutaneous 

Coronary Intervention (PCI) or bypass 

surgery so; it is important to identify 

viable myocardium in those patients to 

improve their long-term survival (Travin 

et al., 2015; Jorn, 2013). 

     However, revascularization procedures 

are as- sociated with a higher risk for 

preoperative complications and mortality 

in the same patient so, the distinction of 

viable and non-viable myocardium is 

important to select the patients who will 

benefit most from interventional or 

surgical revascularization and to prevent 

patients with scarred myocardium from 

risks of revascularization therapy (Jorn 

JW, 2013). 

     Non-invasive imaging plays an 

important role in patients with known or 

suspected myocardial infarction. It helps 

to assess myocardial perfusion, viability, 

thickness, motion, and the effects of 

fibrosis on the kinetics of radiolabeled and 

paramagnetic contrast agents. The 

commonly used imaging techniques are 

low dose dobutamine stress echo, SPECT 

and cMRI which provides not only 

morphological, but also functional and 

metabolic information on the heart (JORN 

J.W., 2013 and Thygesen & White, 2017). 

     Patient prognosis after an acute 

Myocardial Infarction (MI) is influenced 

by Left Ventricular (LV) function, infarct 

size and the status of the microvasculature 

within the infarct zone. As a result, patient 

risk after an acute MI can be identified by 

multi-modality imaging approach with 

echocardiography, ventriculography, 

and/or Cardiac magnetic Resonance 

(CMR)imaging. CMR has the unique 

ability to assess global and regional LV 

function post-MI, quantify infarct size 

with Late Gadolinium Enhancement 

(LGE), assess the status of the 

microvasculature by identifying 

Microvascular Obstruction (MO), and 

evaluate the area at risk with T2-weighted 

imaging of myocardial edema. Thus, 

CMR is uniquely positioned to evaluate 

the post-infarct patient (Khan JN and 

McCann GP, 2017). 

     In clinical practice, various cMRI 

techniques are used to detect myocardial 

viability and accordingly predict regional 

wall motion improvement after 

revascularization therapy. They include 

cine imaging for regional and global 

systolic function, T2-weighted imaging 

with fat suppression for myocardial edema 

and area at risk, first-pass per- fusion 

imaging for microvascular occlusion (rest) 

and ischemia (rest-stress), late gadolinium 

enhanced imaging for detection and 

quantification of myocardial scarring and 

fibrosis (Appelbaum et al., 2019 and 

Dewey et al., 2016). 

     The aim of this study was to assess 

the role of cMRI as a non-invasive tool in 

the evaluation of myocardial viability in 

patients with ischemic heart disease. 

     Myocardial function can be assessed 

by cMRI and echocardiography. The latter 

is the most widely used technique due to 

its easy performance as a bedside rapid 

screening tool, no radiation exposure, and 
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its cheap cost. However, sometimes there 

are difficulties in defining endocardial 

contours in patients with limited image 

quality and poor echo imaging window 

especially in patients with advanced 

pulmonary disease, high body mass index, 

and those who underwent thoracic 

surgery. So, echo cannot evaluate SWMA 

in all patients (Appelbaum et al., 2019 and 

Dewey et al., 2016). 

     Cardiac MRI is now considered the 

gold standard modality for the assessment 

of ventricular function and volumes. One 

of the major strengths of cMRI is the 

accurate assessment of ventricular 

function as the excellent visualization of 

the myocardium and its endo-and 

epicardial borders on cine MRI allows 

monitoring of changes in wall thickening 

and wall motion throughout the cardiac 

cycle and so, LV volumes and EF 

obtained by cMRI are highly accurate, 

reproducible, and well validated (Ku¨ hl et 

al., 2014; Pennell et al., 2014). 

     In the current study, myocardial 

contractility and function was assessed by 

both echocardiography and cMRI and 

results were compared. Good agreement 

between echocardiography and MRI for 

the estimation of Ejection Fraction (EF) 

was noted. The mean EF by cMRI was 

43.92% and the mean EF by 

echocardiography was 39.87% with mean 

difference was 4.05%. These findings 

agreed with Hoffmann et al., 2015 who 

stated that the mean differences between 

EF defined by echocardiography images 

and EF by cMRI were below 5%. 

     One of the important predictors of 

myocardial viability is regional 

contractility at rest as the aim of different 

treatment strategies is to preserve the 

contractile function of the heart (Gerber et 

al., 2011). 

     In the current study, SWMA was 

assessed by echocardiography for 

prediction of scar tissue. It was found that 

56 territories showed SWMA; 36 (48%) 

of them showed scar by LGE and 20 

territories (26.6%) showed no scar (i.e., 

26.6% of territories are only dysfunctional 

and completely viable). 19 territories 

(25.4%) showed no SWMA with 5 of 

them showed scar by cMRI. So, 

sensitivity of echo for the detection of 

SWMA was 87.8%, its specificity=41.2, 

PPV=64.3%, NPV=73.7% and 

accuracy=66 %. 

     Two cMRI techniques are currently 

used to assess myocardial viability: Late 

gadolinium enhancement (LGE) CMR, a 

technique unique to cMRI that defines the 

trans-mural extension of scar, and 

dobutamine stress CMR (DSMR), a meth- 

od analogous to dobutamine 

echocardiography that measures the 

contractile reserve of dysfunctional 

myocardium and is interpreted by visual 

analysis. 

     In the current study, 2 segments 

showed 1-25% transmural extent of the 

myocardial wall infarction, 34 segments 

showed 26-50% transmural extent of 

infarction, 8 segments showed 51-70% 

transmural extent of infarction and 120 

segments showed 71- 100% transmural 

extent of infarction while 261 segments 

showed no enhancing scar tissue however, 

no follow-up studies were performed for 

those patients to evaluate functional 

improvement after revascularization. 

     Souto et al., [7] have divided the 

groups of delayed enhancement into five, 

according to the probability of contractile 



 

 

YASSER G. ABOUZEID et al., 
68 

recovery of the studied segment. The first 

group included patients with no evidence 

of enhancing scar (i.e., zero fibrosis/ 

infarction), it showed a high probability 

(around 80%) of contractile improvement. 

     The second included patients with 1-

25% trans- mural hyper-enhancement, the 

probability of improvement decreased to 

60%. The third group included patients 

with 26-50% transmural hyper- 

enhancement, the probability of 

contractility improvement was around 

40%. The fourth group included patients 

showing 51-75% transmural hyper-

enhancement, the contractility 

improvement was only about 10%. In this 

group, the decision between 

revascularization and clinical treatment 

had to be widely discussed as the risks of 

angioplasty or surgery may outweigh the 

benefits of revascularization. The fifth 

group comprises those having more than 

75% of the area of the myocardial 

segment hyper-enhanced, the potential of 

contractile recovery is less than 1%. 

     In this study, we tried to evaluate other 

benefits of CMR over echocardiography 

in the detection of complications 

associated with ischemic cardio- 

myopathy such as thinning of myocardial 

walls, LV thrombus, valvular lesions, and 

micro-vascular occlusion. 

     In the current study, thinning of 

myocardial walls in the chronic state was 

detected by cMRI in 13 patients of the 25 

patients (52%), only 1 patient (4%) 

showed LV wall thinning by both 

echocardiography and cMRI while the 

other 12 patients were assessed to have 

normal myocardial thickness by 

echocardiography. 

     In the current study, 3 patients (12%) 

were proven to have LV thrombus by 

cMRI Figure (1), two of them (8%) had 

LV thrombus on MRI which was not 

appreciated by echocardiography and 1 

patient (4%) was suspected to have LV 

thrombus by echocardiography, revealed 

to be free. 

     Also, cMRI was valuable in the 

diagnosis of valvular lesions as 7 patients 

(28%) were diagnosed to have valvular 

lesions by cMRI Figures (3,4); only 4 of 

them (16%) showed valvular lesions by 

both echocardiography and cMRI and 3 

patients (12%) were diagnosed to have 

valvular lesions by cMRI while they were 

assessed to have no valvular lesions by 

echocardiography. 

     In the current study, 9 patients of 25 

patients (3 6%) had MVO appreciated on 

early gadolinium enhancement images as 

a zone of non-enhancement Figure (2) 

denoting the presence of acute myocardial 

infarction on top of ischemic heart disease 

however, no follow-up studies were 

performed for those patients to evaluate 

functional improvement after 

revascularization. 

     Morphological black blood T2-

weighted MRI can detect myocardial 

edema in patients with acute MI. Because 

both acute and chronic MI demonstrate 

late gadolinium enhancement, T2- 

weighted MRI is useful to distinguish the 

acute infarction from chronic one. In acute 

MI, the myocardium that exhibits edema, 

but no late gadolinium enhancement, 

corresponds to the “area at risk”. This can 

be used to guide targeted therapy at the 

vulnerable, but potentially salvageable 

myocardium, surrounding the necrotic and 

irreversibly damaged region (Ishida et al., 
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2009). In the studied cases, it was found 

that 12 patients (48%) showed abnormally 

high signal intensity in T2WI in the 

jeopardized myocardium denoting 

myocardial edema and hence acute 

myocardial infarction Figures (1,2) and 

by its correlation with extension of the 

scar tissue in LGE, it was possible to 

determine the area at risk i.e., salvageable 

myocardium. 

     This study had a few limitations. First, 

the study included a relatively small 

number of populations to evaluate 

myocardial viability in patients with 

ischemic heart disease due to relatively 

short duration of the study and decreased 

referral of patients. Second, we were not 

able to perform dobutamine stress cMRI 

due to the risk of administering 

dobutamine infusion to a patient in the 

magnet as positive inotropic stimulation in 

patients with CAD is associated with a 

well- recognized risk of eliciting 

arrhythmic or ischemic events and the 

position of the patient within the magnet 

impairs physician-patient interaction. In 

addition, the diagnostic utility of ECG 

monitoring is diminished within the 

magnetic field. So, as previously 

mentioned combination between LGE and 

SWMA by MRI can give an idea 

(although this can't be highly accurate) 

about contractile reserve. Another 

limitation was that no follow-up studies 

were performed for those patients to 

evaluate functional improvement after 

revascularization. 

CONCLUSION 

     Cardiac Magnetic Resonance (cMRI) 

has proven to be a well-established 

method to assess myocardial viability 

through a series of different techniques. In 

cMRI examination, we were able to 

evaluate the following in one setting; 

assessment of both RV and LV function, 

volumetric assessment of RV and LV, 

differentiate acute from chronic cases, 

assessment of both infarct size and 

transmurality, assessment of RV 

involvement in the infarct, assessment of 

microvascular obstruction, detection of 

intracavitary thrombus and detection of 

valvular lesions. 
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حيوية عضلة القلب في المرضى المصابين بقصور الشرايين  
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يعتبررررر فشررررا عضرررررلة القلررررب مررررن جـررررربر المرشررررراـا فرررري م رررررا  جمرررررا  القرلرررررب           

وقررررد تبررررين ج  جمررررررا  الشررررررايين التررررراجية ءرررري السررررربب ال ررررامن ورا  فرررررشا عضررررلة 

٪ مرررن ءرررررمر  المرضررررىم وتالبرررا مرررا ت رررو   طرررة العررر    مرررا ۷۰القرلررررب فررري جـرررر ر مرررن 

عررررن طرررررريق العررررر   الرررردواـي جو  عررررازا  رريرررررا  الرررررد  ل جرررر ا  الترررري ر يصررررل ا الررررد  

ال رررافي لتغرررنيت ا نتي رررة رعرررت   الشرررريا  المغرررنق ل رررا  ولرررنل  فررر   تقيررريم مررردى حيويرررة 

ال ررر   المعترررا مررررن عضرررلة القلررررب م رررم ويلررر  م  المرضررررى الرررنين يعررررانو  مرررن ت ررررو  

 میندبا بعضلة القلب لن ي و  ل نا الع   جنو

وجرررررد ج  ءنررررات تقنيررررراص مرتللررررة للتصرررروير الطبرررري والترررري تلرررررعب زورا ءامررررا  وقررررد          

فررري المرررررضى الرررنين يعرررانو  مرررن احتشرررا  عضرررلة القلرررب  حيررر  جن رررا تسررراعد علرررى تقيررريم 

الترويرررة القلبيرررة وـررررنل  تقيررريم  رررم  وحرـرررة ال ررر   المصرررا  مرررن عضرررلة القلررربم ـمرررا 

عضرررلة القلرررب علرررى حرـيرررة  مرررنجن رررا تسررراعد علرررى تقيررريم جزرررار تليررر  ال ررر   المصرررا  

عوامرررررا التبررررراين المسرتررررررردمة فررررري التصرررررويرم ومرررررن ترقررررررنياص التررررررصوير الشراـرررررر  

  ترردامرررررر ا ترصرررررروير برطيرنرررررراص الرقررررررلب با تررررررردا  النررررررويداص الرمررررررشعة والتصررررروير 

بينمررررا يعتبررررر التصرررروير با ررررتردا  ام ررررعة المقطعيررررة علررررى القلررررب  بررررالرنين المغناطيسرررريم

 مالمقطعي بالإنبعاث البوزيتروني جقا  يوعا روـنل  التصوي

زاا قويررررة لرتقرررررييم أوقررررد برررررزص تقنيررررة تصرررروير القلررررب بررررالرنين المغناطيسرررري ـرررر         

  ف رررو يعتبرررر الطريقرررة الم لرررى فررري تو ررري  جمررررا  القرلررررب واموعيرررة الدمويرررة المرتللرررة

بنيرررة ووفرررريلة عضررررلة القلرررب  ـمرررا جن رررا مليررردا فررري تقررررييم حرررارص نقررر  ترويرررة عضررررلة 

mailto:yasserabozied42@gmail.com
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وحررررارص احتشررررا  عضررررلة القلررررب وـررررنل    القلرررب ومرررردى حيويررررة الررررر  ا  المرررررصا  من رررا

المرضرررى المصرررابين برررأمرا  ارتشرررا. عضرررلة القلررربم  لرررى جانرررب يلررر  وجرررد جنررر  يسررراعد 

فررري تدديرررد ا رررتراتي ية العمليرررة ال راحيرررة الم لررري بمرررا فررري يلررر  معلومررراص عرررن  يا مرررا ـرررا  

 .او تمدز ب دار البطن یءنات ارت اع بالصما  الميترال

ف ررررم ج ا ررررياص ءررررنه التقنيررررة  وءرررري تصرررروير القلررررب بررررالرنين المغناطيسرررري   يعتبررررر         

و ررررروط السرررر مة جزنررررا  التصرررروير مررررن ام ا ررررياص ال امررررة الإ ررررتردام  بطريقررررة م لرررريم 

وينبغرررري ج  يسررررترد  فرررري حالررررة  يا مررررا ـانررررث معطيرررراص طررررر  التصرررروير امـ ررررر  رررريوعا 

 معن  تير ـافية جو متعارضة م  بعض ا البعض 

اللضررررا فرررري الن ررررا. فرررري تقليررررا الوفيرررراص النات ررررة عررررن الإ ررررابة ب حرررررتشا   يرجرررر          

عضررررلة القلرررب الدررراز  لرررى طرررر  العررر   الددي رررة والتررري تسررراعد علرررى  عرررازا  رررريا  الرررد  

فرررري وقررررث مبررررر ر  لررررى ال رررر   المصررررا  مررررن عضررررلة القلررررب والررررنق يعرررراني مررررن نقرررر  

 ررررريا  الررررد   لررررى ءررررنه  عررررازاالترويررررة بالررررد م و مررررن الم ررررم ج  يم ررررن فرررري ارعتبررررار ج   

امجررر ا  المصرررابة بعرررد  نسرررداز الشرررريا  التررراجي للتررررا طويلرررة قرررد يرررمزق  لرررى م يرررد مرررن 

التررررردءور  وءرررررنه النتررررراـا يم رررررن توقع رررررا وال شررررر  عن رررررا حاليرررررا با رررررتردا  الررررررنين 

 میسيالمغناط


