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Abstract

Background and Aim: Cardiac Magnetic Resonance (CMR) is a crucial noninvasive imaging technique for the thorough 
evaluation of the heart in various cardiovascular conditions. The potential to offer quantitative data on cardiac perfusion and 
function make CMR an exceptional choice of imaging for providing functional and morphological information about the heart. 
We performed cardiac MR evaluation of patients over a period of 12 months. Our aim was to establish the common cardiac 
MR indications and the diagnoses in different age groups in our population.
Method: A retrospective analysis of patients undergoing CMR at Shahid Gangalal National Heart Center, Kathmandu, Nepal 
over a period of 12 months, from October 2021 to September 2022 was done. All patients who underwent cardiac MRI at our 
center, irrespective of age, sex, and indication were included in the study. A total number of 392 patients were included in our 
study who had undergone Cardiac MRI on a 3Tesla platform at our center. The respective protocols, tailored to the disease 
being investigated, were followed based on the indication of each patient. Data were entered in a predesigned proforma and 
SPSS was used for the analysis.
Results: The most common indication to perform CMR at our centre was found to be the myocardial viability test. Among 
147 patients (37.5 % of the study population) assessed for myocardial viability, 120 (81.6 %) showed infarction in the left 
anterior descending (LAD) territory, 17 (11.5 %) showed infarction in the LCX territory and 10 (6.8 %) showed RCA territory 
infarction. The most common cardiomyopathy diagnosed with cardiac MRI at our center was hypertrophic cardiomyopathy 
(HCM) (15.5 %), followed by dilated cardiomyopathy (DCM) (10.0 %). Other various cardiac MR diagnoses of patients were 
congenital heart disease (CHD) (5.8 %), arrhythmogenic right ventricular cardiomyopathy (ARVC) (5.6 %), myocarditis (3.0 
%),  valvular heart disease (VHD) (3.0 %), cardiac mass/pseudo mass (2.0 %), pericarditis  (1.7 %), and others (3.3 %).  48 
patients that represented about 12.2 % of the total study population who underwent cardiac MRI at our centre had normal 
CMR findings. 
Conclusion: Cardiac MRI is an excellent imaging modality in the evaluation of different groups of cardiovascular diseases. 
It does not only provide the diagnosis but also helps in evaluating the prognostic parameters in different cardiac patients. 
Hence, the use of CMR is encouraged in clinical practice in our setting to implement early and appropriate therapies in cardiac 
patients that may ultimately improve patient outcomes. 
Keywords: Cardiac Magnetic Resonance (CMR), Viability, Hypertrophic cardiomyopathy (HCM), Dilated cardiomyopathy 
(DCM), Myocarditis, Arrhythmogenic right ventricular cardiomyopathy (ARVC), Congenital heart disease (CHD) 
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Introduction
Magnetic resonance (MR) imaging, one of the several available 

radiologic modalities, is acknowledged as a promising noninvasive 
imaging technique with an improved spatial and temporal 
resolution, and an absence of ionizing radiation1. Cardiac Magnetic 
Resonance (CMR) is a crucial noninvasive imaging technique 
for the thorough evaluation of the heart in various cardiovascular 

pathologies including viability evaluation, cardiomyopathies, 
pericardial pathologies and congenital anomalies of the heart1,2. The 
potential to offer quantitative data on cardiac viability, perfusion, 
and function make CMR an exceptional choice of imaging where 
the functional and morphological information of the heart can be 
evaluated through cine images that facilitate quantifying end-
diastolic and end-systolic volumes1. In addition, CMR is helpful in 
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the diagnosis of valvular diseases and acquired conditions such as 
cardiac lesions and masses including metastases. The basic cardiac 
MRI sequences may generally be divided into bright-blood and 
black-blood sequences. The bright blood sequence is a gradient echo 
(GRE) based acquisition that gathers data on cardiac function and 
blood flow. Bright blood imaging is utilized to assess both segmental 
and global left ventricular (LV) function which is represented by the 
high signal intensity of rapidly flowing blood. This sequence aids 
in the measurements of blood flow, LV mass, myocardial perfusion, 
and coronary morphology. Black blood sequence is a spin echo 
(SE) based acquisition that depicts fast-moving blood as having low 
signal intensity. This sequence primarily aids to characterize cardiac 
wall, pericardium and the mediastinal anatomy. Delayed gadolinium 
enhancement (DGE) is another valuable sequence in which 
gadolinium is used as a contrast agent and delayed enhancement 
offers relevant information based on the specific cardiac condition, 
such as in the detection of myocardial viability, myocardial fibrosis, 
and so on. As a result, the DGE sequence is acknowledged as the 
gold standard imaging approach for ischemic and nonischemic 
cardiomyopathies1. Hence, CMR imaging is the decisive and gold 
standard mode of imaging technique in a wide range of cardiac 
conditions. The principal objective of this study was to establish 
the common cardiac MR indications in our setting and the CMR 
diagnoses in different age groups in our Nepalese population.

Methods
Our study was a retrospective analysis of patients undergoing 

CMR at Shahid Gangalal National Heart Center over a period of 12 
months, from 1st October, 2021 to 30th September, 2022. All patients 
who underwent cardiac MRI at our centre in our 3Tesla MR platform 
were included in the study. Following the ethical approval of the 
Institutional Review Board, the data of the patients were obtained 
retrospectively. A total number of 392 patients were included in our 
study who had performed Cardiac MRI at our centre. The CMR 
sequences including the black blood and the bright blood images 
were carried out in all the patients. The short-tau inversion recovery 
(STIR) images were obtained from the base to the apex of the heart 
in the short-axis view. The delayed gadolinium enhancement (DGE) 
phase-sensitive inversion recovery (PSIR) sequences were obtained 
in short-axis, four-chamber, and vertical long-axis views. The 
respective protocols were followed based on the indication of each 
patient undergoing CMR. 

CMR features for diagnosis
For the myocardial viability test, three principal protocols were 

evaluated: wall motion using cine gradient echo, resting perfusion by 
first-pass contrast-enhanced studies, and infarction/scar by delayed 
gadolinium-enhanced inversion recovery imaging. All coronary 
artery territories were analyzed, and the affected coronary arteries 
and infarcted segments were localized based on the varying extent of 
delayed GAD enhancement in the myocardium. Bull’s eye diagram 
was given illustrating the viable and the non-viable segments in 
different territories. 

For the evaluation of cardiomyopathies, the ventricular volumes 
were evaluated along with the wall thickness, ventricular systolic 
function (ejection fraction), and myocardial mass. We used the 
diagnostic parameter of the maximal left ventricular wall thickness 
of ≥15 mm in the end-diastolic phase in conjunction with left 
ventricular outflow (LVOT) obstruction plus with or without systolic 
anterior motion (SAM) of the mitral valve to diagnosis hypertrophic 
cardiomyopathy (HCM). In the diagnosis of dilated cardiomyopathy 

(DCM), ventricular dilatation associated with thinning of the 
ventricular wall along with the left ventricular ejection fraction 
was assessed.  To diagnose infiltrative cardiomyopathies, T2/ 
STIR images were examined for the presence of inflammation and 
edema and delayed GAD images for the scar tissue or fibrosis. The 
characteristic CMR features to diagnose amyloidosis used were 
concentric, symmetric or asymmetric thickening of the left ventricle 
wall, difficulty in nullifying the myocardium, elevated native 
T1 time and extracellular volume (ECV), disproportionate atrial 
enlargement with diffuse, subendocardial, or patchy enhancement 
patterns in LGE sequences. The non-compaction cardiomyopathy 
was assessed based on the ratio of noncompacted to compacted 
myocardium where the threshold of a ratio above 2.3, measured at 
end-diastole, was used.

The modified Lake Louise criteria were followed for the 
diagnosis of acute myocarditis wherein the myocardial edema was 
identified by a visible regional high T2 signal intensity on the STIR 
sequence. Patchy / diffuse subepicardial or mid myocardial delayed 
GAD enhancement was identified in these patients that represented 
the retention of contrast agents in the affected myocardial tissue. 

The modified task force criteria were followed in the diagnosis 
of arrhythmogenic right ventricular cardiomyopathy (ARVC). Right 
ventricular dyssynchronous motion along with reduced RVEF were 
assess to diagnose ARVC in patients with arrhythmia.  

Acute and chronic pericarditis were diagnosed based on 
the pericardial thickness of ≥4 mm, depicted as a dark, low 
signal intensity pericardium (usually associated with significant 
fibrocalcific changes). The post-contrast studies were assessed for 
the presence of pericardial inflammation and pericardial scar shown 
by early and late enhancement respectively.

The stack of steady-state fast precession (SSFP) cine images of 
the whole thorax were used in the evaluation of CHDs. Both the 
vascular and valvular flow were assessed, shunts were quantified, and 
left as well as right ventricular myocardial function was measured.

Data were then entered in a predesigned proforma, and SPSS 
was applied to do the analysis. 

Results

Study population
Out of 392 patients, 269 (68.6%) were male with age ranging 

from 8 to 82, and 123 (31.4%) were female with age ranging from 13 
to 86 (Figure 1). The most common age group of patients referred to 
us for the CMR evaluation was between 51 to 60 years of age. This 
represented 24.5% of our study population (Figure 2). 

CMR indications and diagnoses
The most common indication to perform cardiac MRI at our 

centre was for viability evaluation, comprising of 37.5% of the 
study population (147 cases). Among the patients evaluated for 
viability, 114 (77.5%) were male and 33 (22.4%) were female. 
Among 147 patients (37.5% of the study population) assessed for 
myocardial viability, 120 (81.6%) showed infarction in the left 
anterior descending (LAD) territory, 17 (11.5%) showed infarction 
in the left circumflex artery (LCX) territory and 10 (6.8%) showed 
infarction in the right coronary artery (RCA) territory. The most 
common cardiomyopathy diagnosed with cardiac MRI at our 
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center was hypertrophic cardiomyopathy (HCM) which comprised 
of 61 cases (15.5%) followed by dilated cardiomyopathy (DCM) 
comprising of 39 cases (10.0%). Other cardiac MR diagnoses of 
patients were 23 (5.8%) of congenital heart disease (CHD), 22 
(5.6%) arrhythmogenic right ventricular cardiomyopathy (ARVC), 
12 (3.0%) valvular heart disease (VHD), 12 (3.0%) myocarditis,  
8 (2.0%) cardiac mass/pseudo mass, 7 (1.7%) pericarditis and 13 
(3.3%) others. About 48 (12.2%) number of patients who underwent 
cardiac MRI had normal CMR findings (Table 1) (Figure 3). In 
patients diagnosed with HCM, the most common variant was septal 
form of hypertrophic cardiomyopathy 27 cases (44.2%), followed 
by concentric form 26 cases (42.6%), apical 6 (9.8%), and basal 
2 (3.2%). Out of 39 (10.0%) cases of DCM, 27 (69.2%) were 
ischemic and 12 (30.7%) were non-ischemic DCM. Among various 
congenital diseases, Ebstein’s anomaly 17 (73.9%) was found 
to be the most common indication for cardiac MRI at our center 
followed by follow-up cases of tetralogy of fallot (TOF). We had 
8 cases of cardiac masses in this time period who came to us for 
CMR evaluation. Among the 8 cases, 50% were diagnosed to have 
pseudomass or thrombus by CMR. Cardiac pseudo-masses seen 
included right atrial appendage thrombus, caseous calcification of 
mitral annulus (CCMA), and LV cavity apical thrombus. There were 
7 cases of  pericarditis representing 1.7% of the study population. 
Few miscellaneous conditions were grouped in other categories, 
which included iron overload cardiomyopathy, ventricular non 
compaction and subendocardial fibroelastosis amongst others (Table 
1, Figure 3).

Table 1. Number of patients based on CMR diagnosis  

S.N CMR Diagnosis
Number 

of patients 
(%)

1. Viability
a. Left anterior descending (LAD) territory 

infarction
b. Left circumflex artery (LCX) territory 

infarction 
c. Right Coronary Artery (RCA) territory 

infarction

147 (37.5)
120 (81.6)

17 (11.5)

10 (6.8)

2. Hypertrophic Cardiomyopathy (HCM)
a. Septal 
b. Concentric  
c. Apical 
c. Basal 

61 (15.5)
27 (44.2)
26 (42.6)

6 (9.8)
2 (3.2)

3. Dilated Cardiomyopathy (DCM)
a. Ischemic 
b. Non-ischemic DCM

39 (10.0)
27 (69.2)
12 (30.7)

4. Congenital Heart Disease (CHD)
a. Ebstein’s anomaly 
b. Tetralogy of fallot (TOF)
c. Transposition of great arteries (TGA) 
d. Total anomalous pulmonary venous connection 

(TAPVC )
e. Ventricular septal defect (VSD)

23 (5.8)
17 (73.9)

2 (8.6)
2 (8.6)
1 (4.3)

1 (4.3)

5. Arrhythmogenic right ventricular cardiomyopathy 
(ARVC)

22 (5.6)

6. Myocarditis 12 (3.0)

7. Valvular Heart Disease (VHD) 12 (3.0)

8. Cardiac mass/Pseudomass
a. Metastases
b. Cardiac mass
c. Pseudomass 

•  Right atrial appendage thrombus
• Caseous calcification of mitral annulus 

(CCMA) 
• LV cavity thrombus

8 (2.0)
2 (25)
2 (25)
4 (50)

1 (25.0)
1 (25.0)

2 (50.0)

9. Pericarditis 7 (1.7)

10. Others
a. Infiltrative cardiomyopathy 
b. Amyloidosis 
c. Non-compaction cardiomyopathy
d. Iron overload 
e. Subendocardial fibroelastosis
f. Pericarditis

13 (3.3)
5 (1.3)
3 (0.8)
2 (0.5)
1 (0.2)
1 (0.2)
1 (0.2)

11. Normal 48 (12.2)

Discussion
There are numerous causes of chest pain and the timely 

recognition of the etiology is of utmost importance as treatment 
and prognosis vary among different conditions. In spite of the 
availability of several modern therapeutic options, up to one-third 
of individuals with acute myocardial infarction (MI) experience 
clinical heart failure, which continues to be a common and major 
healthcare burden3,4. Following an MI, the detection of viable 
myocardium has significant implications to predict the possible 
advantages of revascularization. CMR with a good spatial resolution 
has been established as the gold standard for evaluating viability 
based on the presence and pattern of DGE that estimates myocardial 
scar. A viability assessment using CMR can offer crucial diagnosis 
and prognosis in cases of complicated coronary disease with 
simultaneous left ventricular (LV) dysfunction5,6. In acute care, 
CMR has the role to rule out inconclusive diagnoses, evaluate risk 
stratification for patients with coronary artery disease, and identify 
the risk of future cardiac events such as reinfarction or heart failure. 
As per the American Heart Association’s guidelines, CMR may be 
an alternative method to examine patients planned for conventional 
percutaneous coronary intervention. Similarly, the European Society 
of Cardiology encourages non-invasive screening in patients 
suspected of having acute coronary syndrome but with negative 
cardiac biomarkers and normal or ambiguous electrocardiographic 
changes. In such circumstances, CMR may meet the key objective 
of excluding causes of acute chest pain in addition to identifying 
inconclusive clinical diagnoses3,7,8. 

Based on gender predilection, males are at higher risk of 
suffering ischemic heart disease as shown by previous studies which 
is consistent with the result in our study. The age distribution revealed 
the prevalence of the disease increases with advancing age9,10. The 
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leading causes behind male predominance could be the lifestyle 
factors such as smoking, unhealthy eating habits, obesity, and social 
stress amongst others. Therefore, on a positive note, appropriate 
precautions if taken may lower the likelihood of developing ischemic 
heart disease. Overall, CMR can play a crucial role as an essential 
modality of choice to evaluate myocardial viability that can guide 
in management by assisting to decide the revascularization of the 
diseased vessel. 

In the present study, 48 patients which represent about 12.2% of 
the study population showed normal CMR findings. Most of those 
cases were sent for the evaluation of unexplained arrhythmias.  Few 
of the patients were sent with the suspicion of acute myocarditis. 
However, none of them showed definite arrhythmogenic foci or 
features of myocarditis as edema and delayed GAD enhancement. 
Ventricular arrhythmias may occur in patients with different structural 
heart diseases such as cardiomyopathies, chronic myocarditis, and 
healed myocardial infarction or they can be idiopathic in origin. 
It is essential to timely recognize ventricular arrhythmias related 
to cardiac causes from idiopathic ones as myocardial structural 
abnormalities carry the risk of causing sudden cardiac death. CMR 
with tissue characterization techniques can aid in the identification 
and characterization of the arrhythmogenic substrate in individuals 
with ventricular arrhythmias. Furthermore, previous studies have 
revealed that arrhythmia is frequently seen in men at around the age 
of 40, which is consistent with our findings in the form of ARVC11,12. 
Normal CMR findings in few of the arrhythmia patients might be 
related to the idiopathic arrhythmias. 

The fact that HCM was frequently found among men in our study 
is supported by previous studies on HCM that have consistently 
revealed a male predominance13,14. The findings of young individuals 
usually having HCM with frequent involvement of interventricular 
septum are also consistent with earlier research15,16,17. Besides 
gender and age predilection, the extraordinary temporal and spatial 
resolution, features like tissue characterization, and the capacity 
to image in any desired tissue plane make CMR a crucial imaging 
tool guiding not only in the diagnosis but also in evaluation of the 
prognostic parameters17. 

In every 1000 newborns, congenital heart disease (CHD) is seen 
in about 6-8 cases. Early diagnosis and treatment have improved the 
survival rate of CHD patients making them through to adulthood18. 
However, there are still a certain number of the adult population with 
CHD, who go unnoticed and present late. The role of CMR imaging 
is constantly growing in evaluating congenital heart diseases in 
both pediatric and adult patients due to its non-invasiveness and 
lack of ionizing radiation. Moreover, CMR has emerged as a tool 
of imaging for CHD patients who have had surgical repairs and 
require a lifelong follow-up in order to monitor interval changes 
allowing for serial comparisons without the need of being exposed 
to radiation19. Hence, by providing accurate ventricular volume, 
function, arterial flow, information on regurgitation, and three-
dimensional contrast angiography providing additional anatomical 
information plus late gadolinium sequences characterizing several 
pathologies, CMR is the preferred imaging technique to assess 
any possible CHD patients including the follow-up cases of post-
surgical intervention. We had limited evaluation of congenital heart 
diseases in the pediatric population because of unavailability of all 
the required MR compatible instruments and pediatric anesthesia set 
ups in our MR system.

Therefore, in the clinical scenario of our center (which largely 

represents the scenario of the whole country), we have found CMR 
to be an efficient imaging modality to aid both in the diagnosis and 
management of patients of different cardiac conditions.

Limitations:
This study however has some limitations. The prolonged scan 

time required for the imaging and the patient’s ability to follow 
breath-holding commands led to artifacts in few of the studies thus 
necessitating further processing during image acquisition. Secondly, 
considering the fact that CMR has only recently been introduced 
and practiced in Nepal, this study is a pioneering effort to gather 
data on the prevalent cardiac conditions encountered in a national 
cardiac center of Nepal. There are no other centers yet in our country 
where the CMR is regularly practiced. This is only a single-centered 
study done over a period of one year. A multicenter study in a 
larger population is warranted in the future to have a more precise 
understanding of the different cardiac conditions prevalent in our 
Nepalese population. 

Conclusion
In conclusion, we found CMR to be an excellent imaging 

modality in the evaluation of different groups of cardiovascular 
diseases. The various methodologies of CMR such as cine-CMR 
to examine the morphology and function of the heart, and contrast-
enhanced CMR to detect myocardial infarctions and characterize 
tissue non-invasively make it a unique tool that can be used alone or 
in combination with other imaging modalities for proper diagnosis 
and treatment. It does not only provide the diagnosis but also 
helps in evaluating the prognostic parameters in different cardiac 
patients. Hence, the use of CMR is encouraged in clinical practice 
to implement early and appropriate therapies that may ultimately 
improve patient outcomes. 
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