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ABSTRACT

Background: Magnetic resonance is a physical property of a nucleus that has an odd number of protons or neutrons. The most 
abundant such nucleus in the body is the hydrogen proton. Magnetic Resonance is a technique that takes images of the heart in 
motion throughout the cardiac cycle and displays the heart’s motion in a cine loop.

Methodology: A systematic review was carried out through various databases from January 2013 to September 2022; 
The search and selection of articles was carried out in indexed journals in English. Key words were used: Magnetic Resonance, 
Cardiomyopathies, Indications, Prognosis.

Results: One of the main research tools that present greater clinical application in a safe and complete way is magnetic resonance 
imaging. It has important applications in acute myocardial infarction, dilated cardiomyopathy, hypertrophic and arrhythmogenic 
right ventricular cardiomyopathy, among other heart diseases.

Conclusions: This review offers up-to-date and detailed information on the main indications and contraindications of 
Cardiovascular Magnetic Resonance as well as its important applications in heart failure, one of the most frequent cardiovascular 
pathologies and among other cardiomyopathies.
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INTRODUCTION

Magnetic resonance is a physical property of a nucleus that 
has an odd number of protons or neutrons. The most abundant 
such nucleus in the body is the hydrogen proton. Cardiovascular 
MRI can delineate cardiovascular structures with adequate spatial 
resolution and tissue contrast [1]. Some sequences are specially 
designed to image cardiovascular structures. To enhance the signal 
from the myocardial or vascular wall, it is necessary to suppress 
the signal from blood and fat. To do this, inverting radio frequency 
priming pulses are added to suppress the blood signal, resulting 
in an image that looks like “dark blood.” Another saturation or 
inversion of radio frequency pulses can be added to suppress the 
signal from the fat, resulting in an image with a “dark blood and dark 
fat” appearance. The dark blood technique uses double-inverted 
recovery priming pulses to nullify the blood signal and outlines 
cardiac and vascular structures with the darkened blood [2]. This 
dark blood image has many clinical applications, which help to 
identify vascular anomalies, such as congenital anomalies, aortic 
or vascular disease, cardiovascular tumours, myocarditis, among 
other cardiomyopathies [3]. The heart has a strong task of pumping 
blood through two circulations, a greater circulation, which is 
the systemic circulation to be able to supply oxygen, nutrients, 
and other components to the peripheral tissues, and the smaller 
circulation, which is the pulmonary circulation, to be able to supply 
itself with oxygen and expel CO2. Magnetic Resonance is a technique 
that takes images of the heart in motion throughout the cardiac 
cycle and displays the heart’s motion in a cine loop [4,5]. Magnetic 
Resonance can evaluate the global function of the left and right 
ventricle. Ventricular volume can be estimated by summing several 
parallel sub-volumes in the short-axis view. This approach has been 
shown to be highly accurate and reproducible, but requires software 
and human intervention to define the endocardial contour on each 

cine image [6]. Magnetic Resonance has become a standard clinical 
technique to visualize myocardial scarring. It allows us to identify 
the spatial location and extension of the scar, whose information 
can facilitate the differential diagnosis of cardiomyopathy. Ischemic 
cardiomyopathy and nonischaemic cardiomyopathy have different 
etiologist and specific patterns of hyperenhancement. Therefore, 
we can distinguish ischemic cardiomyopathy from non-ischemic 
cardiomyopathy based on different enhancement patterns. In 
addition, specific enhancement patterns have been characterized 
in different etiologist of nonischaemic cardiomyopathy such as 
hypertrophic cardiomyopathy, arrhythmogenic right ventricular 
dysplasia, Anderson-Fabry disease, amyloidosis, sarcoidosis, and 
acute myocarditis [7]. Another of the functions of Cardiovascular 
Magnetic Resonance is myocardial perfusion imaging, this is an 
imaging technique designed to assess myocardial microcirculation 
[8]. Myocardial perfusion is generally performed in states 
of rest and stress. Unlike the resting state, the stress state is 
pharmacologically induced by a vasodilator such as adenosine or 
dipyridamole, which causes myocardial hyperaemia and increases 
perfusion [9]. Another of the applications of Magnetic Resonance 
is angiography. The ultimate goal of coronary MRI angiography 
is to diagnose luminal stenosis. The goal is challenging because 
the diameter of a coronary artery does not exceed 5 mm and the 
arteries always move with the movement of the heart and breathing 
[10]. To date it is still important and challenging to safely and 
reliably perform Cardiovascular Magnetic Resonance imaging. With 
the rapid progress of MRI technologies, many new methods have 
been developed to diagnose cardiovascular diseases. Therefore, it is 
convenient to carry out this work. In order to provide updated and 
detailed information on the main indications and contraindications 
of Cardiovascular Magnetic Resonance as well as its important 
applications in cardiovascular insipience, one of the most frequent 
cardiovascular pathologies.

MATERIALS AND METHODS

Figure 1: Flow chart of the implemented methodology.
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In this study, a systematic review was carried out, within 
the databases that were implemented, we found the following 
PubMed, Scioli and ScienceDirect, among others. Only journals 
that were in the English language between the years 2012 and 
2022 were accepted. As keywords, according to the DeCS and 
MeSH methodology, we included the following terms: Magnetic 
Resonance; Cardiomyopathies; Indications; Forecast. In this review, 
92 original and review publications related to the subject studied 

were identified, of which 28 articles met the inclusion criteria, 
articles that were in a range of not less than the year 2013, that 
were full-text articles and that report on the topic studied. Within 
the exclusion criteria we find the articles that did not have sufficient 
information and that did not present the full text at the time of 
review. In Figure. 1, we can identify a diagram of the implemented 
methodology.

RESULTS
Magnetic Resonance and Heart Disease

Table 1: Main indications and contraindications of Magnetic Resonance in cardiovascular pathologies.

Indications Evaluación of Left and Right Ventricular Volumes and Mass, as Well as Systolic Function

Contraindications

Assessment of congenital hereditary disease with shunt calculation

Assessment of myocardial viability

Evaluation of pericardial disease, aortic disease, cardiac masses, non-ischemic cardiomyopathies

Myocardial perfusion

Evaluation and follow-up of valvular disease

Neurostimulators, cochlear implants, vascular clips

The pregnancy

Endocarditis

Claustrophobia

Pacemaker and implanted cardioverter defibrillator

One of the main research tools that present greater clinical 
application in a safe and complete way is magnetic resonance 
imaging. It is one of the most accurate tools to quantify ventricular 
volume, function, and mass in both congenital and acquired heart 

disease [11]. Cardiovascular MRI has evolved over the past decade 
to become a valuable tool for the diagnosis and treatment of a broad 
spectrum of cardiovascular disorders. In Table 1 we can identify the 
main implications [12,13].

Ventricular Volumes, Ejection Fraction and Myocardial Mass

Figure 2: Applications of cardiovascular magnetic resonance in heart failure.

One of the studies that quantifies these parameters with greater 
precision is magnetic resonance imaging. ECG-triggered “bright 
blood” cine sequences are used, while holding breath, to obtain a 
“stack” of contiguous slices of the left ventricular short axis 5 to 
10 mm thick [14]. Cardiovascular MRI is a tomographic technique 
that uses volumetric quantification based on Simpson’s rule: the 
volume of a complex structure (ventricle) is equal to the sum of 
less complex sub-volumes (short axis slices) [15]. Endocardial and 
epicardial contours are drawn during post-processing (“offline”, 

after MRI examination), generating end-diastolic, end-systolic 
and systolic volumes, ejection fraction (stroke volume divided by 
end-diastolic volume), and myocardial mass (myocardial volume 
multiplied by the specific weight of the muscle) [16]. Cardiovascular 
MRI yields more accurate values for left ventricular parameters 
than planar imaging methods and is the most reliable way to assess 
regional and global right ventricular function. In Figure 2. We can 
demonstrate the application of magnetic resonance in heart failure 
with reduced and preserved ejection fraction [17,18].
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Application in Acute Myocardial Infarction

During myocardial infarction, a “wave” of cell death moves from 
the endocardium to the epicardium, resulting in the replacement 
of a variable amount of myocardium with scarring. Impaired 
myocardial contraction in ischemic cardiomyopathy is not always 
a consequence of myocardial fibrosis alone [19]. In some cases, 
there is myocardial “stunning”: reduced contraction initially 
after myocardial infarction despite successful reperfusion of the 
culprit artery, followed by spontaneous recovery within weeks 
[20]. In other cases, there is myocardial “hibernation”: impaired 
contraction in the absence of significant scarring, a consequence 
of flow-limiting coronary stenosis with chronic ischemia [21,22]. 
In patients with ischemic cardiomyopathy, the left ventricular 
ejection fraction is a more powerful prognostic factor than the 
number of diseased coronary arteries. Accurate discrimination 
between viable and nonviable myocardium is important in deciding 
on treatment strategy in ischemic cardiomyopathy.  With delayed 
contrast enhancement (DCE), a cardiovascular MRI technique that 
uses Gd-PCM, we can directly visualize areas of acute or chronic 
myocardial infarction or enema. The mechanism is presumed to be 
a combination of washout/delayed washout kinetics and different 
volumes of distribution of Gd-PCM in regions of myocardial enema, 
necrosis, or fibrosis compared to normal areas [23]. Dysfunctional 
myocardial regions with less than 50% transmural infarct extension 
have a good chance of functional recovery after myocardial 
infarction or coronary artery bypass surgery [24].

Application in Dilated Cardiomyopathy

Clinically, it is important to differentiate between two events, 
between dilated and ischemic cardiomyopathy, especially in 
patients presenting with new-onset heart failure. Coronary 
angiography is often performed to provide a diagnosis, because 
patients with ischemic cardiomyopathy have a shorter survival 
time than patients with dilated cardiomyopathy and may benefit 
from coronary revascularization therapy. Myocardial scarring with 
an “ischemic” pattern of DCE distribution is present in the majority 
of patients with ischemic cardiomyopathy, but in less than 15% 
of patients with dilated cardiomyopathy, which is consistent with 
findings from autopsy studies demonstrating a visible scar in 14% 
of cases [25].

Application in Hypertrophic and Arrhythmogenic 
Cardiomyopathy of the Right Ventricle

Cardiovascular MRI can diagnose hypertrophic cardiomyopathy 
by demonstrating the distribution of hypertrophy and functional 
consequences (dynamic outflow obstruction and mitral valve 
regurgitation) [26]. Cardiovascular MRI can more accurately 
demonstrate the site and extent of hypertrophy, especially in the 
apical region. Arrhythmogenic right ventricular cardiomyopathy 
is characterized by progressive fibrofatty replacement involving 
variable regions of the right and left ventricle. Cardiovascular 
MRI is useful in diagnosing the condition when right ventricular 
abnormalities, such as decreased global or regional wall motion or 
aneurysms, correspond to areas of fibrofatty infiltration detected 
on T1-weighted imaging.

DISCUSSION
The cardiovascular system is made up of the heart and its 

blood vessels. A wide range of problems can arise within the 
cardiovascular system, some of which include endocarditis, 
rheumatic heart disease, and conduction system abnormalities. 

Cardiovascular disease, also known as heart disease, refers to the 
following 4 entities: coronary artery disease which is also known 
as coronary heart disease, cerebrovascular disease, peripheral 
arterial disease, and aortic atherosclerosis. Cardiovascular disease 
(CVD) remains among the top 2 causes of death in the United States 
since 1975 with 633,842 deaths or 1 in 4 deaths, heart disease was 
the leading cause of death in 2015 followed by 595,930 cancer-
related deaths. Although the age-adjusted rate and acute mortality 
from myocardial infarction have decreased over time, reflecting 
progress in diagnosis and treatment over the past two decades, 
the risk of heart disease remains high with an estimated risk of 
50% at 45 years in general. Therefore, one of the diagnostic and 
therapeutic methods that is currently having the greatest success 
is Cardiovascular Magnetic Resonance, as reported by the study 
carried out by Arun et al, in which they identify on the SCMR (Society 
for Cardiovascular Magnetic Resonance), a case series designed 
to present case reports demonstrating the unique attributes of 
Cardiovascular Magnetic Resonance in the diagnosis or treatment 
of cardiovascular disease, in order to avoid invasive studies or 
procedures, as well as cardiac biopsy and other procedures [27]. 
Another study carried out by Marianna et al, in which they report 
a clinical case of an underdiagnosed and underestimated disease of 
heart failure, cardiac amyloidosis. Presents the case of a 77-year-
old man who presented with dyspnoea and weight loss. Endoscopy 
and duodenal biopsy showed amyloid deposits, subtyped as 
transthyretin type, EKG showed atrial fibrillation and moderate 
increase in wall thickness with moderate to severe diastolic 
dysfunction on echocardiography. Cine Cardiovascular Magnetic 
Resonance images supported the echocardiographic and gamma 
graphic findings. Tissue characterization showed clear amyloidosis 
with elevated native myocardial T1. Demonstrating the utility of 
Magnetic Resonance [28]. These studies demonstrate the great 
diagnostic and therapeutic utility of Magnetic Resonance in heart 
disease, both in underdiagnosed and frequently diagnosed ones. 
A strength of the current study is the methodology implemented, 
regarding the literature search, and steps in the selection of 
relevant articles, quality assessment, and data extraction. However, 
this study has several limitations, which should be taken into 
account before reaching a conclusion, among these are the few 
studies analysing clinical trials of the great therapeutic utility that 
MRI could have both in the child population, paediatric and adult, 
so more studies are needed to answer these questions.

CONCLUSION
One of the main research tools that present greater clinical 

application in a safe and complete way is magnetic resonance 
imaging. It is one of the most accurate tools to quantify ventricular 
volume, function, and mass in both congenital and acquired heart 
disease. The main indications for MRI are evaluation of left and 
right ventricular volumes and mass, as well as systolic function, 
evaluation of congenital hereditary disease with shunt calculus, 
evaluation of myocardial viability, evaluation of pericardial disease, 
aortic disease, cardiac masses, non-ischemic cardiomyopathies, 
and myocardial perfusion. It has important applications in acute 
myocardial infarction, dilated cardiomyopathy, hypertrophic and 
arrhythmogenic right ventricular cardiomyopathy, among other 
heart diseases. In this study we can identify the great therapeutic 
and diagnostic importance of cardiovascular Magnetic Resonance, 
and its great impact that it could have in the clinic of all patients with 
heart disease, in order to provide timely management depending 
on the ethology and pathology.
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