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Cardiovascular magnetic resonance: contribution
to the exploration of cardiomyopathies
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Abstract
Background and aims. Magnetic resonance imaging is a non-invasive and non-
irradiating imaging method, complementary to cardiac ultrasound in the assessment 
of cardiovascular disease and implicitly of cardiomyopathies. Although it is not a first 
intention imaging method, it is superior in the assessment of cardiac volumes, left 
ventricular ejection fraction, in the analysis of cardiac wall dyskinesia and myocardial 
tissue characteristics with and without using a contrast agent. The purpose of this 
paper is to review the current knowledge regarding cardiovascular magnetic resonance 
imaging (CMR) and its applications in cardiomyopathy analysis. 
Methods. In order to create this review, relevant articles were searched and analyzed by 
using MeSH terms such as: “cardiac magnetic resonance imaging”, “cardiomyopathy”, 
“myocardial fibrosis”. Three main international databases PubMed, Web of Science 
and Medscape were searched. We carried out a narrative review focused on the current 
indications of cardiovascular magnetic resonance imaging in cardiomyopathies, both 
common and raret, of ischemic and nonischemic types. 
Results. Cardiac magnetic resonance imaging has a very important role in the 
diagnosis, assessment and prognosis of common cardiomyopathies (the dilated, 
hypertrophic and inflammatory types) or other more rare ones such as (amyloidosis, 
arrhythmogenic right ventricular, non-compaction or Takotsubo cardiomyopathy), as 
it represents the gold standard for evaluating the ejection fraction, ventricular volumes 
and mass. CMR techniques, such as late gadolinium enhancement, T1 and T2 mapping 
have proven their usefulness, helping differentiate between ischemic (subendocardial 
enhancement) and nonischemic cardiomyopathy (varied pattern) or also establish the 
etiology. Another important feature of this imaging technique is that it can establish the 
myocardial viability, thus the chance of contractile recovery after revascularization. 
This feature is based on the transmural extent of LGE, left ventricle wall thickness and 
the assessment of the contractile reserve after administration of low dose dobutamine.
Conclusions. Cardiovascular magnetic resonance imaging is an indispensable tool, 
with proven efficiency, capable of providing the differential diagnosis between ischemic 
and nonischemic cardiomyopathy or establishing the etiology in the nonischemic 
type. In addition, these findings have a prognostic value, they may guide the patient 
management plan and, if necessary, can evaluate treatment response. Therefore, this 
technique should be part of any routine investigation of various cardiomyopathies.
Keywords: cardiovascular magnetic resonance imaging, late gadolinium enhancement, 
myocardial fibrosis, cardiomyopathy, ischemic and nonischemic cardiomyopathy 

Introduction
Cardiomyopathies are defined as 

a heterogeneous group of myocardial 
diseases associated with mechanical and 
/ or electrical dysfunction, which may be 
accompanied by hypertrophy or dilation, 
having various causes, often genetic, in 
the absence of hypertension, valvular 

disease, coronary artery disease and 
congenital heart disease. The myocardial 
damage may also be a manifestation of 
systemic disorder [1]. 

Cardiomyopathies can be classified 
into 2 groups according to the American 
Heart Association (AHA), namely: primary 
(genetic / mixed / acquired) and secondary. 
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The European Society of Cardiology (ESC) 
classifies the cardiomyopathies taking into account the 
pathophysiological mechanism. According to ESC, they are 
divided into: dilated cardiomyopathy (DCM), hypertrophic 
cardiomyopathy (HCM), restrictive cardiomyopathy 
(RCM), cardiomyopathy/dysplasia (ARVC/D), specific 
cardiomyopathies and non-classifiable CM [1]. The 
specific CM may be secondary to ischemia, hypertension, 
congenital heart disease, arrhythmogenic right ventricular 
(RV), valvulopathy and chronic pulmonary disease.

Cardiomyopathies are more common than expected, 
affecting up to 50% of patients with sudden cardiac death 
in childhood or adolescence and a significant number of the 
candidates for a heart transplant [2]. 

The most frequently encountered cardiomyopathies 
are dilated cardiomyopathy (DCM), hypertrophic 
cardiomyopathy (HCM), restrictive cardiomyopathy 
(RCM) and arrhythmogenic right ventricular 
cardiomyopathy (ARVC) [3]. The most common is DCM, 
affecting 5/100.000 adults and 0.57/100.000 children 
[4,5]. Another common CM is HCM, an important cause 
of sudden cardiac death (SCD) in athletes, 1/500 of them 
being affected [3]. Restrictive and arrhythmogenic right 
ventricular CM are more rare [6].

In order to create this review, relevant articles were 
searched and analyzed by using MeSH terms such as: 
“cardiac magnetic resonance imaging”, “cardiomyopathy”, 
“myocardial fibrosis”. Three main international databases 
PubMed, Web of Science and Medscape were searched. 
A number of 1133 relevant articles were found. Articles 
that contained information about MRI assessment of 
cardiomyopathies, their etiology or complications after 
coronary reperfusion therapy were included. Articles 
about cardiomyopathies, but explored otherwise than by 
magnetic resonance imaging, case presentations, or written 
in languages with limited circulation were excluded.

From the remaining articles, only 66 are cited in this 
review, as the most current, relevant and essential for our 
research. 

The aim of this paper is to summarize and highlight 
the important role of cardiovascular magnetic resonance 
imaging (CMR) in the diagnosis, treatment guidance and 
prognosis of cardiomyopathies. 

Modern imaging techniques in 
cardiomyopathies

Cardiac imaging has become a very important tool 
of any routine cardiac investigation as it is capable of 
detecting early disease manifestations, and is able to provide 
accurate and objective quantification of cardiovascular 
abnormalities. 

The modern advanced imaging techniques such as 
echocardiography and magnetic resonance imaging are able 
to provide information about heart function and structure, 

obtaining data about the size of cardiac chambers, wall 
thickness and motion abnormalities, left ventricular ejection 
fraction (LVEF), diastolic function, stroke volume (SV) 
and cardiac output (CO), pressure estimations, detection of 
myocardial fibrosis or infarcted tissue [7]. 

Nowadays, a routine investigation includes physical 
examination, clinical history, laboratory testing, but these 
alone are often insufficient for a proper diagnosis; so, 
cardiac imaging has gradually gained an important role, 
becoming today, in most cases, indispensable, especially 
due to its non-invasiveness compared to the gold standard 
for myocardial tissue analysis of CM - endomyocardial 
biopsy [8]. 

The new approach in the evaluation of most cardiac 
pathologies is multimodality imaging, or otherwise said, 
the capability of combining different imaging techniques 
in order to obtain, in the most efficient manner, an accurate 
diagnosis and capable of offering therapy guidance or 
predicting outcomes [9,10]. 

Echocardiography  
In most cardiovascular diseases, echocardiography 

occupies an extremely important role, being an indispensable 
imaging method in cardiomyopathies assessment. The 
main advantages are that it is a non-irradiating and non-
invasive imaging method, has the ability to provide real-
time images, a very good resolution and is also accessible, 
portable and cost effective [11].

Echocardiography is able to provide information 
about the cardiac function and structure (including the 
valves); concerning the size of cardiac chambers, wall 
thickness and motion abnormalities, LVEF, diastolic 
function, SV and CO and also pulmonary artery or 
intracardiac pressure estimations can be obtained [11].

Nowadays, the echocardiographic techniques that 
are used in cardiomyopathies assessment, are: two and 
three-dimensional echocardiography (2DE and 3DE), color 
and spectral Doppler, 2D strain, torsion, contrast and tissue 
Doppler imaging (TDI).

2DE is part of routine investigation of patients 
with CM, especially in left ventricle assessment, helping 
to determine the size of cardiac chambers, the morphology 
and function, including LVEF. In standard practice 
echocardiography, a 17-segment model is used for a more 
accurate localization of the affected region [11,12]. 

The most commonly used method in LVEF 
quantification is the Simpson biplane method, using standard 
views (2 and 4-chamber) [12,13]. The measurements 
obtained can predict adverse cardiovascular events such 
as arrhythmias, heart failure (HF) or death [14]. LVEF can 
be obtained also using another imaging method - CMR. 
The values obtained using these two techniques correlate 
well, but echocardiography tends to underestimate the left 
ventricular volumes owing to limitations of image quality 
and of geometric assumptions [15].
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Cardiac magnetic resonance imaging 
General information
Cardiovascular magnetic resonance imaging 

or cardiac MRI (CMR) is a non-invasive and non-
irradiating imaging method, complementary to cardiac 
ultrasound. This imaging method is considered the gold 
standard in assessing the structure and function of cardiac 
chambers, having an important role in the evaluation 
of cardiomyopathies. Conventional MRI sequences are 
adapted for cardiac imaging by using ECG gating and high 
temporal resolution protocols [16].

The possibility of using gadolinium contrast agents 
with CMR and the analysis of the contrast enhancement in 
the late stages after injection (LGE), have further increased 
the ability to examine the myocardial tissue, in particular 
myocardial fibrosis, which, according to the most recent 
studies, represents the necessary substrate for the majority 
of malignant ventricular arrhythmias (VA) [17]. 

Although it is not the imaging method of first 
intention in the assessment of cardiovascular pathology, it 
is superior to echocardiography in the assessment of cardiac 
volumes, LVEF, in the analysis of cardiac wall dyskinesia 
and it contributes to the characterization of myocardial 
tissue [17,18]. Echocardiography can be limited by poor 
acoustic windows, making it difficult to obtain a complete 
examination of the heart. Not having this shortcoming, 
CMR may help diagnose diseases otherwise undetectable 
by echocardiography. Therefore, it is considered the 
method of choice even in the assessment of congenital 
heart diseases [19].

The current techniques of CMR focus on the 
assessment of the function and structure of the left ventricle, 
characterization of myocardial tissue (in particular 
myocardial fibrosis) and detection of thrombus [19].

A comprehensive and useful CMR examination 
for cardiomyopathies should include T1- and T2-weighted 
sequences, cine- sequences (function assessment), 
myocardial enhancement in perfusion imaging and detection 
of fibrotic or infarcted areas analyzing the LGE [20]. 

In everyday practice, every CMR investigation 
includes a quantitative assessment of cardiac chambers size 
and ventricular function [21]. The functional assessment 
consists in realizing cine- sequences in short and long axis, 
2, 3 and 4 chamber series, to achieve full coverage of the 
left ventricle with a slice thickness that varies between 6 
to 8 mm, thus obtaining a 3-dimensional (3D) volumetric 
structure for analysis [7]. One can obtain very accurate and 
reproducible information regarding the ejection fraction, 
ventricular mass and volumes [22]. The most used cine-
sequence is steady state free precession (SSFP) which 
offers a great contrast-to-noise ratio between the bright 
blood pool and the dark myocardium [23]. 

When using CMR it is no longer necessary to 
make geometric assumptions, like in the case of 2D 
echocardiography, especially when the ventricles are 

deformed by MI or CMP, since the measurements are 
obtained from a 3D data set [7].

CMR techniques
Late Gadolinium enhancement (LGE)   
It is obtained after contrast administration (0.1-0.2 

mmol/kg of Gd), making a late acquisition after a delay of 
10-15 minutes [7]. This CMR technique uses ECG gating 
for adequate relaxation between inversion pulses, with data 
being obtained at each heartbeat [24]. The used sequences 
are called inversion recovery pulse sequence (Figure 1) by 
which the difference between the normal and pathological 
myocardium signal may be increased by 500–1000% [25].

Figure 1. Cardiac MRI. Delayed PSIR sequence, short axis view. 
Midwall septal fibrosis (late gadolinium enhancement) in a patient 
with dilated cardiomyopathy.
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LGE will appear as hypersignal regions, referring 
to areas of inflammation, necrosis or fibrotic tissue (scar) 
that have a prolonged retention of Gd compared to normal 
tissue, being particularly useful in the assessment of 
myocardial lesions. Another interesting fact is that there is 
no contrast retention in areas with myocardial reversible 
injuries compared to areas of myocardial necrosis or fibrotic 
tissue. Also, there is a significant overlap between LGE and 
infarction as defined by histology, all this demonstrated by 
Kim et al [26,27].

This CMR technique is very useful in making the 
differential diagnosis between ischemic (ICM) and non-
ischemic (NICM) etiology of cardiomyopathies, the site 
being essential: subendocardic in ICM, with vascular 
distribution and varied pattern, without vascular distribution 
in NICM. Also, in patients affected by cardiomyopathies, 
LGE is a good predictor of adverse cardiovascular events 
[7]. For example, in patients with NICM, the presence of 
LGE was associated with odds ratios of 3.3 for mortality 
and 5.3 for SCD [28]. Or, more specifically, in patients 
affected by DCM, who have an LVEF <35%, the presence 
of LGE was associated with an 8-fold increase in heart 
failure and cardiac death [29].

T1 and T2 mapping      
Due to technological progress in recent years, 

CMR imaging techniques allow the comparison between 
quantified myocardial parameters and normal reference 
values, the acquisitions being made in the same conditions 
(scan time, scanner type, contrast agent) [30]. 

Many diffuse disease of the myocardium, including 
cardiomyopathies, have associated cardiac MRI studies 
considered as normal, because there are no changes in 
motility, signal intensity or LGE. However, changes of 
the T1 and T2 relaxation times may occur. There are some 
specialized pulse sequences in CMR, able to estimate 
T1 and T2 values and to create, for each of them, color 
anatomic overlay maps, after acquiring a series of images 
of the same region of the myocardium, in which the pixel 
values represent the T1/T2 in each voxel (rather than a 
signal intensity in arbitrary units) [31]. 

An important CMR parameter is T1 relaxation 
time, also called longitudinal relaxation time, that can be 
measured before (native T1 - water signal from extracellular 
space and myocytes) and after contrast infusion (useful 
in calculating the extracellular volume fraction - ECV) 
[32]. In the case of patients that have contraindication for 
contrast administration, such as stage 4 or 5 of chronic 
kidney disease, native T1 is also very useful [24]. The 
native T1 relaxation time value is constant and specific 
for each tissue, being influenced by changes in water 
composition or of local molecular environment. Some of 
the myocardial diseases that can change T1 are infiltrative 
diseases (hemosiderosis, amyloidosis or Fabry disease), 
edema, inflammation and diffuse myocardial fibrosis [7]. 
These CMR imaging techniques can help in diagnosing 

some cardiomyopathies that are known to have high native 
T1 and high ECV. 

By the T1 mapping technique parametric, colored 
anatomic maps that are generated from a series of images 
acquired with different T1 weighting are obtained so 
that each pixel can be assigned a T1 value. The T1 maps 
obtained permit a quantitative and visual interpretation. The 
most assessed T1 mapping sequence is considered MOLLI 
sequence (modified Look Locker inversion recovery), 
which overcomes the limitations of motion and prolonged 
acquisition time [33]. 

Another parameter of CMR imaging called T2 
relaxation time referred to as transverse relaxation time, 
can also be used to distinguish the abnormal myocardial 
tissue from the normal one. The values are acquired 
using SSFP sequences [7]. The main cause for longer T2-
weighted imaging is the increase in the water content of 
myocardial tissues; therefore, the main entity that causes 
an elevated T2 is myocardial edema. Thus, an increased 
T2 relaxation time can be seen in patients with acute 
myocarditis, acute myocardial infarction, sarcoidosis, 
cardiac allograft rejection or stress cardiomyopathy [24].

In the T2 mapping technique a parametric image is 
obtained based on the T2 value calculated for each voxel. 
Then, the T2 maps, visualized on a grey or color scale, 
can be quantitatively analyzed by the investigator which 
can make measurements in the regions of interest [33].

Nowadays, T1 mapping is considered similar to a 
non invasive biopsy of the heart, but further studies are 
needed before a standardization can be adopted. Among 
the main strengths of this method are the facts that there is 
not always a need for contrast administration and the high 
reproducibility and clinical applicability. In the future, 
T1 mapping is expected to have a prognostic value and 
be able to help monitoring different types of myocardial 
diseases [7]. 

CMR as a tool for establishing the etiology of 
cardiomyopathies

Assessment of late gadolinium enhancement is 
a CMR technique very useful in making the differential 
diagnosis between cardiomyopathies, especially between 
ischemic and non-ischemic etiology. In ICM, the late 
contrast retention starts always in the subendocardial 
region, with or without transmural extension and 
follows a vascular distribution compared to nonischemic 
cardiomyopathies (NICM) where there is no coronary 
distribution, existing a varied pattern such as subepicardial, 
midwall, patchy, localized or diffuse [7]. 

In NICM, this technique permits the assessment of 
the myocardial tissue and thus the diagnosis of a variety 
of pathologies such as non-compaction cardiomyopathy, 
myocarditis, sarcoidosis, amyloidosis, haemochromatosis, 
Chagas disease and Fabry disease [34]. 
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Ischemic cardiomyopathy - CMR in acute 
myocardial infarction (AMI) 

The signs of an AMI, as illustrated by the CMR 
examination, are: high signal intensity on T2 and STIR 
(Figure 2), subendocardial or transmural extent suggesting 
edema (low specificity); LGE in vascular territories 
(cardiac segments); perfusion disorders in early post-
contrast phases; assessment of parietal dyskinesia. CMR 
provides the positive diagnosis, including in the early 
phase (first hour after the onset), assessing the extent and 
age of the ischemic event. 

CMR can also detect AMI sequelae: myocardial 
wall thinning (<7 mm), late gadolinium enhancement 
(„white is dead”), complications like aneurysmal 
dilatation, intracavitary thrombosis (allowing the 
measurement of function even in this cases) or myocardial 
calcifications. Also, this advanced imaging modality, 
is capable of making the differential diagnosis with 
myocarditis or Takotsubo cardiomyopathy. It is also 
useful in the therapeutic follow-up, influencing the 
therapeutic decision by assessing the viability of the 
affected myocardium [35].

According to numerous studies, important markers 
of the non viability of the myocardium, therefore with a 
low chance of contractile recovery after revascularization, 
are LV wall thickness less than 5.5mm at end-diastole 
[36] and transmural infarcts (transmural extent of 
LGE >50% were nonviable) [37]. Also, the contractile 
reserve can be assessed by cine imaging of the left 
ventricle after administration of low dose dobutamine, 
being able to predict areas of functional recovery with 
revascularization, offering the highest specificity (91%) 
and positive predictive value (93%) [38,39].

A well known complication of coronary reperfusion 
therapy after an AMI is microvascular obstruction (MVO) 
and intramyocardial hemorrhage.

MVO represents areas of irreversible myocardial 
infarction. Its presence on CMR imaging has been 
associated with a poor prognosis, correlated with adverse 
LV remodelling and dysfunction. Also, these patients 
are more likely to experience future major adverse 
cardiovascular events [40].

MVO evaluation by CMR imaging implies 
its detection, quantification and evolution [41]. A 
recommended CMR protocol starts with perfusion 
sequences, where MVO appears as a focal low signal 
lesion within an area of early enhancing infarcted 
myocardium. There are similar appearances on both early 
and late gadolinium-enhancement sequences (EGE and 
LGE), the true area of MVO being seen in delayed phases 
(Figure 3), of smaller size than first-pass perfusion (slow 
diffusion of Gd over time around the periphery of the no-
reflow site) [40].

Intramyocardial hemorrhage is caused by the 
disruption to the microvasculature after reperfusion 
therapy. CMR assessment implies T2-weighted and T2* 
sequences [41]. 

The appearance of hemorrhage on MRI is based 
upon the paramagnetic effects of hemoglobin degradation 
products [42]. In the acute phase, on T2-weighted 
sequence, appears as low signal regions surrounded by 
elevated signal intensity representing myocardial edema. 
A more useful MRI sequence is T2*, with high sensitivity 
in detecting magnetic field non-homogeneity caused by 
iron deposits and blood products for detecting hemorrhage 
as low signal areas [41].

Figure 2. Cardiac MRI. Turbo inversion recovery magnitude (TIRM) sequence, short axis view. Edema in the anterior wall and apical 
region. 
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Figure 3. Cardiac MRI. Delayed PSIR sequence, short axis 
view (A) and 4 CH view (B). Acute myocardial infarction in 
LAD distribution with non enhancing foci, highly suspicious for 
microvascular obstruction and intra-myocardial hemorrhage.

Nonischemic cardiomyopathies
In nonischemic cardiomyopathies CMR has proven 

its usefulness by being capable of tissue characterization 
and thus, differentiating the etiologies (late gadolinium 
enhancement or T1 mapping for certain hypertrophic and 
infiltrative cardiomyopathies) [42]. 

Dilated cardiomyopathy (DCM)
Dilated cardiomyopathy (DCM) is defined as left 

ventricular chamber dilation, thin-walled, with decreased 
systolic function (Figure 4); it can be the end-stage 
manifestation of numerous disorders of non-ischemic 
etiology such as alcohol or cocaine chronic use, endocrine 
disorders such as growth hormone excess, thyroid diseases, 

diabetes mellitus, pheochromocytoma or myocarditis [24]. 
An important component of DCM is myocardial 

fibrosis, which CMR is capable of detecting. It is present in 
two forms: irreversible replacement fibrosis (as LGE) and 
diffuse interstitial fibrosis (detected on T1 mapping) [43]. If 
LGE is present, the most common pattern is in the midwall of 
the interventricular septum; however, a minority of patients 
could have subendocardial LGE and may be classified as 
ischemic (misclassification) [44]. Midwall fibrosis proved 
to be an independent predictor of mortality and morbidity, 
having a similar outcome to ischemic disease [45]; also, 
according to the most recent studies [46], represents the 
underlying cause for the majority of malignant ventricular 
arrhythmias (AV) [47].

Figure 4. Cardiac MRI. True FISP image, 4-chamber view. 
Dilated cardiomyopathy and non-compaction of the left ventricle.

Hypertrophic cardiomyopathy (HCM)
This is the most common genetic heart disease, with 

a prevalence of 1 in 200 to 300 in the general population, 
caused by a mutation in genes encoding any of the cardiac 
contractile proteins [48]. Echocardiography is the imaging 
technique used for screening purposes. CMR is more sensitive 
in identifying unusual or apical sites of hypertrophy. Also, 
it is the gold standard in assessing LV mass, this being an 
important prognostic factor (higher mass - worse outcome) 
[49]. 

The majority of patients with HCM have a LGE 
patchy pattern. This pattern can be visualized especially when 
there is a significant hypertrophy, at the right ventricular 
septal insertion sites.

The presence of late gadolinium enhancement in 
HCM patients (Figure 5) has been associated with increased 
risk of ventricular and re-entrant tachycardias and SCD [50]. 

A meta-analysis of four studies performed on 1063 
patients, followed for an average of 3.1 years, demonstrated 
that the presence of LGE had an odds ratio of 5.7 for heart 
failure death, 2.9 for cardiac death and 4.5 for all-cause 
mortality [51]. 
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Figure 5. Cardiac MRI. True FISP image, 4-chamber view (A) 
and delayed PSIR sequence, short axis view (B). Subepicardial 
fibrosis (arrows) in a patient with hypertrophic cardiomyopathy. 

Myocarditis
In both the pediatric and adult population, it has a 

primarily viral origin. A characteristic finding revealed by 
CMR is late gadolinium enhancement in the midwall and 
subepicardial of the left ventricle [52].

Other MRI signs, suggested by different studies, 
are early enhancement of the myocardium on T1-weighted 
sequence (as inflammation marker) or hypersignal on the 
sagittal T2-STIR sequence (myocardial edema) (Figure 6) 
[53]. In 2009, the Lake Louise consortium suggested an 
ideal diagnostic strategy based on the positivity (2 of 3) of 
these 3 entities: early enhancement ratio, late gadolinium 
enhancement and increased T2 signal [54].

Nowadays, the early enhancement ratio has a less 
important role and the T2-W sequence has been replaced 
by T2 mapping. Another useful tool is T1 mapping (native 
and post-contrast). According to the most recent studies, a 
combination between LGE, T1 and T2 mapping may be the 
best way to identify acute myocarditis [47]. A study of 104 

patients and 21 controls, that used LGE and T1-mapping, 
demonstrated an overall accuracy of 90% [55].

In chronic myocarditis, another study of 67 patients, 
showed that late gadolinium enhancement alone has a better 
accuracy than T1-mapping (94% vs. 84%), with an increased 
accuracy when these two techniques are combined (98% 
overall accuracy) [56].

In the pediatric population, accurate diagnosis of 
myocarditis is challenging due to the variability of symptoms. 
Especially newborns, infants and immunocompromised 
patients are susceptible for developing myocarditis. The most 
common infections involved are those with adenovirus and 
enterovirus. It is an important cause of morbidity and mortality 
that may lead to acute heart failure, CMD and SCD [57]. 

Figure 6. Cardiac MRI. Turbo inversion recovery magnitude 
(TIRM) sequence, short axis view (A) and delayed PSIR sequence, 
short axis view (B). Edema in anterior and septal walls (arrows). 
Normal myocardial perfusion. No LGE. Findings suggestive for 
acute myocarditis. 
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Regarding MRI findings, there are few studies 
regarding its utility in pediatric acute myocarditis. 
There are the same CMR signs as in adults, on T2 
and post-contrast sequences, such as: signal increase on 
T2-weighted images at early disease or normal signal in 
the healing phase; early and late gadolinium enhancement. 
Other associated signs could be left systolic dysfunction 
(common), increased LV dimensions, segmental wall motion 
abnormalities and pericardial effusion. A multimodal 
approach is needed for an accurate diagnosis [58]. 

Amyloidosis
Amyloidosis is a disease that is characterized by 

extracellular deposition of insoluble fibrillar proteins, 
which can affect a single organ or can be systemic. The 
cardiac involvement is variable, depending on the type of 
amyloidosis: primary (up to 50%), familial (between 10 
and 50%) and secondary(<5%) [50]. 

The signs of amyloid infiltration evidenced by 
transthoracic echocardiogram are decreased cavity size, 
increased left ventricle wall thickness, pericardial effusion, 
biatrial enlargement, diastolic dysfunction or by ECG like 
low voltage in the limb leads. However, CMR has a greater 
sensitivity and specificity compared to TTE, showing a 
global LGE in the subendocardial region [53]. 

CMR can be used also to differentiate between 
primary and familial amyloidosis [24]. A study conducted 
on 97 patients, 46 patients of them with primary amyloidosis 
and 51 with familial amyloidosis, analyzed the presence of 
LGE, revealing that late gadolinium enhancement is more 
extended in the familial form (present in 90% of cases vs 
37% in the primary form) [59]. 

Sarcoidosis
The exact prevalence of cardiac involvement is still 

not established, varying depending on the study between 
5% to 20% of patients affected by this disease [60].

Current guidelines for diagnosis of cardiac 
involvement in sarcoidosis are based on histological 
evidence, LGE on CMR (high sensitivity and specificity), 
ECG and echocardiographic abnormalities [50]. 

On CMR, the specific pattern of this disease 
consists of LGE in midwall or subepicardial region, 
especially in the basal and lateral segments of the LV. In 
a minority of cases, LGE can be present subendocardial 
or transmural. In addition, CMR can detect also edema 
or motion abnormalities. The presence of late gadolinium 
enhancement is associated with a higher risk of major 
adverse cardiac events and SCD [61].

Arrhythmogenic right ventricular cardiomyopathy
ARVC is an inherited disease characterized by 

fibrofatty replacement of the right ventricular free wall (in 
a minority of cases can affect the left ventricle) [50].

CMR is considered the gold standard examination 
in the evaluation of ARCV. There are some difficulties to 
perform this in children or in patients with arrhythmias 
(cardiac gating errors) [62]. The RV function can be 

appreciated. The main findings include RV dilation, 
aneurysm formation, hypokinesia of the RV, fatty or 
fibrofatty infiltration (high signal on T1 with suppression 
on FAT-SAT sequences). 

Non-compaction cardiomyopathy
Non-compaction cardiomyopathy or left ventricular 

hypertrabeculation (Figure 7), is a congenital disease 
characterized by a ratio of 2.3 at end-diastole between 
noncompacted and compacted myocardium [63]. 
Additional CMR findings: left ventricle thrombus or 
systolic dysfunction [24].

Figure 7. Cardiac MRI. True FISP image, 4-chamber view. Non-
compaction of the left ventricle (arrows).

Takotsubo cardiomyopathy
This is a stress-related CM, also known as ”broken 

heart syndrome” or apical ballooning syndrome. It consists 
of a transient left ventricular ballooning and occurs after 
emotional stress, without any signs of coronary artery 
disease (CAD) [50]. 

CMR is able to depict myocardial edema without 
LGE (important feature), apical ballooning and wall motion 
dyskinesia [64], thus making the differential diagnosis with 
acute myocardial infarction (subendocardial LGE) and 
myocarditis (patchy LGE) [50].

Limitations and contraindications of CMR      
Among the limitations are included factors that 

can influence image quality such as: partial volume effect, 
presence of ventricular arrhythmias during acquisition, lack 
of adequate apnea, variability of kinetics of the contrast agent 
which can result in an inaccurate scarring characterization. 
There are difficulties in examining claustrophobic patients, 
certain obese patients, patients with acute pathologies that 
can not cooperate. Also, the method implies higher costs and 
lower availability compared with echocardiography [65].

The contraindications of a CMR examination 
include: patients with pacemaker, old cardiac prostheses, 
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with uncertainty about safety in patients with metallic 
fragments present within soft tissues. It is also 
contraindicated in patients with articular metal prostheses 
or osteosynthesis materials, aneurysm clips or certain 
vascular stents. Another important contraindication is the 
administration of Gd-based contrast agents in patients with 
severe renal impairment, with a glomerular filtration rate 
(GFR) below 30 mL/min/1.73m2, because there is a risk of 
nephrogenic systemic fibrosis [34].

Conclusions
Cardiac magnetic resonance imaging is a crucial 

tool, with an efficiency that has been demonstrated, capable 
of providing the differential diagnosis between ischemic 
and nonischemic cardiomyopathy and of establishing 
the etiology in the nonischemic type. In addition, CMR 
findings have a prognostic value, may guide patient 
management and, if necessary, can evaluate treatment 
response. Therefore, CMR should be a part of the routine 
investigation in various cardiomyopathies.
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