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ABSTRACT

Given the higher amount of detail it offers, the use of magnetic resonance (MR) in the field 
of cardiology has increased, thus leading to a decrease in the use of invasive and irradiating 
methods for diagnosing various cardiovascular disorders. The only precautions for MR imag-
ing are metallic implants and advanced-stage chronic kidney disease. For the acquisition of 
clear and dynamic myocardial images, methods such as spin echo imaging for anatomical 
description, steady-state free precession imaging for the assessment of ventricular cavity size 
and function, flow velocity encoding for blood flow measurements, radiofrequency tagging for 
dynamics, and even spectroscopy for metabolism evaluation are used. Cardiac magnetic reso-
nance (CMR) is considered the gold standard imaging method for the anatomical characteriza-
tion of the heart and obtaining information related to myocardial dynamics. In case of ischemic 
events, CMR is used for a detailed description of the necrotic area and the complications, and 
for tracking the ventricular remodeling. By administrating a contrast agent (gadolinium), the 
difference between sub-endothelial and transmural infarctions can be distinguished, highlight-
ing even microvascular lesions responsible for the extension of the necrosis. The assessment 
of the dynamics of ventricular remodeling and viability through late gadolinium enhancement 
(LGE) technology highlights the area of fibrosis and the occurrence of late complications. 

Keywords: cardiac magnetic resonance, ischemic events, myocardial viability, ventricular re-
modeling, fibrosis

INTRODUCTION

Initial medical usage of magnetic resonance imaging (MRI) was for the imaging 
of stationary organs within the body (e.g., the brain). However, the latest tech-
nical advances, such as sophisticated ECG- and respiratory gating (motion sup-
pression methods) and faster acquisition rates, have facilitated the acquisition of 
high-quality cross-sectional images of the heart and blood vessels, developing 
into a new field called cardiovascular magnetic resonance (CMR).1

CARDIAC MAGNETIC RESONANCE TECHNIQUES

Although many techniques are used in MRI studies, CMR is peculiar due to 
the rapid movements of the cardiac walls and a high-speed blood flow, which 
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produces artifacts during image acquisition. On the con-
trary, real-time CMR methods have a fast acquisition time 
(the entire image is acquired in <100 msec), but are severe-
ly limited by spatial and temporal resolution. Widely used 
methods in this setting include spin echo imaging, steady-
state free precession (SSFP) imaging, flow velocity encod-
ing, and radiofrequency (RF) tagging. 

Spin echo imaging, also described as “black blood ap-
proach” because of the contrast between the bright cardiac 
walls and the hyposignal of the blood, is used for obtaining 
an anatomical description, especially in suspicion of fatty 
infiltration of the right ventricular wall, seen in arrhythmo-
genic right ventricular cardiomyopathy (ARVC).2

SSFP imaging is comprised of images in which the 
blood is hyperintense, and the cardiac wall is viewed as 
a hyposignal. This technique has the advantages of pre-
senting high temporal (<30 msec) and spatial (2 mm in 
plane) resolution cine images, obtained during a single 
breath-hold, but over several cardiac cycles. The method 
is used for the assessment of ventricular cavity sizes and 
function, ventricular mass, intracardiac shunts, as well 
as for the evaluation of valve function and intracardiac 
masses.1

The flow velocity encoding method, also known as 
“phase contrast”, is used for measuring blood flow in 
pathological settings such as valvular diseases, intracardiac 
shunts, or arterial stenosis.3

RF tagging is used for the precise assessment of myocar-
dial dynamics.4

Other complementary CMR techniques use contrast 
agents (such as gadolinium) and MRI spectroscopy for 
evaluating myocardial metabolism. The ECG gating tech-
nique optimizes the spatial resolution for a better anatomi-
cal description during data acquisition and superposition 
during several cardiac cycles, and additional respiratory 
gating enables longer image acquisitions by monitoring 
the patients’ breaths (diaphragm muscle movement or 
thorax movement).5

CLINICAL APPLICATIONS OF CMR

CMR presents an increased diagnostic accuracy in case of 
aortic diseases but is limited to hemodynamically stable 
patients.6 Also, MR angiography is of peculiar importance 
as a noninvasive non-radiating tool for the identification 
and evaluation of coronary artery anomalies or coronary 
aneurysms.7 On the other hand, CMR is the test of choice 
for certain pericardial diseases, such as non-calcified con-
strictive pericarditis, tumor invasion of the pericardium, 
and congenital absence of the pericardium. However, 

echocardiography provides comparable diagnostic rates 
and a more increased availability.8–11

CMR is considered the gold standard method for the 
anatomical characterization of the myocardium and cardi-
ac chambers and the functional assessment of motion wall 
abnormalities, while the use of gadolinium facilitates the 
assessment of myocardial scars and fibrosis.12

Late gadolinium enhancement (LGE) has been shown 
to be a good predictor of major acute cardiovascular events 
(acute or chronic myocardial infarction). LGE (with image 
acquisition in 10–20 minutes after contrast injection) can 
be used for a precise description of the infarct size, with 
minimal inter- and intraobserver variability. A multicenter, 
double-blinded, randomized trial showed a contrast dose-
dependent rise of sensitivity and accuracy up to 94% and 
99% respectively, compared with 11% in cases where no 
contrast was used.13 

A study that compared CMR with LGE to single photon 
emission computed tomography (SPECT) in patients with 
coronary artery disease showed a superiority of the former 
in quantifying the size of the infarction (92% vs. 28% for 
subendothelial myocardial infarction and similar detection 
rates for transmural MI).14 Another study showed better 
results for small infarcts (92% vs. 69%) and non-anterior 
infarcts (98% vs. 84%).15 

Also, subendocardial and transmural LGE is significant 
in ischemic cardiomyopathy, while isolated mid-wall or 
epicardial enhancement suggests non-ischemic etiolo-
gies.16 Electrocardiography and echocardiography for the 
detection of right ventricular infarction in inferior wall 
MI were shown to have lower sensitivities compared to 
CMR.17

For prognostic purposes, CMR with LGE detects mi-
crovascular obstructions related to the extension of an 
acute myocardial infarction in the risk assessment of re-
peated cardiovascular events and impaired left ventricu-
lar systolic remodeling.16 CMR showed similar findings 
to positron emission tomography (PET) regarding the 
assessment of myocardial viability. CMR with LGE has 
been shown to be an effective tool in identifying fibrotic 
nonviable ventricular myocardium.18 A survival study on 
144 patients with documented coronary artery disease, 
with a median follow-up period of 2.4 years, performed a 
computer-assisted, semiautomatic CMR with LGE evalu-
ation of the peri-infarct zone (2–3 standard deviations 
from remote regions) compared to the total infarct zone 
(core + peri-infarct zone) and found the ratio predictive of 
post-MI mortality (adjusted hazard ratio of 1.42 per 10% 
increase, p = 0.03). The study also showed that the high 
spatial resolution of CMR may permit a noninvasive evalu-
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ation of the peri-infarct region, where the scarred myocar-
dium is interwoven with isolated bundles of surviving my-
ocytes, which might favor ventricular arrhythmias because 
of electrical remodeling and newly-formed three-dimen-
sional reentry circuits.19 While CMR with LGE identifies 
focal fibrosis, it remains less useful for diffuse fibrosis. A 
new technique, equilibrium-contrast CMR, was clinically 
tested in a small cohort and showed a good correlation to 
histological fibrosis (r = 0.80) but a low intrastudy repro-
ducibility (as low as 1%).20

Myocardial viability is a current issue because of the 
information it can offer on prognosis, on the risk of cer-
tain complications that depend on infarction extension, 
and the subsequent fibrotic remodeling. Kim et al. ques-
tioned whether there is a correlation between delayed 
contrast enhancement and the age of myocardial infarc-
tion, as well as the use of CMR to detect viability and 
irreversible lesions and evaluate the contractile function 
of the myocardium.21–24 The theory was tested on ca-
nine models, and their results revealed that in the first 
24 hours from the infarction, hyperenhancement occurs 
both in the necrosis zone and at the borderline that in-
cludes the hibernating myocardium. In terms of chronic 
infarction, the contrast agent has a strict affinity for the 
fibrosis area, and the imaging delineation of the hiber-
nated myocardium from the necrosis area is a real chal-
lenge. Their study has come to the conclusion that in the 
acute phase, the contrast area is much larger than the in-
farct, and therefore it is overestimated; at the same time, 
it comprises the two areas of interest and even surpasses 
them, without the possibility of delineation. Therefore, a 
repeated CMR evaluation at 3 days and at 8 weeks follow-
ing the acute event shows a net decrease in the necrotic 
area, with an affinity of the contrast agent only for the 
fibrotic area. However, the conclusion of the study was 
that the contrast affinity area only reveals necrosis, ex-
plained by the fibrosis shrinking process, except for the 
first 24 hours, when reperfusion and activation of the hi-
bernating myocardium occurs.21

CMR may also play a role in the management of patients 
with acute chest pain and positive but non-significant cor-
onary obstruction, such as acute myocarditis. 

Another utility of CMR is the pharmacological stress us-
ing dobutamine. A small study on 51 patients with Chagas 
disease who underwent CMR with LGE found good corre-
lations between the degree of fibrosis and the clinical stage 
of the disease.25

In patients without a known heart disease who present 
with ventricular tachycardia or left bundle branch block, 
the differential diagnosis should include ARVC, and con-

firmation may be obtained using noninvasive imaging such 
as CMR with LGE, which reaches a specificity of 98% ac-
cording to the latest Task Force criteria for the diagnosis 
of ARVC (2010).26 Although according to the 1994 Task 
Force criteria the method had a 100% sensitivity, it only 
had a 50% specificity for diagnosis, which was explained by 
substantial interobserver variability due to limited experi-
ence; some CMR parameters are considered highly specif-
ic (almost 100%): right ventricle (RV) dilatation, RV sys-
tolic movement impairment, RV late enhancement with 
gadolinium (suggestive for fibrous-fatty tissue), severe 
modification of RV (segmental dilatation/aneurysms/re-
gional wall motion abnormalities).26,27 Regarding ARVC, 
CMR with LGE is considered a complementary method 
besides surface ECG and echocardiography. 

CMR might have a role in mapping the atrial walls in 
atrial fibrillation patients. Long-standing continuous AF 
promotes remodeling processes that lead to electrical and 
structural changes in the atrium geometry. CMR with LGE 
may show morphological changes such as heterogeneous 
fibrosis distribution and/or hypertrophy.28

CMR SAFETY

Compared to computed tomography studies, native MRI 
produces three-dimensional images, it has intrinsic high 
contrast (thus, there is a limited use of contrast agent), 
no ionizing radiation, no interference with bone tissue or 
lungs. CMR is limited in case of patients with ferromagnet-
ic metallic implants such as aneurysm clips or pacemakers, 
claustrophobia, or acutely ill patients because the ECG 
tracing is distorted by the magnetic field, it has a longer 
acquisition time, and the gadolinium contrast agent is not 
recommended in case of patients with moderate to severe 
kidney disease (with an estimated glomerular filtration 
rate <30 mL/min).1

CONCLUSIONS

The use of MRI in the field of cardiology is highlighted 
by the fact that it is a noninvasive imaging method that 
provides detailed images of the anatomy and functional 
parameters of the heart, and it is a safe method, with few 
medical contraindications or precautions to be taken into 
consideration. In case of ischemic events, CMR is used for 
a detailed description of the necrotic area and the compli-
cations, as well as for tracking the ventricular remodeling. 
The assessment of the dynamics of ventricular remodeling 
and viability through LGE highlights the area of fibrosis 
and the occurrence of late complications.
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