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vantage of answering clinical questions to 
guide clinical management (Fig. 1).

Cardiac myocardial imaging is feasible at 
both 1.5 and 3 T, with higher-field-strength 
imaging in the domain of research. At 3 T, 
the signal-to-noise ratio (SNR) is improved 
compared with the SNR at 1.5 T, but this im-
provement is at the cost of worsening suscep-
tibility artifact; a higher specific absorption 
rate; and an increase in B1 inhomogeneity, 
which predominately affects T2-weighted 
imaging [1]. Balanced steady-state free pre-
cession (bSSFP) imaging, a mainstay of car-
diac MRI, is more prone to artifact at 3 T 
[2]. However, specific cardiac MRI sequenc-
es including myocardial tagging, spectros-
copy, arterial spin labeling (ASL), and first-
pass perfusion are improved at 3 T because 
T1 values are increased when using this field 
strength [3]. This increase in T1 values also 
improves contrast-enhanced imaging in car-
diac MRI because the difference between T1 
values of unenhanced and enhanced struc-
tures is larger [4].
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M
yocardial disease is broadly di-
vided into ischemic and nonisch-
emic. Many systemic disorders, 
genetic conditions, and adaptive 

states can lead to nonischemic cardiomyopa-
thy (NICM). Imaging plays a critical role in 
the diagnosis of myocardial disease and risk 
stratification. Furthermore, the presence of 
imaging findings, such as late gadolinium 
enhancement (LGE), can provide prognostic 
information including the risk of adverse 
cardiac events and can also be used to 
 determine therapeutic strategies such as 
 revascularization in patients with ischemic 
 cardiomyopathy (ICM) or ablation of ar-
rhythmogenic foci in patients with ventricu-
lar arrhythmias. On the basis of the presence 
and distribution of LGE, it is possible to dif-
ferentiate ICM from NICM. Cardiac MRI is 
the only imaging modality that allows pre-
cise assessment of ventricular function and 
comprehensive tissue characterization in a 
single examination without the use of ioniz-
ing radiation. Cardiac MRI also has the ad-
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OBJECTIVE. A spectrum of pathophysiologic mechanisms can lead to the development 
of myocardial disorders including ischemia, genetic abnormalities, and systemic disorders. 
Cardiac MRI identifies different myocardial disorders, provides prognostic information, and 
directs therapy. In comparison with other imaging modalities, cardiac MRI has the advantage 
of allowing both functional assessment and tissues characterization in a single examination 
without the use of ionizing radiation. Newer cardiac MRI techniques including mapping can 
provide additional information about myocardial disease that may not be detected using con-
ventional techniques. Emerging techniques including MR spectroscopy and finger printing 
will likely change the way we understand the pathophysiology mechanisms of the wide array 
of myocardial disorders. 

CONCLUSION. Imaging of myocardial disorders encompasses a large variety of con-
ditions including both ischemic and nonischemic diseases. Cardiac MRI sequences, such as 
balanced steady-state free precession and late gadolinium enhancement, play a critical role 
in establishing diagnosis, determining prognosis, and guiding therapeutic management. Ad-
ditional sequences—including perfusion imaging, T2*, real-time cine, and T2-weighted se-
quences—should be performed in specific clinical scenarios. There is emerging evidence for 
the use of mapping in imaging of myocardial disease. Multiple other new techniques are cur-
rently being studied. These novel techniques will likely change the way myocardial disorders 
are understood and diagnosed in the near future. 
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MRI Evaluation of Myocardial Disease

This article discusses myocardial imag-
ing in ICM and NICM first by outlining the 
standard sequences used in cardiac MRI and 
then by highlighting mapping and strain im-
aging that may add additional diagnostic val-
ue and prognostic value. Next, emerging car-
diac MRI techniques for myocardial imaging 
are addressed. Finally, practical approaches 
for evaluation of myocardial disease with 
cardiac MRI in specific entities including 
ischemic heart disease, infiltrative disorders, 
and genetic cardiomyopathies are described.

Standard Sequences
The typical MRI sequences that are used 

for the detection and characterization of 
myocardial disorders can be broadly divided 
into functional assessment and tissue charac-
terization sequences. Table 1 outlines end-
points derived from each sequence to guide 
clinical management.

Functional assessment can be performed 
using cine imaging, typically bSSFP se-
quences, acquired in standard cardiac planes 

including at multiple levels in the short-ax-
is plane (Figs. 2A–2D). The blood pool is 
bright on cine imaging, allowing clear de-
lineation of the blood pool from the myocar-
dium. High temporal resolution is required 
because images are acquired throughout the 
cardiac cycle with ECG gating, which al-
lows the identification of end-systole and 
end-diastole. From cine images, ventricular 
volumes, mass, and function are calculated. 
Cine imaging also allows the identification 
of regional wall motion abnormalities, such 
as hypokinesis, akinesis, and dyskinesis, and 
visual inspection of velocity flow jets.

Real-time cine images can be acquired to 
assess for altered myocardial motion such as 
in cases of suspected constrictive pericardi-
tis. High-temporal-resolution images are ac-
quired at the mid ventricle to aid in identi-
fication of paradoxical septal motion toward 
the left ventricle during early diastole. This 
abnormal motion is more evident during in-
spiration than expiration, and images can be 
obtained over numerous respiratory cycles.

Multiple different sequences can be ac-
quired for tissue characterization including 
black blood, T2*, mapping, perfusion, and 
contrast-enhanced imaging. Black blood im-
aging can be performed with either T1- or 
T2-weighting. In black blood sequences, the 
blood pool is nulled during a double inver-
sion recovery, which allows clear demarca-
tion of the subendocardium. T1-weighted 
black blood images allow anatomic evalua-
tion including clear depiction of the pericar-
dium. T2-weighted black blood sequences 
can be performed with or without fat satura-
tion to highlight areas of edema, which can 
be seen in various clinical entities including 
acute ischemia, myocarditis, and sarcoidosis 
[5, 6]. Edema on a T2-weighted sequence can 
also provide prognostic information after re-
perfusion in acute ischemia [7].

T2* imaging takes advantage of local 
magnetic field inhomogeneity that occurs in 
the presence of paramagnetic materials such 
as iron. Using gradient-echo sequences with 
a low flip angle, long TE, and no refocusing 
pulse, dephasing due to magnetic field inho-
mogeneity can be detected [8]. When tissues 
contain paramagnetic material T2*, relax-
ation occurs faster, as can be seen in both pri-
mary and secondary iron overload states [9]. 
In patients with cardiomyopathy, higher T2* 
values may also provide prognostic informa-
tion for risk of adverse cardiac events [10].

First-pass perfusion imaging allows the de-
piction of contrast distribution in real time. 
Gradient-echo T1-weighted sequences are 
performed during the administration of con-
trast material typically at dedicated levels 

TABLE 1: Derived Endpoints From Cardiac MRI Pulse Sequences That Guide 
Clinical Management

Sequence Endpoints Role in Management

LGE Presence and type of LGE Primary endpoint

Cine Systolic function (ejection fraction) Secondary endpoint

Ventricular volume, wall morphology Other secondary endpoints

T2* Iron deposition Secondary endpoint

T1 mapping Diffuse fibrosis Exploratory endpoint

T2 mapping Tissue edema Exploratory endpoint

Note—LGE = late gadolinium enhancement.

Fig. 1—Schematic lists tailored cardiac MRI pulse sequences that can be used to answer most common clinical questions from referring physicians. Left MR image is 
45-year-old man with cardiac sarcoid; middle-left MR image is 56-year-old woman with cardiac arrhythmia; middle-right MR image is 64-year-old man with ischemic 
cardiomyopathy; right MR image is 25-year-old woman with hypertrophic cardiomyopathy. LV = left ventricular, SSFP = steady-state free precession.
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(i.e., base, mid ventricle, and apex). Images are 
quickly obtained over the course of the con-
trast administration so that areas of myocardi-
um with abnormal perfusion can be identified. 
Aside from vasodilator myocardial perfusion 
imaging, which is widely used to diagnose 
ischemia, perfusion imaging can be useful for 
identifying microvascular obstruction (as can 
be seen in postinfarct states) and hyperemia 
(as can be seen in myocarditis) [11–13].

Of all the cardiac MRI sequences, LGE 
images play the greatest role in the charac-
terization of cardiomyopathy into ischemic 
and nonischemic subtypes in addition to pro-
viding prognostic information. An inversion 
recovery gradient sequences nulls the myo-
cardium; hence, the areas of increased extra-
cellular volume (due to fibrosis, edema, or an 

infiltrative process), which retain gadolini-
um-based contrast material, can be identified 
as bright on the background of a black myo-
cardium (Fig. 2E). Typically, images are ac-
quired 10–15 minutes after contrast admin-
istration to optimize peak uptake of contrast 
material in the diseased myocardium.

Additional Sequences
T1 and T2 mapping are newer methods for 

the detection of myocardial disease using al-
terations in the native T1 or T2 relaxation of 
the myocardium. Both T1 and T2 mapping 
require multiple images to be obtained at 
various TR or TE times, respectively, to cal-
culate a relaxation curve, which can then be 
displayed as an absolute value for a given re-
gion of the heart or as an image with an over-

laying color map representing the relaxation 
time [14, 15] (Fig. 3). T1 mapping can also be 
performed after contrast administration. Nor-
mal reference ranges for T1 and T2 relaxation 
times are dependent on the strength of the 
magnetic field, vendor, and patient-specific 
factors such as sex; normal ranges need to be 
determined locally before clinical use. In T1 
contrast-enhanced mapping, additional fac-
tors must also be taken into account includ-
ing the type of gadolinium contrast material 
and renal clearance [16]. The benefits of map-
ping include better detection of diffuse dis-
ease, decreased interobserver variability, and 
production of quantitative data [17, 18]. Map-
ping may also be able to provide assessment 
of therapeutic efficacy in cases of myocardial 
disease such as sarcoid [19].

Although cine imaging can be used to ob-
tain global cardiac function parameters (e.g., 
ejection fraction [EF], volumes, and mass), 
regional myocardial deformation and con-
tractility are obtained from cine imaging, 
mainly because of the homogeneous myocar-
dial signal intensity in cine images. Although 
wall motion can be extracted from endo- and 
epicardial contours in the cine images, intra-
myocardial tissue motion remains unknown 
because of the lack of tissue features that can 
be tracked during the cardiac cycle. Recent-
ly, a group of techniques—known as “feature 
tracking” or “tissue tracking” [20]—have 
been developed to try to quantify myocardial 
motion using cine images; these techniques 
mimic strain imaging from speckle tracking 
echocardiography. However, in contrast to 
echo imaging, the cine MR images lack these 
speckles (or features) and have much lower 
temporal resolution, which makes MRI fea-
ture tracking more accepted for measur-
ing global and integrated motion parame-
ters (e.g., global strain) rather than regional 
and differential parameters (e.g., strain rate). 

D
Fig. 2—35-year-old woman with frequent premature ventricular contractions who was referred to undergo 
cardiac MRI. 
A–D, Balanced steady-state free precession MR images are obtained in standard cardiac planes: short-axis 
(A), four-chamber and horizontal long-axis (B), two-chamber and vertical long-axis (C), and three-chamber (D) 
views. These images allow quantification of ventricular function, volume, and mass; assessment for global and 
regional wall motion abnormalities; and evaluation of myocardial wall morphology. 
E, Late gadolinium enhancement (LGE) MRI is performed 10 minutes after administration of IV gadolinium. On 
LGE images like this LGE image, areas of fibrosis, edema, and increased extracellular matrix can be identified as 
white on background of black myocardium, which has been nulled.
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Nevertheless, there exists a group of estab-
lished MRI pulse sequences for imaging re-
gional myocardial deformation with great 
accuracy. These techniques can be broad-
ly categorized into magnitude-based and 
phase-based techniques in which motion in-
formation is encoded into the MRI magni-
tude and phase images, respectively [21].

The most commonly used tissue-track-
ing technique is MRI tagging [22]. In MRI 
tagging, a grid of saturated magnetization is 
superimposed on the cine magnitude imag-
es at the beginning of the cardiac cycle; the 
grid gets deformed from one time frame to 
another to reflect myocardium contractility 
and relaxation during systole and diastole, 
respectively. MRI tagging allows clear vi-
sual inspection of regional myocardial con-
tractility as well as motion quantification. 
Processing the tagged images can be done 
directly by tracking the grid-tagged pattern 
or by analyzing the k-space, similar to har-
monic phase analysis [23], in which the lat-
ter results in much faster (almost in real time) 
tagged image analysis.

Strain-encoding (SENC) [24] is another 
magnitude-based technique. Similar to con-
ventional MRI tagging, SENC is based on 
applying parallel planes of saturated magne-
tization into the acquired images; however, 
in contrast to tagging, these tagged planes lie 
parallel to and inside the acquired image and 
therefore through-plane motion (rather than 
in-plane motion in tagging) is measured by 
estimating how the tagged planes get closer 
together or farther apart during the cardiac 
cycle. Compared with MRI tagging, SENC 
has the advantages of faster image acquisi-

tion, higher resolution, and simpler post-
processing that results in color-coded strain 
maps. Displacement-encoding with stimulat-
ed echoes (DENSE) [25, 26] and tissue phase 
mapping (TPM) [27] are two pulse sequenc-
es in which tissue displacement and velocity, 
respectively, are encoded into the MRI phase 
images. These techniques allow quantifying 
myocardial motion with high sensitivity and 
in 3D, although this information comes at the 
cost of a relatively longer scanning time [28].

Myocardial tagging and contractility as-
sessment techniques have been used in sev-
eral clinical and research studies, which 
showed these techniques to be valuable for 
providing detailed information about myo-
cardial motion that complements informa-
tion from other MRI sequences [28]. These 
techniques have been used for measuring 
regional left ventricular (LV) function [29], 
right ventricular (RV) contractility pattern 
[30], heart rotation and torsion motion [31], 
coronary artery disease [32], ischemic heart 
disease [33], dilated cardiomyopathy [34], 
hypertrophic cardiomyopathy (HCM) [35], 
interventricular synchrony [34], valvular 
diseases [36], congenital heart disease [37], 
postsurgery cardiac function [38], and other 
heart diseases [39]. The importance of ana-
lyzing myocardial contractility is that re-
gional cardiac function measures (e.g., strain, 
strain rate, and torsion) have been shown to 
be affected at early phases of cardiovascu-
lar disease development before a reduction in 
global function (e.g., EF) is observed; detec-
tion of cardiovascular disease at early phas-
es allows early intervention, better prognosis, 
and reduced treatment cost [21].

Emerging Techniques
Multiple new techniques assessing myo-

cardial disease are currently under investiga-
tion including ASL, diffusion imaging, and 
MR spectroscopy. In ASL, water molecules 
in blood are either saturated or inverted [40]. 
If the molecules reach the capillary bed, T1 
signal is reduced and this reduction is propor-
tional to the blood flow. The images are then 
standardized to the native T1 signal in which 
the water molecules are not labeled [41]. ASL 
allows assessment of perfusion without the 
use of contrast material, and possible clini-
cal applications include cardiac stress imag-
ing and identification of the area at risk after 
acute myocardial infarction [42, 43].

The use of DWI has been limited in cardi-
ac imaging because of motion (both respira-
tory and cardiac) as well as the intrinsic short 
relaxation time of the myocardium, which re-
quires faster imaging than what is required 
in neuroimaging [44]. With faster imaging 
acquisition techniques, DWI is being evalu-
ated in various myocardial disorders includ-
ing as a contrast material–free method to de-
tect fibrosis and for the depiction of edema 
[45–47].

MR spectroscopy can assess for various 
metabolites that can be affected by myocar-
dial disorders. Depending on the metabolite 
that is to be assessed, a specific radiofrequen-
cy energy is applied to detect that metabolite. 
Triglycerides content, pyruvate metabolism, 
and phosphocreatine concentration are cur-
rently being investigated in imaging of ICM 
and NICM [48, 49].

A Practical Approach for Evaluating 
Myocardial Disease

Before image acquisition, a thorough re-
view of the clinical questions, patient histo-
ry, and prior imaging is crucial. For exam-
ple, if a clinical history is concerning for iron 
overload state, T2* imaging should be added. 
Obtaining and reviewing key sequences and 
planes on the basis of the clinical concerns are 
paramount. Figure 4 outlines the interpreta-
tion algorithm to diagnosing cardiomyopathy 
on the basis of pulse sequences and endpoints.

In cases of chronic ischemic heart disease, 
first the LGE sequence can be assessed for 
the presence or lack of LGE. Ischemic pat-
terns of enhancement follow a vascular dis-
tribution (i.e., territories of the epicardial 
vessels) and first involve the subendocardi-
um and then progress outward in more severe 
cases (Fig. 5). Findings on bSSFP images 
can be correlated with areas of LGE for wall 

A
Fig. 3—Normal relaxation times for T1 and T2 in healthy 45-year-old woman.
A and B, Color maps show relaxation time for T1 (A) and T2 (B). Scale shows times in milliseconds. In A, red 
outline shows endocardial border and green outline shows epicardial border.
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motion abnormalities. If no LGE is present, 
assessment for regional wall motion abnor-
malities on bSSFP images can help identify 
areas of hibernating myocardium that may 
benefit from revascularization along with ar-
eas of LGE involving less than 50% of the 
myocardial width [50, 51]. The presence of 
LGE is a poor prognostic sign in these cas-

es, although there is insufficient evidence to 
change clinical management on the basis of 
LGE [52]. Cardiac MRI is also being evalu-
ated for its role in acute ischemia and after 
reperfusion [53–55].

Nonischemic myocardial disorders, in 
contrast, can cause patterns of LGE that do 
not follow a vascular territory and can affect 

any portion of the myocardium without di-
rectionality to the progression. A wide vari-
ety of pathophysiologic mechanisms in this 
group of disorders can ultimately lead to im-
paired cardiac function. Cardiac MRI se-
quences used in the evaluation of these dis-
orders are tailored to the specific entity that 
is clinically suspected or known.

Negative

Cine

Wall motion

Akinesis LV hypertrophy

HCMNoncompaction
cardiomyopathy

Ischemia or
infarct

Right ventricle:
ARVC

� Trabeculation

MorphologyFunction (EF �)Volume (�)

Left ventricle: dilated
cardiomyopathy

Positive

Infarct scar

Myocarditis HCM Infiltrative

Nonischemic
LGE

LGE

Fig. 4—Interpretation algorithm for diagnosis of cardiomyopathy based on pulse sequences and derived endpoints. Presence and type of late gadolinium enhancement 
(LGE) are primary endpoint that defines infarct scar versus nonischemic LGE pattern such as global subendocardial LGE seen in cardiac amyloid, patchy LGE in sarcoid, 
mid wall LGE in myocarditis, and septal patchy LGE in hypertrophic cardiomyopathy (HCM). Secondary endpoints are derived from cine images and include assessment 
of myocardial wall morphology such as hypertrophy in HCM or hypertensive cardiomyopathy and trabeculations in noncompaction cardiomyopathy. Assessment of 
myocardial wall morphology is followed by assessment of ventricular function by ejection fraction (EF) and quantification of ventricular volumes. In case of dilated 
ventricles and depressed EF, diagnosis of left ventricular (LV) dilated cardiomyopathy or arrhythmogenic right ventricular cardiomyopathy (ARVC) can be made. We 
also assess ventricular volume, function, and mass in patients with positive LGE. Cine images allow evaluation of regional wall motion abnormality, such as hypokinesis, 
akinesis, and dyskinesis, that can also be seen in ischemia in absence of LGE.

A
Fig. 5—64-year-old man with ischemic cardiomyopathy who was referred to cardiac MRI for evaluation of cardiac viability. 
A, Short-axis late gadolinium-enhanced MR image shows extensive transmural enhancement in right coronary artery distribution. 
B and C, Diastole (B) and systole (C) steady-state free precession MR images show akinesis. This area of myocardium is considered nonviable and would likely not 
benefit from revascularization.
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Infiltrative myocardial disorders include 
amyloidosis, sarcoid, and iron deposition 
disorders (i.e., primary or secondary he-
mochromatosis). Amyloidosis results in al-
tered signal intensity on multiple sequences 
because of the deposition of proteins in the 
extracellular space of the myocardium [56]. 
The abnormal protein alters the T1 of the 
myocardium, leading to difficulty with null-
ing the myocardium and to increased T1 re-
laxation, which can be measured with map-
ping [57, 58]. T2 signal is also altered with 
a decreased ratio of myocardial-to–skele-
tal muscle T2 signal intensity seen in amy-
loidosis [59]. LGE sequences can be used to 
identify patterns of enhancement consistent 
with amyloidosis, including subendocardial, 
transmural, or midmyocardial, that occur in 
a nonvascular distribution (Fig. 6A). Sensi-
tivity and specificity of MRI for the detec-
tion of amyloid using LGE are reported to 
be more than 86% [60]. MRI can allow the 
noninvasive diagnosis of cardiac amyloido-
sis, which is especially critical because novel 
drug therapies for the transthyretin form of 
amyloid have been developed [61].

Cardiac sarcoidosis is also considered an 
infiltrative cardiomyopathy. Societal rec-
ommendation for imaging cardiac sarcoid 

includes acquisition of bSSFP, LGE, and 
T2-weighted sequences, and evidence for the 
use of mapping is still evolving [62]. Cardiac 
MRI is sensitive for the diagnosis of cardi-
ac sarcoid; however, imaging findings alone 
on MRI cannot make the diagnosis because 
of a low specificity [63, 64]. T2 signal may 
be increased in areas of active inflamma-
tion. LGE patterns of enhancement that have 
been described in sarcoid include transmural 
and subendocardial; however, the most com-
monly reported pattern is midmyocardial en-
hancement or subepicardial enhancement in-
volving the lateral or septal basal segments 
[65] (Fig. 6B). The presence of LGE indi-
cates a risk for arrhythmias and adverse car-
diac events [66].

For quantification of iron deposition, T2* 
images are obtained to measure the relax-
ation constant of the myocardium. Because of 
the paramagnetic effects of iron, T2* time is 
decreased in iron overload states. T2* times 
of less than 10 milliseconds indicate a high 
risk of developing heart failure and that che-
lation therapy is required, whereas T2* times 
of greater than 20 milliseconds indicate a low 
risk [67] (Fig. 7). Serial cardiac MRI can be 
used to monitor response to therapy [68] in 
cases of cardiac hemochromatosis. T2* time 

is best measured in the interventricular sep-
tum because the septum most accurately re-
flects myocardial iron levels [69].

Multiple additional nonischemic, nonin-
filtrative causes of myocardial disease exist. 
Diabetic cardiomyopathy occurs in patients 
without evidence of cardiovascular disease 
and is hypothesized to occur as a conse-
quence of inflammation, oxidative stress, and 
impaired myocyte metabolism in the setting 
of altered glucose and insulin metabolism. 
Early in the disease course, LV hypertrophy is 
present with normal systolic function on bSS-
FP images, whereas in later phases of the dis-
ease, a systolic dysfunction can occur [70, 71]. 
There is growing evidence that changes to the 
myocardium in these patients can be quanti-
fied using advanced techniques including T1 
mapping and MR spectroscopy [72, 73].

Both hypertensive cardiomyopathy and 
HCM lead to abnormal thickening of the ven-
tricular wall. In hypertension, cardiomyop-
athy-increased afterload can result in an in-
crease in overall LV mass or an increase in 
wall thickness, which can be measured using 
bSSFP images. These findings are of prog-
nostic significance, and stricter blood pres-
sure control may be warranted when present 
[74]. Hypertrophy is typically symmetric, and 

A

Fig. 6—Two cases of infiltrative cardiomyopathy. 
A, 72-year-old man with multiple myeloma referred 
to undergo cardiac MRI to evaluate for cardiac 
amyloidosis. Four-chamber late gadolinium-
enhanced MR image shows thickening of myocardial 
walls and extensive subendocardial enhancement of 
left ventricle as well as atria. 
B, 44-year-old man referred to undergo cardiac 
MRI for evaluation of cardiac sarcoid. Short-axis 
late gadolinium-enhanced MR image shows patchy, 
nodular midmyocardial late gadolinium enhancement 
pattern, which is consistent with sarcoid.

B

Fig. 7—45-year-old woman with thalassemia who had received multiple transfusions and was referred to cardiac MRI to evaluate for iron deposition. Short-axis MR 
images obtained at level of midventricle with different TEs; TE times increase from left to right, with left image showing shortest TE and right image showing longest TE. 
When T2* times are less than 10 milliseconds, as in this patient with sideroblastic anemia, chelation therapy is warranted because of high risk for development of heart 
failure.
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LGE may or may not be present; when pres-
ent, LGE is typically not subendocardial and 
can have a variable appearance [75]. Differen-
tiation of hypertensive cardiomyopathy from 
HCM may be difficult especially in older pa-
tients when asymmetric septal hypertrophy is 
present. When LV wall thickness is greater 
than 15 mm or is 12–14 mm in a patient with 
the appropriate family history, HCM should 
be considered as the leading diagnosis. One 
caveat here is that in patients with long-stand-
ing, undertreated hypertension, particularly 
those with chronic kidney disease or with end-
stage renal disease, moderate to severe con-
centric LV hypertrophy is not rare.

Additional findings to support HCM as a 
diagnosis including maximal wall thickness 
involving the anterior wall, regional bulg-
ing of the LV wall, abnormalities involving 
the mitral valve apparatus, and myocardial 
crypts, all of which can be identified on bSS-
FP images [76, 77]. The bSSFP images allow 

better quantification of maximal wall thick-
ness in cases of HCM than echocardiogra-
phy and may provide additional information 
when assessing the need for primary preven-
tive therapy with cardiovascular implanted 
electronic devices (CIEDs) [78]; bSSFP im-
ages can also allow the diagnosis of LV out-
flow obstruction and systolic anterior motion 
of the mitral valve (Fig. 8). On LGE sequenc-
es, patchy globular septal enhancement is 
more commonly seen in HCM than in hy-
pertensive cardiomyopathy [79]. In patients 
with HCM, LGE involving more than 15% 
of the myocardium indicates that the patient 
may benefit from CIED placement for pri-
mary prevention [80]. Advanced techniques 
for differentiation of HCM from hyperten-
sive cardiomyopathy include strain imaging, 
which shows increased wall stress in hyper-
tensive cardiomyopathy and reduced lon-
gitudinal strain in HCM [81]. There is also 
emerging evidence about the use of T1 map-

ping for discrimination between HCM and 
hypertensive cardiomyopathy [82].

In cases of suspected noncompaction car-
diomyopathy, bSSFP images allow assess-
ment for and quantification of the ratio of 
noncompacted to compacted myocardium; 
the diagnostic criteria for noncompaction 
cardiomyopathy include a ratio of noncom-
pacted to compacted myocardium of greater 
than 2.3 on the long-axis view (Fig. 9). Addi-
tional diagnostic criteria are published with 
varying degrees of sensitivity using steady-
state free precession images for evaluation 
[83, 84]. The presence of LGE and the pres-
ence of LV dilatation are poor prognostic 
signs [85]. Fibrosis measured by T1 mapping 
may be present even when LGE is not [86]. 
Strain imaging may also be impaired and 
may allow discrimination of noncompaction 
cardiomyopathy from dilated cardiomyopa-
thy: strain imaging of patients with noncom-
paction cardiomyopathy shows higher longi-
tudinal and radial strain than strain imaging 
of patients with dilated cardiomyopathy [87].

A large spectrum of pathophysiologic 
mechanisms can lead to dilated cardiomy-
opathy including genetic abnormalities, in-
fections, and toxins. This wide spectrum of 
conditions ultimately leads to a decrease in 
systolic function and enlargement of either 
the left ventricle or both ventricles; bSSFP 
images allow quantification of the degree 
of dilatation as well as the degree to which 
the EF is depressed. LGE sequences show fi-
brosis, and the pattern of enhancement may 
be helpful in determining the cause and 
may provide prognostic information. Pa-
tients with septal or free wall LGE experi-
ence higher rates of adverse cardiac events 
than those showing other LGE patterns [88, 
89]. There is emerging evidence for the use 

A

Fig. 8—25-year-old woman with history of hypertrophic cardiomyopathy (HCM). 
A, Contrast-enhanced short-axis MR image shows mid myocardial wall enhancement in anterior and inferior 
septum. 
B, Three-chamber balanced steady-state free precession (bSSFP) MR image. Dephasing jet (arrow) due to flow 
turbulence can be seen in left ventricular outflow tract.
C and D, Short-axis bSSFP MR images show additional findings associated with HCM diagnosis including wall 
thickness of more than 15 mm (line, C), regional bulging of left ventricular wall, abnormalities involving mitral 
valve apparatus, and myocardial crypts (arrow, D).

C

B

D

Fig. 9—62-year-old woman with nonischemic 
cardiomyopathy of unclear cause referred to undergo 
cardiac MRI to evaluate for scar. Short-axis balanced 
steady-state free precession MR image shows 
alterations in ratio of noncompacted to compacted 
myocardium. 
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of T1 mapping in these patients as a meth-
od to identify extracellular matrix expansion 
[90, 91].

In patients with suspected arrhythmogen-
ic right ventricular cardiomyopathy (ARVC), 
cardiac MRI plays a contributory role in di-
agnosis by identification of RV dilatation, 
impaired RV function, and regional wall 
motion abnormalities based on bSSFP im-
ages [92, 93]. Additional imaging planes, in-
cluding the two-chamber right ventricle and 
RV outflow tract views, lead to better assess-
ment of RV regional motion abnormalities, 
which are pathognomonic findings in cases 
of ARVC (Fig. 10). LGE can contribute to 
identifying areas of fibrosis; however, LGE 
is not part of the task force criteria because 
of the overlap with other conditions, such as 
myocarditis, and because identifying LGE 
may be difficult given the thin RV wall [94, 
95]. Strain imaging may improve detection 
of ARVC substrate [96].

Imaging for myocarditis requires the ac-
quisition of T2-weighted, perfusion, and 
LGE sequences. For the diagnosis of myo-
carditis, the Lake Louise criteria can be ap-
plied [97]. A regional or global increase in 
T2 indicating edema, hyperemia represented 
by increased perfusion, and LGE in a non-
vascular distribution indicating inflamma-
tion are imaging findings of myocarditis; 
when two of these three findings are pres-
ent, the sensitivity for MRI in the diagnosis 
of myocarditis is 67% and specificity is 91% 
[97]. Of these imaging findings, LGE is the 
most sensitive finding in isolation; howev-
er, LGE is less specific than perfusion or T2 
abnormalities [98]. There is developing evi-

dence for the application of mapping in these 
patients, and this technique could add value 
to the Lake Louise criteria [99, 100].

Conclusion
Imaging of myocardial disorders encom-

passes a large variety of conditions includ-
ing both ischemic and nonischemic diseas-
es. Cardiac MRI sequences, such as bSSFP 
and LGE, play a critical role in establishing 
diagnosis, determining prognosis, and guid-
ing therapeutic management. Additional se-
quences—including perfusion imaging, T2*, 
real-time cine, and T2-weighted sequences—
should be performed in specific clinical sce-
narios. There is emerging evidence for the 
use of mapping in imaging of myocardial 
disease. Multiple other new techniques are 
currently being studied. These novel tech-
niques will likely change the way myocardi-
al disorders are understood and diagnosed in 
the near future.
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