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Until recently, the only imaging technique for the diagnosis and management of 
 hypertrophic cardiomyopathy (HCM) was two-dimensional echocardiography, and the 
use of cardiac magnetic resonance imaging (cMRI) was limited to patients with poor 
acoustic windows. Now, cMRI has gained an essential role in the diagnosis of HCM, 
providing superior visualization of myocardial hypertrophy—even in remote zones of 
the left ventricle—and visualization of subtle changes in thickness and contractility over 
time. The morphologic accuracy of cMRI allows for the differentiation of HCM from 
other pathologic conditions with hypertrophic phenotype. Moreover, cMRI sheds light 
on the in vivo fibrotic changes in cardiac ultrastructure, offering an important advan-
tage in the understanding of  pathologic mechanisms of the disease, allowing early iden-
tification, risk stratification, and timely therapeutic management.
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Hypertrophic cardiomyopathy (HCM) is a 
common inherited cardiomyopathy that 
occurs in approximately 1 in 500 individu-

als.1 Morphologic features typically consist of left 
ventricular (LV) hypertrophy in the absence of 
abnormal loading conditions. HCM is responsible 
for sudden cardiac death (SCD) in a subset of young 

individuals, often athletes; therefore, its timely rec-
ognition is of paramount importance. Depending on 
the severity and location of hypertrophy, dynamic 
obstruction of the LV outflow tract can occur, gen-
erating the majority of symptoms of an otherwise 
asymptomatic condition. With advancing age, 
other consequences become apparent, such as atrial 
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deviations over the predicted mean 
z score. The clinical diagnosis of 
HCM in first-degree relatives of 
patients with unequivocal disease 
(LV hypertrophy $  15  mm) is 
based on the presence of otherwise 
unexplained increased LV wall 
thickness $ 13 mm in one or more 
LV myocardial segments.

Clinical Variants
Many clinical variants have been 
described; focal forms with exclu-
sive involvement of the anterior 
septum are called 1 o’clock hyper-
trophy because of their aspect in 
basal short-axis view. Other focal 
forms are localized at the basal 
interventricular septum just below 
the LV outflow tract (Figure  1), at 
the inferolateral wall, or exclusively 
at the papillary muscles. There are 
patterns of noncontiguous hyper-
trophy, in which the thickened seg-
ments alternate with normal ones. 
There are forms of HCM in which 
the hypertrophy coexists with 
noncompacted areas (Figure  2) 
or regional abnormalities such as 
aneurysm, mainly in the apical 
segment.

A particular variant is apical 
hypertrophic cardiomyopathy 
(AHCM),6 a rare form of HCM, 
that usually involves the apex 
of the LV (Figure  3) and rarely 

A variable grade and distribu-
tion of ventricular wall thickening 
may represent a common picture 
of different pathologic conditions, 
such as infiltrative disorders due 
to inborn errors of metabolism (eg, 
Pompe disease, Fabry disease),4 
or deposition of anomalous mis-
folded proteins (a different type 
of amyloidosis), or other genetic 
causes such as mitochondrial dis-
eases, neuromuscular disorders 
(Friederich ataxia), or malforma-
tive syndromes such as Noonan or 
LEOPARD syndromes. 

HCM is a genetic disease with an 
autosomal dominant trait caused 
by mutations in cardiac sarcomere 
protein genes. Typically, patients 
with a sarcomere protein mutation 
have an earlier clinical presentation 
and a higher prevalence of family 
history of HCM or SCD than those 
without a mutation. They also tend 
to have more severe hypertrophy, 
microvascular dysfunction, and 
myocardial fibrosis.

A number of studies world-
wide report a prevalence of HCM, 
ranging from 0.02% to 0.23% in 
adults.1,3,5 In pediatric registries, 
the prevalence of HCM in children 
is unknown, but population-based 
studies report an annual incidence 
of 0.3 to 0.5 per 100,000 children. 
Most studies report a small prepon-
derance in boys, although the prev-
alence in different racial groups is 
similar.

In adults, HCM is defined by a 
wall thickness $ 15 mm in one or 
more LV myocardial segments—as 
measured by any imaging tech-

nique such as echocardiography, 
cMRI or computed tomography 
(CT)—that is not explained solely 
by loading conditions. In children, 
the diagnosis of HCM requires an 
LV wall thickness . two standard 

tachyarrhythmias and consequent 
embolic risk, mitral regurgitation, 
and progression to the dilated end-
stage phase with manifest heart 
failure.

Advances in imaging techniques 
and genomic analysis have made 
early preclinical recognition of 
patients at risk of developing overt 
hypertrophic phenotype possible, 
and allow more accurate risk strati-
fication. Recent development of 
additional prognostic strategies in 
HCM have prompted the need for 
more extensive knowledge, as well 
as a clear view of the diagnostic 
potential of cardiac magnetic reso-
nance imaging (cMRI). 

Diagnostic Panorama
The most recent expert consensus 
on cardiomyopathies2 has adopted 
a new classification system; cardio-
myopathies are defined by specific 
morphologic and functional fea-
tures as they present for the first 
time to the observer: hypertro-
phic, dilated, arrhythmogenic, and 
restrictive phenotypes. Moreover, 
cardiomyopathies are grouped into 
familial/genetic and nonfamilial/
nongenetic subtypes, irrespective 
of the presence of extracardiac 
disease.

Definition
HCM is defined by the presence of 
increased LV wall thickness that is 
not solely explained by abnormal 
loading conditions.3 Secondary 
causes of hypertrophy should 
be considered in the differential 

 diagnosis, such as athlete’s heart, 
hypertensive cardiomyopathy, 
valve diseases imposing increased 
afterload (mainly aortic stenosis), 
and isolated basal septal hypertro-
phy in elderly people.

HCM is defined by the presence of increased LV wall thickness that 
is not solely explained by abnormal loading conditions.

Figure 1. Steady-state free precession image, 
 end-diastolic frame, left ventricular (LV) short-axis 
view at the papillary muscle level. Focal form with 
hypertrophied segment confined to basal interven-
tricular septum just below the LV outflow tract.
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involves the right ventricular (RV) 
apex. Historically, this condition 
was thought to be confined to the 
Japanese population. However, in 
Japan the prevalence of AHCM 
is 15%, whereas in the United 
States and Europe the prevalence 
is 3%. The diagnostic criteria for 
AHCM include demonstration of 
 asymmetric LV hypertrophy, pre-
dominantly localized in the LV 
apex, with an apical wall thickness 
$  15  mm and a ratio of maximal 
apical to posterior wall thickness 
$ 1.5 mm. In contrast to the com-
mon variant of HCM, up to 54% 
of patients with AHCM are symp-
tomatic. This is a case in which the 
role of cMRI is indubitable, because 
the apical position of hypertrophic 
segments represents a well-known 

limitation for two-dimensional 
(2D) echocardiography.7,8 In this 
HCM subtype, diagnosis must not 
be missed because of the high preva-
lence of complications such as atrial 
fibrillation, myocardial infarction, 
 apical aneurysm, embolic events, 
and congestive heart failure.

Clues to Differential Diagnosis
Genetic and nongenetic disorders 
causing hypertrophic phenotype 
can present with lesser degrees of 
wall thickening (13-14  mm); in 
these cases, the diagnosis of true 
HCM requires evaluation of other 
features including family history, 
noncardiac symptoms and signs, 
electrocardiogram (ECG) abnor-
malities, laboratory tests, and mul-
timodal cardiac imaging. In any 

situation, the age of presentation 
is a fundamental clue to the differ-
ential diagnosis. Severe (maximal 
thickness .  30  mm or equivalent 
in children) and concentric ven-
tricular hypertrophy in a child, 
adolescent, or young adult should 
raise suspicion of metabolic or stor-
age disorders, in particular Pompe 
disease in the infantile period 
and Danon disease in adolescent 
boys.2 A different degree of concen-
tric hypertrophy with LV systolic 
impairment is a clue to infiltrative 
diseases, because the hypokinetic 
end-stage phase of HCM is often 
LV dilation.

cMRI in HCM
cMRI offers several advantages in 
the diagnosis and management of 
HCM (Table 1).5,9-11 An accurate 
biventricular morphofunctional 
study allows a precise measure-
ment of wall thickness of all ven-
tricular segments, independent 
of location or acoustic window; 

diastolic dysfunction and outflow 
tract obstruction can be identified 
using phase contrast sequences 
or myocardial tagging. It can be 
used in screening and preclini-
cal diagnosis of first-degree rela-
tives. However, the most important 
feature is its emerging role in risk 
stratification, identifying myocar-
dial fibrosis with late gadolinium 
(Gd) enhancement.12

Biventricular Morphologic 
and Functional Study 
cMRI is able to accurately quan-
tify ventricular volume and func-
tion as the gold standard for 
ejection fraction (EF) measure-
ment.13 Frequently, in patients with 
HCM, the ventricular volumes 
are reduced and the hyperkinetic 

appearance of systolic contraction 
translates into a supernormal EF. 
cMRI is an excellent tool for fol-
lowing even subtle changes in LV 
systolic performance. Diastolic 
dysfunction related to myocardial 
abnormal hypertrophy is an early 
marker of the disease; for its assess-
ment, Doppler echocardiography is 
common, but phase-contrast (PC) 
cMRI is able to quantify transmi-
tral flow with all its parameters 
(E wave, A wave, and deceleration 
time), or transpulmonary vein 
flow parameters (S, D, and Ar). 
Despite the similar pattern, the 
overall measurement of E and A 
velocity values using cMRI is lower 
than with echocardiography, prob-
ably due to lower temporal resolu-
tion of the breath-hold PC cMRI 
technique. New semiautomated 
 three-dimensional (3D) model-
based analysis of the LV fillings 
curve is a promising technique for 
evaluation of diastolic function in 
patients with HCM, and demon-
strates a good correlation between 

cMRI is able to accurately quantify ventricular volume and function 
as the gold standard for ejection fraction measurement.

Figure 2. Steady-state free precession image, 
 end-diastolic frame, four-chamber view. 
Hypertrophic cardiomyopathy with large areas of 
noncompaction.

Figure 3. Steady-state free precession image, 
 end-diastolic frame, four-chamber view. Apical 
 variant of hypertrophic cardiomyopathy, sparing 
the interventricular septum and free wall of the 
left  ventricle.
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Sequences Technical Details
Information 
Obtained Potential Advantages Limitations of cMRI 

Bright blood 
cine image

Balanced SSFP Maximum wall 
 thickness and 
 ventricular mass

Image quality superior to 
echocardiography

Papillary muscle 
and mitral valve 
 apparatus anatomy 

Localization of papillary 
muscle number, extent, 
proximal and distal 
 attachments

Global and regional 
ventricular function

Quantification of ven-
tricular volumes, function, 
and mass with excellent 
reproducibility

Functional informa-
tion on dynamic LVOT 
obstruction might not be 
easily obtained

T2 imaging STIR sequences Edema Localization of focal areas 
of edema/ischemia

LGE images Phase-sensitive 
inversion 
 recovery gradient 
 echocardiography 
sequence

Extent and location of 
myocardial fibrosis

Tissue characterization 
for myocardial fibrosis is 
unique to cMRI

Not possible in patient 
with severe renal  
impairment

T1 mapping MOLLI sequences Recognition of diffuse 
fibrosis

Tagged cine 
images

SPAMM sequence Regional wall 
 deformation

Accurate characterization 
of regional deformation: 
strain and strain rate

Data analysis to obtain 
strain and strain rate 
remains time consuming

Flow quan-
tification 
sequences

Velocity-encoded 
cine sequences

Aortic and mitral flow 
velocities, profile, 
directions and volume

Quantification of flow ve-
locities and regurgitation 
volume; diastolic function 
study

Accuracy of flow mea-
surements in HCM has 
not been validated

LVOT flow velocities 
and profile

Perfusion  
images

First pass, early 
and late gadolini-
um enhancement 

Myocardial  
perfusion

Information on myocar-
dial perfusion is easily 
obtained with cMRI, at the 
time of contrast injection 
for LGE assessment

Clinical implications of 
abnormal findings not 
well established

cMRI, cardiac magnetic resonance imaging; HCM, hypertrophic cardiomyopathy; LGE, late gadolinium enhancement; LVOT, left ventricular outflow tract; MOLLI, 
modified look-locker inversion recovery; SPAMM, spatial modulation of magnetization; SSFP, steady-state free precession; STIR, short tau inversion recovery.

TABLe 1

cMRI Sequences for Cardiac Study

2D PC and echocardiography in 
the assessment of E/A ratio.14 

cMRI can analyze and quantify 
regional myocardial function due 
to a noninvasive imaging method 
for tracking myocardial motion: 

myocardial tissue tagging.15 
Noninvasive markers, called tags, 
are created within the tissue by 
locally induced perturbations of the 
magnetic field with selective radio-
frequency. These perturbations 

produce regions of reduced signal 
intensity, which appear as 3D dark 
lines in the acquired images, allow-
ing the construction of a tagging 
grid. Initially designed to analyze 
myocardial contraction during 
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systole, tags are typically created 
upon detection of the QRS complex 
of the ECG. The resulting tags then 
follow myocardial motion dur-
ing the whole cardiac cycle, thus 
reflecting the underlying myocar-
dial deformation of each segment. 
Moreover, providing persistent tags 
allows quantification of cardiac 
strain evolution during late dias-
tole, which can be used to assess 
diastolic myocardial dysfunction.14 

Distribution and Precise 
 Quantification of  Hypertrophy
Diffuse hypertrophy, involving 
.  50% of the LV and eight or 
more segments, is present in 54% 
of patients with HCM, whereas 
only 10% of patients present with 

single-segment involvement. cMRI 
is particularly useful for charac-
terizing location and extent of LV 
hypertrophy, offering a superior 
visualization and a higher diag-
nostic accuracy compared with 2D 
echocardiography, particularly if 
the involved segments are the basal 
anterolateral free wall or the apex. 
Moreover, cMRI can help in the 
diagnostic process, revealing spe-
cific features of genetic HCM, such 
as anomalies in papillary muscles 
or RV involvement.

Papillary muscle anomalies 
in HCM consist of apical dis-
placement, multiple or bifid 
insertion, and increased mass 

(Figures  4  and  5).5 These variants 
favor systolic mitral anterior move-
ment and outflow tract obstruction, 
perturbing the normal activity of 
the mitral valve.16 

In one-third of patients with 
HCM, RV wall thickness and/
or mass is increased, including 
approximately 10% of patients 
with extreme RV wall hypertrophy 

(.  10  mm).17 The magnitude of 
maximum RV wall thickness 
and mass correlates significantly 
with LV wall thickness and mass. 

Hypertrophied crista supraventric-
ularis and moderator bands are evi-
dent in approximately one-half of 
all patients with HCM. With regard 
to the distribution and pattern of 
hypertrophy, most patients with 
HCM (53%) have diffuse RV hyper-
trophy, involving all three seg-
ments of the RV (superior, anterior, 
and inferior), but a conspicuous 

proportion (47%) demonstrates 
RV hypertrophy, confined to only 
the segments contiguous with the 
ventricular septum; this suggests 
a “spill over” of the primary LV 
hypertrophic process from septum 
into adjacent segments of the RV 
wall.17

Outflow Tract Obstruction
In a three-chamber view with cine 
imaging, cMRI can elucidate the 
precise mechanism of outflow tract 
obstruction, demonstrating tur-
bulent flow generated by systolic 
movement of the anterior mitral 
leaflet, chordae, and papillary mus-
cle toward the interventricular sep-
tum.18,19 With specific sequences, 
cMRI can also identify medio-
ventricular obstruction, a condi-
tion characterized by LV hourglass 
appearance in the end systolic frame 
and turbulent flow in cine gradient 
sequences. Moreover, cMRI can also 
identify the presence of apical aneu-
rysms and thrombi, often missed by 
echocardiography,20 in patients with 
an apical variant of HCM.

Role in Screening and 
 Preclinical Diagnosis
In patients with HCM, interna-
tional guidelines recommend 
screening of first-degree relatives 
due to the high risk of SCD.3,21 
cMRI should be considered a first-
line imaging technique in the eval-
uation of at-risk family members 
given its superiority in identifying 
LV hypertrophy in respect to 2D 
transthoracic echocardiography.

In preclinical (genotype[1]/
phenotype[2]) patients with HCM, 
cMRI may show the presence of 
subtle abnormalities such as mitral 
valve leaflet elongation, fibrosis, 
diastolic dysfunction, and crypts. 
Myocardial crypts are deep fissur-
ings of the muscle orthogonal to the 
endocardial border localized pre-
dominantly in the inferior septum. 
The etiology of these structural 

cMRI is particularly useful for characterizing location and extent 
of LV hypertrophy, offering a superior visualization and a higher 
 diagnostic accuracy compared with 2D echocardiography…

Figure 4. Steady-state free precession image, 
end-diastolic frame, four-chamber view with left 
ventricular outflow tract. Apical displacement of 
posterolateral papillary muscle insertion, localized 
in the distal third of the lateral wall.

Figure 5. Two-dimensional phase-sensitive 
 inversion-recovery, end-diastolic frame, short-axis 
view. Inversion recovery sequence showing intra-
myocardial late gadolinium enhancement at the 
level of interventricular septum insertion points.
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abnormalities remains uncertain, 
but could be related to the patho-
logic process of myocyte necrosis 
with fibrotic replacement at the 
base of HCM. They are present in 
61% of patients with genotype[1]/

phenotype[2] and only in 4% of 
patients with overt hypertrophic 
cardiomyopathy.22,23 Additional 
in vestigations are necessary to con-
firm the clinical significance of 
such morphologic abnormalities, as 
some of these findings may also be 
present in normal individuals.

Contrast-enhanced cMRI  
and New Techniques
The key histologic feature of HCM 
is myocyte and myofibrillar disar-
ray. In addition, three other non-
specific findings are generally 
noted in HCM: myocyte hypertro-
phy, a marked increase in intersti-
tial space due to myocyte apoptosis 
with fibrotic replacement, and dys-
plasia of small arteries, leading to 
focal ischemia and scarring.

A unique ability of cMRI is tis-
sue characterization with the use 
of Gd contrast medium adminis-
tration. Gd shortens the T1 relax-
ation time within the surrounding 
tissue and increases the signal 
intensity of regions with high 
Gd concentration in T1-weighted 
imaging. Normal myocardium is 
typically characterized by a rapid 
wash-in and wash-out. Conversely, 
in abnormal myocardium, such as 
necrotic or fibrotic myocardium, 
the concentration of Gd increases 
over time due to an increased 
extracellular volume distribution 
with decreased wash-out. These 
regions are typically hyperintense 
(ie, bright) 10 minutes after Gd 
injection. This is typically referred 
to as late Gd enhancement (LGE). 
In HCM, contrast-enhanced 

cMRI can detect areas of focal 
abnormality in approximately 
50% to 80% of patients. Areas of 
LGE can be measured and the 
amount  quantified and expressed 
as a percentage of total LV mass 

(on average 10% of the overall LV 
myocardial volume).24 There is 
no specific pattern of LGE that is 
characteristic of HCM, although 
the distribution of LGE in HCM 
does not correspond to a coronary 
vascular territory. LGE is most 
often located in the most hyper-
trophied segment with an intra-
myocardial distribution (focal 
spot or linear deposit). Sometimes 
LGE is located in the ventricular 
septum but, not uncommonly, 
can be confined to the LV free 
wall or insertion points of the 
RV free wall and ventricular sep-
tum. The magnitude of LGE is 
greatest in patients with HCM in 
the end-stage phase of the dis-
ease (EF  ,  50%). However, LGE 
sequences cannot reliably evaluate 
the more diffuse patterns of myo-
cardial fibrosis observed histolog-
ically in explanted hearts of HCM 
patients. Recent studies evaluate 
T1 mapping,25,26 a novel technique 
to detect and quantify such dif-
fuse myocardial fibrosis, and sev-
eral methods have been validated 
with myocardial collagen content 
measured in histologic specimens. 
Characterization of the native T1 
of myocardial tissue can be used 
to detect and assess various car-
diomyopathies, and measurement 
of T1 with extracellular Gd-based 
contrast agents provides additional 
information about the extracel-
lular volume fraction. Compared 
with healthy subjects, those with 
HCM manifest lower postcontrast 
myocardial T1 times, suggestive of 
more diffuse myocardial fibrosis.

Fibrosis involvement, visually 
perceivable as specific hyperen-
hanced foci in HCM, appears 
inconstantly on T1 maps. The 
imperfect concordance between 
native T1 mapping and LGE imag-
ing for detecting focal replace-
ment fibrosis may be explained by 
the distinct significance of both 
imaging methods, because LGE (as 
well as postcontrast T1 mapping) 
reflects only extracellular space, 
whereas native T1 mapping reflects 
a composite of both intra- and 
extracellular compartments.

LGE has a potential role in risk 
stratification23,27-30; it is corre-
lated to areas of myocardial fibro-
sis as arrhythmogenic substrate 
for ventricular tachyarrhyth-
mias. Christiaans and colleagues29 
showed a significant association 
between the presence of LGE and 
ventricular tachyarrhythmias on 
ambulatory 24-hour Holter ECG, 

whereas Bruder and associates28 
demonstrated a significant correla-
tion between the percentage of LGE 
and risk factors for SCD, with an 
increased risk (up to 7-fold) of SCD 
among HCM patients with LGE 
compared with those without LGE.

There are few prospective (short-
term) outcome studies31,32 in patients 
with implantable cardiac defibrilla-
tors (ICDs); the results are so con-
flicting that the last European Society 
of Cardiology guidelines, published 
in 2014,3 do not include LGE in 
their risk stratification algorithm. 
However, given the association of 
LGE with ventricular nonsustained 
arrhythmias on 24-hour ECG moni-
toring, LGE is considered an adjunct 
factor in decision making for pro-
phylactic ICD implantation, particu-
larly in ambiguous cases. 

T2-weighted Sequences  
in HCM
High T2 signal intensity areas have 
been found in HCM patients, fre-
quently corresponding to LGE 

In HCM, contrast-enhanced cMRI can detect areas of focal abnormal-
ity in approximately 50% to 80% of patients.
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regions.33 A high T2 signal is 
related to increased water content 
of the tissue, indicating the pos-
sible presence of edema that may 
accompany focal ischemia due to 
dysplasia of small intramural arter-
ies. The relationship between high 
T2-signal intensity and LGE can 
be explained by the pathologic pro-
gression of fibrosis; this may start 
with an acute process (high T2 sig-
nal) and end with chronic fibrous 
tissue.

Conclusions
cMRI has gained an important role 
in understanding cardiomyopa-
thies. cMRI shows a superior defi-
nition of myocardial hypertrophy, 
particularly in remote zones of the 
LV, allowing a precise quantifica-
tion and distribution of hypertro-
phy; the morphologic accuracy of 
cMRI is essential in familial screen-
ing, and in the differential diagno-
sis of other pathologic conditions 
presenting with a hypertrophic 
phenotype. cMRI is a useful tool in 
understanding the mechanism  
of LV tract obstruction, and in 

planning and monitoring interven-
tional therapies. LGE and T1 
 mapping have made in vivo recog-
nition of myocardial fibrosis possi-
ble, facilitating risk stratification  
in SCD. 
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MAin PoinTs

• Hypertrophic cardiomyopathy (HCM) is responsible for sudden cardiac death in a subset of young individuals, 
often athletes; therefore, its timely recognition is of paramount importance. Advances in imaging techniques 
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visualization of myocardial hypertrophy—even in remote zones of the left ventricle—and visualization of 
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