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Hypertrophic cardiomyopathy (HCM) is a genetic cardiac disease. Its 
early detection is important because it is the most common cause of 
sudden cardiac death among young people. However, HCM is often 
a dilemma for clinicians because it manifests with diverse phenotypic 
expressions and clinical courses. With the advances in imaging tech-
nology, magnetic resonance (MR) imaging and multidetector com-
puted tomography (CT) serve as suitable modalities for detecting and 
characterizing HCM and obtaining information for appropriate man-
agement of cases of HCM, although echocardiography is currently the 
most widely used modality. This article is an overview of the definition 
of HCM, its various phenotypes, risk stratification of HCM, and the 
potential application of cardiac MR imaging and multidetector CT for 
the assessment of HCM.
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After reading this  
article and taking  
the test, the reader  

will be able to:

 ■ Identify the fea-
tures and classify 
the phenotypes of 
hypertrophic cardio-
myopathy (HCM) 
with MR imaging 
and multidetector 
CT.

 ■ Discuss the po-
tential role of MR 
imaging and mul-
tidetector CT in 
the assessment of 
HCM.

 ■ List the risk fac-
tors involved with 
risk stratification of 
HCM, and guide 
proper management 
of HCM.

Abbreviations: DE = delayed enhancement, HCM = hypertrophic cardiomyopathy, LV = left ventricular, LVOT = left ventricular outflow tract
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Introduction
Hypertrophic cardiomyopathy (HCM) is defined 
as a diffuse or segmental left ventricular (LV) 
hypertrophy with a nondilated and hyperdynamic 
chamber, in the absence of another cardiac or 
systemic disease capable of producing the magni-
tude of hypertrophy that is evident (1,2). HCM 
is inherited as a mendelian autosomal dominant 
trait and is caused by mutations in one of the 
sarcomeric genes, each of which encodes protein 
components of the cardiac sarcomeres, which 
are composed of thick or thin filaments (1). The 
pathologic hallmarks of HCM are myocyte dis-
array and interstitial fibrosis (3). Abnormal dys-
plasia of small intramural coronary arterioles is 
another common histopathologic finding, which 
is caused by increased pressure from adjacent hy-
pertrophic myocytes (4).

Because the clinical manifestations and elec-
trocardiographic findings are nonspecific and 
diverse, noninvasive imaging modalities play a 
pivotal role in detecting HCM and understand-
ing its pathophysiology (5). The goals of noninva-
sive imaging in the evaluation of HCM are to dis-
tinctly diagnose the disease and characterize its 
phenotype, to assess cardiac function (including 
the presence of dynamic obstruction), to classify 
the disease severity and provide risk stratification, 
and to serve as a screening tool for the family and 
as a guide for appropriate therapy (1,2,5).

Echocardiography is the usual modality used as 
a screening procedure in the diagnosis and evalua-
tion of LV hypertrophy; however, some limitations 
of the technique impede accurate diagnosis. Echo-
cardiography is an operator-dependent technique. 
It is influenced by the acoustic window and is 
sometimes unable to definitively depict the endo-
cardial border, especially the anterolateral free wall 
of the left ventricle in the parasternal short-axis 
view and the apex (2,6). The degree of LV hyper-
trophy could be underestimated by using echocar-
diography, and this underestimation, in fact, can 
delay proper treatment, thereby failing to prevent a 
sudden cardiac death (5).

On the contrary, cardiac magnetic resonance 
(MR) imaging is less dependent on the operator 
and is not subject to acoustic window limitations. 
Cine MR imaging with the steady-state free pre-
cession pulse sequence can offer the advantages 
of multiplanar imaging, complete coverage of the 
entire myocardium without obliquity, and excel-
lent soft-tissue contrast between the myocardial 
border and the blood pool (7,8). Thus, cardiac 

MR imaging can allow better characterization of 
the pattern and distribution of LV hypertrophy 
in HCM. In addition, the status of myocardial 
blood flow can be assessed by using adenosine 
stress cardiac MR imaging. Delayed enhance-
ment (DE) MR imaging techniques can provide 
unique information for tissue characterization, 
specifically for the identification of myocardial 
fibrosis or scarring (9,10).

Cardiac multidetector computed tomography 
(CT) has also emerged as a novel modality for 
evaluating cardiac morphology and function, 
as well as the coronary artery. In comparison 
with the spatial resolution of MR imaging, the 
spatial resolution of multidetector CT is usually 
higher, which enables high-quality multiplanar 
reconstructions in any desired image orientation, 
including three-dimensional reformatted images 
(11). Therefore, cardiac multidetector CT can of-
fer (a) comprehensive information that includes 
detailed anatomic and functional information 
about the cardiac chambers and (b) high-quality 
noninvasive coronary angiography (12,13).

In a clinical setting for evaluation of HCM, 
although echocardiography is the simplest imag-
ing technique to use for screening, cardiac MR 
imaging should be considered as the reference 
standard for establishing a diagnosis of HCM 
when the results from echocardiography are 
inconclusive or are suspected of being false-
negative findings. Moreover, cardiac MR imaging 
is strongly recommended as a powerful imaging 
modality for differentiating HCM from other 
cardiomyopathies in the differential diagnosis, as 
well as for risk stratification of HCM in selected 
patients. In comparison, cardiac multidetector 
CT is certainly less useful for the assessment of 
HCM currently because multidetector CT in-
volves radiation exposure and contrast medium–
related problems and provides less information 
(ie, hemodynamic information, tissue character-
ization such as fibrosis) than MR imaging does. 
Although MR imaging and echocardiography 
may be the imaging modalities of choice in most 
cases of HCM, multidetector CT would be more 
appropriate in those cases for which there are 
specific requests to exclude coronary artery dis-
ease and in those cases with contraindications for 
MR imaging, such as a pacemaker (14).

The purpose of this article is to provide an 
overview of HCM by considering the roles of 
cardiac MR imaging and multidetector CT in 
comparison with echocardiography, with an 
emphasis on the phenotypes and risk stratifica-
tion of HCM. The phenotypes of HCM that are 
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covered are asymmetric (septal) HCM, apical 
HCM, symmetric HCM (concentric HCM), 
midventricular HCM, masslike HCM, noncon-
tiguous HCM, reverse-curve HCM and sigmoid 
HCM, and preclinical HCM. The criteria for risk 
stratification of HCM include LV wall thickness, 
left ventricular outflow tract (LVOT) obstruction, 
LV dilatation with depressed ejection fraction 
(burned-out phase), the presence of fibrosis, and 
perfusion defect.

Phenotypes of HCM
The rate of occurrence of HCM is about 0.2%, 
and HCM is a particularly common cause of 
sudden cardiac death in young people (2). Clini-
cally, patients may be asymptomatic or may pre-
sent with a wide variety of symptoms, including 
dyspnea, chest pain, syncope, or sudden cardiac 
death. Dyspnea on exertion is the most common 
symptom because the key functional hallmark 
of HCM is an impaired diastolic function with 
impaired LV filling in the presence of preserved 
systolic function (15). Systolic dysfunction often 
develops with end-stage HCM.

The usual diagnostic criterion for HCM is a 
maximal LV wall thickness greater than or equal 
to 15 mm in the end-diastolic phase. The mor-
phologic expression of HCM is widely variable 
and heterogeneous because HCM may affect any 
portion of the left ventricle (16,17). Asymmetric 
(septal) involvement with HCM is the most com-
mon form of the disease, and other variants in-
clude apical, symmetric, midventricular, masslike, 
and noncontiguous HCM (18,19) (Fig 1).

Asymmetric (Septal) HCM
Asymmetric involvement of the interventricular 
septum is the most common form of the disease, 
accounting for an estimated 60%–70% of the 

cases of HCM (1). Asymmetric (septal) HCM is 
diagnosed when the septal thickness is greater than 
or equal to 15 mm or when the ratio of the septal 
thickness to the thickness of the inferior wall of the 
left ventricle is greater than 1.5 at the midventricu-
lar level (20). The hypertrophy in this phenotype 
of HCM is usually asymmetric and is typically 
most evident in the anteroseptal myocardium.

It is clinically important to distinguish be-
tween the obstructive and nonobstructive forms 
of HCM, on the basis of the presence or absence 
of a gradient between the LVOT and the aorta 
with the patient at rest and/or with provocation 
(1). Approximately 20%–30% of the patients with 
asymmetric (septal) HCM have a resting systolic 
pressure gradient of the LVOT caused by systolic 
anterior motion of the mitral valve leaflets and 
midsystolic contact with the interventricular sep-
tum (21). Concomitant mitral regurgitation is also 
frequently noted as a result of systolic anterior mo-
tion and incomplete leaflet apposition. Although 
the mechanism of systolic anterior motion remains 
unclear, a widely accepted explanation of this 
phenomenon is that raised flow velocities in an 
LVOT anatomically distorted by septal hypertro-
phy create a Venturi effect, pulling the mitral valve 
leaflets toward the septum and obstructing the 
outflow tract (22). Systolic anterior motion is not 
pathognomonic of HCM because systolic anterior 
motion may occur in patients with a hypertensive 
heart, diabetes mellitus, acute myocardial infarc-
tion, or mitral valve repair or dysfunction (23).

Cine cardiac MR imaging clearly demon-
strates (a) systolic anterior motion of the mitral 
leaflets and (b) a high-velocity jet depicted as an 
area of high signal intensity or signal void within 

Figure 1. Drawings of the normal heart 
and the heart in the various phenotypes of 
HCM. The diagnostic criterion of HCM 
is that the maximal LV wall thickness is 
greater than or equal to 15 mm in the end-
diastolic phase. A, Normal heart; B, asym-
metric (septal) HCM with LVOT obstruc-
tion; C, asymmetric (septal) HCM without 
LVOT obstruction; D, apical HCM; E, 
symmetric HCM (concentric HCM); F, 
midventricular HCM; G, masslike HCM; 
H, noncontiguous HCM. The drawings of 
the various phenotypes of HCM show the 
areas of hypertrophy (arrowheads).



1312 September-October 2010 radiographics.rsna.org

instantaneous velocities (18). Cardiac multidetec-
tor CT can be used to assess the LVOT diameter 
and the presence of systolic anterior motion with 
multiphase images (Fig 3), although multidetec-
tor CT does not allow measurement of the LVOT 
gradient (24). However, some patients without 

Figure 2. Asymmetric (septal) HCM in a 
74-year-old man who presented with chest 
tightness. (a) Short-axis steady-state free 
precession cine MR image shows asymmetric 
septal wall hypertrophy at the anteroseptal 
wall, with the maximal thickness (double-
headed arrow) measured as 16 mm at end 
diastole. (b–e) Sequential three-chamber 
steady-state free precession cine MR images 
show the interventricular septal hypertrophy 
(double-headed arrow in b) and systolic ante-
rior motion of the anterior mitral valve leaflet 
(arrow) accompanied by a signal-void jet flow 
into the LVOT. There is also a jet of mitral 
regurgitation (arrowhead in d and e) into a 
moderately enlarged left atrium.

the LVOT (Fig 2). Peak LVOT gradients can 
be estimated by using phase-contrast MR imag-
ing. However, these gradients are better assessed 
currently with echocardiography because of its 
higher temporal resolution when measuring peak 
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Figure 3. Asymmetric (septal) HCM with systolic anterior motion in a 44-year-old man who 
presented with dyspnea. (a, b) Three-chamber transthoracic echocardiograms obtained in the 
diastolic phase (a) and end-systolic phase (b) show anterior displacement of the anterior mitral 
leaflet (arrow) in the systolic phase. (c, d) Three-chamber multidetector CT images obtained in 
the diastolic phase (c) and end-systolic phase (d) demonstrate LV hypertrophy (double-headed 
arrow), with a thickened anterior mitral leaflet (arrow). Note the anterior motion of the mitral 
leaflet (arrow in d) in the systolic phase, which causes LVOT obstruction. (e) Short-axis multi-
detector CT image obtained in diastole clearly demonstrates asymmetric septal wall hypertrophy 
(double-headed arrow) at the anteroseptal wall, with an engorged septal branch (arrow).
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LVOT obstruction at rest have systolic pressure 
gradients that can be provoked by using physi-
ologic and pharmacologic interventions. This ob-
servation implies that LVOT obstruction may oc-
cur with spontaneous variability (labile obstruc-
tion) or with provocation by using pharmacologic 
or physiologic methods (latent obstruction). 
Approximately two-thirds of the patients with 
symptomatic nonobstructive HCM have latent 
LVOT obstruction (22). These patients should 
receive more vigorous therapy than those without 
latent obstruction (25). Therefore, the absence of 
systolic anterior motion at MR imaging and/or 
multidetector CT imaging cannot be interpreted 
as insignificant LVOT obstruction.

Medical treatment lessens the symptoms of 
heart failure but has not been shown to modify 
the clinical course. Patients with LVOT obstruc-
tion and severe symptoms unresponsive to medi-
cal therapy represent about 5% of the patients 
with HCM and are candidates for surgical myec-
tomy or septal alcohol ablation, to be relieved of 

the LVOT obstruction (15). Patients with a dy-
namic obstruction (peak instantaneous gradient 
≥50 mm Hg at rest or with provocation) or a sep-
tal thickness of more than 1.6 cm should be con-
sidered for septal reduction therapy such as septal 
myectomy or septal alcohol ablation (1). Septal 
myectomy is surgical resection of the hypertro-
phic segment of the interventricular septum. The 
procedure has an initial success rate of 90% in 
decreasing symptoms and LVOT obstruction; in 
about 70% of the patients, the lessening of symp-
toms is maintained (1,2). Septal alcohol ablation 
has been used as a nonsurgical procedure for 
iatrogenic infarction of the basal interventricular 
septum. MR imaging can be used to guide the 
determination of the exact extent and localization 
of septal hypertrophy for surgical reduction (26) 
and to monitor the remnant obstruction, the area 
of infarction of the septum, and the functional 
and morphologic changes, such as those in the 
LVOT gradient, the septal thickness, and the left 
atrial dimensions, after myectomy or septal alco-
hol ablation (27) (Fig 4).

Figure 4. Asymmetric (septal) HCM with LVOT obstruction in a 74-year-old man who was 
treated with septal alcohol ablation. (a) Sequential four-chamber steady-state free precession 
cine MR images show the progression of wall thinning (arrowheads) that is due to the infarc-
tion after alcohol ablation at the basal interventricular septum. (b) Sequential four-chamber 
DE MR images show the infarcted myocardium in the corresponding areas (arrowheads).
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Apical HCM
Apical HCM is characterized as myocardial hy-
pertrophy that predominantly involves the apex 
of the left ventricle. Apical HCM was originally 
described in individuals of Asian descent but is 
now being diagnosed increasingly in the Western 
world (28,29). The reported rate of occurrence 
of apical HCM varies in the literature, ranging 
from 25% of all patients with HCM in Japan to 
fewer than 2% of the patients with HCM in West-
ern countries (18). Unlike typical HCM, apical 
HCM (a) shows a predilection for middle-aged 
men, (b) is rarely associated with sudden cardiac 
death, (c) is frequently complicated by hyper-
tension, and (d) has a relatively good prognosis 

Figure 5.  Apical HCM in a 45-year-old man with electrocardiographic abnormalities that in-
cluded QRS voltages associated with LV hypertrophy and giant negative T waves in leads V5 and 
V6. (a) Four-chamber transthoracic echocardiogram does not exactly define the apical endocar-
dial border. (b) Four-chamber steady-state free precession cine MR image makes the apical endo-
cardial border (arrows) clear. (c) Two-chamber steady-state free precession cine MR image shows 
apical hypertrophy (arrows) and obliteration of the LV apical cavity at end diastole, with a typical 
spadelike configuration.

(29,30). Apical HCM may show typical electro-
cardiographic abnormalities in the form of giant 
negative T waves (31).

The diagnostic criterion for apical HCM is 
(a) an absolute apical wall thickness of more than 
15 mm or (b) a ratio of apical to basal LV wall 
thicknesses of 1.3–1.5 (32,33). With MR imaging 
and multidetector CT, the characteristic “spade-
like” configuration of the LV cavity at end diastole, 
a configuration that is caused by localized apical 
hypertrophy, is well appreciated on vertical long-
axis views (12,13,32,33) (Fig 5). The LV apex may 
not be assessed well with echocardiography, which 
can lead to false-negative interpretations in api-
cal HCM. Hence, cardiac MR imaging is strongly 
recommended as the optimal imaging modality for 
evaluation of apical HCM (7,8).

Symmetric HCM (Concentric HCM)
Symmetric HCM, or concentric HCM, is char-
acterized by concentric LV hypertrophy with a 
small cavity dimension and no evidence of a sec-
ondary cause. Symmetric HCM is known to oc-
cur in as many as 42% of the cases of HCM (17) 
(Fig 6). This entity should be differentiated from 
other causes of symmetric increased thickness of 
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Figure 7. Cardiac amyloidosis in a 58-year-old man with dyspnea. (a) Short-axis transthoracic 
echocardiogram shows concentric LV hypertrophy, with hyperechoic granular sparkling (arrows) 
of the ventricular wall. (b) Short-axis steady-state free precession cine MR image clearly shows 
increased thickness of the LV wall (black arrows), as well as thickening of the right atrial free wall 
(white arrows) by more than 6 mm. (c, d) Short-axis (c) and four-chamber (d) DE MR images 
show the typical global and subendocardial enhancement in the left ventricle (black arrows), the 
right ventricle (white arrows), and the interatrial septum (single white arrow at bottom in d).

Figure 6. Symmetric HCM (concentric HCM) in a 58-year-old woman with recurrent ventricular 
tachycardia. (a) Four-chamber transthoracic echocardiogram shows borderline LV wall thickening 
(arrows) of about 14 mm (maximal thickness); differentiation between compensatory hypertrophy 
and concentric HCM is difficult. (b) Four-chamber steady-state free precession cine MR image, 
however, clearly shows concentric hypertrophy of the entire LV wall (arrows), with a thickness of 
more than 15 mm at end diastole.
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the LV wall, including athlete’s heart, amyloido-
sis, sarcoidosis, Fabry disease, and the secondary 
adaptive pattern of LV hypertrophy that is due to 
hypertension or aortic stenosis, because the treat-
ment strategies are different (34). Cardiac MR 
imaging is known to play an important role in 
differentiating other causes of myocardial hyper-
trophy from HCM because of the unique ability 
of DE MR imaging to be used to characterize 
different enhancement patterns in diseased myo-
cardium (10,34).

In cardiac amyloidosis, the amyloid protein 
is deposited in the myocardium, which leads to 
diastolic dysfunction that progresses to restrictive 
cardiomyopathy. Because amyloidosis is a sys-
temic process, involvement of all four chambers 
is common; thus, an increase in the thickness of 
the interatrial septum and right atrial free wall by 
more than 6 mm has been shown to be a specific 
finding for cardiac amyloidosis (35). Through 
the use of DE MR imaging, a distinct pattern of 
late enhancement, which was distributed over the 
entire subendocardial circumference, has been 
shown to have high specificity and sensitivity for 
cardiac amyloidosis (36) (Fig 7).

Figure 8. Cardiac sarcoidosis in a 54-year-old 
woman with palpitations. (a) Short-axis trans-
thoracic echocardiogram shows nonspecific 
borderline LV wall hypertrophy. (b, c) Short-
axis T2-weighted (b) and DE (c) MR images 
demonstrate nodular or patchy increased signal 
intensity, which involves the septum and the LV 
wall (arrows), whereas the right ventricular area 
has no involvement with sarcoidosis.

Sarcoidosis is a noncaseating granulomatous 
disease that infiltrates any area of the body, but 
most of the morbidity and mortality are due 
to invasion of the cardiac system. MR imaging 
shows nodular or patchy increased signal inten-
sity on both T2-weighted and DE images because 
of the edema associated with inflammation, 
which often involves the septum (more particu-
larly, the basal portion) and the LV wall, whereas 
papillary and right ventricular infiltration are 
rarely noted (37) (Fig 8).

Athlete’s heart refers to morphologic changes in 
the heart, including increases in LV mass, LV dia-
stolic cavity dimension, and wall thickness, in ath-
letes who train with vigorous physical activity (38). 
For the ratio of the diastolic wall thickness to the 
LV end-diastolic volume corrected to body surface 
area, a value of less than 0.15 mm/m2/mL has been 
shown to be useful in differentiating athlete’s heart 
from all other pathologic causes of hypertrophy, 
with a reported sensitivity of 80% and a specificity 
of 99% (39). With MR imaging, various geometric 
indexes, including the diastolic wall thickness, LV 
end-diastolic volume, and ejection fraction, were 
correctly obtained for the identification of athlete’s 
heart. Another feature of the cardiac remodeling 
identified in athletes is the lack of areas of delayed 
hyperenhancement within the LV myocardium at 
DE MR imaging (18).
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Figure 9. Midventricular HCM in a 56-year-old man with dyspnea. Four-chamber transthoracic 
echocardiogram (a) and multidetector CT image (b) show LV hypertrophy predominantly in the 
middle third of the LV wall (arrows), which is assumed to be a dumbbell configuration. However, 
with echocardiography, the apex (* in a) is not clearly depicted because of the limited acoustic 
window, whereas multidetector CT clearly shows the apical border (* in b).

Figure 10. Masslike HCM in a 76-year-old woman with chest discomfort but normal findings 
at echocardiography. (a) Short-axis multidetector CT image shows a masslike bulging contour at 
apical anterolateral wall (arrows), which was missed at echocardiography. (b) Short-axis DE MR 
image shows focal patchy enhancement within a masslike lesion (arrow).

Fabry disease is a rare X-linked autosomal 
recessive metabolic storage disorder caused by a 
lack of lysosomal a-galactosidase A. At MR imag-
ing, the LV wall is seen to be concentrically thick-
ened, and delayed hyperenhancement is typically 
seen midwall and has been reported in the basal 
inferolateral segment in 12 (92%) of 13 patients 
at DE MR imaging (40).

In patients with hypertension or aortic steno-
sis, the LV wall shows compensatory hypertrophy 
with a more concentric pattern because of adap-
tation caused by pressure overload. However, dif-

ferentiation between compensatory hypertrophy 
and HCM is sometimes difficult (41). In com-
parison with the patients with HCM, the patients 
with compensatory hypertrophy usually have 
systolic function in the normal range, rather than 
hyperdynamic systolic function, and their LV wall 
rarely exceeds 15 mm in maximal thickness and 
is rarely enhanced at DE MR imaging (42).

Midventricular HCM
Midventricular HCM is a rare variant of asym-
metric HCM and is characterized by hypertrophy 
occurring predominantly in the middle third of 
the LV wall and by systolic apposition of the mid-
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ventricular wall (17,18). Midventricular HCM 
may be associated with an apical aneurysm caused 
by increased systolic pressures in the apex from 
midventricular obstruction. MR imaging and mul-
tidetector CT well demonstrate the characteristic 
“dumbbell” configuration of the LV cavity with 
marked muscular midcavity systolic constriction 
(17) (Fig 9). The importance of this variant is its 
association with ventricular arrhythmia, myocar-
dial necrosis, and systemic embolism (43).

Masslike HCM
Masslike HCM manifests as a masslike hyper-
trophy because of the focal segmental location 
of the myocardial disarray and fibrosis (18), which 
may be differentiated from neoplastic masses. MR 
imaging with spin-echo pulse sequences, first-pass 

Figure 11. Noncontiguous HCM in a 38-year-old man with electrocardiographic abnormalities 
of ST elevation in leads V2 through V4 and T-wave inversion in leads V4 through V6. (a) Short-axis 
transthoracic echocardiogram does not depict hypertrophic myocardium or wall motion abnor-
mality because of the poor acoustic window. (b) Short-axis multidetector CT image, however, 
shows noncontiguous LV hypertrophy of the anteroseptal wall and the inferoseptal wall (arrows), 
separated by septal areas of normal LV wall thickness (*). (c) Short-axis DE MR image shows 
multifocal patchy enhancement of the hypertrophic anteroseptal and inferoseptal walls (arrows), 
along with preserved septal wall of normal thickness (*).

perfusion, and the DE technique helps to differenti-
ate between the two entities. Masslike HCM more 
precisely parallels the homogeneous signal intensity 
characteristics and perfusion of adjacent normal 
myocardium, whereas tumors show heterogeneous 
signal intensity and enhancement and show perfu-
sion characteristics that differ from those of the 
remainder of the left ventricle (Fig 10). Myocardial 
tagging with the steady-state free precession tech-
nique is also useful in differentiating the masslike 
HCM from a tumor because of the absence of ac-
tive contraction in tumors, in comparison with the 
presence of contractility in HCM (44).

Noncontiguous HCM
In a recent study, Maron et al (9) reported that 
noncontiguous distribution of segmental areas 
of LV hypertrophy was found in 42 (13%) of 
the 333 patients with HCM. The morphologic 
pattern of noncontiguous HCM consists of hy-
pertrophic segments separated by regions of non-
hypertrophic myocardium, a pattern that creates 
abrupt changes in wall thickness in adjacent por-
tions of the wall and a “lumpy” hypertrophic pat-
tern (9). MR imaging can be used to help provide 
an accurate diagnosis of noncontiguous HCM; 
this variant of HCM may be missed or substan-
tially underestimated if only two-dimensional 
echocardiography is used (9) (Fig 11).
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Figure 12. Reverse-curve HCM in a 28-year-old woman with a family history of HCM. 
Four-chamber transthoracic echocardiogram (a) and multidetector CT image (b) show the 
septal wall hypertrophy with the reversed S-type curve of the septal contour (arrows).

Reverse-Curve HCM and Sigmoid HCM
Other specific types of HCM are the reverse-curve 
type and the sigmoid type, which were classified 
by septal morphologic subtypes on the basis of 
echocardiographic long-axis images obtained at 
end diastole (45) (Fig 12). Reverse-curve HCM is 
frequently seen in young patients with HCM and 
has a large tendency to be associated with positive 
results of the genetic test for myofilament HCM 
(in 80%); reverse-curve HCM is often associated 
with a family history of sudden cardiac death, 
hypertension, and increased LVOT pressure. Sig-
moid HCM, which is characterized by an isolated 
basal septal bulge yielding a sigmoid septal con-
tour, tends to occur in elderly patients, and fewer 
than 10% of those have positive findings with the 
same genetic test (45).

Preclinical HCM
Screening of the family members of a patient 
with HCM is important because the first-degree 
relatives of such a patient have a 50% chance of 
being a gene carrier (2). However, disease expres-
sion can be heterogeneous and varied, even with 
the same mutation; hence, follow-up screening 
may need to be considered every 2–5 years, par-
ticularly in young patients (1).

In one previous report (46), an LV crypt, 
which is defined as a blind pit or V-shaped fissure 
extending into but confined by the myocardium, 

was identified at cine MR imaging with a high 
rate of occurrence of 81% (13 of 16 subjects) in 
HCM mutation carriers who had not yet devel-
oped LV hypertrophy. The LV crypt is suggested 
to be one of the early pathologic alterations of the 
myocardium that ultimately progress into HCM 
(42). Srichai et al (47) described the findings 
from cardiac multidetector CT in 15 patients 
with 23 incidentally noted LV crypts. Srichai et al 
(47) suggested that LV crypts are more common 
than previously thought and are located predomi-
nantly at the insertion points of the right ventricle 
into the left ventricle (Fig 13). The LV crypts 
might be caused by locally altered loading condi-
tions or myocardial contractility (48). 

Therefore, cardiac MR imaging and multi-
detector CT might be useful screening tools in 
patients with a normal LV thickness who have 
symptoms of HCM or in asymptomatic HCM 
mutation carriers. Although cardiac MR imaging 
and multidetector CT provide a new method for 
diagnosing preclinical HCM, more information 
about its natural history and prognosis is needed 
(47). In addition, whether hyperenhancement 
at DE MR imaging can be identified before the 
development of LV hypertrophy in preclinical 
patients has not been determined. In a recently 
published case report, Strijack et al (49) identi-
fied a young asymptomatic patient with preclini-
cal HCM who had extensive and diffuse delayed 
hyperenhancement throughout the left ventricle 
despite an otherwise structurally normal ventricle 
with preserved systolic function.
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Figure 13. LV crypt in a 52-year-old man with incidentally detected findings. (a, b) Short- 
axis (a) and two-chamber (b) multidetector CT images show the linear penetration (arrow) of 
the compact myocardium at the midventricular inferoseptal wall at end diastole. (c, d) Short- 
axis (c) and four-chamber (d) steady-state free precession cine MR images also show the same 
findings that were depicted on the multidetector CT images, including the LV crypt (arrow). The 
crypt closes almost completely during systole.

Risk Stratification of HCM
Sudden cardiac death is the most devastating 
and unpredictable complication of HCM, and 
the overall annual mortality rate ranges from 
less than 1% in asymptomatic patients to 6% 
in patients with high-risk factors (2). Because 
sudden cardiac death may occur as the initial 
manifestation of HCM without reliable warning 
signs or symptoms, particularly in young patients, 
the identification of individuals at a high risk for 
sudden cardiac death among the various mani-
festations of HCM has become an important 
challenge. The American College of Cardiology/
European Society of Cardiology guidelines (1) 

indicate the major risk factors for sudden cardiac 
death as follows: (a) cardiac arrest (ventricular 
fibrillation), (b) spontaneous sustained ventricu-
lar tachycardia, (c) a family history of premature 
sudden death, (d) unexplained syncope, (e) LV 
wall thickness greater than or equal to 30 mm,  
(f) abnormal exercise blood pressure, and  
(g) nonsustained ventricular tachycardia (Holter). 
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Among such risk factors, those with potential ap- 
plications in cardiac imaging for stratification 
of the risk of sudden cardiac death in patients 
with HCM are as follows: (a) LV maximal wall 
thickness of 30 mm or more, (b) LVOT gradient 
of 30 mm Hg or more at rest or 50 mm Hg or 
more with provocation, (c) LV dilatation with de-
pressed ejection fraction, (d) presence of fibrosis, 
(e) perfusion defect, and (f) reduced functional 
reserve flow (10) (Table 1).

LV Wall Thickness
Maximal LV wall thickness, especially a thickness 
of 30 mm or more, has been reported as a strong 
predictor of the risk of sudden death in patients 
with HCM (50). This relationship of extreme hy-
pertrophy to sudden cardiac death is accentuated 
in younger patients; it reflects either preferential 
sudden cardiac death at a young age, structural 
remodeling with wall thinning, or both (1). With 
echocardiography, the magnitude of hypertrophy 
tends to be substantially underestimated in com-
parison with MR imaging for the assessment of 
massive LV hypertrophy (wall thickness ≥30 mm) 
(5,51,52) (Fig 14).

LVOT Obstruction
Historically, the LVOT gradient has been a 
prominent and quantifiable feature of HCM. 
Maron et al (53) reported that patients with LVOT 
obstruction (defined as a basal gradient of ≥30 

mm Hg) have an increased risk—more than four 
times that among patients without obstruction—
of sudden cardiac death from HCM or progres-
sion to severe congestive symptoms. Kofflard et al 
(54), who investigated the clinical outcome and 
risk factors of HCM in a community-based pop-
ulation (not a hospital-based population), also 
reported that patients with “significant” LVOT 
obstruction (≥50 mm Hg at rest or with provoca-
tion) are susceptible to clinical deterioration in 
their condition.

LV Dilatation with Depressed  
Ejection Fraction (Burned-out Phase)
Although most patients with HCM have diastolic 
dysfunction, a small distinctive subset of patients 
paradoxically have HCM that evolves into a 
phase characterized by systolic dysfunction, LV 
dilatation, and wall thinning (2), which can be 
demonstrated with MR imaging and multidetec-
tor CT. This dilated-hypokinetic evolution of 
HCM is often called the end-stage or burned-out 
phase. The clinical course is unfavorable once 
HCM gets to this phase because it has usually 
progressed to a heart failure unresponsive to 
therapy with medications; and, ultimately, heart 
transplantation remains the only definitive treat-
ment option (55). Therefore, vigilant follow-up 
and careful risk stratification should be required 

Table 1 
Applications of Cardiac Imaging Modalities for Stratification of the 
Risk of Sudden Cardiac Death in Patients with HCM

Risk Factor
Echocar- 
diography

Multi- 
detector CT

MR 
Imaging

LV maximal wall thickness of  
30 mm or more

+ + +

Marked LVOT obstruction 
(LVOT gradient ≥ 30 mm  
Hg at rest)

+ - +

LV dilatation and depressed  
ejection fraction

+ + +

Fibrosis - - +*

Perfusion defect - ± +
Reduced functional reserve flow ± - +

Note.—+ = modality can be used to assess the risk factor, - = modality is not 
useful for assessing the risk factor, ± = modality is available for assessing the 
risk factor, but the usefulness of the modality is still investigational and is not 
validated yet. 
*Detection at DE MR imaging.
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Figure 15.  Midventricular to apical HCM in the burned-out phase in a 43-year-old 
woman with severe dyspnea. (a) Four-chamber steady-state free precession MR image 
shows midventricular LV hypertrophy (arrows) with the aneurysmal change at the apex 
and apical portion (arrowhead) that is due to the progression of HCM into the hypokinetic 
burned-out phase. (b) Two-chamber DE MR image clearly depicts the enhanced thinned 
apical LV wall (arrows), with a mural thrombus (arrowhead). Global systolic function also 
decreased because the ejection fraction was 35%.

Figure 14. Asymmetric (septal) HCM in a 48-year-old man with findings of left bundle 
branch block at electrocardiography. Short-axis transthoracic echocardiogram (a) and mul-
tidetector CT image (b) show the markedly increased thickness of mainly the apical to the 
basal septal wall (double-headed arrow). However, the LV thickness is underestimated more 
with echocardiography (arrows in a) than with multidetector CT (about 25 mm in a, com-
pared with >32 mm in b).

for timely detection of a transition to the burned-
out phase and to permit early treatment before 
progression to heart failure (56). Such hypoki-
nesia can occur after an acute myocardial infarc-
tion, or it can develop gradually without a clinical 
infarction. Patients with midventricular or apical 
HCM are at a higher risk of developing segmen-

tal or diffuse LV hypokinesia (57,58). MR imag-
ing reveals a thin-walled apical aneurysm showing 
transmural enhancement that extends into sub-
stantial areas of the contiguous interventricular 
septum and LV free wall (Fig 15). Furthermore, 
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Figure 16. HCM in a 46-year-old man with recurrent ventricular tachycardia. Serial 
short-axis DE MR images show the patchy enhancement with multiple foci (arrowheads) in 
the asymmetric hypertrophic apical to basal wall.

thrombus, which is frequently associated with an 
apical aneurysm, is readily detected at DE MR 
imaging because thrombus manifests as a low-
signal-intensity mass with lack of enhancement.

Presence of Fibrosis
The presence of fibrosis or scarring in HCM 
can be evaluated with DE MR imaging, which is 
performed 10–30 minutes after starting the in-
travenous injection of the gadolinium-based con-
trast medium (gadolinium chelate); a segmented 
inversion-recovery sequence is used (59). The ex-
tent of fibrosis or scarring has been associated with 
clinical markers of sudden cardiac death risk and 
progression to heart failure (60). DE MR imaging 
relies on the intravenous delivery of a gadolinium 
chelate to the myocardium; the chelate is a biologi-
cally inert tracer that freely distributes in extracel-
lular water but is unable to penetrate the intact cell 
membrane. In fibrosis and extracellular expansion, 

there is greater extracellular space for gadolinium 
accumulation, and the distribution kinetics are 
slower than in normal myocardium (61).

At DE MR imaging, hyperenhancement of 
hypertrophic myocardium is frequently seen in as 
many as 80% of the patients with HCM; on aver-
age, 10% of the overall LV myocardial volume 
demonstrates hyperenhancement. As opposed 
to the pattern in patients with coronary artery 
disease, the pattern of hyperenhancement at DE 
MR imaging of patients with HCM does not typ-
ically correspond to a coronary vascular distribu-
tion. Patchy midwall enhancement with multiple 
foci is the most common form in HCM (9,62) 
(Fig 16). Delayed hyperenhancement has been 
correlated with wall thickness (60), regional wall 
motion abnormalities (63), and the development 
of ventricular tachyarrhythmia (62,64).

However, Choudhury et al (63) reported that 
myocardial scarring is common in patients with 
asymptomatic or mildly symptomatic HCM, 
and the enhancement of such a benign form is 
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characteristically localized to the junctions of the 
septum and right ventricular free wall. Whether 
extreme myocardial scarring is an independent 
predictor of an adverse prognosis or adds incre-
mental prognostic information to the magnitude 
of the LV hypertrophy will demand further study.

Perfusion Defect
Myocardial ischemia and reduced myocardial 
blood flow have been demonstrated in patients 
with HCM by using thallium perfusion imaging 
(65) or positron emission tomography (PET) (66). 
The identification of myocardial ischemia by using 
PET in patients with HCM is a powerful indepen-
dent predictor of cardiovascular mortality and may 
be used to identify patients who are more likely to 
suffer progressive adverse LV remodeling, includ-
ing development of the end-stage phase of HCM 
(9). In this regard, stress perfusion MR imaging 
now permits accurate qualitative and quantitative 
assessment of myocardial blood flow at rest and 

during pharmacologic stress, with superior spatial 
resolution to that of PET (9). The severity of per-
fusion impairment in HCM is correlated with the 
degree of LV hypertrophy (67) (Fig 17).

In patients with HCM who have coexistent 
epicardial coronary disease, because epicardial 
coronary disease is one of several etiologic mech-
anisms that contribute to myocardial ischemia 
in HCM, it can be difficult to interpret whether 
the ischemia is caused by the HCM or by the de-
creased coronary flow reserve. Cardiac multide-
tector CT can provide useful information for the 
noninvasive assessment of coexistent epicardial 
coronary disease in patients with HCM.

Conclusions
Technical advances in cardiac MR imaging and 
multidetector CT allow the noninvasive assess-
ment of HCM. The relative merits of noninvasive 

Figure 17. Midventricular to apical HCM in a 67-year-old man with chest discomfort. 
Short-axis first-pass perfusion MR images obtained with the patient at rest (upper row) and 
with adenosine-induced stress (lower row) demonstrate a reversible perfusion defect (sub-
endocardial ring of low-signal-intensity enhancement on only the stress perfusion images) at 
the apical to the midventricular LV wall (arrowheads), a finding that is suggestive of induc-
ible ischemia.
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imaging with various modalities are summarized 
in Table 2. Cardiac MR imaging and multidetec-
tor CT are capable of providing clinically useful 
information for the accurate diagnosis of HCM, 
as well as for the determination of clinical man-
agement strategies. In conclusion, radiologists 
should be familiar with the various findings, as 
assessed with MR imaging and multidetector CT, 
and the clinical importance of those findings for 
the accurate diagnosis and proper management 
of cases of HCM.
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Echocardiography is an operator-dependent technique. It is influenced by the acoustic window and is 
sometimes unable to definitively depict the endocardial border, especially the anterolateral free wall of the 
left ventricle in the parasternal short-axis view and the apex (2,6).
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In a clinical setting for evaluation of HCM, although echocardiography is the simplest imaging technique 
to use for screening, cardiac MR imaging should be considered as the reference standard for establishing 
a diagnosis of HCM when the results from echocardiography are inconclusive or are suspected of being 
false-negative findings. Moreover, cardiac MR imaging is strongly recommended as a powerful imaging 
modality for differentiating HCM from other cardiomyopathies in the differential diagnosis, as well as for 
risk stratification of HCM in selected patients. In comparison, cardiac multidetector CT is certainly less 
useful for the assessment of HCM currently because multidetector CT involves radiation exposure and 
contrast medium–related problems and provides less information (ie, hemodynamic information, tissue 
characterization such as fibrosis) than MR imaging does. Although MR imaging and echocardiography 
may be the imaging modalities of choice in most cases of HCM, multidetector CT would be more appro-
priate in those cases for which there are specific requests to exclude coronary artery disease and in those 
cases with contraindications for MR imaging, such as a pacemaker (14).
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The diagnostic criterion for apical HCM is (a) an absolute apical wall thickness of more than 15 mm 
or (b) a ratio of apical to basal LV wall thicknesses of 1.3–1.5 (32,33). With MR imaging and multidetec-
tor CT, the characteristic “spadelike” configuration of the LV cavity at end diastole, a configuration that is 
caused by localized apical hypertrophy, is well appreciated on vertical long-axis views (12,13,32,33) (Fig 5).
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Among such risk factors, those with potential applications in cardiac imaging for stratification of the 
risk of sudden cardiac death in patients with HCM are as follows: (a) LV maximal wall thickness of 30 
mm or more, (b) LVOT gradient of 30 mm Hg or more at rest or 50 mm Hg or more with provocation, 
(c) LV dilatation with depressed ejection fraction, (d) presence of fibrosis, (e) perfusion defect, and (f) 
reduced functional reserve flow (10) (Table 1).

Page 1324
At DE MR imaging, hyperenhancement of hypertrophic myocardium is frequently seen in as many as 
80% of the patients with HCM; on average, 10% of the overall LV myocardial volume demonstrates 
hyperenhancement.


