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Infiltrative Cardiovascular Diseases

Cardiomyopathies That Look Alike

James B. Seward, MD,* Grace Casaclang-Verzosa, MD+

Rochester, Minnesota

Infiltrative cardiomyopathies are characterized by the deposition of abnormal substances that cause the ventric-
ular walls to become progressively rigid, thereby impeding ventricular filling. Some infiltrative cardiac diseases
increase ventricular wall thickness, while others cause chamber enlargement with secondary wall thinning. In-
creased wall thickness, small ventricular volume, and occasional dynamic left ventricular outflow obstruction
(e.g., amyloidosis) can outwardly appear similar to conditions with true myocyte hypertrophy (e.g., hypertrophic
cardiomyopathy, hypertensive heart disease). Likewise, infiltrative disease that presents with a dilated left ventri-
cle with global or regional wall motion abnormalities and aneurysm formation (e.g., sarcoidosis) may mimic
ischemic cardiomyopathy. Low-voltage QRS complex was the sine qua non of infiltrative cardiomyopathy (i.e.,
cardiac amyloid). However, low-voltage QRS complex is not a uniform finding with the infiltrative cardiomyopa-
thies. The clinical presentation, along with functional and morphologic features, often provides enough insight to
establish a working diagnosis. In most circumstances, however, tissue or serologic evaluation is needed to vali-

date or clarify the cardiac diagnosis and institute appropriate therapy.
© 2010 by the American College of Cardiology Foundation

(J Am Coll Cardiol 2010;55:1769-79)

Infiltrative cardiomyopathies are characterized by the dep-
osition of abnormal substances that cause the ventricular
walls to become progressively rigid, thereby impeding ven-
tricular filling. Some infiltrative cardiac diseases increase
ventricular wall thickness (Table 1), while others cause
chamber enlargement with secondary wall thinning (Table 2).
The clinical presentation, along with functional and morpho-
logic features, often provides enough insight to establish a
working diagnosis. However, in most circumstances, tissue or
serologic evaluation is needed to validate or clarify the cardiac
diagnosis and institute appropriate therapy. This report high-
lights the unique features of the various infiltrative cardiac
diseases, which may have similar features.

Infiltrative Heart Disease

General considerations. CARDIAC FUNCTION ASSESSMENT.
Infiltrative diseases of the heart are generally characterized
by progressive diastolic dysfunction, which typically pre-
cedes the development of overt systolic dysfunction. Al-
though increased myocardial mass is characteristic of most
infiltrative diseases, the quantification of mass is usually not
a major determinant of survival. Doppler echocardiography
has simplified the assessment of diastolic physiology and
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atrial remodeling, which are hallmarks of the restrictive
disease process. The chronicity of diastolic dysfunction is
best characterized by depressed Doppler myocardial relax-
ation velocity (mitral annular E tissue velocity) and in-
creased left atrial volume index (1). Systolic dysfunction is
commonly measured as a decrease in the ejection fraction or
systolic tissue Doppler velocity (2).

The role of computed tomography and cardiac magnetic
resonance (CMR) imaging and late gadolinium enhance-
ment (LGE) in providing incremental information for risk
assessment in infiltrative cardiomyopathies has not been
adequately established. However, cardiac structure, func-
tion, and tissue characteristics can be obtained by CMR
LGE. Gadolinium causes magnetic hyperenhancement in
conditions in which extracellular space is expanded (i.c.,
myocyte necrosis, myocardial edema, scar formation, and
protein infiltration) (3,4). CMR has been used to charac-
terize the type of infiltrative disease by the location and
distribution of LGE and enable the evaluation of disease
activity and response to therapy. The sensitivity of CMR in
patients with early disease who do not have abnormal
findings on echocardiography is unknown. However,
screening of subclinical early cardiac involvement may
become possible should CMR LGE prove to have adequate
sensitivity in detecting amyloid infiltration. The abnormal-
ities in myocardial and blood pool kinetics hold the promise
of serial quantification of cardiac amyloid load and treat-
ment follow-up.

Electrophysiologic considerations. It is important to em-
phasize that wall thickness is not necessarily a reliable
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Abbreviations
and Acronyms

CMR = cardiac magnetic
resonance

indicator of hypertrophy. Infiltra-
tive disorders, with accumulation
of abnormal substances within
myocytes or the myocardial inter-
stittum, may cause increased wall
thickness without actual myocyte
hypertrophy. Consequently, in-
creased wall thickness does not
consistently correlate with an in-
crease in QRS complex amplitude.
In fact, QRS complex amplitude
can become decreased (low volt-
age), a phenomenon more commonly observed with accumu-
lations within the interstittum than within myocytes. The
absence of increased voltage on the electrocardiogram (ECG)
despite the appearance of “hypertrophy” can be the first clue to
certain infiltrative diseases (e.g., cardiac amyloid, Friedreich
ataxia). However, low-voltage QRS complex is not a uniform
finding with the infiltrative cardiomyopathies. Some infiltrative
myopathies have increased voltage (e.g., Danon and Fabry
diseases), which will be seen when there is an increase in the
size of cardiac myocytes, normal intraventricular conduction,
and synchronous activation occurring globally in the myocar-
dium (Table 1).

Genetic testing. The role of genetic testing in differenti-
ating phenocopies of left ventricular (LV) hypertrophy is
evident when clinical or imaging data are inconclusive.
Genetic testing is now available on a clinical basis for several
of the genes responsible for cardiomyopathies. However, it
has its limitations and challenges. Testing sensitivity is low,
and there may be more than 1 genetic variant in an affected
patient or within a single family. Other challenges of genetic
evaluation, especially in children, include age-dependent
penetrance, the management of asymptomatic children, the
psychological effects of testing asymptomatic minors, and
expense (5,6).

General management. Most infiltrative diseases have until
recently been considered irreversible, and supportive mea-
sures were the only available means of management. Gen-
eral management consists of improving diastolic function
with angiotensin receptor blockers and angiotensin-
converting enzyme inhibitors. Beta-blockers and statins,
which are known to be useful for heart failure management,
may be of benefit. Systolic hypertension and overt fluid
overload can justify the cautious use of thiazide diuretics.
Excessive or protracted diuresis (i.e., using loop diuretics)
should be avoided in the presence of hypovolemia and small,
noncompliant ventricular cavities. Novel treatment modal-
ities will be briefly discussed when applicable.

ECG = electrocardiogram

HCM = hypertrophic
cardiomyopathy

LGE = late gadolinium
enhancement

LV = left ventricular

Infiltrative Cardiomyopathies That Look Like
Hypertrophic or Hypertensive Heart Disease

Cardiac amyloid. Cardiac amyloid is the prototype of infil-
trative heart disease with increased wall thickness (Fig. 1).
Cardiac involvement is common in all forms of amyloidosis
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and is the most frequent cause of morbidity and mortality (7).
Symptoms include heart failure (i.e., breathlessness and exer-
cise intolerance), arrhythmias, conduction block, dynamic ven-
tricular outflow obstruction, and hypotension.

Characteristic echocardiographic appearance of cardiac
amyloid includes increased thickness of both LV and right
ventricular walls, normal or small LV cavity size, and a
nonspecific granular appearance of the myocardium (Fig. 2).
Atrial enlargement, thickened papillary muscles, and valve
leaflets and small to moderate pericardial effusion are also
commonly present. LV compliance gradually decreases as
myocardial deposition of amyloid fibrils progresses (8).
Progressive diastolic dysfunction is a universal finding (8).
Systolic dysfunction is typically evident only in advanced
stages (9). Doppler echocardiography is used to establish
and serially monitor the magnitude of diastolic and systolic
dysfunction. CMR will show diffuse LGE throughout both
ventricles, particularly the subendocardium (3).

Despite increased ventricular wall thickness, 30% to 50%
of patients with demonstrable amyloid disease will have
normal-voltage QRS complexes, and the remainder show
low-voltage complexes. A pseudoinfarction pattern, partic-
ularly in the inferoseptal wall, may be observed in the
precordial leads (10). A decrease in QRS complex amplitude
occurs because of myocyte atrophy along with decreased
conduction velocity and dyssynchronous activation resulting
from amyloid deposition (11,12).

Cardiac amyloidosis is diagnosed either directly by endo-
myocardial biopsy or indirectly using noninvasive diagnostic
tools (2-dimensional echocardiography, magnetic resonance
imaging, and ECG) and histologic confirmation of amyloid
on a noncardiac tissue specimen. Upon unequivocal estab-
lishment of the diagnosis and tissue confirmation of amyloid
type, prompt therapy is warranted for primary amyloidosis
to arrest or reverse cardiac dysfunction (Fig. 3). Poor cardiac
reserve severely narrows the management strategies in the
late stages (7,13). Untreated patients have a median survival
of <6 months after the onset of heart failure (13). Melpha-
lan, steroids, immunomodulating agents, and stem cell
transplantation after chemotherapy yield promising results
(14-17). However, the mortality rate of transplantation
ranges from 11% to 40% (18,19). In some patients with
advanced cardiac involvement, cardiac transplantation may
be performed before stem cell transplantation (20,21).
Fabry disease. Fabry disease is an X-linked autosomal
recessive disease due to a lack of lysosomal enzyme,
a-galactosidase A, which breaks down neutral glycosphin-
golipids (22). This causes intracellular lysosomal accumula-
tion of ceramide trihexoside (globotriaosylceramide), pri-
marily in the skin, kidneys, and heart (22). Men are
commonly affected, with the condition diagnosed early in
childhood, but cardiac involvement is not manifested until
the third or fourth decade of life (23). Cardiac involvement
in Fabry disease can mimic the morphologic and clinical
features of hypertrophic cardiomyopathy (HCM,; very thick
walls, systolic anterior motion of the anterior mitral valve
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Table 1

Conditions Presenting With Increased LV Mass and Thick Ventricular Walls

Condition Age at Presentation History and Clinical Presentation Echocardiography ECG Profile CMR LGE Biopsy Ref. #
Cardiac amyloid >30 yrs Heart failure symptoms, nephrotic ~Symmetrical increase in LV and Decreased or normal QRS complex Global, diffuse, pronounced Myocyte atrophy, amyloid (3,7,10)
syndrome, idiopathic peripheral RV wall thickness, dilated LA voltage, pseudoinfarction in in subendocardium; replaces normal
neuropathy, unexplained and RA, granular appearance inferolateral leads RV and LV walls cardiac tissue
hepatomegaly of myocardium, pericardial
effusion, decreased EF in
advanced cases
Fabry disease Male: 11 = 7 yrs; Neuropathic pain, impaired Symmetrical increase in LV and  Increased or normal QRS complex Focal, midwall, inferolateral Enlarged myocytes with (3,22,28,29)
female: 23 = 16 yrs sweating, skin rashes RV wall thickness, normal EF voltage, short or prolonged PR wall clusters of concentric
interval glycolipid (myelinoid
bodies) within
lysosomes
Danon disease <20 yrs Heart failure, skeletal myopathy, Very thick LV (20-60 mm), Increased or normal QRS complex  Subendocardial, does not Sarcoplasmic (32,34,36)
mental retardation RV may or may not be thick, voltage, short PR interval (delta correspond to perfusion vacuolization, focal
decreased EF wave) territory storage of PAS-positive
material, myofibrillar
disarray
Friedreich ataxia 25 yrs Gait abnormality Increase in LV septal and Normal QRS complex voltage, Nonspecific (41,42,44,47)
(range 2-51 yrs) posterior wall thickness, ventricular tachycardia
normal EF
Cardiac oxalosis >20 yrs Juvenile urolithiasis and Symmetrical increase in LV and Increased or normal QRS complex Increased myocardium Intra- and extracellular (49,50,51)
nephrocalcinosis RV wall thickness; patchy, voltage, complete heart block attenuation on CT deposition of oxalate
echodense speckled crystals without
reflection; normal EF concomitant
inflammation and
necrosis
Mucopolysaccharidoses 1-24 yrs Variable depending on subtype, Asymmetrical septal Increased or decreased QRS Swollen myocytes with (12,53,55,56)
(median, 10 yrs) coarse facial features, delayed hypertrophy, mitral and/or complex voltage, malignant clear cytoplasm due to
mental development, skeletal aortic valve stenosis or arrhythmia accumulation of
deformities, corneal clouding, insufficiency, normal EF mucopolysaccharides
hepatosplenomegaly within lysosomes
Differential diagnosis
Hypertrophic 17-18 yrs Maybe asymptomatic, dyspnea, Asymmetrical hypertrophy, Increased QRS complex voltage, Patchy, midwall, junctions Myocyte hypertrophy, 4)
cardiomyopathy angina, syncope, sudden death small LV cavity, LVOT pseudo-delta wave, giant of the ventricular septum myofibrillar disarray,
obstruction, normal EF T-wave inversion and RV and interstitial fibrosis
Hypertensive heart Adults History of hypertension Symmetrical increase in LV wall Increased QRS complex, No pattern, predominantly Enlarged myocytes with 4)

disease

thickness, mild LV dilation,
normal EF

nonspecific ST-T-wave changes

subendocardial

enlarged or replicated
nuclei

CMR = cardiac magnetic resonance; CT = computed tomography; ECG = electrocardiogram; EF = ejection fraction; LA = left atrium; LGE = late gadolinium enhancement; LV = left ventricle; LVOT = left ventricular outflow tract; RA = right atrium; RV = right ventricle.
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LRI Conditions With Dilated LV and Infarct Pattern
Condition Age at Presentation History Echocardiography ECG CMR LGE Cardiac Biopsy Ref. #
Sarcoidosis Young adults Congestive heart failure Variable wall thickness, focal Infrahisian block, atypical Patchy, basal and lateral Noncaseating, multinucleated (62,63,65,70)
or global hypokinesis, infarction pattern LV walls giant cell granuloma
LV aneurysm surrounded by band of
dense collagen fibers
Wegener disease Young adults Chronic upper and lower Regional hypokinesis, Atrial fibrillation, Diffuse, midwall Vasculitis with necrotizing (74,75)
respiratory tract infections pericardial effusion, mild atrioventricular block, granulomatous
MR, LV systolic atypical infarction inflammation
dysfunction pattern
Hemochromatosis Hereditary hemochromatosis:  Hereditary hemochromatosis: Dilated LV with global Supraventricular Iron deposits within the (4,77-79)
>30 yrs in men, older in liver function abnormalities, systolic dysfunction arrhythmia, ventricular myocyte
women; secondary weakness and lethargy, skin conduction
hemochromatosis: any age hyperpigmentation, diabetes abnormality is rare
mellitus, arthralgia, impotence
in men; secondary
hemochromatosis: hemolytic
anemia, multiple blood
transfusions
Differential
diagnoses
Ischemic Adult Coronary artery disease, Dilated LV, regional Multiform premature Subendocardial, different (3,78)
cardiomyopathy congestive heart failure hypokinesis corresponding ventricular complexes, degrees of transmural
to perfusion territory, nonsustained extension, corresponds
decreased systolic ventricular tachycardia to perfusion territory
function
Idiopathic dilated Adult Congestive heart failure, no Dilated LV with global Atrial fibrillation No LGE, or if present, (3,78)

cardiomyopathy

known cardiovascular disease

systolic dysfunction

midwall and patchy

MR = mitral regurgitation; other abbreviations as in Table 1.
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Two Hearts From Autopsy (Short-Axis Views) Showing Markedly Thickened Left Ventricular Walls

(A) Amyloidosis; (B) hypertrophic cardiomyopathy. Clinically, both hearts were characterized by diastolic dysfunction.
Without additional information (such as electrocardiographic or endomyocardial biopsy findings), these 2 conditions can closely mimic each other.

b

leaflet) and accounts for 3% of cases initially diagnosed as
HCM (24,25). However, asymmetrical hypertrophy causing
severe LV outflow tract obstruction and significant mitral
insufficiency are typically absent in Fabry disease (26). LV
wall thickness and LV mass increase as age and the severity
of disease advance (22). Ejection fraction and fractional
shortening are usually preserved (22). Progressive diastolic
dysfunction is evident, but restrictive filling pattern is an
infrequent finding (22). On 2-dimensional echocardiogra-
phy, nonspecific binary appearance of the endocardial bor-
der corresponding to endomyocardial sphingolipid com-
partmentalization, creating a 2-layered appearance of the
myocardium, has been observed (24,27). CMR will typically
show focal inferolateral midwall LGE sparing the subendo-
cardium (3,28). Progressive diastolic dysfunction best char-
acterizes the prognosis.

Fabry disease is not associated with decreased QRS
complex amplitude but rather shows ECG features of LV
hypertrophy commensurate with the wall thickness (29). A
pattern of pre-excitation can be seen (29). However, in
some cases, when deposition occurs within the atrioventric-
ular node, the PR interval may be prolonged (30).

Enzyme replacement therapy has been shown to reduce

LV wall thickness and improve regional myocardial func-
tion, but its effect on survival has yet to be adequately
determined (31).
Danon disease. Like Fabry disease, Danon disease is a rare
X-linked disorder due to primary deficiency of lysosome-
associated membrane protein 2 (32,33). It affects men at an
early age (in the teens) and women in later years (in the 20s).
Affected men typically present with a triad of heart failure,
skeletal myopathy, and mental retardation (34). In female
carriers, the disease predominantly affects the cardiac myo-
cytes (35).

Cardiac symptoms begin during adolescence, and patients
die of heart failure in their third decade (34). Echocardio-
graphic characteristics include a marked symmetrical increase
in LV wall thickness (range 20 to 60 mm), significantly greater

than that typically found in patients with HCM (32). LV
systolic dysfunction is often severely impaired (32,34). LV
outlet obstruction is uncommon (34). A prominent increase in
right ventricular wall thickness (=10 mm) in the absence of
pulmonary disease may also be observed (32). Unlike HCM, in
which LGE is midepicardial and patchy, Danon disease has
subendocardial LGE (36).

Unlike amyloidosis, Danon disease is a myocyte disorder,
not an interstitial one, and thus is associated with normal or
increased QRS complex amplitude. In addition, conduction
velocity (pre-excitation) may be enhanced (37,38). Unlike
HCM, Danon disease and associated glycogen storage disor-
ders (lysosome-associated membrane protein 2 or protein
kinase, adenosine monophosphate-activated, gamma 2 non-
catalytic subunit mutations) are associated with true pre-
excitation and the presence of single or multiple accessory
pathways (37,38). Short PR interval and delta waves (Wolff-
Parkinson-White syndrome) is a common finding causing
syncope in most patients (34). Palpitations or documented
arrhythmias in patients with this disorder may be related to the
ventricular myopathic process (ventricular tachycardia) or the
accessory pathway (orthodromic or antidromic precipitating
tachycardia).

Genetic testing for lysosome-associated membrane pro-
tein 2 gene mutation is definitive and is the major diagnostic
criterion in women (in whom the protein may be present
because of 1 normal X chromosome) (34). There is no
specific treatment for Danon disease (34). Potentially life-
threatening pre-excitation atrial fibrillation or atrial flutter
with conduction through the accessory pathways should be
treated by ablation or sodium-channel blockers. The value
of cardiac transplantation has not been established, because
very few patients live long enough (they die at very young
ages) to undergo transplantation (35,39). The most com-
mon cause of death is severe heart failure (32,34).
Friedreich ataxia. Friedreich ataxia is an autosomal recessive
neurodegenerative disorder caused by expanded Guanine-
Adenine-Adenine repeats (120 to 1,700 times, rather than the
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m Conditions Presenting With Increased Left Ventricular Mass and Thick Ventricular Walls

(A) Hypertrophic nonobstructive cardiomyopathy, (B) hypertensive heart disease with secondary renal failure,
(C) cardiac amyloid, (D) mucopolysaccharidosis, (E) cardiac oxalosis, and (F) Friedreich ataxia. See text for descriptions.

usual 8 to 22) in the frataxin gene on chromosome 9 (40). The
age at onset of symptoms ranges from 2 to 51 years (40).
Generally, the cardiac manifestations occur 4 to 5 years after
the onset of the neurologic disorders, but occasionally heart
disease occurs first (41). Cardiac disease eventually develops in
90% to 100% of patients (42).

Echocardiographic studies reveal differing patterns of
increased wall thickness unrelated to the duration of the
disease (43). Cardiac involvement is characterized by increased
wall thickness of the interventricular septum or posterior wall
(41,42,44) (Fig. 2). LV diastolic relaxation is reduced, but LV
cavity size and ejection fraction are usually normal (42,44).
Asymmetrical septal hypertrophy and LV outflow obstruction
are rare (42,44). Severe heart failure can develop in some
patients with mild LV dilation and systolic dysfunction (41).
Valvular insufficiency, if present, is usually mild (42). Noncar-
diac dyspnea and frequent respiratory infections are due to

severe scoliosis and neuromuscular impairment of respiratory
muscles (41). The 10-, 20-, and 30-year survival rates are 96%,
809, and 619%, respectively (45). Cause of death is intercurrent
pulmonary infection and cardiac dysfunction (12,41). At this
time, the only known therapy is supportive. Investigational
drugs include idebenone (a free radical scavenger) and de-
feriprone (an iron chelator) (46).

Compared with HCM, QRS complex voltage may not
show the extent of LV hypertrophy (41,47). The reason for
the lack of QRS complex amplification is marked connec-
tive tissue replacement and slowing of intraventricular
conduction (41,47). Coronary artery disease, abnormalities
of the nerve and the ganglia, and changes in the myocytes
predispose these patients to regions of slow conduction and
the propensity for ventricular tachyarrhythmia (41,47).
Myocardial oxalosis. Primary hyperoxaluria is a rare auto-
somal recessive disorder characterized by an enhanced
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Baseline

Dramatic Treatment Response

(A) Cardiac amyloid. Echocardiogram of a 37-year-old woman in New York Heart Association functional class IV. Left ventricular (LV) and right ventricular walls are thick
with mild pericardial effusion and grade 3 diastolic dysfunction. Five years after stem cell transplantation, the LV and right ventricular walls are normal, there is no peri-
cardial effusion, and diastolic function is normal. The patient is now in New York Heart Association functional class I. (B) Hemochromatosis. Echocardiogram of a
55-year-old woman who presented with dyspnea and fatigue. The left ventricle is dilated, with marked systolic dysfunction (ejection fraction = 16%). Six years after
repeated therapeutic phlebotomy, LV cavity decreased in size, and systolic function improved (ejection fraction = 69%).

Post Treatment

production of oxalic acid, leading to the deposition of
oxalate crystals in different organs, particularly the heart and
the kidneys (48,49). Echocardiography demonstrates biven-
tricular symmetrically thickened walls (49,50) (Fig. 2).
Ejection fraction may be normal in the early stage of this
disease (50). In advanced cases, mild biventricular dilation
has been observed (50). In contrast to LV hypertrophy
found in long-term dialysis patients, the myocardium in
hyperoxaluria is characterized by patchy, echodense speck-
led reflection most prominent in the papillary muscles
(50,51). In the very late stages, computed tomography can
demonstrate oxalate deposits as increased attenuation of the
myocardium (Fig. 4). Diastolic function is severely im-
paired, with elevated filling pressures and restrictive filling
pattern (49,50). Patients usually present with complete
atrioventricular block and ventricular conduction abnormal-
ities correlating with diffuse extensive oxalate infiltration of
the cardiac conduction system (50,51). QRS complex volt-
age is either increased or normal because of asymmetrical
and heterogeneous involvement of the myocardium, which
can inconsistently exhibit true hypertrophy (51).

There has been no consistent effect of daily hemodialysis
or of combined liver-kidney transplantation to improve
oxalate balance and reverse the echocardiographic abnor-
malities (51,52).

Mucopolysaccharidoses. The mucopolysaccharidoses rep-
resent inborn errors of metabolism due to deficiencies in

lysosomal enzymes that break down glycosaminoglycans
(53). The accumulation of partially degraded mucopolysac-
charides impairs proper cell function and leads to various
clinical manifestations. These disorders are inherited in an
autosomal recessive manner and affect men and women
equally (54). Depending on the type of mucopolysacchari-
dosis, affected patients may have normal intellect or may be

Figure 4

Unenhanced Chest Computed Tomographic Scan

Increased attenuation of myocardium is seen (arrow),
compatible with advanced oxalate deposition.
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profoundly retarded, experience developmental delay, or
have severe behavioral problems (55). Cardiac disease occurs
in almost 100% of all subtypes of mucopolysaccharidoses,
but the most severe cardiac involvement is seen in type I
(Hurler-Scheie syndrome) (56). Prominent valvular thick-
ening, diffuse coronary artery narrowing, myocardial thick-
ening, and secondary pulmonary hypertension are common
findings (12,56). Asymmetrical septal hypertrophy occurs
early, followed by thickening of the valves (56,57). The
mitral and the aortic valves are more frequently involved,
producing insufficiency and/or stenosis (56) (Fig. 2). LV
systolic function is usually normal (56). ECG evidence of
LV hypertrophy is uncommon (53,56). Small QRS complex
voltages may be due to poor conductance of glycosamino-
glycans (56). Rare intraventricular conduction delay or
malignant arrhythmias have been reported (56).

Diagnosis often can be made through clinical examination
and urine tests (excess mucopolysaccharides are excreted in the
urine). Enzyme assays (testing a variety of cells or body fluids
in culture for enzyme deficiency) are also used to provide
definitive diagnosis of 1 of the mucopolysaccharidoses.

Valve replacement has been successful in patients with
severe mitral valve disease (58,59). Enzyme replacement
therapy and bone marrow transplantation showed improve-
ments in cardiac structure and function in both human and
animal studies (60,61). Death occurs early and is often due
to cardiovascular complications (12,56).

Infiltrative Cardiomyopathies That Look Like
Ischemic or Nonischemic Dilated Cardiomyopathy

Cardiac sarcoidosis. This granulomatous disease tends to
affect the basal septum, atrioventricular node and atrioven-
tricular (His) bundle, focal regions in the ventricular free
walls, and the papillary muscles. Two-dimensional echocar-
diographic characteristics of cardiac sarcoid vary according
to disease activity and include wall thickening (>13 mm)
due to granulomatous expansion and wall thinning
(<7 mm) due to fibrosis. With scar retraction, aneurysms

JACC Vol. 55, No. 17, 2010
April 27, 2010:1769-79

may develop, especially if the patient has been treated with
corticosteroids (Fig. 5). Other echocardiographic features
include normal to dilated ventricular chambers, normal to
reduced systolic function, global to segmental hypokinesia,
and uniform thickening of left and right atrial endocardium
(62,63). Segmental wall motion abnormalities characteristi-
cally do not conform to any particular coronary distribution
(64). In contrast to idiopathic dilated cardiomyopathy,
dyskinetic or akinetic segments are interspersed with nor-
mokinetic segments, resulting in an uneven wall motion
abnormality in sarcoidosis (65). Pulmonary involvement
occurs in 90% of patients with sarcoidosis, and the presence
of pulmonary artery hypertension is an ominous sign and
warrants referral for lung transplantation (66,67). Thus,
Doppler echocardiographic examination should include the
assessment of pulmonary pressures and right ventricular
function to detect early signs of pulmonary hypertension.

Because of the varied echocardiographic presentations
of cardiac sarcoidosis, 2-dimensional echocardiography is
not sensitive or specific enough to detect early or small
localized areas of myocardial involvement (68). Contrast-
enhanced magnetic resonance imaging and (18F-fluoro-2-
deoxyglucose positron emission tomography are more sen-
sitive, and findings seem to correlate with disease severity
(68,69). In contrast to ischemic cardiomyopathy, in which
LGE always involves the subendocardium with different
degrees of transmural extension, LGE in cardiac sarcoid is
patchy and typically involves the basal and lateral LV walls
only (70).

Atypical infarction pattern and infrahisian atrioventricu-
lar block are commonly observed on the ECG (65,68,71).
Unlike idiopathic dilated cardiomyopathy, atrial flutter or
fibrillation is not common in cardiac sarcoid.

There are no randomized controlled trials to provide clear
guidance for the treatment of sarcoidosis with cardiac
involvement. Therefore, therapy should be supportive and
follow general principles for the management of sarcoidosis

(62,72).

Sarcoid

m Conditions With Dilated Left Ventricle and Infarct Pattern

Hemochromatosis

Dilated
Cardiomyopathy

All 3 conditions can present with a dilated left ventricle with poor systolic function and elevated
filling pressure characterized by left atrial enlargement. Cardiac sarcoid has an apical aneurysm.
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Wegener granulomatosis. Wegener granulomatosis is char-
acterized by necrotizing granulomatous inflammation, with
vasculitis affecting many organ systems, particularly the upper
and lower respiratory tract and the kidneys (73). In a series of
85 patients with confirmed Wegener granulomatosis who
underwent echocardiography, 26 (36%) had confirmed cardiac
abnormalities attributable to the disease (74). Regional wall
motion abnormalities were found in 17 (65%), mild mitral
regurgitation in 14 (54%), LV systolic dysfunction in 13 (50%),
and pericardial effusion in 5 (19%) (74). Those with associated
cardiac abnormalities had a higher mortality rate (46%) than
those without (39%) (74). Cardiac sarcoidosis is suspected
when regional wall motion abnormalities occur in relatively
young asymptomatic patients with low cardiovascular risk
profiles and are not confined to a specific coronary artery
territory (74). LGE in the midwall rather than the subendo-
cardium is consistent with fibrosis rather than infarction (75).

Management of Wegener granulomatosis requires a mul-
tidisciplinary approach. Any patient with Wegener granu-
lomatosis and cardiac involvement is classified as having
“severe” disease, defined as being life threatening or placing
the affected organ at immediate risk for irreversible damage
(76). Glucocorticosteroids and cyclophosphamide remain
the standard of care for remission induction.
Hemochromatosis. Hemochromatosis represents an iron
overload disorder or iron storage disease characterized by
the accumulation of excessive iron within the cells of various
internal organs. It may result from a genetic defect (hered-
itary hemochromatosis) or from secondary causes (second-
ary hemochromatosis) (12).

Cardiac hemochromatosis (iron heart) is a weak heart
that is characterized by systolic dysfunction. Only rarely is
diastolic dysfunction the dominant abnormality. Two-
dimensional echocardiography may not be able to distin-
guish cardiac hemochromatosis from idiopathic dilated
cardiomyopathy (Fig. 4). CMR can detect and quantify
myocardial iron infiltration using T2 cardiovascular mag-
netic resonance imaging (77,78).

The QRS complex voltage and duration are generally
preserved because of the absence of marked fibrosis with
largely preserved cardiac myocytes and the nonconductive
property of iron (79). With advanced disease, the ECG can
have abnormal results (low QRS complex voltage) with
repolarization abnormalities (79).

Liver biopsy is the definitive test for iron overload (80).
With functional cardiac involvement, stainable sarcoplasmic
iron is demonstrable in right ventricular endomyocardial
biopsy tissues; normally, there is no stainable iron in the
heart. With time, excessive sarcoplasmic iron may cause
myocyte degeneration and delicate interstitial fibrosis (12).

Cessation of multiple blood transfusions, phlebotomy,
and chelation therapy have been shown to reverse cardiac
abnormalities due to iron overload (81-83) (Fig. 3). Some
patients may require combined liver and heart transplanta-
tion (84).
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Conclusions

The infiltrative cardiomyopathies are a diverse group of
cardiac diseases, which are characterized by the deposition
of abnormal substances within heart tissue that cause the
ventricular walls to develop either diastolic dysfunction or,
less commonly, systolic dysfunction. Although amyloid
heart disease is commonly cited as the prototype of infiltra-
tive heart disease, it does not exemplify the diversity of the
infiltrative diseases. Because these disorders are relatively
rare and their physiologic and morphologic characteristics
are so variable, they tend to be misdiagnosed. Doppler
echocardiographic evaluation and ECG, and CMR in some
cases, in conjunction with the clinical manifestations, play a
vital role in establishing an accurate diagnosis and planning
the appropriate treatment.

Reprint requests and correspondence: Dr. James B. Seward,
Mayo Clinic, 200 First Street SW, Rochester, Minnesota 55905.
E-mail: seward@mayo.edu.

REFERENCES

1. Appleton CP. Evaluation of diastolic function by two-dimensional and
Doppler assessment of left ventricular filling including pulmonary
venous flow. In: Klein AL, Garcia M], editors. Klein & Garcia
Diastology: Clinical Approach to Diastolic Heart Failure. Philadel-
phia, PA: Saunders Elsevier, 2008:115-43.

2. Oh JK, Seward ]JB, Tajik AJ. The Echo Manual. 3rd edition.
Philadelphia, PA: Lippincott Williams & Wilkins, 2006.

3. Vohringer M, Mahrholdt H, Yilmaz A, Sechtem U. Significance of
late gadolinium enhancement in cardiovascular magnetic resonance
imaging (CMR). Herz 2007;32:129-37.

4. Rudolph A, Abdel-Aty H, Bohl S, et al. Noninvasive detection of
fibrosis applying contrast-enhanced cardiac magnetic resonance in
different forms of left ventricular hypertrophy relation to remodeling.
J Am Coll Cardiol 2009;53:284-91.

5. Chung WK. Predictive genetic testing for cardiomyopathies. Prog
Pediatr Cardiol 2007;23:33-38.

6. Colombo MG, Botto N, Vittorini S, Paradossi U, Andreassi MG.
Clinical utility of genetic tests for inherited hypertrophic and dilated
cardiomyopathies. Cardiovasc Ultrasound 2008;6:62.

7. Gertz MA, Lacy MQ, Dispenzieri A. Amyloidosis: recognition,
confirmation, prognosis, and therapy. Mayo Clin Proc 1999;74:
490-4.

8. Klein AL, Hatle LK, Burstow D], et al. Doppler characterization of
left ventricular diastolic function in cardiac amyloidosis. ] Am Coll
Cardiol 1989;13:1017-26.

9. Bellavia D, Abraham TP, Pellikka PA, et al. Detection of left
ventricular systolic dysfunction in cardiac amyloidosis with strain rate
echocardiography. ] Am Soc Echocardiogr 2007;20:1194-202.

10. Carroll JD, Gaasch WH, McAdam KP. Amyloid cardiomyopathy:
characterization by a distinctive voltage/mass relation. Am ] Cardiol
1982;49:9-13.

11. Rahman JE, Helou EF, Gelzer-Bell R, et al. Noninvasive diagnosis of
biopsy-proven cardiac amyloidosis. ] Am Coll Cardiol 2004;43:410-5.

12. Kumar V, Abbas AK, Fausto N, Mitchell RN. Robbins Basic
Pathology. 8th edition. Philadelphia, PA: Saunders Elsevier, 2007.

13. Kyle RA, Gertz MA, Greipp PR, et al. Long-term survival (10 years
or more) in 30 patients with primary amyloidosis. Blood 1999;93:
1062-6.

14. Palladini G, Russo P, Nuvolone M, et al. Treatment with oral
melphalan plus dexamethasone produces long-term remissions in AL
amyloidosis. Blood 2007;110:787-8.

15. Wechalekar AD, Goodman H]J, Lachmann H]J, Offer M, Hawkins
PN, Gillmore JD. Safety and efficacy of risk-adapted cyclophospha-

Downloaded from content.onlingjacc.org by Rami Alharethi on September 28, 2010


mailto:seward@mayo.edu
http://content.onlinejacc.org

1778

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Seward and Casaclang-Verzosa
Infiltrative Cardiomyopathies

mide, thalidomide, and dexamethasone in systemic AL amyloidosis.
Blood 2007;109:457-64.

Kastritis E, Anagnostopoulos A, Roussou M, et al. Treatment of light
chain (AL) amyloidosis with the combination of bortezomib and
dexamethasone. Haematologica 2007;92:1351-8.

Comenzo RL, Gertz MA. Autologous stem cell transplantation for
primary systemic amyloidosis. Blood 2002;99:4276—82.

Rajkumar SV, Gertz MA, Kyle RA, Greipp PR. Current therapy for
multiple myeloma. Mayo Clin Proc 2002;77:813-22.

Gertz MA, Lacy MQ, Gastineau DA, et al. Blood stem cell trans-
plantation as therapy for primary systemic amyloidosis (AL). Bone
Marrow Transplant 2000;26:963-9.

Lacy MQ, Dispenzieri A, Hayman SR, et al. Autologous stem cell
transplant after heart transplant for light chain (Al) amyloid cardio-
myopathy. ] Heart Lung Transplant 2008;27:823-9.

Maurer MS, Raina A, Hesdorffer C, et al. Cardiac transplantation
using extended-donor criteria organs for systemic amyloidosis compli-
cated by heart failure. Transplantation 2007;83:539-45.

Goldman ME, Cantor R, Schwartz MF, Baker M, Desnick RJ.
Echocardiographic abnormalities and disease severity in Fabry’s dis-
ease. ] Am Coll Cardiol 1986;7:1157-61.

Nakao S, Takenaka T, Maeda M, et al. An atypical variant of Fabry’s
disease in men with left ventricular hypertrophy. N Engl ] Med
1995;333:288-93.

Pieroni M, Chimenti C, De Cobelli F, et al. Fabry’s disease cardio-
myopathy: echocardiographic detection of endomyocardial glycosphin-
golipid compartmentalization. ] Am Coll Cardiol 2006;47:1663-71.
Colucci WS, Lorell BH, Schoen FJ, Warhol MJ, Grossman W.
Hypertrophic obstructive cardiomyopathy due to Fabry’s disease.
N Engl ] Med 1982;307:926-8.

Ommen SR, Nishimura RA, Edwards WD. Fabry disease: a mimic for
obstructive hypertrophic cardiomyopathy? Heart 2003;89:929-30.
Kounas S, Demetrescu C, Pantazis AA, et al. The binary endocardial
appearance is a poor discriminator of Anderson-Fabry disease from
familial hypertrophic cardiomyopathy. ] Am Coll Cardiol 2008;51:
2058-61.

De Cobelli F, Esposito A, Belloni E, et al. Delayed-enhanced cardiac
MRI for differentiation of Fabry’s disease from symmetric hypertro-
phic cardiomyopathy. AJR Am ] Roentgenol 2009;192:W97-102.
Pochis WT, Litzow JT, King BG, Kenny D. Electrophysiologic
findings in Fabry’s disease with a short PR interval. Am ] Cardiol
1994;74:203—4.

Linhart A, Lubanda JC, Palecek T, et al. Cardiac manifestations in
Fabry disease. ] Inherit Metab Dis 2001;24 Suppl:75—83.

Eng CM, Guffon N, Wilcox WR, et al. Safety and efficacy of
recombinant human alpha-galactosidase A-replacement therapy in
Fabry’s disease. N Engl ] Med 2001;345:9-16.

Arad M, Maron BJ, Gorham JM, et al. Glycogen storage discases
presenting as hypertrophic cardiomyopathy. N Engl ] Med 2005;352:
362-72.

Sugimoto S, Shiomi K, Yamamoto A, Nishino I, Nonaka I, Ohi T.
LAMP-2 positive vacuolar myopathy with dilated cardiomyopathy.
Intern Med 2007;46:757-60.

Charron P, Villard E, Sebillon P, et al. Danon’s disease as a cause of
hypertrophic cardiomyopathy: a systematic survey. Heart 2004;90:
842-6.

Sugie K, Yamamoto A, Murayama K, et al. Clinicopathological
features of genetically confirmed Danon disease. Neurology 2002;58:
1773-8.

Piotrowska-Kownacka D, Kownacki L, Kuch M, et al. Cardiovascular
magnetic resonance findings in a case of Danon disease. ] Cardiovasc
Magn Reson 2009;11:12.

Arad M, Benson DW, Perez-Atayde AR, et al. Constitutively active
AMP kinase mutations cause glycogen storage disease mimicking
hypertrophic cardiomyopathy. J Clin Invest 2002;109:357-62.

Arad M, Moskowitz IP, Patel VV, et al. Transgenic mice overexpress-
ing mutant PRKAG2 define the cause of Wolff-Parkinson-White
syndrome in glycogen storage cardiomyopathy. Circulation 2003;107:
2850-6.

Echaniz-Laguna A, Mohr M, Epailly E, et al. Novel Lamp-2 gene
mutation and successful treatment with heart transplantation in a large
family with Danon disease. Muscle Nerve 2006;33:393-7.

Durr A, Cossee M, Agid Y, et al. Clinical and genetic abnormalities
in patients with Friedreich’s ataxia. N Engl ] Med 1996;335:1169-75.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

JACC Vol. 55, No. 17, 2010
April 27, 2010:1769-79

Child JS, Perloff JK, Bach PM, Wolfe AD, Perlman S, Kark RA.
Cardiac involvement in Friedreich’s ataxia: a clinical study of 75
patients. ] Am Coll Cardiol 1986;7:1370-8.

Morvan D, Komajda M, Doan LD, et al. Cardiomyopathy in
Friedreich’s ataxia: a Doppler-echocardiographic study. Eur Heart ]
1992;13:1393-8.

Dutka DP, Donnelly JE, Nihoyannopoulos P, Oakley CM, Nunez DJ.
Marked variation in the cardiomyopathy associated with Friedreich’s
ataxia. Heart 1999;81:141-7.

Alboliras ET, Shub C, Gomez MR, et al. Spectrum of cardiac
involvement in Friedreich’s ataxia: clinical, electrocardiographic and
echocardiographic observations. Am J Cardiol 1986;58:518-24.
Leone M, Rocca WA, Rosso MG, Mantel N, Schoenberg BS, Schiffer
D. Friedreich’s disease: survival analysis in an Italian population.
Neurology 1988;38:1433-8.

Boddaert N, Le Quan Sang KH, Rotig A, et al. Selective iron
chelation in Friedreich ataxia: biologic and clinical implications. Blood
2007;110:401-8.

Isnard R, Kalotka H, Durr A, et al. Correlation between left
ventricular hypertrophy and GAA trinucleotide repeat length in
Friedreich’s ataxia. Circulation 1997;95:2247-9.

Gilbert EF. The effects of metabolic diseases on the cardiovascular
system. Am ] Cardiovasc Pathol 1987;1:189-213.

Schulze MR, Wachter R, Schmeisser A, Fischer R, Strasser RH.
Restrictive cardiomyopathy in a patient with primary hyperoxaluria
type IL. Clin Res Cardiol 2006;95:235-40.

Palka P, Duhig E, Carey L, Galbraith A. Primary oxalosis with cardiac
involvement: echocardiographic features of an unusual form of cardio-
myopathy. Circulation 2001;103:E122-3.

Velez-Roa S, Depierreux M, Nortier J, Unger P. Cardiac oxalosis: a
rare cause of diastolic dysfunction. Eur Heart ] 2006;27:2496.

Detry O, Honore P, DeRoover A, et al. Reversal of oxalosis cardio-
myopathy after combined liver and kidney transplantation. Transpl Int
2002;15:50-2.

Schieken RM, Kerber RE, Ionasescu VV, Zellweger H. Cardiac
manifestations of the mucopolysaccharidoses. Circulation 1975;52:
700-5.

Hamosh A. Online Mendelian Inheritance in Men. Baltimore, MD:
Johns Hopkins University, 2004.

Wraith J. The mucopolysaccharidoses: a clinical review and guide to
management. Arch Dis Child 1995;72:263-7.

Rigante D, Segni G. Cardiac structural involvement in mucopolysac-
charidoses. Cardiology 2002;98:18-20.

Dangel J. Cardiovascular changes in children with mucopolysaccharide
storage diseases and related disorders—clinical and echocardiographic
findings in 64 patients. Eur | Pediatr 1998;157:534-8.

Butman SM, Karl L, Copeland JG. Combined aortic and mitral valve
replacement in an adult with Scheie’s disease. Chest 1989;96:209-10.
Kitabayashi K, Matsumiya G, Ichikawa H, Matsue H, Shimamura K,
Sawa Y. Surgical treatment for mitral stenosis in Scheie’s syndrome:
mucopolysaccharidosis type I-S. Ann Thorac Surg 2007;84:654-5.
Gatzoulis M, Vellodi A, Redington A. Cardiac involvement in
mucopolysaccharidoses: effects of allogeneic bone marrow transplan-
tation. Arch Dis Child 1995;73:259-60.

Herskhovitz E, Yount E, Rainer J, et al. Bone marrow transplantation
for Maroteaux-Lamy syndrome (mucopolysaccharidosis type VI):
long-term follow-up. ] Inherit Metab Dis 1999;22:50—62.

Deng JC, Baughman RP, Lynch JP III. Cardiac involvement in
sarcoidosis. Semin Respir Crit Care Med 2002;23:513-27.
Hourigan LA, Burstow D], Pohlner P, Clarke BE, Donnelly JE.
Transesophageal echocardiographic abnormalities in a case of cardiac
sarcoidosis. ] Am Soc Echocardiogr 2001;14:399-402.

Silverman KJ, Hutchins GM, Bulkley BH. Cardiac sarcoid: a clinico-
pathologic study of 84 unselected patients with systemic sarcoidosis.
Circulation 1978;58:1204—-11.

Yazaki Y, Isobe M, Hiramitsu S, et al. Comparison of clinical features
and prognosis of cardiac sarcoidosis and idiopathic dilated cardiomy-
opathy. Am J Cardiol 1998;82:537—40.

Baughman RP. Pulmonary hypertension associated with sarcoidosis.
Arthritis Res Ther 2007;9 Suppl:S8.

Shah L. Lung transplantation in sarcoidosis. Semin Respir Crit Care
Med 2007;28:134-40.

Doughan AR, Williams BR. Cardiac sarcoidosis. Heart 2006;92:
282-8.

Downloaded from content.onlingjacc.org by Rami Alharethi on September 28, 2010


http://content.onlinejacc.org

JACC Vol. 55, No. 17, 2010
April 27, 2010:1769-79

69.

70.

71.

72.
73.

74.

75.

76.

77.

Tadamura E, Yamamuro M, Kubo S, et al. Effectiveness of delayed
enhanced MRI for identification of cardiac sarcoidosis: comparison
with radionuclide imaging. AJR Am J Roentgenol 2005;185:110-5.
Smedema JP, Snoep G, van Kroonenburgh MP, et al. Evaluation of
the accuracy of gadolinium-enhanced cardiovascular magnetic reso-
nance in the diagnosis of cardiac sarcoidosis. ] Am Coll Cardiol
2005;45:1683-90.

Wallace D, Lott MT, Procaccio V. Mitochondrial genes in degener-
ative disease, cancer and aging. In: Rimoin DL, Connor JM, Pyeritz
RE, Korf BR, editors. Emery and Rimoin’s Principles and Practice of
Medical Genetics. 5th edition. Philadelphia, PA: Churchill Living-
ston, 2007:194-298.

Baughman RP, Costabel U, du Bois RM. Treatment of sarcoidosis.
Clin Chest Med 2008;29:533—48.

Hoffman GS, Kerr GS, Leavitt RY, et al. Wegener granulomatosis: an
analysis of 158 patients. Ann Intern Med 1992;116:488-98.

Oliveira GH, Seward JB, Tsang TS, Specks U. Echocardiographic
findings in patients with Wegener granulomatosis. Mayo Clin Proc
2005;80:1435-40.

Edwards NC, Ferro CJ, Townend JN, Steeds RP. Myocardial disease
in systemic vasculitis and autoimmune disease detected by cardiovas-
cular magnetic resonance. Rheumatology 2007;46:1208-9.

Seo P, Min YI, Holbrook JT, et al. Damage caused by Wegener’s
granulomatosis and its treatment: prospective data from the Wegener’s
Granulomatosis Etanercept Trial (WGET). Arthritis Rheum 2005;
52:2168-78.

Cheong B, Huber S, Muthupillai R, Flamm SD. Evaluation of
myocardial iron overload by T2* cardiovascular magnetic resonance
imaging. Tex Heart Inst ] 2005;32:448-9.

Seward and Casaclang-Verzosa 1779
Infiltrative Cardiomyopathies

78. Masci PG, Dymarkowski S, Bogaert J. The role of cardiovascular
magnetic resonance in the diagnosis and management of cardiomyop-
athies. ] Cardiovasc Med (Hagerstown) 2008;9:435-49.

79. Hoffbrand AV. Diagnosing myocardial iron overload. Eur Heart J
2001;22:2140-1.

80. Qaseem A, Aronson M, Fitterman N, Snow V, Weiss KB, Owens
DK. Screening for hereditary hemochromatosis: a clinical practice
guideline from the American College of Physicians. Ann Intern Med
2005;143:517-21.

81. Nishio M, Endo T, Nakao S, Sato N, Koike T. Reversible cardiomy-
opathy due to secondary hemochromatosis with multitransfusions for
severe aplastic anemia after successful non-myeloablative stem cell
transplantation. Int ] Cardiol 2008;127:400-1.

82. Blank R, Wolber T, Maeder M, Rickli H. Reversible cardiomyopathy
in a patient with juvenile hemochromatosis. Int J Cardiol 2006;111:
161-2.

83. Alexander ], Kowdley KV. Hereditary hemochromatosis: genetics,
pathogenesis, and clinical management. Ann Hepatol 2005;4:240-7.

84. Ocel JJ, Edwards WD, Tazelaar HD, Petrovic LM, Edwards BS,
Kamath PS. Heart and liver disease in 32 patients undergoing biopsy
of both organs, with implications for heart or liver transplantation.
Mayo Clin Proc 2004;79:492-501.

Key Words: infiltrative ® cardiomyopathies ® cardiomyopathy.

I3 APPENDIX

For a list of contributions, please see the online version of this article.

Downloaded from content.onlingjacc.org by Rami Alharethi on September 28, 2010


http://content.onlinejacc.org

Infiltrative Cardiovascular Diseases. Cardiomyopathies That L ook Alike
James B. Seward, and Grace Casaclang-V erzosa
J. Am. Coll. Cardiol. 2010;55;1769-1779

doi:10.1016/j.jacc.2009.12.040

Thisinformation iscurrent as of September 28, 2010

Updated Information
& Services

Supplementary Material

References

Rights & Permissions

Reprints

including high-resolution figures, can be found at:
http://content.onlinejacc.org/cgi/content/full/55/17/1769

Supplementary material can be found at:
http://content.onlinejacc.org/cgi/content/full/55/17/1769/DC1

This article cites 79 articles, 40 of which you can access for
free at:
http://content.onlinejacc.org/cgi/content/full/55/17/17694BI B
L

Information about reproducing this articlein parts (figures,
tables) or in its entirety can be found online at:
http://content.onlinejacc.org/misc/permissions.dtl

Information about ordering reprints can be found online:
http://content.onlinejacc.org/misc/reprints.dtl

Downloaded from content.onlingjacc.org by Rami Alharethi on September 28, 2010



http://content.onlinejacc.org/cgi/content/full/55/17/1769
http://content.onlinejacc.org/cgi/content/full/55/17/1769/DC1
http://content.onlinejacc.org/cgi/content/full/55/17/1769#BIBL
http://content.onlinejacc.org/misc/permissions.dtl
http://content.onlinejacc.org/misc/reprints.dtl
http://content.onlinejacc.org

	Infiltrative Cardiovascular Diseases
	Infiltrative Heart Disease
	General considerations
	CARDIAC FUNCTION ASSESSMENT

	Electrophysiologic considerations
	Genetic testing
	General management

	Infiltrative Cardiomyopathies That Look Like Hypertrophic or Hypertensive Heart Disease
	Cardiac amyloid
	Fabry disease
	Danon disease
	Friedreich ataxia
	Myocardial oxalosis
	Mucopolysaccharidoses

	Infiltrative Cardiomyopathies That Look Like Ischemic or Nonischemic Dilated Cardiomyopathy
	Cardiac sarcoidosis
	Wegener granulomatosis
	Hemochromatosis

	Conclusions
	REFERENCES
	APPENDIX


