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Left ventricular (LV) wall thickening can occur due to both physiological and pathological processes.
Some LV wall thickening is caused by infiltrative cardiac deposition diseases — rare disorders from
both inherited and acquired conditions, with varying systemic manifestations. They portend a poor
prognosis and are generally not reversible except in rare circumstances when early diagnosis and
treatment may alter the outcome (e.g., Fabry disease). Cardiac involvement is variable and depends
on the degree of infiltration and type of infiltrate. These changes often lead to the development of
abnormalities in both the relaxation and contractile function of the heart ultimately resulting in heart
failure. Echocardiography is generally the first investigation of choice as it is easily available and gives
valuable information about the thickness of the ventricular walls as well as systolic and diastolic
function. It is also able to identify unique, characteristic features of the disease as well as detecting
any haemodynamic sequelae. This review looks at the role of echocardiography in the diagnosis and
prognosis of infiltrative cardiac deposition diseases.
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Introduction Amyloidosis

Many patients have the phenotype of left ventricular hyper- Pathophysiology

trophy (LVH), which may occur due to: chronic afterload
increases — aortic stenosis (AS) or systemic hypertension
(HTN); genetic conditions — hypertrophic cardiomyopathy
(HCM); or, cardiac infiltrative deposition diseases —
amyloid, sarcoid, Anderson-Fabry disease or haemochro-
matosis. Differentiation of the aetiology of the LVH is
important so that appropriate, disease specific treatment
can be initiated. The aim of this review is to demonstrate
the usefulness of echocardiography in the differentiation
of patients with abnormal thickening of the LV walls due to
cardiac involvement in infiltrative deposition diseases.

Amyloidosis is a clinical disorder that results from the extra-
cellular deposits of abnormal fibrils in various organs includ-
ing the heart [1]. More than 30 different unrelated proteins
can form amyloid fibrils but many of these are rare and do
not affect the heart [2].

Cardiac amyloidosis is the involvement of the heart by
amyloid deposition and may be cardiac specific or more
commonly part of systemic amyloidosis. Light-chain or pri-
mary (AL), familial or senile (ATTR) and secondary (AA)
amyloidosis are the three most common types of amyloid-
osis. These amyloid types differ in disease profile and long
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term outcome [3]. The most common form of cardiac amyloid
disease is systemic AL (primary amyloidosis), where the
protein deposited is monoclonal immunoglobulin light
chain. In the majority of cases, this occurs in the setting of
multiple myeloma, with 15%-30% of myeloma patients
developing AL cardiac amyloidosis [4]. Signs and symptoms
of cardiac involvement occur in up to 50% of patients with
AL amyloidosis compared to less than 5% of patients with
AA amyloidosis [5]. Regardless of the degree of left ventric-
ular (LV) wall thickness, AL amyloidosis has an aggressive
clinical course. In fact, despite advances in treatment and
improvement in overall survival over time, the 1-year mor-
tality is 45% [6]. AL requires early diagnosis and prompt
treatment for the underlying condition. Unlike AL amyloid-
osis, systemic AA amyloidosis (secondary amyloidosis)
rarely involves the heart. Wild-type ATTR amyloidosis
(ATTRwt) is caused by an increase in the accumulation of
wild-type transthyretin (TTR) —a protein that is produced in
the liver; whereas, familial or mutant ATTR (ATTRm) is due
to a mutation in the TTR gene leading to misfolding of the
protein. Cardiac involvement varies with the type of muta-
tion and there are over 100 different mutations that have been
described in ATTR amyloidosis [7]. Cardiac mutations of
ATTR amyloidosis can be associated with significant increase
in LV wall thickness (especially senile systemic amyloidosis,
SSA). Haemodynamic alterations are less common and the
disease runs a less aggressive course compared to AL amy-
loidosis. Early diagnosis becomes increasingly important as
new treatments have recently been tested in ATTR cardiac
amyloidosis showing promising results [8].

Left Ventricular Wall Thickness

The most common finding in amyloidosis is increased LV
wall thickness with a global wall thickening the usual sce-
nario; however rarely there may be a more regional distri-
bution (Figure 1A). This increase in wall thickness is due to

myocardial infiltration and not due to true myocyte hyper-
trophy, and therefore the term LVH should be used with
caution. The walls of the ventricles often reveal myocardial
speckling (a sparkling or granular appearance); however this
is not a diagnostic sign of cardiac amyloid [6] with reasonable
specificity of up to 81% [9,10] but low sensitivity (up to 36%)
[10-13]. The specificity of increased LV wall thickness on its
own is low for cardiac amyloidosis as this finding can be
found in many other conditions, like HCM, hypertensive
heart disease and other infiltrative cardiomyopathies. The
combination of increased LV mass in the absence of high
electrocardiograph (ECG) voltages may be more specific for
cardiac infiltrative diseases, of which amyloidosis is the most
common Table 1.

Diastolic Dysfunction

Left ventricular diastolic dysfunction occurs early in the
course of cardiac amyloid and correlates with disease severity.
As the disease progresses the diastolic function deteriorates
which can progress to a restrictive pattern in later stages
(Figure 2), with up to 88% of late stage cardiac amyloid
patients demonstrating a restrictive filling pattern [14-16].
Moreover, a restrictive filling pattern is associated with 50%
mortality at 12 months [16]. Early diastolic filling velocities
(E’) measured at four mitral annular sites using Tissue Dopp-
ler imaging (TDI) demonstrated impairment in both early and
late cardiac amyloidosis [17,18]. The E” velocity at all four
mitral annular sites was normal in patients with non-cardiac
amyloid, mildly impaired in patients with cardiac amyloid
but no clinical evidence of heart failure, and severely impaired
in patients with cardiac amyloid and heart failure despite
preserved LV systolic function in all three groups [18].

Systolic Dysfunction

Left ventricular systolic dysfunction in the form of reduced
LV ejection fraction (LVEF) appears only late in the disease

JPEG
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Figure 1 Apical four-chamber (A) and subcostal four-chamber (B) two-dimensional (2D) echocardiographic images from
two different patients with cardiac amyloidosis, showing increased left ventricular wall thickness (red arrows) and

pericardial effusion (white arrow).
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Table1 Clinical and echocardiographic features of the Common Infiltrative Cardiomyopathies, adapted from Shah et al.

[90].
Clinical presentation Echocardiogram Myocardial deformation imaging
Amyloidosis Diastolic heart failure Increased LV wall thickness Impaired LV strain
Right heart failure Diastolic dysfunction Relative apical sparing pattern on
(+/- Restrictive filling pattern) longitudinal strain imaging
Atrial enlargement
Systolic dysfunction in
advanced stage
Pericardial effusion
Sarcoidosis Conduction Basal Interventricular septal thinning Impaired LV strain not associated with
abnormalities Regional wall motion coronary artery distribution
CCF abnormalities not associated (no ‘typical” pattern observed)
SCD with coronary artery distribution

LV systolic and diastolic dysfunction

Anderson-Fabry Unexplained left ventricular
disease hypertrophy
CCF

Conduction abnormalities

Increased wall thickness
Abnormal diastology

Impaired LV strain
Regional strain abnormality in
the basal inferolateral region

Abbreviations: LV, left ventricular; CCF, congestive cardiac failure; SCD, sudden cardiac death; LVH, left ventricular hypertrophy.

and portends a poor prognosis. However, myocardial defor-
mation imaging such as TDI and speckle tracking strain are
able to detect systolic impairment prior to overt dysfunction.
Koyama et al. demonstrated reduced TDI systolic mitral
annular velocities (§) in patients with cardiac amyloid
and preserved LV systolic function compared to patients
with non-cardiac amyloid [18]. There was, however, no

difference in the S’ between the heart failure and non-heart
failure cardiac amyloid patients, indicating that abnormali-
ties in the systolic TDI velocities occur early in the disease
process and prior to overt heart failure. Echocardiographic

strain studies have shown subtle impairment even early in
the course of the disease [19].

Figure 2 Spectral Doppler of mitral inflow of the same patient with cardiac amyloidosis as seen in Figure 1A demonstrating
shortened deceleration time (DT) (white arrows) and increased E:A ratio (red and blue lines), suggestive of restrictive
physiology (A) and the corresponding tissue Doppler recording at mitral septal annulus of the same patient demonstrating
significantly reduced E’ velocity (green line) and elevated E/E’ corresponding to pronounced reduction in myocardial
longitudinal function and elevated left sided filling pressures, respectively (B).
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Moreover, in patients with wild type ATTR amyloidosis,
the mitral annular plane systolic excursion (MAPSE) was a
predictor of survival in the total cohort regardless of rhythm
and LV ejection fraction [20].

Advanced Echocardiographic Imaging

Strain and strain rate are sensitive in assessing early LV
systolic dysfunction in amyloid heart disease. It is now well
recognised that there is a specific strain ‘pattern’” demon-
strated in cardiac amyloidosis, with a severe impairment
of basal longitudinal strain (LS) along with preserved strain
in the apical regions [21]. This relative apical sparing pattern
observed along with the apical-to-base gradient in longitu-
dinal strain parallels the larger extent of amyloid infiltration
at basal level compared to the apex (Figure 3) [22,23]. More-
over, this apical sparing pattern is observed in both AL and
ATTR (hereditary and wild type) cardiac amyloid and the
basal-to-apical LS abnormalities are similar across both
types, reflecting the amyloid burden. A loss of this apical
sparing has been shown to predict major adverse cardiac
events [23]. Furthermore, Phelan et al. have demonstrated
that the pattern of relative apical sparing has a high accuracy
to differentiate cardiac amyloidosis from other causes of
LVH [24]. In their study, a relative apical LS (defined as
average apical LS/[average basal LS+ mid-LS]) of 1.0 was
93% sensitive and 82% specific in differentiating cardiac
amyloidosis from LVH due to HCM or aortic stenosis.

Additionally, the systolic basal LS on its own has been
shown to be a predictor of clinical outcomes. The basal LS is
more severely impaired in ATTRwt and AL amyloidosis
when compared to ATTRm amyloidosis [25] with a corre-
sponding increase in death and heart failure hospitalisation
rates.

Studies have also demonstrated a dissociation between
radial and longitudinal systolic strain in patients with cardiac
amyloidosis [21]. With this in mind a ratio comparing the
LVEF to the global longitudinal strain (GLS), known as
Ejection Fraction Strain Ratio (EFSR) has been developed
[26]. The EFSR is higher in cardiac amyloid patients
(5.7+£1.7) in comparison to the other groups (3.7 +0.6 for
HCM patients and 3.2 4 0.3 for normal participants). A cut-
off of EFSR =4.1 was able to differentiate cardiac amyloidosis
from HCM [27]. In fact, Di Bella et al. found a decrease in LV
longitudinal function with increasing myocardial amyloid
deposition as detected by *™Tc-Diphosphonate Imaging in
TTR related amyloidosis, with a compensatory increase in
both radial and circumferential strain [28].

Right Ventricular Involvement

Amyloid deposition in the right ventricle (RV) occurs later
than the LV and portends a worse prognosis. A reduction in
the RV free wall systolic tissue velocity and LS is observed in
AL amyloid patients compared to normal controls [29]. Fur-
thermore, RV LS is a predictor of all-cause mortality [29,30].

End-Systolic
Longitudinal Strain [%]

Anterior

Inferior

Figure 3 Global strain analysis (using speckle tracking echocardiography) in the same patient with cardiac amyloidosis as
Figure 1A and 2 demonstrating reduced regional strain in the basal and mid region of the left ventricle (pale colour), with

relative sparing of the apical segments (darker colour).
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Other Findings

Amyloid protein deposition may cause the cardiac valves to be
thickened with or without significant dysfunction. Atrial
involvement can lead to atrial dilatation (Figure 1) and dys-
function. Mohty et al. found thata decrease in 3D derived peak
atrial LS is associated with worse outcome, independently of
left atrial (LA) volume [31]. Pericardial effusion (Figure 1B)
may also be observed, however it is generally only small to
moderate in size without haemodynamic compromise.

Sarcoidosis

Pathophysiology

Sarcoidosis is an idiopathic disease associated with the col-
lection and progression of inflammatory cells in the form of
granulomas that affect several organs of the body, disrupting
normal organ function. It results in non-caseating granulo-
matous infiltration (the histopathological hallmark of the
disease). Although the cause of sarcoidosis is unknown, it
is likely that it results from an immunological response to an
unidentified antigen in genetically susceptible individuals
[32]. There are three sequential stages of the disease—
oedema, granuloma formation and fibrosis leading to scar
formation. Various organs, including the heart, can be
affected and the involvement may be focal or diffuse. Cardiac
involvement is generally underdiagnosed with autopsy and
advanced imaging studies suggesting cardiac involvement in
more than 25% of the patients despite only 5% of patients
with systemic sarcoidosis reporting cardiac symptoms [33].
Although rare, cardiac sarcoidosis has significant morbidity
and mortality, with mortality rates of up to 60% reported in
some registries [34]. Often the first symptom of cardiac sar-
coidosis can be malignant arrhythmias resulting in sudden
cardiac death (SCD). Symptoms have been related to the
degree and location of granuloma formation and subsequent

scarring, and can range from no symptoms to severe heart
failure. Sarcoidosis can produce granulomatous inflamma-
tion in any area of the heart, including the endocardium,
myocardium, pericardium, conduction system, coronary
arteries, and vena cava. Most research has focussed on car-
diac findings in patients with known extra-cardiac sarcoido-
sis, therefore very little is known about patients with isolated
cardiac sarcoidosis.

Cardiac sarcoidosis is a condition with a poor prognosis
[35]. Cardiac death is generally due to heart failure or SCD
[35]. Cardiac sarcoid is difficult to diagnose due to the focal
nature of the disease with endocardial biopsy findings only
20-30% sensitive for positive diagnosis [36]. Several diagnos-
tic criteria have been proposed for the diagnosis of cardiac
sarcoidosis, including the Japanese Ministry of Health and
Welfare (JMHW) criteria (originally published in 1993 and
modified in 2006) and the Heart Rhythm Society (HRS) 2014
Expert Consensus Statement [37]. Due to the rarity of the
disease none of the diagnostic criteria are supported by
randomised data or prospective studies.

Two-Dimensional Echocardiography

Echocardiography serves an important role as the initial
imaging modality in suspected or known cardiac sarcoidosis.
Any abnormalities depend on the extent of myocardial
involvement and may be absent in many patients [38]. There
may be global hypokinesia of one or both ventricles or a
regional pattern of dysfunction depending upon the extent of
myocardial involvement (Figure 4). In patients with dilated
cardiomyopathy the presence of basal interventricular septal
thinning is suggestive of cardiac sarcoid [39]. Other more rare
findings include LV wall thickening, aneurysms and dia-
stolic dysfunction, although these abnormalities are variable
and are only seen in 14 to 67% of patients with cardiac
sarcoidosis [40-42]. The published diagnostic echocardiog-
raphy criteria include basal thinning of the interventricular

Figure4 A parasternal long axis (A) and apical four-chamber image of a patient with late stage cardiac sarcoidosis (B). Note

the thinning of the basal interventricular septum (arrow).



1370

R. Perry, J.B. Selvanayagam

septum, reduced LVEF <50%, wall motion abnormalities,
wall thickening or thinning outside of a coronary distribution
pattern and LV dilatation.

Whilst diastolic dysfunction is invariably present in car-
diac sarcoid it is not a specific sign of cardiac involvement
[43]. Generally standard echocardiography abnormalities are
variable and non-specific. Any abnormalities considered car-
diac sarcoid-specific detected on echocardiography have
been shown to have 62% sensitivity but only 29% specificity
for confirmed cardiac sarcoidosis [44]. Only 25% of patients
with cardiovascular magnetic resonance (CMR) or 18F-FDG-
PET evidence of cardiac sarcoid had ‘typical’ abnormalities
in their echocardiogram [38]. Notwithstanding this, an
abnormal echocardiographic result can assist in suggesting
the presence of cardiac sarcoid. A reduction in LVEF predicts
mortality in patients with cardiac sarcoid [41,45]. Moreover,
corticosteroid treatment for patients has been shown to be
more effective prior to reduction in LVEF, however it was the
New York Heart Association (NYHA) symptomatic class that
was the strongest predictor of mortality in this study [45].
Myocardial deformation imaging in the form of LS, has been
demonstrated as a better assessment of cardiac involvement
in sarcoidosis and shows promise in diagnosis and
prognosis.

Advanced Echocardiographic Imaging

Global longitudinal strain has been shown to be reduced in
patients with extra-cardiac sarcoidosis but without overt

evidence of cardiac involvement, indicating pre-clinical car-
diac involvement prior to any reduction in LVEF or other
ECG/echocardiographic abnormalities [46,47] (Figure 5).
Moreover, this reduction in GLS has also been associated
with poorer outcomes, including all-cause mortality, heart
failure hospitalisation and malignant ventricular arrhyth-
mias [46-49]. Furthermore, GLS is able to differentiate
between patients with extra-cardiac (—19.6+1.9%) and
cardiac sarcoid (—14.7+2.4%) with virtually no overlap
between the two groups [50]. Reduced GLS was found to
correlate with the presence and extent of CMR late gado-
linium enhancement (LGE) in the cardiac sarcoid patients
[50] (Figure 6), indicating that this represents both oedema
and replacement fibrosis. Three-dimensional derived
radial strain was found to differentiate cardiac sarcoid
vs dilated cardiomyopathy in one study [51], however
other studies found that only longitudinal and circumfer-
ential strain could do this [52]. Furthermore, a study look-
ing at multiple strain measurements in all cardiac
chambers in patients with diagnosed cardiac sarcoidosis
found that GLS, LV radial and circumferential strain, LV
twist and untwist as well as RV GLS and LA and RA
reservoir functions were significantly impaired in patients
compared with controls [53]. Although more research is
required, speckle tracking strain shows promise in detec-
tion of cardiac sarcoidosis, particularly for patients who do
not have access to or have a contraindication to CMR or
positron emission tomography (PET).

End-Systolic
Longitudinal Strain [%]

Anterior

Inferior

Figure 5 Global strain analysis (using speckle tracking echocardiography) in the same patient with cardiac sarcoidosis seen
in Figure 4 demonstrating reduced global longitudinal strain (GLS) and regional strain pattern that does not correspond to

coronary artery distribution.
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Figure 6 Cardiac magnetic resonance late gadolinium
enhancement imaging of the same patient with cardiac
sarcoid seen in Figures. 4 and 5. Note the patchy appear-
ance of the late gadolinium enhancement (white arrows)
that does not correspond to coronary artery distribution.

Fabry Disease

Pathophysiology

Anderson-Fabry disease (AFD) is a rare X-linked inherited
metabolic disorder, which results in a deficiency or absence
of the enzyme - galactosidase leading to the accumulation
of glycosphingolipids in various cells and organs including
the heart. The deposition of sphingolipids in the vascular
endothelium of the heart, kidney, skin, and brain leads to
tissue and organ damage and ultimately failure. Cardiac
involvement is common [54] and results in LV wall thicken-
ing and regional fibrosis [55]. Clinically, patients may present
with heart failure and conduction abnormalities which
account for the most common cause of death in these
patients. However, many patients present with unexplained
LVH on routine echocardiography and may remain undiag-
nosed due to this non-specific finding. The diagnosis is
primarily based on direct testing of the ox- galactosidase level,
genetic mapping, and endomyocardial biopsy.

Unlike other infiltrative cardiomyopathies, AFD has the
potential of reversibility with treatment by enzyme replace-
ment therapy (ERT) or chaperone therapy, especially if diag-
nosed early [56]. Whilst still rare, AFD is not as rare as initially
thoughtand may be difficult to distinguish from other forms of
infiltrative or hypertrophic cardiomyopathies. Most studies
have focussed on males, as they tend to demonstrate the
phenotype of LV wall thickening earlier and are thought to
have more cardiovascular complications. However, due to the
pattern of heredity, over two-thirds of patients with AFD are
females and symptoms may range from negligible to severe.

Chimenti et al. tested female patients with HCM and discov-
ered that 12% of female patients, in fact, have AFD on myocar-
dial biopsy [55] whereas in a similar population of male
patients with HCM the rate was lower at 6.3% [57]. In patients
with unexplained LVH, a prevalence of AFD up to 3% has been
shown [58]. Autopsy and histopathology studies have demon-
strated glycolipid deposition in the LV, RV and LA [59-61].

Two-Dimensional Echocardiography

The main echocardiographic finding in AFD is concentric LV
wall thickening usually with preserved systolic function in
the early stages of the disease process (Figure 7). As with
other infiltrative cardiomyopathies, abnormal diastolic filling
patterns may be observed. There may be some thickening of
the cardiac valves; however, severe dysfunction is rare.

Left ventricular wall thickening is a more common finding
in males than females with AFD [62,63] with males display-
ing increase LV mass at a younger age then females [63]. The
presence of increased LV wall thickening has been associated
with more cardiovascular symptoms, arrhythmias and val-
vular disease in AFD [63]. Right ventricular hypertrophy
(RVH) is also seen in AFD patients with varying prevalence
between 31-71% [64-66]. The presence of RVH is not gender
specific as is the case with LVH, is more frequent with
increasing age and the severity is correlated with the severity
of co-existing LVH [65]. However, overt RV systolic dysfunc-
tion is rare, even in the presence of RVH [64].

Prominent papillary muscles have been observed in
patients with AFD. An echocardiographic ratio of papillary
muscle size to LV circumference was higher in AFD patients
compared to patients with Friedreich ataxia, hypertensive
heart disease and cardiac amyloidosis [67]. This prominence
of the papillary muscles has been confirmed with CMR in
patients with and without LV wall thickening [68].

Diastolic dysfunction is more prevalent in AFD patients
with increased LV mass (79% vs 7% without LV wall thicken-
ing) [69]. Furthermore, there was decreased LA compliance in
patients with AFD compared with normal controls using TDI
irrespective of the degree of LV mass [69].

The utility of the binary sign or endocardial ‘stripe” as seen
in echocardiography has been investigated as a hallmark of
the disease. The binary sign is the appearance of a bright,
hyper-echogenic region in the LV myocardium adjacent to a
relatively low echo intensity region giving a clear black/
white interface. Pieroni et al. found a binary sign in 83%
of patients with AFD [70] leading to further research by other
groups, however all other studies have demonstrated a much
lower prevalence of approximately 20% and have noted that
the binary sign occurs more frequently in patients with LVH,
which may partially account for this discrepancy [71,72].

Advanced Echocardiographic Imaging

Tissue Doppler imaging has been shown to identify early
stages of AFD [73]. Weidemann et al. found that TDI strain
and strain rate was reduced in AFD patients compared with
normal controls. Furthermore, this abnormal strain and
strain rate improved with ERT, but only in those without
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Figure 7 An apical four-chamber image of a patient with genetically diagnosed Anderson-Fabry disease. Note the mild to
moderate increase in left ventricular wall thickness (red arrows).

fibrosis as defined by LGE on CMR. This would indicate that
improvement in LV subclinical function with ERT is depen-
dent on the degree of fibrosis [56,74]. Zamorano et al.
expanded on this, demonstrating that only 33% of patients
on ERT, compared with 80% of patients not on ERT, devel-
oped abnormal TDI strain parameters [75]. All three studies
concluded that TDI strain may be an indicator for AFD
cardiomyopathy progression and may assist with the deci-
sion for early intervention with ERT.

Speckle tracking strain has more recently been shown to
identify AFD, independently of LVH with greater sensitivity
and specificity than TDI [76]. Reduced strain and strain rate
has been shown to correlate to myocardial regions on CMR
with LGE [77]. In fact Niemann et al. demonstrated that the
development of myocardial fibrosis as detected by LGE on
CMR does not require LV wall thickening in female patients
which clearly impacts how the AFD cardiomyopathy should
be defined [78]. Furthermore, Saccheri et al. demonstrated
that regional longitudinal LV strain was impaired in at least
one or more segments in all patients with AFD, regardless of
the presence of LV wall thickening [79].

Whilst some studies have demonstrated a decrease in GLS
thisreductionis generally duetoaregional decreaseinstrainin
the basal inferolateral regions (Figure 8) [77,80,81]. Further-
more, the circumferential strain is also reduced in patients with
AFD with a decrease in both the global circumferential strain
and a loss of the normal base to apex gradient [77,80].

Longitudinal strain has also been reported as being
reduced in the RV [82] and LA [82-84] in patients with
AFD and may also provide information on cardiac glycolipid
accumulation prior to the development of abnormal LV wall
thickening and cardiac symptoms.

Haemochromatosis and Iron
Overload Cardiomyopathy

There are two main types of iron overload cardiomyopathy
(IOCQ), a familial idiopathic IOC and secondary haemochroma-
tosis from iron overload [85]. This results in excessive iron in
various organs, including the heart, liver and pancreas, leading
to damage and impairment. Whilst CMR is the gold standard for
non-invasive imaging in patients with or with suspected I0C
due to its ability to determine myocardial iron content; echocar-
diography is a valuable tool for screening and follow-up of these
patients. Patients may present with different phenotypes
depending of the degree of iron overload which may include
diastolic dysfunction, increased LV wall thickness, dilated car-
diomyopathy and/or restrictive cardiomyopathy [86,87].

Advanced Echocardiographic Imaging
Both speckle tracking strain and TDI have demonstrated
regional systolic LV and RV abnormalities in patients with
IOC due to beta thalassaemia [88]. Moreover, in asymptomatic
patients with IOC due to thalassaemia major, LV rotation was
impaired prior to the development of overt systolic dysfunction
[89]. Further research is required in IOC to better define the role
of echocardiographic myocardial imaging in these patients.

Other Infiltrative Diseases

Other, rarer infiltrative diseases may also present as an LVH
phenotype. These include glycogen storage diseases (GSD)
which includes Danon disease. These patients clinically present
with skeletal myopathy, mental retardation and heart failure.
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Peak Systolic Strain

Figure 8 Global strain analysis (using speckle tracking echocardiography) in the same patient as Figure 7 with Anderson-
Fabry disease demonstrating reduced regional strain in the basal inferolateral region of the left ventricle (pale red and blue
colour, shown with white arrow), with normal regional strain elsewhere (darker colour).

Echocardiography often demonstrates LVH and LV outflow
tract obstruction however these findings are not diagnostic.

Friedreich’s ataxia is an autosomal recessive disorder.
Echocardiography initially demonstrates increased interven-
tricular septal thickness however as the disease progresses
the main finding is that of a dilated cardiomyopathy.

Conclusions

Diagnosis of infiltrative cardiomyopathies from a patient
presenting with the LVH phenotype is clinically challenging.
The addition of advanced myocardial imaging techniques
(strain analysis) to standard echocardiography may give a
better indication of the disease aetiology and lead to further
non-invasive and invasive diagnostic testing. Accurate diag-
nosis requires integration of clinical assessment, multi-
modality cardiac imaging and endomyocardial biopsy.

References

[1] Selkoe DJ. Folding proteins in fatal ways. Nature 2003;426:900—4.

[2] Sipe JD, Benson MD, Buxbaum JN, Ikeda S, Merlini G, Saraiva M], et al.
Nomenclature 2014: Amyloid fibril proteins and clinical classification of
the amyloidosis. Amyloid 2014;21:221-4.

[3] Rapezzi C, Merlini G, Quarta CC, Riva L, Longhi S, Leone O, et al.
Systemic cardiac amyloidoses: disease profiles and clinical courses of
the 3 main types. Circulation 2009;120:1203-12.

[4] Bahlis NJ, Lazarus HM. Multiple myeloma-associated AL amyloidosis: is
a distinctive therapeutic approach warranted? Bone Marrow Transpl
2006;38:7-15.

[5] Merlini G. CyBorD: stellar response rates in AL amyloidosis. Blood
2012;119:4343-5.

[6] Selvanayagam JB, Hawkins PN, Paul B, Myerson SG, Neubauer S. Eval-
uation and management of the cardiac amyloidosis. ] Am Coll Cardiol
2007;50:2101-10.

[7] Benson MD. The hereditary amyloidoses. Best Pract Res Clin Rheumatol
2003;17:909-27.

[8] Maurer MS, Schwartz JH, Gundapaneni B, Elliott PM, Merlini G, Wad-
dington-Cruz M, et al. Tafamidis treatment for patients with transthyr-
etin amyloid cardiomyopathy. N Engl ] Med 2018;379:1007-16.

[9] Falk RH, Plehn JF, Deering T, Schick Jr EC, Boinay P, Rubinow A, et al.
Sensitivity and specificity of the echocardiographic features of cardiac
amyloidosis. Am J Cardiol 1987,59:418-22.

[10] Rahman JE, Helou EF, Gelzer-Bell R, Thompson RE, Kuo C, Rodriguez
ER, et al. Noninvasive diagnosis of biopsy-proven cardiac amyloidosis. ]
Am Coll Cardiol 2004;43:410-5.

[11] Cacoub P, Axler O, De Zuttere D, Hausfater P, Amoura Z, Walter S, et al.
Amyloidosis and cardiac involvement. Ann Med Interne (Paris)
2000;151:611-7.

[12] Simons M, Isner JM. Assessment of relative sensitivities of noninvasive
tests for cardiac amyloidosis in documented cardiac amyloidosis. Am J
Cardiol 1992;69:425-7.

[13] Hongo M, Kono J, Yamada H, Misawa T, Tanaka M, Nakatsuka T, et al.
Doppler echocardiographic assessments of left ventricular diastolic fill-
ing in patients with amyloid heart disease. ] Cardiol 1991;21:391-401.

[14] Demir M, Paydas S, Cayli M, Akpinar O, Balal M, Acarturk E. Tissue
Doppler is a more reliable method in early detection of cardiac dysfunc-
tion in patients with AA amyloidosis. Ren Fail 2005;27:415-20.

[15] Klein AL, Hatle LK, Taliercio CP, Taylor CL, Kyle RA, Bailey KR, et al.
Serial Doppler echocardiographic follow-up of left ventricular diastolic
function in cardiac amyloidosis. ] Am Coll Cardiol 1990;16:1135-41.

[16] Klein AL, Hatle LK, Taliercio CP, Oh JK, Kyle RA, Gertz MA, et al.
Prognostic significance of Doppler measures of diastolic function in
cardiac amyloidosis. A Doppler echocardiography study. Circulation
1991;83:808-16.

[17] Cueto-Garcia L, Tajik AJ, Kyle RA, Edwards WD, Greipp PR, Callahan
JA, et al. Serial echocardiographic observations in patients with primary
systemic amyloidosis: an introduction to the concept of carly (asymp—
tomatic) amyloid infiltration of the heart. Mayo Clin Proc 1984;59:589-97.

[18] Koyama J, Ray-Sequin PA, Davidoff R, Falk RH. Usefulness of pulsed
tissue Doppler imaging for evaluating systolic and diastolic left ventric-
ular function in patients with AL (primary) amyloidosis. Am ] Cardiol
2002;89:1067-71.


http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0005
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0010
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0010
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0010
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0015
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0015
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0015
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0020
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0020
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0020
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0025
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0025
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0030
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0030
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0030
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0035
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0035
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0040
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0040
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0040
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0045
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0045
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0045
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0050
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0050
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0050
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0055
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0055
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0055
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0060
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0060
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0060
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0065
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0065
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0065
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0070
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0070
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0070
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0075
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0075
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0075
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0080
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0080
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0080
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0080
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0085
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0085
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0085
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0085
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0090
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0090
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0090
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0090

1374

R. Perry, J.B. Selvanayagam

[19] Koyama J, Ray-Sequin PA, Falk RH. Longitudinal myocardial function
assessed by tissue velocity, strain, and strain rate tissue Doppler echo-
cardiography in patients with AL (primary) cardiac amyloidosis. Circu-
lation 2003;107:2446-52.

[20] Siepen FAD, Bauer R, Voss A, Hein S, Aurich M, Riffel ], et al. Predictors
of survival stratification in patients with wild-type cardiac amyloidosis.
Clin Res Cardiol 2018;107:158-69.

[21] Baccouche H, Maunz M, Beck T, Gaa E, Banzhaf M, Knayer U, et al.
Differentiating cardiac amyloidosis and hypertrophic cardiomyopathy
by use of three-dimensional speckle tracking echocardiography. Echo-
cardiography 2012;29:668-77.

[22] Nucifora G, Muser D, Morocutti G, Piccoli G, Zanuttini D, Gianfagna P,
et al. Disease-specific differences of left ventricular rotational mechanics
between cardiac amyloidosis and hypertrophic cardiomyopathy. Am J
Physiol Heart Circ Physiol 2014;307:H680-688.

[23] Ternacle J, Bodez D, Guellich A, Audureau E, Rappeneau S, Lim P, et al.
Causes and consequences of longitudinal LV dysfunction assessed by 2D
strain echocardiography in cardiac amyloidosis. JACC Cardiovasc Imag-
ing 2016;9:126-38.

[24] Phelan D, Collier P, Thavendiranathan P, Popovic ZB, Hanna M, Plana
JC, et al. Relative apical sparing of longitudinal strain using two-dimen-
sional speckle-tracking echocardiography is both sensitive and specific
for the diagnosis of cardiac amyloidosis. Heart 2012;98:1442-8.

[25] Quarta CC, Solomon SD, Uraizee I, Kruger J, Longhi S, Ferlito M, et al.
Left ventricular structure and function in transthyretin-related versus
light-chain cardiac amyloidosis. Circulation 2014;129:1840-9.

[26] Onishi T, Saha SK, Delgado-Montero A, Ludwig DR, Onishi T, Schelbert
EB, et al. Global longitudinal strain and global circumferential strain by
speckle-tracking echocardiography and feature-tracking cardiac mag-
netic resonance imaging: comparison with left ventricular ejection frac-
tion. ] Am Soc Echocardiogr 2015;28:587-96.

[27] Pagourelias ED, Duchenne J, Mirea O, Vovas G, Van Cleemput J, Del-
forge M, et al. The relation of ejection fraction and global longitudinal
strain in amyloidosis: implications for differential diagnosis. JACC Car-
diovasc Imaging 2016;9:1358-9.

[28] Di Bella G, Minutoli F, Piaggi P, Casale M, Mazzeo A, Zito C, et al.
Quantitative comparison between amyloid deposition detected by (99m)
Te-diphosphonate imaging and myocardial deformation evaluated by
strain echocardiography in transthyretin-related cardiac amyloidosis.
Circ J 2016;80:1998-2003.

[29] Bellavia D, Pellikka PA, Dispenzieri A, Scott CG, Al-Zahrani GB, Grogan
M, et al. Comparison of right ventricular longitudinal strain imaging,
tricuspid annular plane systolic excursion, and cardiac biomarkers for
early diagnosis of cardiac involvement and risk stratification in primary
systematic (AL) amyloidosis: a 5-year cohort study. Eur Heart J Cardi-
ovasc Imaging 2012;13:680-9.

[30] Cappelli F, Porciani MC, Bergesio F, Perlini S, Attana P, Moggi Pignone
A, etal. Right ventricular function in AL amyloidosis: characteristics and
prognostic implication. Eur Heart ] Cardiovasc Imaging 2012;13:416-22.

[31] Mohty D, Petitalot V, Magne J, Fadel BM, Boulogne C, Rouabhia D, et al.
Left atrial function in patients with light chain amyloidosis: a transtho-
racic 3D speckle tracking imaging study. ] Cardiol 2018;71:419-27.

[32] McGrath DS, Goh N, Foley PJ, du Bois RM. Sarcoidosis: genes and
microbes—soil or seed? Sarcoidosis Vasc Diffuse Lung Dis 2001;18:149-64.

[33] Hamzeh N, Steckman DA, Sauer WH, Judson MA. Pathophysiology and
clinical management of cardiac sarcoidosis. Nat Rev Cardiol 2015;12:278—
88.

[34] Pierre-Louis B, Prasad A, Frishman WH. Cardiac manifestations of
sarcoidosis and therapeutic options. Cardiol Rev 2009;17:153-8.

[35] Kandolin R, Lehtonen J, Airaksinen J, Vihinen T, Miettinen H, Ylitalo K,
et al. Cardiac sarcoidosis: epidemiology, characteristics, and outcome
over 25 years in a nationwide study. Circulation 2015;131:624-32.

[36] Cooper LT, Baughman KL, Feldman AM, Frustaci A, Jessup M, Kuhl U,
et al. The role of endomyocardial biopsy in the management of cardio-
vascular disease: a scientific statement from the American Heart Associ-
ation, the American College of Cardiology, and the European Society of
Cardiology. Circulation 2007;116:2216-33.

[37] Birnie DH, Sauer WH, Bogun F, Cooper JM, Culver DA, Duvernoy CS,
et al. HRS expert consensus statement on the diagnosis and management
of arrhythmias associated with cardiac sarcoidosis. Heart Rhythm
2014;11:1305-23.

[38] Mehta D, Lubitz SA, Frankel Z, Wisnivesky JP, Einstein AJ, Goldman M,
et al. Cardiac involvement in patients with sarcoidosis: diagnostic and
prognostic value of outpatient testing. Chest 2008;133:1426-35.

[39] Dubrey SW, Falk RH. Diagnosis and management of cardiac sarcoidosis.
Prog Cardiovasc Dis 2010;52:336-46.

[40] Skold CM, Larsen FF, Rasmussen E, Pehrsson SK, Eklund AG. Determi-
nation of cardiac involvement in sarcoidosis by magnetic resonance
imaging and Doppler echocardiography. ] Intern Med 2002;252:465-71.

[41] Burstow DJ, Tajik AJ, Bailey KR, DeRemee RA, Taliercio CP. Two-
dimensional echocardiographic findings in systemic sarcoidosis. Am J
Cardiol 1989;63:478-82.

[42] Sekhri V, Sanal S, Delorenzo LJ, Aronow WS, Maguire GP. Cardiac
sarcoidosis: a comprehensive review. Arch Med Sci 2011;7:546-54.

[43] Patel AR, Klein MR, Chandra S, Spencer KT, Decara JM, Lang RM, et al.
Myocardial damage in patients with sarcoidosis and preserved left
ventricular systolic function: an observational study. Eur ] Heart Fail
2011;13:1231-7.

[44] Freeman AM, Curran-Everett D, Weinberger HD, Fenster BE, Buckner
JK, Gottschall EB, et al. Predictors of cardiac sarcoidosis using commonly
available cardiac studies. Am J Cardiol 2013;112:280-5.

[45] Yazaki Y, Isobe M, Hiroe M, Morimoto S, Hiramitsu S, Nakano T, et al.
Prognostic determinants of long-term survival in Japanese patients with
cardiac sarcoidosis treated with prednisone. AmJ Cardiol 2001;88:1006-10.

[46] Schouver ED, Moceri P, Doyen D, Tieulie N, Queyrel V, Baudouy D, et al.
Early detection of cardiac involvement in sarcoidosis with 2-dimensional
speckle-tracking echocardiography. Int J Cardiol 2017;227:711-6.

[47] Joyce E, Ninaber MK, Katsanos S, Debonnaire P, Kamperidis V, Bax J],
et al. Subclinical left ventricular dysfunction by echocardiographic
speckle-tracking strain analysis relates to outcome in sarcoidosis. Eur J
Heart Fail 2015;17:51-62.

[48] Felekos I, Aggeli C, Gialafos E, Kouranos V, Rapti A, Sfikakis P, et al.
Global longitudinal strain and long-term outcomes in asymptomatic
extracardiac sarcoid patients with no apparent cardiovascular disease.
Echocardiography 2018;35:804-8.

[49] Chen ], Lei J, Scalzetti E, McGrath M, Feiglin D, Voelker R, et al. Myo-
cardial contractile patterns predict future cardiac events in sarcoidosis.
Int J Cardiovasc Imaging 2018;34:251-62.

[50] Murtagh G, Laffin LJ, Patel KV, Patel AV, Bonham CA, Yu Z, et al.
Improved detection of myocardial damage in sarcoidosis using longitu-
dinal strain in patients with preserved left ventricular ejection fraction.
Echocardiography 2016;33:1344-52.

[51] Tsuji T, Tanaka H, Matsumoto K, Miyoshi T, Hiraishi M, Kaneko A, et al.
Capability of three-dimensional speckle tracking radial strain for identi-
fication of patients with cardiac sarcoidosis. Int J Cardiovasc Imaging
2013;29:317-24.

[52] Orii M, Hirata K, Tanimoto T, Shiono Y, Shimamura K, Yamano T, et al.
Myocardial damage detected by two-dimensional speckle-tracking echo-
cardiography in patients with extracardiac sarcoidosis: comparison with
magnetic resonance imaging. ] Am Soc Echocardiogr 2015;28:683-91.

[53] Tigen K, Sunbul M, Karaahmet T, Tasar O, Dundar C, Yalcinsoy M, et al.
Early detection of bi-ventricular and atrial mechanical dysfunction using
two-dimensional speckle tracking echocardiography in patients with
sarcoidosis. Lung 2015;193:669-75.

[54] Kampmann C, Baehner F, Whybra C, Martin C, Wiethoff CM, Ries M,
et al. Cardiac manifestations of Anderson-Fabry disease in heterozygous
females. ] Am Coll Cardiol 2002;40:1668-74.

[55] Chimenti C, Pieroni M, Morgante E, Antuzzi D, Russo A, Russo MA, etal.
Prevalence of Fabry disease in female patients with late-onset hypertro-
phic cardiomyopathy. Circulation 2004;110:1047-53.

[56] Weidemann F, Breunig F, Beer M, Sandstede J, Turschner O, Voelker W,
et al. Improvement of cardiac function during enzyme replacement
therapy in patients with Fabry disease: a prospective strain rate imaging
study. Circulation 2003;108:1299-301.

[57] Sachdev B, Takenaka T, Teraguchi H, Tei C, Lee P, McKenna W], et al.
Prevalence of Anderson-Fabry disease in male patients with late onset
hypertrophic cardiomyopathy. Circulation 2002;105:1407-11.

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

[59] Ferrans V], Hibbs RG, Burda CD. The heart in Fabry’s disease. A histo-
chemical and electron microscopic study. Am ] Cardiol 1969;24:95-110.

[60] Becker AE, Schoorl R, Balk AG, van der Heide RM. Cardiac manifes-
tations of Fabry’s disease. Report of a case with mitral insufficiency and
electrocardiographic evidence of myocardial infarction. Am J Cardiol
1975;36:829-35.

[61] Desnick RJ, Blieden LC, Sharp HL, Hofschire PJ, Moller JH. Cardiac
valvular anomalies in Fabry disease. Clinical, morphologic, and bio-
chemical studies. Circulation 1976,54:818-25.

[62] Goldman ME, Cantor R, Schwartz MF, Baker M, Desnick R]. Echocar-
diographic abnormalities and disease severity in Fabry’s disease. ] Am
Coll Cardiol 1986;7:1157-61.


http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0095
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0095
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0095
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0095
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0100
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0100
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0100
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0105
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0105
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0105
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0105
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0110
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0110
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0110
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0110
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0115
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0115
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0115
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0115
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0120
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0120
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0120
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0120
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0125
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0125
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0125
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0130
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0130
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0130
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0130
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0130
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0135
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0135
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0135
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0135
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0140
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0140
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0140
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0140
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0140
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0145
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0145
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0145
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0145
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0145
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0145
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0150
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0150
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0150
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0155
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0155
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0155
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0160
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0160
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0165
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0165
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0165
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0170
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0170
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0175
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0175
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0175
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0180
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0180
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0180
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0180
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0180
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0185
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0185
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0185
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0185
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0190
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0190
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0190
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0195
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0195
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0200
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0200
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0200
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0205
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0205
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0205
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0210
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0210
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0215
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0215
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0215
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0215
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0220
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0220
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0220
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0225
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0225
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0225
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0230
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0230
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0230
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0235
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0235
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0235
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0235
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0240
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0240
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0240
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0240
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0245
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0245
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0245
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0250
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0250
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0250
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0250
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0255
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0255
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0255
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0255
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0260
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0260
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0260
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0260
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0265
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0265
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0265
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0265
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0270
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0270
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0270
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0275
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0275
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0275
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0280
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0280
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0280
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0280
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0285
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0285
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0285
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0290
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0290
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0290
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0295
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0295
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0300
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0300
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0300
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0300
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0305
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0305
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0305
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0310
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0310
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0310

Echo in Infiltrative Diseases

1375

[63] Linhart A, Kampmann C, Zamorano JL, Sunder-Plassmann G, Beck M,
Mehta A, et al. Cardiac manifestations of Anderson-Fabry disease: results
from the international Fabry outcome survey. Eur Heart ] 2007,28:1228—
35.

[64] Kampmann C, Baehner FA, Whybra C, Bajbouj M, Baron K, Knuf M, et al.
The right ventricle in Fabry disease. Acta Paediatr Suppl 2005;94:15-8.
discussion 9-10.

[65] Niemann M, Breunig F, Beer M, Herrmann S, Strotmann J, Hu K, et al.
The right ventricle in Fabry disease: natural history and impact of
enzyme replacement therapy. Heart 2010;96:1915-9.

[66] Palecek T, Dostalova G, Kuchynka P, Karetova D, Bultas J, Elleder M,
et al. Right ventricular involvement in Fabry disease. ] Am Soc Echo-
cardiogr 2008;21:1265-8.

[67] Niemann M, Liu D, Hu K, Herrmann S, Breunig F, Strotmann J, et al.
Prominent papillary muscles in Fabry disease: a diagnostic marker?
Ultrasound Med Biol 2011;37:37—43.

[68] Kozor R, Nordin S, Treibel TA, Rosmini S, Castelletti S, Fontana M, et al.
Insight into hypertrophied hearts: a cardiovascular magnetic resonance
study of papillary muscle mass and T1 mapping. Eur Heart ] Cardiovasc
Imaging 2017;18:1034—40.

[69] Boyd AC, Lo Q, Devine K, Tchan MC, Sillence DO, Sadick N, et al. Left
atrial enlargement and reduced atrial compliance occurs early in Fabry
cardiomyopathy. ] Am Soc Echocardiogr 2013;26:1415-23.

[70] Pieroni M, Chimenti C, De Cobelli F, Morgante E, Del Maschio A, Gaudio
C, et al. Fabry’s disease cardiomyopathy: echocardiographic detection of
endomyocardial glycosphingolipid compartmentalization. ] Am Coll
Cardiol 2006;47:1663-71.

[71] Kounas S, Demetrescu C, Pantazis AA, Keren A, Lee PJ, Hughes D, 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.

[72] Mundigler G, Gaggl M, Heinze G, Graf S, Zehetgruber M, Lajic N, et al.
The endocardial binary appearance (‘binary sign’) is an unreliable
marker for echocardiographic detection of Fabry disease in patients with
left ventricular hypertrophy. Eur ] Echocardiogr 2011;12:744-9.

[73] Pieroni M, Chimenti C, Ricci R, Sale P, Russo MA, Frustaci A. Early
detection of Fabry cardiomyopathy by tissue Doppler imaging. Circula-
tion 2003;107:1978-84.

[74] Weidemann F, Niemann M, Stork S, Breunig F, Beer M, Sommer C, et al.
Long-term outcome of enzyme-replacement therapy in advanced Fabry
disease: evidence for disease progression towards serious complications.
J Intern Med 2013;274:331-41.

[75] Zamorano J, Serra V, Perez de Isla L, Feltes G, Calli A, Barbado FJ, et al.
Usefulness of tissue Doppler on early detection of cardiac disease in
Fabry patients and potential role of enzyme replacement therapy (ERT)
for avoiding progression of disease. Eur ] Echocardiogr 2011;12:671-7.

[76] Shanks M, Thompson RB, Paterson ID, Putko B, Khan A, Chan A, et al.
Systolic and diastolic function assessment in fabry disease patients using
speckle-tracking imaging and comparison with conventional echocar-
diographic measurements. ] Am Soc Echocardiogr 2013;26:1407-14.

[77] Kramer J, Niemann M, Liu D, Hu K, Machann W, Beer M, et al. Two-
dimensional speckle tracking as a non-invasive tool for identification of
myocardial fibrosis in Fabry disease. Eur Heart ] 2013;34:1587-96.

[78] Niemann M, Herrmann S, Hu K, Breunig F, Strotmann ], Beer M, et al.
Differences in Fabry cardiomyopathy between female and male patients:
consequences for diagnostic assessment. JACC Cardiovasc Imaging
2011;4:592-601.

[79] Saccheri MC, Cianciulli TF, Lax JA, Gagliardi JA, Caceres GL, Quarin AE,
et al. Two-dimensional speckle tracking echocardiography for early
detection of myocardial damage in young patients with Fabry disease.
Echocardiography 2013;30:1069-77.

[80] Labombarda F, Saloux E, Milesi G, Bienvenu B. Loss of base-to-apex
circumferential strain gradient: A specific pattern of Fabry cardiomyop-
athy? Echocardiography 2017;34:504-10.

[81] Gruner C, Verocai F, Carasso S, Vannan MA, Jamorski M, Clarke JT, et al.
Systolic myocardial mechanics in patients with Anderson-Fabry disease
with and without left ventricular hypertrophy and in comparison to
nonobstructive  hypertrophic  cardiomyopathy. Echocardiography
2012;29:810-7.

[82] Morris DA, Blaschke D, Canaan-Kuhl S, Krebs A, Knobloch G, Walter TC,
et al. Global cardiac alterations detected by speckle-tracking echocardi-
ography in Fabry disease: left ventricular, right ventricular, and left atrial
dysfunction are common and linked to worse symptomatic status. Int J
Cardiovasc Imaging 2015;31:301-13.

[83] Saccheri MC, Cianciulli TF, Challapa Licidio W, Lax JA, Beck MA, Morita
LA, et al. Comparison of left atrial size and function in hypertrophic
cardiomyopathy and in Fabry disease with left ventricular hypertrophy.
Echocardiography 2018;35:643-50.

[84] Pichette M, Serri K, Page M, Di LZ, Bichet DG, Poulin F. Impaired left
atrial function in fabry disease: a longitudinal speckle-tracking echocar-
diography study. ] Am Soc Echocardiogr 2017;30:170-179.e2.

[85] Gulati V, Harikrishnan P, Palaniswamy C, Aronow WS, Jain D, Frish-
man WH. Cardiac involvement in hemochromatosis. Cardiol Rev
2014;22:56-68.

[86] Aessopos A, Farmakis D, Deftereos S, Tsironi M, Tassiopoulos S,
Moyssakis I, et al. Thalassemia heart disease: a comparative evaluation
of thalassemia major and thalassemia intermedia. Chest
2005;127:1523-30.

[87] Candell-Riera J, Lu L, Seres L, Gonzalez JB, Batlle J, Permanyer-Miralda
G, et al. Cardiac hemochromatosis: beneficial effects of iron removal
therapy. An echocardiographic study. Am J Cardiol 1983;52:824-9.

[88] Hamdy AM. Use of strain and tissue velocity imaging for early detection
of regional myocardial dysfunction in patients with beta thalassemia. Eur
J Echocardiogr 2007;8:102-9.

[89] Monte I, Buccheri S, Bottari V, Blundo A, Licciardi S, Romeo MA. Left
ventricular rotational dynamics in Beta thalassemia major: a speckle-
tracking echocardiographic study. ] Am Soc Echocardiogr 2012;25:1083—
90.

[90] Shah R, Nucifora G, Perry R, Selvanayagam JB. Noninvasive imaging in
cardiac deposition diseases. ] Magn Reson Imaging 2018;47:44-59.


http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0315
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0315
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0315
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0315
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0320
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0320
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0320
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0325
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0325
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0325
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0330
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0330
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0330
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0335
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0335
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0335
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0340
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0340
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0340
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0340
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0345
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0345
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0345
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0350
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0350
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0350
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0350
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0355
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0355
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0355
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0355
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0360
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0360
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0360
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0360
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0365
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0365
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0365
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0370
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0370
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0370
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0370
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0375
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0375
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0375
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0375
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0380
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0380
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0380
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0380
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0385
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0385
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0385
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0390
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0390
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0390
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0390
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0395
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0395
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0395
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0395
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0400
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0400
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0400
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0405
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0405
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0405
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0405
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0405
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0410
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0410
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0410
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0410
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0410
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0415
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0415
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0415
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0415
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0420
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0420
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0420
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0425
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0425
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0425
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0430
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0430
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0430
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0430
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0435
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0435
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0435
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0440
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0440
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0440
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0445
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0445
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0445
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0445
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0450
http://refhub.elsevier.com/S1443-9506(19)30367-1/sbref0450

	Echocardiography in Infiltrative Cardiomyopathy
	Introduction
	Amyloidosis
	Pathophysiology
	Left Ventricular Wall Thickness
	Diastolic Dysfunction
	Systolic Dysfunction
	Advanced Echocardiographic Imaging
	Right Ventricular Involvement
	Other Findings

	Sarcoidosis
	Pathophysiology
	Two-Dimensional Echocardiography
	Advanced Echocardiographic Imaging

	Fabry Disease
	Pathophysiology
	Two-Dimensional Echocardiography
	Advanced Echocardiographic Imaging

	Haemochromatosis and Iron Overload Cardiomyopathy
	Advanced Echocardiographic Imaging

	Other Infiltrative Diseases
	Conclusions
	References


