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Abstract

Introduction The diagnosis of cardiac amyloidosis (CA)
is usually performed by endomyocardial biopsy; however,
possible sampling errors and procedural risks such as car-
diac tamponade, malignant arrhythmias and bleeding risk,
limit its use. Therefore, a non-invasive diagnostic method
appears to be necessary.
Materials and methods Echocardiography plays an
important role in this need. Conventional two-dimensional
echocardiography appears able to detect some specific and
distinguishing signs of cardiac amyloid infiltration.
Results and conclusions  Of these, thickened right and left
ventricular (LV) myocardium, normal or small LV cavity
size in contrast to enlarged biatrial cavities, diffuse hyper-
refractile ‘granular sparkling’ appearance and ‘mismatch’
ECG/ECHO are the most specific findings. The magnitude
of cyclic variation recorded with integrated backscatter
reflects structural changes in the myocardium. In patients
with CA, this magnitude is reduced because myocardial
amyloid infiltration is characterized by a reduction of
number of “contractile” fibers. Other informations con-
cerning LV dysfunction CA-related can be obtained by Tei
index. Finally, new echocardiographic imaging modalities,
such as tissue Doppler, Doppler-based strain, speckle
tracking imaging and three-dimensional echocardiography,
can provide some findings regarding the preclinical stages
of LV dysfunction when other echocardiographic mea-
surements are showing normal; however, these are unable
to provide a non-invasive diagnosis of cardiac amyloidosis.
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Introduction

Amyloidosis consists of the extracellular deposition of
misfolding fibrillar proteins, representing an expression of
diverse pathologies [1]. It is diagnosed by the tinctorial
properties of binding Congo red dye and green birefringence
under polarized light [2]. Amyloid is a generic term and
includes all forms of systemic or local amyloidosis. Primary
amyloidosis, also known as immunoglobulin light chain
amyloidosis (AL amyloidosis), is the most common type and
is associated with the worst prognosis and may be associated
with multiple myeloma. Secondary amyloidosis is associ-
ated with chronic inflammation or infectious disease. Other
variants include senile systemic amyloidosis, isolated amy-
loidosis, and hemodialysis-related amyloidosis [3].

Cardiac amyloidosis

Cardiac amyloidosis (CA), also called ‘stiff heart syn-
drome’, is a non-frequent manifestation of amyloidosis,
responsible for cardiac dysfunction evolving in restrictive
cardiomyopathy and concluding in overt heart failure,
resulting in sudden death [4]. Its pathogenesis is due to the
infiltration of amyloid proteins into the myocardial inter-
stitium, as fibrous nodular deposits. In the early stages, this
is responsible for left ventricular (LV) diastolic dysfunc-
tion and preserved LV systolic function [5]. In the long-
term, the amyloid infiltration reducing the LV dilatation
induces elevation of filling pressures which leads to two-
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atrial dilatation. With disease progression, amyloid infil-
tration is responsible for the reduction in LV performance
with significant fall of ejection fraction (EF). In fact, the
peculiar finding of cardiac amyloid is a continuum between
the diastolic dysfunction that progresses from impaired
relaxation to a restrictive pattern and concomitant reduc-
tion of EF and stroke volume.

The most common form is AL amyloidosis (primary amy-
loidosis) resulting from light chain immunoglobulin infiltration
[6]. Other forms that frequently affect the heart include trans-
thyretin (TTR) amyloidosis (familiar, hereditary form) due to
deposition of TTR involved in the transport of thyroxine [7] and
senile systemic amyloidosis (secondary amyloidosis) also
induced by TTR infiltration [8]. Cardiac involvement in amy-
loidosis can be secondary to some inflammatory disease such as
rheumatoid arthritis, Crohn’s disease or tuberculosis but is
extremely rare [9]. Dialysis-related amyloidosis also occa-
sionally only involves the heart [10].

Clinical symptoms

Many of the features found in CA, such a lower extremity
edema, progressive dyspnea, hepatomegaly, ascites and
distension of jugular veins can be attributed to right-sided
heart failure. Amyloid deposition into the atrial walls can
cause atrial dysfunction and conduction abnormalities. The
conduction system may also be involved. In fact, cardiac
arrhythmias are a frequent cause of death in these patients.
Amyloid infiltration of the pericardium and of the pleural
space is often present and can be considered a result of
amyloid deposition secondary to either limitation of lym-
phatic drainage or increased fluid secretion [11]. Weight
loss is frequently present in these patients and is an effect
of cardiac cachexia.

Invasive diagnosis

An endomyocardial biopsy is usually used to diagnose both
systemic amyloidosis and cardiac involvement; this procedure
is virually 100 % sensitive because the amyloid is widely
deposited throughout the cardiac cavities. It demonstrates
apple-green birefringence when stained with Congo red and
viewed under a polarizing microscope [12]. Nevertheless,
possible sampling errors and procedural risks such as cardiac
tamponade, arrhythmias induction, and bleeding, limit its use.
Therefore, noninvasive methods that can recognize the signs
revealing cardiac involvement may be employed.

Conventional echocardiography
M-Mode echocardiography shows increased LV wall

thickeness, with normal or small LV cavity size. In addi-
tion, biatrial enlargement and, occasionally, pericardial

effusion are seen. Standard 2-D echocardiography (2-DE)
has focused on the assessment of structural anatomy and
ventricular function of cardiac muscle infiltrated by amy-
loid. All cardiac valves, interatrial septum and right ven-
tricular walls also appear to be thickened [13]. Structural
changes in CA are due to interstitial infiltration of amyloid
in the myocardium that appears hypertrophied, but the LV
walls are really pseudohypertrophied for intramyocardial
amyloid deposition. These amyloid deposits show as
‘granular sparkling’, because of increased ‘granular’
myocardial echogenicity (Fig. 1). The granular sparkling
appearance is characteristic but not specific for the diag-
nosis of CA. Nevertheless, this finding, in association with
increased LV wall thickness, has a sensitivity of 87 % and
a specificity of 81 % [13]. The increased L'V wall thickness
is associated with low voltage on the ECG in the precordial
and/or limb leads <5 mm in height, often associated with
extreme left or right axis deviation and patterns of pseu-
doinfarction that may be misinterpreted as ischemia [14].
Amyloid deposition in the conductive tissue may cause
atrioventricular conduction abnormalities, mainly second-
and third-degree atrioventricular block. These features are
specific electrocardiographic aspects of infiltrative disease,
such as amyloidosis. Some authors showed that septal
thickness >1.98 cm combined with low ECG voltages, in
the absence of systemic hypertension, has a sensitivity of
72 % and a specificity of 91 % for the diagnosis of CA.

Fig. 1 Apical four-chamber view showing increased thickness of LV
wall with ‘granular sparkling’ appearance. Increased biatrial dimen-
sions in contrast with decreased ventricular dimensions and pericar-
dial effusion are also seen
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The ‘mismatch’ between the electrocardiographic (low
QRS voltage) and the echocardiographic pictures (in-
creased LV wall thickness) is a distinctive aspect of cardiac
involvement (Fig. 2). If atrial enlargement is present in
association with ECG/ECHO findings, the noninvasive
diagnosis of CA can reach a sensitivity of 100 %. The
increase in left atrial size is mainly induced by the severity
and chronicity of left atrial pressure elevation resulting
from diastolic dysfunction. In CA, it was found that the LA
diameter is almost normal in TTR-related CA, slightly
increased in AL amyloid and significantly enlarged in
senile amyloid [15].

Among conventional 2-DE, integrated backscatter (IB) is
a useful non-invasive method that can provide information
about the structure of myocardial tissue by its acoustic
properties. It provides an approach for defining the compo-
sition of cardiac muscle tissue. A software package incor-
porated into the echocardiographic machine must be used.
For the analysis, magnitudes of cyclic variation of IB were
calculated as the difference between maximal values
recorded at end-diastole and minimal values obtained at end-
systole [16]. Two-dimensional standard transthoracic
echocardiography in short-axis view of the LV (at chordae

level) must be performed. Two regions of interest subse-
quently must be placed in the ventricular septum and in the
LV posterior wall, avoiding endocardial and epicardial
echoes. IB tissue ultrasound reflectivity must be measured in
dB. Acoustic quantification is not only performed in CA but
in a variety of pathological conditions, such as aging heart
[17], hypertrophic cardiomyopathy [18], myocardial ische-
mia [19], and diabetes mellitus [20]. In a study by Koyama
et al., the cyclic variation of IB in CA was recorded at the
level of the interventricular septum and in the LV posterior
wall both in controls and in patients with amyloidosis. The
results obtained demonstrated that the magnitude of cyclic
variation progressively decreased from amyloidosis without
heart failure to amyloidosis with heart failure. In addition,
the reduction recorded in the LV posterior wall was higher
than that recorded in the interventricular septum [21].

Other information about the changes in myocardial
function that occur in patients with CA may be obtained by
calculating the myocardial performance index (MPI). This
index, also called the Tei index, is obtained by combining
systolic and diastolic time intervals. The index appears to
be a more useful predictor of clinical outcome in amyloi-
dosis patients [22].
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Fig. 2 Twelve-lead ECG in cardiac amyloidosis (above). 2-D echocardiography showing increased LV wall thickness with ‘granular sparkling’

appearance (below)
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Fig. 3 Tissue Doppler echocardiography recorded from septal mitral annulus in true LV hypertrophy (leff) and in cardiac amyloidosis (right).

Sm Systolic motion, E E wave, A A wave

In summary, echocardiographic findings that character-
ize patients with CA are the following:

1. Increased LV wall thickness in the absence of causes
such as hypertension.

2. ‘Mismatch’ between echocardiographic and electro-

cardiographic findings.

‘Granular sparkling’ appearance of myocardial walls.

4. Biatrial dilatation in contraposition to the normal or
reduced LV cavity dimensions.

(O8]

Other echocardiographic findings found in CA but not
specific are:

5. Early E/A ratio <1 and late E/A ratio >2 with tissue
Doppler echocardiography reduction.

6. Reduced magnitude of cyclic variation of myocardium
at IB.

7. Increased Tei index (MPI) value indicative of sys-
tolic/diastolic LV dysfunction.

New echocardiographic techniques
Tissue Doppler imaging

Tissue Doppler imaging (TDI) is a novel echocardio-
graphic technique based on principles of pulsed wave and
color Doppler echocardiography. A high-pass wall filter is
used to measure blood flow velocities, and a low-pass filter
is used to estimate tissue velocities. The Doppler-based
technique is able to provide real-time quantification of
longitudinal myocardial function. The measure of longi-
tudinal contraction and relaxation is obtained by annular
displacement toward the ventricular apex in systole and
away from the same in diastole.

Longitudinal TDI recorded in CA is able to differentiate
between cardiac ‘pseudohypertrophy’ due to the infiltration

of amyloid and true cardiac hypertrophy (Fig. 3). The
myocardial profiles of the systolic/diastolic curves of
velocity recorded from septal or lateral mitral annulus in
amyloidosis patients are significantly reduced with regard
to the velocity curves recorded in patients with true
hypertrophy, despite LVEF being preserved in patients
affected by CA. This occurs when there is a reduced
amount of contractile tissue contained in the LV walls of
patients with CA and for diastolic heart failure following
amyloid intracardiac deposition [23].

Speckle tracking echocardiography (STE)

Velocities measured by TDI in one myocardial segment are
determined by function in other segments as well as due to
the tethering between adjacent segments and cardiac
translational motion. Different to TDI, STE strain permits
the calculation of myocardial deformation with high spatial
and temporal resolution. This parameter is calculated on
frame-to-frame analysis of speckle displacement. Thus,
STE is a new method for the angle-independent and
objective quantification of myocardial deformation.

The incremental value of STE strain over tissue Doppler
velocities in the diagnosis of CA was first demonstrated by
Koyama et al. They showed that this echocardiographic
method can identify patients with subclinical CA earlier, at
a time when routine conventional 2-DE was unable to
diagnose CA [24]. Other authors have confirmed the higher
value of STE strain in comparison to TDI to differentiate
biopsy-proven CA patients with normal 2-DE and Doppler
echocardiograms from healthy controls [25]. 2-D STE is
able to differentiate CA from other causes of LV wall
thickening. Global myocardial deformation is lower in
patients with CA compared to those with LV hypertrophy
[26]. The impaired LV function characteristic of CA,
results in altered LV function evidenced by the
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Fig. 4 Longitudinal STI recorded in normal subject (leff) and in patient with cardiac amyloidosis (right). The arrow in the right figure (cardiac

amyloidosis) shows hypokinesia of basal LV segment

Fig. 5 3-D echocardiography
showing LV dyssynchrony (see
the curves of left ventricular
function in the inferior panel)
with normal EF (58.0 %) in a
patient with cardiac
amyloidosis. The arrow shows
hypokinesia of LV basal region
in a patient with cardiac
amyloidosis

heterogeneity of basoapical contractility. In the normal
heart, LV contractility progressively decreases from the
basal region to the apex. On the contrary, an impairment of
LV contractility is evident in CA, with hypokinesia at the
base and/or at mid-ventricular level preserved function at
the apex. The non-uniform contractility of LV walls and
the reduction of basoapical gradient were also observed on
longitudinal speckle tracking (Fig. 4); this was also con-
firmed by Belkin et al. in a study performed using 2-DE
[27]. Using 2-D STE, another recent study showed the
importance of this method in differentiating the increased
thickness of LV walls from other causes of LV hypertro-
phy. In particular, it was found that the amyloid heart is
characterized by reduced longitudinal strain from the base
to the apex [28]. The heterogenicity of LV contractility was

@ Springer

further confirmed by cardiac magnetic resonance that
examined the regional distribution of gadolinium uptake. In
some patients with CA, high enhancement scores were
more frequent at the mid-ventricular level compared with
apical and basal levels. Segments with extensive trans-
mural involvement were more likely to be hypokinetic or
akinetic. Probably, the reduced segment deformation is due
to preferential deposition of amyloid accumulation [29]. It
is uncertain if the pattern of preserved motion at the LV
apex with hypokinesis in the basal segments (with the
inversion of the normal gradient from base to apex) is
characteristic of patients with CA. It is possible that the
altered segmental wall motion is due to the preferential
deposition of amyloid proteins in the basal segments in
comparison to the apical zones [27].
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3-D echocardiography

3-D echocardiography (3-DE) is a useful method to assess
the geometry and mechanics of the LV. The potential role
of 3-DE to detect some peculiar aspects of CA was eval-
uated by Migrino et al. They demonstrated that 3-DE can
be a novel method able to show regional LV dyssynchrony
at the same time as characteristic temporal pattern disper-
sion of regional volume systolic change (Fig.5) [30].
Although this echocardiographic method has not been
extensively evaluated, it represents a potential technique
for specific and early diagnosis of CA in the future.

In conclusion, the ultrasound method is an effective and
non-invasive tool to recognize the cardiac infiltration of
amyloid. In addition, unlike conventional echocardiogra-
phy, new echocardiographic techniques (such as tissue
Doppler, speckle tracking and 3-DE) were unable to
specifically characterize CA but have been shown to allow
the detection of CA at a subclinical stage, when conven-
tional techniques were not able to demonstrate cardiac
involvement.
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