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Abstract
Purpose of Review The aim is to provide a description of the most important echocardiographic features in systemic amyloidosis.
Recent Findings Amyloidosis is a heterogeneous group of multisystem disorders, characterized by an extracellular deposition of
amyloid fibrils. Several imaging tests are available for the diagnosis; however, echocardiography is the cornerstone of the non-
invasive imaging modality for cardiac amyloidosis. So far, little is known about the diagnosis of cardiac amyloidosis through
imaging modalities.
Summary We summarized the most important echocardiographic findings in cardiac amyloidosis. Hence, we offered a system-
atic report of the diagnostic performance of cardiac amyloidosis using echocardiography.
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Introduction

Amyloidosis is a heterogeneous group of diseases caused by
the pathological deposition in the extracellular space of
misfolded proteins, which subverts the normal structure of

various tissues and leads, in the end, to the dysfunction of
the organs involved.

The term amyloid derives from the Greek word “άμυλο,”
which refers to the starch. In fact, in the past, it was believed
that the infiltrative protein mentioned above was made of
starch. Subsequently, in the twentieth century, the discovery
of the correlation between amyloidosis and multiple myeloma
unveiled the composition of the amyloidotic substance [1].

According to the number of the organs involved, amyloid-
osis can be defined as localized or systemic. The most fre-
quent types of systemic amyloidosis are as follows:

1. Light chain (AL) amyloidosis, in which the precursors of
amyloid fibrils are immunoglobulin light chain produced
in high concentration due to plasma cellular dyscrasia

2. Mutant transthyretin-related form (ATTRm), caused by
more than 100 mutations in the gene codifying for
transthyretin, a transport protein synthesized in the liver
[2, 3].

3. Wild-type transthyretin-related form (ATTRwt), which
differs from the latter because it is not hereditary and
affects mainly elderly people.

Amyloid is structurally composed by a principal proteina-
ceous part and by other substances, such as serum amyloid P
component (SAP), apolipoprotein E, connective tissue
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components (glycosaminoglycans, collagen), and basement
membrane components (fibronectin, laminin) [4].

The proteinaceous part, despite some differences depend-
ing on the subtype of amyloidosis, is made of monomeric
proteins organized in insoluble fibrins, stabilized by cross-b-
sheet. More than 30 different proteins are described as in-
volved in the constitution in vivo of the amyloid fibrils. The
latter are insoluble, rigid, and resistant to proteolytic degrada-
tion [5].

The deposition of amyloidotic fibrils can affect structural
and functional alterations of many organs or organ systems
(heart, kidney, peripheral nerves, gastrointestinal tract, eyes).

Worldwide, amyloidosis is a rare systemic disorder. The
incidence is uncertain, but the most frequent diagnosed, AL
amyloidosis, has an annual incidence of 6 to 10 cases per
million population in the UK and USA [4].

Diagnosis of Systemic Amyloidosis

Systemic amyloidosis may involve several organs with vary-
ing degree of severity. Usually, the diagnosis is determined
through histological material from the biopsy of a clinically
affected organ. However, when amyloidosis is only suspected,
a “screening biopsy” from specific sites (rectum, salivary
gland, or fat) is useful in the definitive diagnosis. The sensi-
tivity and the diagnostic value of the biopsy are variable ac-
cording to the considered tissue.

With regard to cardiac amyloidosis, endocardial biopsy is
currently considered the gold standard to diagnose amyloid-
osis. However, the invasive nature of the biopsy and the low,
although not entirely negligible, risk (access site hematoma,
transient right bundle branch block, transient arrhythmias, tri-
cuspid regurgitation, and occult pulmonary embolism) limits
its use.

Amyloidotic deposits are detected with the Congo red stain
in association with polarized light microscopy. The test is
based on a peculiar histological feature of amyloidotic sub-
stance: it shows a typical red-green birefringence and dichro-
ism effect if analyzed under polarized light microscopy.

However, amyloid deposits are usually irregularly distrib-
uted in the tissue. In this case, multiple tissue samplings are
needed in order to avoid false negative results.

Cardiac Amyloidosis

The features of cardiac involvement differ according to the
stages of diseases. The first phase begins with a subclinical
stage characterized by mild and unspecific cardiac symptoms.
In this phase, amyloid deposition can involve atria, atrioven-
tricular valves, mild left ventricular (LV) wall thickness (<

15 mm), mild diastolic dysfunction, and mild impaired LV
longitudinal strain.

The typical clinical scenario (‘hypertrophic’ stage), in the
fully developed disease, is characterized by a marked thicken-
ing of the LVwall (> 15mm) and congestive heart failure with
preserved ejection fraction (EF) with a restrictive diastolic
pattern with nonspecific symptoms including weakness, fa-
tigue, weight loss or weight gain, and shortness of breath.

Progressively, in the advanced phase of the disease,
biventricular systolic function deteriorates, and symptoms of
heart failure become refractory to medical therapy (end-stage
phase). In most cases, death occurs for electromechanical dis-
sociation or arrhythmia.

Irrespective of the subtype of systemic amyloidosis, cardi-
ac involvement worsens the prognosis and reduces the surviv-
al [6–8]. Little is known about the relation between the types
and severity of cardiac involvement [9•]. AL amyloidosis is
associated with a more rapid progression of heart failure than
transthyretin-related form (TTR-related) amyloidosis with a
median survival of approximately 6 months in untreated AL
amyloidosis with heart failure (HF) compared with 6 years in
ATTRwt. However, the myocardial involvement is more ex-
tensive in ATTRwt than in AL amyloidosis [10••].

There are two reasons why amyloidosis is usually consid-
ered a little known pathology: rarity and heterogeneity [11].

Ruberg defined the amyloidotic cardiomyopathy as a “zebra
hiding in plain sight.” Although the rarity of this disease is
undeniable, we should consider that cardiac amyloidosis is
much more common than we would normally think. In fact, a
lot of not diagnosed cases of heart failure conceal unrecognized
cardiac amyloidosis. Left ventricular wall thickening is some-
times due to multiple factors, such as hypertension, aortic ste-
nosis, long-term training, or amyloidosis. Therefore, the dis-
covery of the main reason provoking the left ventricular hyper-
trophy should not exclude a secondary rare cause because con-
comitant cardiac amyloidosis may also be present [12].

Cardiac involvement in systemic amyloidosis is seen in
50% of patients with AL amyloidosis, whereas the prevalence
decreases approximately to 2% in patients with TTR-related
amyloidosis. However, myocardial amyloidotic deposits have
been found even in elderly without systemic amyloidosis.

Cardiac amyloidosis can be diagnosed, excluding the tissue
biopsy, with a non-invasive approach, using the advanced
imaging techniques. Cardiac magnetic resonance (CMR) has
a high specificity. Vogelsberg et al. demonstrated, on a pool of
33 consecutive patients, that in cardiac amyloidosis, late gad-
olinium enhancement has a peculiar distribution, in the sub-
endocardial layer, extending in various degree in the rest of the
myocardium. Besides, they reported that CMR sensibility for
diagnosing cardiac amyloidosis is of 80% and specificity is of
94% [13••]. These typical CMR findings observed in hyper-
trophic stage of cardiac amyloidosis were confirmed by many
authors [14•, 15•, 16, 17].
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Di Bella et al. have shown that patients without or with
only mild LV hypertrophy may have an unusual focal late
gadolinium enhancement patterns of inferior and/or
inferolateral LV accompanied by enhancement of the atria,
tricuspid valve, or the right ventricle.

Nuclear medicine imaging plays a crucial role in the non-
invasive diagnosis of cardiac amyloid deposition.

Bone-seeking radiotracers, such as 99mTc-pyrophosphate
(99mTc-PYP), 99mTc-methylene diphosphonate (99mTc-
MDP), 99mTc-hydroxymethylene-diphosphonate (99mTc-
HDP), and 99mTc-3,3-diphosphono-1,2-propanodicarboxylic
acid (99mTc-DPD), may differentiate AL from TTR cardiac
amyloidosis.

99mTc-DPD and 99mTc-HDP scintigraphy are capable of
identifying amyloid deposition in the myocardium of patients
with TTR cardiac amyloidosis (i.e., TTR-familial amyloid
polyneuropathy and systemic senile amyloidosis) allowing
an early diagnosis of the disease, even before the appearance
of echocardiographic abnormalities [18]. On the contrary, less
intense radiotracer accumulation has been observed in some
cases of AL cardiac amyloidosis [19••]. This is helpful in
differentiating the diagnosis of ATTR and AL cardiac amy-
loidosis. In fact, an AL cardiac amyloidosis diagnosis is to
consider when the tracer retention is less intense or absent.
Additionally, myocardial uptake of bone-seeking radiotracers
is correlated with disease severity [20].

Echocardiography Is the First-Line Screening
Tool for Cardiac Amyloidosis

The most important echocardiographic feature predictive,
although not specific, of cardiac amyloidosis is the left
ventricular hypertrophy. The hypertrophy can be symmet-
ric or, in the most of cases, mainly evident in the inter-
ventricular septum and it is caused by the deposition of
amyloid fibrils. The latter increase the stiffness of the
ventricular wall because they compromise the contractile
function of the myocardium. Besides, amyloid deposits
produce, in fundamental (nonharmonic) imaging, a patho-
gnomonic hyperreflective appearance, defined as “granu-
lar sparkling,” of the thickened ventricular myocardium.
In addition, harmonic 2D imaging often gives a speckled
appearance to the myocardium, which is suggestive of
cardiac amyloidosis. Granular sparkling can be observed
in a diffuse and uniform pattern or, sometimes, localized
in specific segments of the ventricular wall. The most
common areas with granular sparkling are the ventricular
septum or the posterior wall, whereas the apex does not
show indirect sign of amyloidotic presence. This particu-
lar distribution reflects the site-specific deposition of the
fibrils and justifies the peculiar preservation of the con-
tractile function of the ventricular apex until the last stage

of the disease. In the advanced stages of cardiac amyloid-
osis and, sometimes, in the early stage, even papillary
muscles are thickened [21•, 22••].

Accordingly, when cardiac involvement of amyloidosis is
revealed by the hypertrophy, the ventricular mass index is
increased too. However, cardiac size is usually normal or re-
duced, whereas the atria are enlarged with a thickened
interatrial septum. Right ventricle is normal or thickened, es-
pecially in the anterior wall, and enlarged. In patients with
right ventricular enlargement, signs of pulmonary hyperten-
sion are not rare.

Each one of the four cardiac valves might be affected by
amyloidosis and shows themselves thickened, flat, and some-
times with verrucous amyloid deposits [23]. All these mor-
phological abnormalities contribute to functional diastolic and
systolic malfunctions [24••, 25, 26, 27].

Left Ventricular Hypertrophy

The thickening of left ventricular wall in cardiac amyloidosis
(CA) is the typical morphological finding.

The low voltage on an ECG is an important marker of
suspected cardiac amyloidosis if integrated with the echo-
cardiographic evidence of LV hypertrophy [28]. Such a
dissociation between echocardiographic and electrocar-
diographic findings reflects the difference between the
amyloidosis and the rest of all the hypertrophic cardiomy-
opathies. In fact, in amyloidosis, the increase of the left
ventricular mass is caused by the infiltrative amyloidotic
process and this is not an effective growth, in number or
size, of the cardiomyocytes. Therefore, amyloidosis can
be considered a “pseudo-hypertrophic cardiomyopathy.”
This voltage/mass ratio was summarized by Carroll
et al.; they showed that there is an inverse correlation
between voltage and muscle cross-sectional area (r = −
0.79) in patients with amyloidosis. Besides, they demon-
strated that voltage/mass ratio is directly associated with
worst prognostic results. This correlation is consistent
with the predictive value of the degree of the infiltration
of the myocardium on clinical signs and mortality [29•].

Cardiac amyloidosis is associated with abnormal
echogenicity. Therefore, in the past, in order to evaluate
the myocardial structure in CA, a non-invasive method
called integrated backscatter (IB) was used [30••].
Traditionally, acoustic quantification with IB ultrasonic
imaging was performed in several conditions such as hy-
pertrophic cardiomyopathy, myocardial ischemia, and ag-
ing heart. IB utilizes the specific acoustic properties of the
myocardium to obtain an analysis of the composition of
the tissue. In CA, the cycle-dependent variation of myo-
cardial integrated backscatter (CV-IB) analysis also has a
prognostic value [31••].
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Systolic Left Ventricular Deformation and Function

Cardiac amyloidosis is also called “heart stiff syndrome” be-
cause it causes myocardial relaxation abnormalities in early
stage and systolic dysfunction in advanced stages. Therefore,
a global evaluation of the cardiac performance in amyloidosis
can be useful. Myocardial performance index (MPI) or Tei
index [32•] combines diastolic and systolic time intervals. It
is defined as the sum of isovolumetric contraction time and
isovolumetric relaxation time divided by ejection time.

In CA, isovolumetric contraction and relaxation times are
prolonged and ejection time is shortened. This justifies the in-
crease of the Tei index in cardiac amyloidosis. Tei et al. demon-
strated, contrary to the previous beliefs [33], that isovolumetric
relaxation time (IVRT) is prolonged both in early and advanced
stage of cardiac amyloidosis, especially in patients with left
ventricular wall more than 15 mm. As a consequence, the pre-
ejection time is prolonged, whereas the ejection time is short-
ened. The latter is explained by the impairment of the relaxation
properties of the heart in amyloidosis: this implies that the left
ventricular end-diastolic volumes cannot increase. The shorten-
ing of the ejection time is associated with a decreased left ven-
tricular stroke volume. Hence, in advanced amyloidosis, when
the stroke volume starts to decrease, Tei index is high.

In patients with CA, the isovolumetric contraction time
(IVCT) is abnormally prolonged, even when the systolic func-
tion is not compromised. Koyama et al. [34••], by using strain
and strain rate imaging, showed, for the first time, the impair-
ment in systolic function when fractional shortening is still
normal.

Therefore, in cardiac amyloidosis, IVCT is a more sensible
and earlier marker of systolic dysfunction than ejection
fraction.

Tissue Doppler Imaging (TDI) allows to distinguish the
t r u e h y p e r t r o p h y f r om c a r d i a c am y l o i d o t i c
“pseudohypertrophy.” TDImeasures the longitudinal function
of the myocardium through the evaluation of the annular dis-
placement toward the ventricular apex in systole and away
from the same in diastole [35•]. The myocardial profiles of
the systolic and diastolic curves of velocity recorded from
septal or lateral mitral annulus in amyloidosis patients are
significantly reduced because the amyloidotic infiltration de-
creases myocyte longitudinal motion. On the contrary, in the
true hypertrophy, the systolic and diastolic curves of velocity
are not compromised.

A limitation of TDI consists in reciprocal dependence in
the motion of the myocardial segments [22]. In fact, the ve-
locities measured by TDI in one myocardial segment can be
influenced by the translation motion driven by the adjacent
segments [36•]. TDI is also affected by translational and teth-
ering movements of the heart. On the contrary, Speckle
Tracking Echocardiography (STE) has a high special and tem-
poral resolution.

Bellavia et al. [37] showed that in CA strain and strain rate,
values are reduced compared with healthy people, even with a
completely normal ejection fraction (60%). On the contrary,
TDI velocities are less impaired, in particular, in the early stage
of the disease. Besides, they reported that strain and strain rate
anteroseptal values are significantly higher in patients with ad-
vanced CA compared with patients with AL-normal-wall-
thickness, even though the same patients with advanced CA
had significantly impaired longitudinal systolic function.

Besides, STE is useful in discerning the cause underlying
the ventricular hypertrophy. Global myocardial deformation is
lower in CA than in left ventricular hypertrophy. However, in
patients with CA, myocardial deformation is not only globally
reduced, but it is impaired mostly in the basal segments,
whereas the apical contractility is preserved. This expected
“apical sparing” is clearly observed on longitudinal speckle
tracking [38] (Fig. 1).

The presence of apical sparing is defined through the visual
assessment as a reduction of the longitudinal strain in the basal
and middle segment relative to apical. However, apical spar-
ing can be calculated as the Relative apical LS index (RapLSI)
[39••] as follows:

RapLSI ¼ mean apical LS
mean apical LS

mean basal LS�mean mid LS

The apico-basal gradient of longitudinal strain or apical
sparing is typically described in patients with advanced cardi-
ac amyloidosis, whereas it is rarely found in the early stage of
the disease.

Lee et al. [40] investigated about the benefit of finding the
apical sparing in the early stage of CA in order to improve the
prognosis. In particular, they demonstrated that patients with
left ventricular wall thickness ≤ 14 mm (with no advanced
CA) had the apical sparing pattern; however, they have lower
RapLSI than patients with advanced CA. This suggests that
RapLSI should change over the disease course of CA, maybe
depending on the extent of extracellular deposition of the
amyloidotic protein.

In particular, in this study, patients with early stage of CA
showed a profile characterized by normal ventricular ejection
fraction, preserved deceleration time and E/e′, and the highest
global longitudinal strain.

Relative apical sparing is distinct, easily recognizable, and
specific. In fact, among patients with increased left ventricular
wall thickness, RapLSI has incremental value in predicting
CA over more traditional parameters.

Furthermore, apical sparing helps to distinguish CA from
other cardiomyopathies such as the hypertrophic cardiomyop-
athy (HCM) [39••]. In fact, HCM is characterized by a marked
reduction in longitudinal strain at the septum with normal/
super-normal strain values in the resting segments.
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The mechanism of the apical sparing is the distribution of
the amyloid deposition, which is more expressed in the base
than in the apex. Therefore, the apex is less resistant to the
deformation and, to compensate the basal and medial seg-
ments, increases the myocytes contraction. Another explana-
tion of apical sparing refers to the preserved short-axis func-
tion against the impaired longitudinal function in CA. In fact,
the short-axis function reflects mainly the apex deformation.

As further proof of the fact that the sparing of apical longitu-
dinal strain is a real phenomenon, an analysis of CMR images in
a subgroup of patients with CA showed a significant improve-
ment in regional wall motion score from base to apex [41].

In order to study the complex relationship between systolic
and diastolic function in CA, a research group [42] compared
the mean strain values in a group of patients with systemic
amyloidosis without cardiac involvement (NCA) with a con-
trol group. The investigators demonstrated that in NCA the
strain values were lower than the control group. Therefore,
they showed that is not possible to exclude a systolic impair-
ment even in patients with no evidence of cardiac involve-
ment. In fact, the previous belief, according to which systolic

dysfunction occurs only in the advanced stage of CA, is based
on studies that do not consider the myocardial longitudinal
function. The latter is given by the motion of the subendocar-
dial fibers. To support this, Vogelsberg et al. [13••] found a
distinct pattern of myocardial late gadolinium enhancement
(LGE) in the group with biopsy-proven cardiac amyloidosis.
Most of these patients had LGE distributed over the entire
subendocardial circumference, where there are the fibers re-
sponsible of the myocardial longitudinal function (Fig. 2).

Diastolic Function

The deposition of amyloidotic substance in the myocardial inter-
stitium causes the increase of both the thickness and the stiffness
of the ventricular wall thickness. As a consequence, the diastolic
ventricular filling is rapid and interrupted in the early phase.

Traditionally, cardiac amyloidosis has been considered to
be a “restrictive cardiomyopathy” showing the “square root
sign”; however, the hemodynamic filling shows different pat-
terns. The diastolic dysfunction in amyloidosis begins from
the atria: the reduced atrial compliance, due to amyloid

Fig. 1 Longitudinal deformation by 2D-strain shows severe impairment
of global longitudinal deformation (− 11.9%, panel A) with apical sparing
due to a lower deformation in basal (green segments) compared to apical
segments (blue arrows on panel C). However, the global systolic function

is preserved (panel B). (From Di Bella et al. Eur Heart J Cardiovasc
Imaging. 2014 Dec;15(12):1307–15, by permission of Oxford
University Press) [24••]
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infiltration, increases the diastolic atrial pressure.
Consequently, less interval time of diastole is spent for the
atrial and the ventricular filling. Furthermore, a high preva-
lence [43•] of mitral regurgitation in primary amyloidosis was
found. The increase of the atrial volumes due to the mitral
regurgitation could significantly elevate early diastolic atrial
pressure. As consequence, the transmitral blood flow is rapid.
The latter, in association with the high atrial pressure, gives
the false impression of a diastolic “restrictive pattern.”

>Early cardiac amyloidosis (with a wall thickness between
12 and 15 mm) shows an abnormal relaxation pattern charac-
terized by a decreased early filing velocity-to-atrial filing ve-
locity ratio (E/A ratio), a normal-to-prolonged deceleration
time, and a prolonged isovolumetric relaxation time. This
stage is similar to the Doppler flow patterns found in hyper-
tension, coronary artery disease, hypertrophic cardiomyopa-
thy, and the aging process. In contrast, advanced cardiac am-
yloidosis (with a wall thickness equal to 15 mm or more)
showed a short deceleration time and an increasing E/A ratio,
which are consistent with restrictive physiology.

The latter diastolic pattern is due to a greater infiltration of
the amyloid fibrils of the myocardial cells. Therefore, there is
a markedly shortened deceleration time and normal
isovolumic relaxation time. The shortened deceleration time
is the result of the rapidly increasing early left ventricular
diastolic pressure for a small change in volume and an abrupt
termination of filling seen classically in restrictive cardiomy-
opathy (dip and plateau).

However, in the advanced stage of the disease, the evolu-
tion of the ventricular filling is controversial. Plehn et al.

[44]demonstrated that in the subclinical stage of CA, the low
early diastolic filling is compensated by a more intensive late
diastolic filling. This provides a pseudonormalization of the
diastolic pattern in the advanced stage of the disease. On the
contrary, Hongo et al. [45] observed that with the progression
of the disease the diastolic pattern continues to deteriorate in
the early phase of the diastole. However, it is difficult to dis-
criminate if the decrease of the early diastolic filling is due to
the progression of the disease or to the physiological deterio-
ration of the old age. Besides, it is appropriate to draw two
considerations [46]: the first one is that the mitral valve in-
volvement in amyloidosis influences the diastolic pattern. The
second consideration is that the various amyloid protein types
have a specific predilection for infiltration of the mitral valve.
Therefore, the filling pattern has complex mechanisms and
could be dependent on protein type.

In the early CA, the pulmonary vein flow pattern is quite
normal. Pulmonary vein flow is abnormal in the advanced
CA: it presents a decreased systolic flow velocity and an in-
creased diastolic flow velocity. In particular, left ventricular
inflow and pulmonary vein flow velocities are reciprocal de-
pendent: both peak E velocity and peak diastolic flow velocity
increase. The increase in pulmonary vein diastolic flow may
result from a rapid decrease in left atrial filling after the in-
creased rapid filling (E velocity) into the stiff ventricle.

Most of the ventricular filling occurs in the first part of the
diastole and is due to the ventricular suction. The latter is
influenced by the stored energy generated by the previous
systolic contraction. Therefore, diastolic function depends on
the myocardial long-axis systolic function. In conclusion,

Fig. 2 Longitudinal,
circumferential, and radial strain
in the different stages of CA.
(From Di Bella et al. Eur Heart J
Cardiovasc Imaging. 2014
Dec;15(12):1307–15, by
permission of Oxford University
Press) [24••]
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diastolic impairment and longitudinal systolic dysfunction are
the signs of cardiac amyloidosis in the earlier stage (Fig. 3).

Conclusion

Non-invasive diagnosis of cardiac amyloidosis requires an
integrated approach with imaging data obtained using MRI
and nuclear medicine. However, conventional echocardiogra-
phy and the development of strain imaging represent a key-
stone in the diagnosis and follow-up of patients with suspected
and/or definite diagnosis of cardiac amyloidosis.

The main common findings of CA in echocardiography are
the following:

1. Increased LV wall thickness in the absence of secondary
causes.

2. “Mismatch” between echocardiographic and electrocar-
diographic findings.

3. “Granular sparkling” appearance of myocardial walls in
the nonharmonic imaging.

4. Biatrial dilatation and normal or reduced LV cavity di-
mensions [47].

5. LV Longitudinal dysfunction and diastolic dysfunction
are common findings but not specific signs of CA.

6. Apical sparing is easily recognizable and a specific sign in
predicting CA over more traditional parameters.

Furthermore, apical sparing helps to distinguish CA from
other cardiomyopathies such as the hypertrophic HCM.
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