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Abstract

Cardiac amyloidosis is a manifestation of one of several systemic amyloidoses, and is characterized by increased left-
ventricular (LV) wall thickness and normal or decreased LV cavity size. Congestive heart failure in cardiac amyloidosis is
characterized by a predominant diastolic LV dysfunction, and systolic dysfunction occurs only in late-stage disease. Echo-
cardiography is a noninvasive, reproducible method for assessing cardiac morphology and function in cardiac amyloidosis,
and some echocardiographic indices are prognostic for amyloidoses. This review describes the advances in echocardiography
and its role in the diagnosis and management of cardiac amyloidoses. Our review suggests that LV longitudinal function
and the cyclic variation of myocardial integrated backscatter may be the best predictors of adverse outcomes. In the future,
new echocardiographic techniques, such as fully automated echocardiogram interpretation, should provide further useful
information for assessing cardiac function and prognosis in cardiac amyloidosis patients.
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Introduction nerves, soft tissue, and the gastrointestinal system.
Heart involvement occurs in one-third to the half of
AL amyloidosis. Heart failure tends to progress rap-
idly once the heart is affected and patients have a poor
prognosis. Major treatment options for this disease are
chemotherapy, immunomodulatory drugs, and protea-
some inhibitors.

Transthyretin-associated amyloidoses (ATTR). There

are two types of ATTR.

Cardiac amyloidosis is a manifestation of one of several
systemic amyloidoses. It affects multiple organs and tissues

with extracellular deposition of pathogenic, insoluble, fibril-

lar proteins. Cardiac involvement is the predominant feature

and its relative predominance varies with the type of amy-
loidosis [1, 2]. The main forms of amyloidosis that affect the 2)
heart are as follows (Table 1):

(1) Light-chain amyloidosis (AL: amyloid-light-chain or e Variant-type ATTR (ATTRv), also called “familial-

primary): this type of amyloidosis is caused by immu-
noglobulin light-chain genes and usually associated
with plasma cell dyscrasia, but not multiple myeloma.
It affects the heart, kidney, liver, peripheral/autonomic
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type amyloid polyneuropathy (FAP)”, caused by a
variant form of transthyretin produced in the liver.
It affects peripheral/autonomic nerves and the heart.
This disease is autosomal dominant and amyloid
deposition is derived from a mixture of mutant
and wild-type transthyretin (ATTRwt). Treatments
include liver transplantation and drugs (diflunisal
and tafamidis) to stabilize transthyretin [3]. Pre-
vious studies reported that V30M-type ATTRv
patients rarely suffered from cardiac amyloidosis in
endemic areas; however, it appears that some Japa-
nese patients with V30M-type ATTRv develop the
disease at a later age and do have severe cardiac amy-
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Table 1 Overview of the cardiac amyloidoses

Type Precursor of amyloid fibril ~ Organs involved Treatment Features
AL Monoclonal light chains Heart, kidney, liver, peripheral/ High-dose Melphalan with Plasma cell dyscrasia, multiple
autonomic nerves, soft tissue, autologous stem cell transplant, myeloma (rare)
gastrointestinal system immunomodulatory drugs, pro- 50% of AL patients has heart
teasome inhibitors antibody? involvement
ATTRv  Variant form of transthyretin Peripheral (especially thermal Liver transplantation Autosomal dominant; reported

sense)/autonomic nerve, heart,

brain

ATTRwt Wild-type transthyretin
ment

Heart, carpal tunnel, yellow liga-

Drugs to stabilize transthyretin
(Tafamidis)

Gene silencing? Antibody?

Drugs to stabilize transthyretin?
(Tafamidis)

more than 130 mutations
Prognosis depends on the type
of mutations

Male gender dominant, elderly
Slowly progressive symptoms

AL amyloid-light chain, ATTRy variant type of transthyretin, ATTRwt wild-type transthyretin

loidosis. Most originated from nonendemic areas [4,
51

e Another type of ATTR is associated with ATTRwt
and is also known as senile systemic amyloidosis
(SSA). The main organ of involvement is the heart.
Carpal tunnel syndrome is a common initial symp-
tom of ATTRwt. This type is almost exclusively
found in elderly men (male:female ratio 20:1 and
50:1). Symptoms are slowly progressive. The mean
survival period is 5 years after onset of congestive
heart failure.

(3) Secondary amyloidosis: this type of amyloidosis is
caused by serum amyloid A and is also called AA
amyloidosis. It is seen in association with rheumatoid
arthritis and other rheumatic disorders such as anky-
losing spondylitis, as well as with inflammatory bowel
disease. Hepatic and renal amyloid deposition is the
dominant clinical feature, and clinical heart disease
related to cardiac amyloidosis is rare (5%). Treatment
is based on healing of the underlying inflammatory pro-
cess.

The purpose of this review was to describe the advances
in echocardiographic assessment, and to discuss their
crucial role in the diagnosis and management of cardiac
amyloidoses.

M-mode echocardiography

The m-mode echocardiography characteristics of cardiac
amyloidosis were first reported by Chew et al. [6]. This
three-case report suggested that the features of cardiac
amyloidosis were normal left-ventricular (LV) dimensions
in diastole, diminished amplitude of excursion, increased

systolic dimensions, and pericardial effusion. Child et al.
reported the following basic findings: (1) symmetric LV
hypertrophy in the absence of hypertension or aortic valvular
disease, (2) hypokinesia and decreased systolic thickening
of the interventricular septum and LV posterior wall, and (3)
small-to-normal LV cavity size. In addition, the character-
istics of infiltrate cardiomyopathy include septal/posterior
free-wall thickness ratio < 1.3, increased maximal left atrial
(LA) transverse dimension, reduced mitral valve closure
(E-F) slope, and preserved ejection fraction (EF) > 60% [7]
(Fig. 1).

Right-ventricular (RV) anterior wall thickness is report-
edly significantly increased in patients with clinically signifi-
cant amyloid infiltrative cardiomyopathy, and this is consist-
ent with pathologic findings [8, 9]. In conjunction with LV
abnormalities, this finding differentiates cardiac amyloidosis
from constrictive pericardial disease. Furthermore, Child
et al. reported that the mitral E point to ventricular septal
separation and its ratio to the LV end-diastolic dimension
accurately differentiates normal individuals from those with
abnormal LV function, irrespective of LV cavity size [9].

Using computer-assisted analyses of m-mode echocardio-
grams, patients with cardiac amyloids show characteristic
quantitative echocardiographic findings, including normal or
small LV cavity size, decreased peak diastolic cavity filling
rate, prolonged isovolumic relaxation, decreased fractional
shortening and peak circumferential fiber shortening rate,
and decreased peak rates of both systolic thickening and
diastolic thinning of the septum and posterior LV wall [10].
Interestingly, reports indicate 75% reduction in diastolic
thinning compared to 50% systolic thickening, indicating
greater impairment of diastolic regional function. Thus, sim-
ple m-mode echocardiography provides useful information
to differentiate cardiac amyloidosis from the other causes of
LV hypertrophy, especially when symptoms of congestive
heart failure are present.

@ Springer



66

Journal of Echocardiography (2019) 17:64-75

IvVSd

IVSs
LVIDd
LYIDs
LvVPwWd
LYPWSs
EDV(Teich)
ESV(Teich)
EF(Teich) 44.45 %
37.31 ml
21.8

SV (Teich)
%FS

Fig. 1 M-mode echocardiography. The right- and left-ventricular wall thickness is increased

Two-dimensional echocardiography

Two-dimensional echocardiographic findings in cardiac
amyloidosis were first reported by Siqueira-Filho et al. [11].
Two-dimensional echocardiography reveals additional fea-
tures such as thickened papillary muscles, thickened valves,
better appreciation of the thickened RV wall, and a char-
acteristic “granular sparkling” appearance of the thickened
cardiac walls. Mohty et al. examined the prevalence and
prognostic impact of left-sided valve thickening in 150 sys-
temic AL amyloidosis patients [12]. They found that 42%
had mitral and/or aortic valve thickening (>3 mm). Left
heart valve thickening was significantly associated with
reduced 5-year survival. In multivariate analysis, left-ven-
tricular valve thickening remained significantly associated
with higher all-cause mortality. Carroll et al. evaluated 14
systemic amyloidosis patients using electrocardiographic
voltage and echocardiographic muscle cross-sectional areas
[13]. Electrocardiographic voltage tended to be low and
the echocardiographic muscle cross-sectional area tended
to be increased. When these two techniques were com-
bined, an inverse correlation between voltage and muscle
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cross-sectional area (r=—0.79) was observed in amyloidosis
patients. Moreover, a marked derangement of the voltage/
cross-sectional area was associated with clinical symptoms
and mortality (Fig. 2).

Simons et al. compared the relative sensitivity of non-
invasive tests (two-dimensional echocardiography, com-
puterized tomography, magnetic resonance imaging, elec-
trocardiography, and nuclear scintigraphy) in 15 patients
with proven cardiac amyloidosis [14]. The sensitivity of
both myocardial technetium uptake and echocardiographic
observation of sparkling was low; however, voltage/mass
relation diagrams appeared to represent a promising non-
invasive cardiac amyloidosis diagnostic method. The
combination of increased LV thickness and a low-voltage
electrocardiographic pattern is highly specific for cardiac
amyloidosis, and was found in 3/30 (10%) and 13/24 (54%)
of secondary and AL amyloidosis patients, respectively.

Echocardiography is a sensitive test of cardiac involve-
ment in amyloidosis, in both symptomatic and asymptomatic
patients [15]. In one study, 58/196 patients undergoing endo-
myocardial biopsy due to clinical suspicion of cardiac amy-
loidosis were confirmed to have the condition. Multivariate
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Fig.2 Apical views of two-dimensional echocardiography. Thickening of the right, left ventricular, and atrial walls is seen

analysis revealed that a combination of low voltage and
increased LV thickness produced the most statistically use-
ful model [16]. One model showed a low-voltage and inter-
ventricular septal thickness of >1.98 cm, and diagnosis of
cardiac amyloidosis could be made with sensitivity of 72%
and specificity of 91% with positive and negative predictive
values of 79% and 88%, respectively.

Myocardial texture characterization

Bhandari et al. performed myocardial texture characterization
using two-dimensional echocardiography in 181 patients with
various cardiac disorders, including seven with amyloidosis,
and 24 controls [17]. Cardiac amyloidosis was characterized
by the presence of very bright or highly refractile echoes in
the myocardium. While all amyloidosis patients showed this
pattern, it was also observed in patients with uncomplicated
ventricular hypertrophy, chronic renal failure, hypertrophic
cardiomyopathy, Pompe disease, hemochromatosis, and left

heart hypoplastic syndrome, indicating that this finding is
non-specific for cardiac amyloidosis.

Among 15 patients with changes in myocardial wall
echogenicity on two-dimensional echocardiography, a pos-
itive gingival biopsy result for amyloidosis was observed
in 11 patients [18]. Increased myocardial echogenicity has
a reported sensitivity of 87% and specificity of 81% [19],
whereas the combination of increased myocardial echo-
genicity and increased atrial thickness showed 60% sensi-
tivity and 100% specificity for amyloidosis diagnosis.

Falk et al. reported a correlation between cardiac arrhyth-
mias and echocardiographic abnormalities, as well as heart
failure, in systemic amyloidosis [20]. There were four sudden
deaths, all in patients with abnormal echocardiograms and
complex ventricular arrhythmias. Cueto-Garcia et al. showed
that clinical congestive heart failure strongly correlated with
greater wall thickness and many other echocardiographic
abnormalities, and that survival was negatively influenced by
greater wall thickness and reduced systolic function (fractional
shortening), indicating that echocardiographic examination is
an important tool for identifying cardiac amyloid involvement
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and may be useful in estimating prognosis [21]. Low-voltage
pattern on electrocardiography and LVEF allows the identifi-
cation of patients at high risk of death [22]. Dubrey et al. dem-
onstrated that late potentials were more frequent in patients
with echocardiographic evidence of cardiac amyloidosis (31%)
compared to patients with normal echocardiograms (9%,
p<0.003) [23], and abnormal and signal-averaged electrocar-
diograms were both predictive of all-cause death (p <0.0001)
and sudden cardiac death (p <0.0001). Thus, two-dimensional
echocardiographic findings suggestive of advanced-stage car-
diac amyloidosis may represent adverse prognostic factors.

Myocardial scintigraphy
and echocardiography

Eriksson et al. reported that only 4/12 FAP patients with
echocardiographic abnormalities (highly refractile myo-
cardial echoes, thickened heart valves, and increased heart
wall thickness) had abnormal myocardial uptake of techne-
tium-99 m-pyrophosphate. Thus, cross-sectional echocar-
diography is superior to technetium-99 m-pyrophosphate
scintigraphy in detecting cardiac involvement in FAP [24].
Furthermore, the scintigraphy uptake index clearly differs
between echocardiographic and non-detectable cardiac
amyloidosis [25].

Sperry et al. examined 54 ATTR patients (31% hereditary
ATTR) using technetium 99 m-pyrophosphate (TcPYP). The
heart-to-contralateral lung (H/CL) ratio was calculated on
planar images, and LV uptake was determined in each of the
17 segments using SPECT. A measure of apical-sparing of
myocardial TCPYP uptake, termed the apical sparing ratio, was
calculated as basal + mid/apical counts. There was increased
TcPYP uptake in basal and mid LV segments, and an api-
cal-sparing LS pattern on echocardiography. Similarly, the RV
showed greater uptake in basal segments. Apical-sparing ratio
of TcPYP uptake was associated with age-adjusted all-cause
mortality with worse prognosis seen at levels <2.75. Global
longitudinal strain (LS) was also prognostic, whereas H/CL
ratio and total LV uptake indexed to blood pool were not [26].

Intracardiac thrombus in cardiac
amyloidosis

Dubrey et al. reported three rare cases of extensive cardiac
amyloidosis with large atrial thrombi in the LA during
sinus rhythm [27]. Doppler studies showed no A wave on
mitral inflow. The authors concluded that severe atrial and
ventricular infiltration by amyloids may have resulted in
mechanical atrial standstill with resultant thrombus forma-
tion, and that such patients may require anticoagulation
therapy when atrial function is impaired.
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Feng et al. reported on 116 autopsy or explanted cases
of cardiac amyloidosis (55 AL, 61 others) examined for
intracardiac thrombus [28]. Intracardiac thrombosis was
identified in 38 hearts (33%). The AL group had signifi-
cantly more intracardiac thrombi and fatal embolic events,
despite being younger and having less atrial fibrillation.
Multivariate analysis demonstrated that AL type and LV
diastolic dysfunction were independently associated with
the risk of thromboembolism. In another study by the
same group, transthoracic and transesophageal echocar-
diograms of 156 cardiac amyloidosis patients (80 AL, 76
others) were studied [29]. Fifty-eight intracardiac thrombi
were identified in 42 patients (27%). Multivariate analysis
showed that atrial fibrillation, poor LV diastolic function,
and lower LA appendage emptying velocity were inde-
pendent risk factors for intracardiac thrombosis, whereas
anticoagulation was associated with a significantly
decreased risk.

Doppler echocardiography

Klein et al. first performed Doppler echocardiographic
assessment of LV diastolic function in 64 patients with pri-
mary systemic amyloidosis [30]. In the early amyloidosis
(mean wall thickness 12—15 mm), relaxation was abnormal,
with decreased peak early velocity, increased late velocity,
decreased early/late velocity ratio, and prolonged isovolu-
mic relaxation time. In advanced amyloidosis (mean LV
wall thickness > 15 mm), a restrictive filling pattern with a
markedly shortened deceleration time, decreased pulmonary
vein peak systolic flow, and increased diastolic flow velocity
were observed. Abnormal RV diastolic function by Doppler
ultrasound measurements of RV inflow, superior vena cava,
and hepatic vein flow velocities with respiratory monitoring
have also been reported [31] (Fig. 3).

Patients with advanced-stage disease show a markedly
shortened deceleration time (restrictive pattern). Serial
pulsed wave Doppler studies of LV inflow were performed
over 12.6 +4.9 months in 41 patients with typical two-
dimensional echocardiographic features of cardiac involve-
ment [32]. Seven patients in the early group (mean LV thick-
ness < 15 mm) showed changes from abnormal relaxation or
“normal” patterns to restriction patterns, which coincided
with worsened symptoms in six patients. Fifteen of seven-
teen patients in the advanced group (mean LV thickness
> 15 mm) did not show significant changes during the fol-
low-up; however, these patients had already shown a restric-
tive pattern.

Dubrey et al. reported a comparison of echocardiographic
and electrocardiographic features in FAP (n=12) and AL
(n=24) cardiac amyloidosis [33]. Echocardiograms were
morphologically indistinguishable, with similar LV and RV
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Fig.3 Trans-mitral, pulmonary venous Doppler flow, and pulsed tissue Doppler imaging in a patient with wild-type transthyretin amyloidosis.

Despite the severe left-ventricular hypertrophy, E/e’ is not so high

wall thicknesses. Doppler indices of LV and RV function, LV
volume, and EF were similar. Low-voltage electrocardiograms
(<0.5 mV) were more common in AL (67%) than in familial
amyloidosis (25%; p<0.05), and 1-year survival rates were
92% and 38%, respectively, with virtually all deaths being
cardiac-related.

In addition, noninvasively derived LA kinetic energy, which
is calculated from the formula ¥> mV?, where m=the product
of mean LA stroke volume (in cm?) and blood density (1.06 g/
ml), and v=mean transmitral Doppler A-wave velocity (cm/s),
is severely impaired in AL amyloidosis once ventricular infil-
tration is apparent on echocardiography [34].

RV dilatation appears to be associated with more severe
involvement and poorer prognosis (median survival, 4 months)
[35]. Of multiple clinical, echocardiographic, and Doppler fea-
tures entered into a multifactorial model, RV dilation (LV/
RV area ratio <2) remained the only independent predictor
of survival. Doppler-derived LV diastolic filling variables
are also important predictors of survival in cardiac amyloi-
dosis [36], with patients with a transmitral early filling wave

deceleration time < 150 ms (restrictive pattern) showing poor
cardiac outcomes.

Ng et al. compared the echocardiographic features and
prognoses in patients with senile systemic amyloidosis (SSA)
(n=18) and AL amyloidosis (n=18) [37]. SSA was character-
ized by amyloidosis limited to the heart. In contrast to the rapid
progression of heart failure in AL amyloidosis, SSA was found
to result in slowly progressive heart failure, despite the thicker
LV wall and older age of patients.

Migrino et al. examined 42 biopsy-proven AL amyloido-
sis patients with echocardiography and followed them for
29 + 16 months [38]. Among the two-dimensional/Doppler
flow (mitral and LV outflow tract flow) and clinical param-
eters, only ejection time and alkaline phosphatase showed
incremental values to classify heart failure and predict mor-
tality. Rapezzi et al. conducted a longitudinal study of 233
patients with cardiac amyloidoses (AL, n=157; ATTRv,
n=61; ATTRwt, n=15) [39]. At diagnosis, the mean LV
wall thickness was higher in ATTRwt than ATTRv and AL
patients, and LVEF was moderately depressed in ATTRwt,
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but not in AL or ATTRv. Moreover, ATTRv displayed low
voltage/mass ratio less frequently and was a strong favorable
predictor of survival, whereas ATTRwt was found to predict
freedom from major cardiac events.

Pinney et al. compared 102 ATTRwt with 36 isolated
AL cases [40]. ATTRwt cases showed thicker LV walls,
lower E/e’, and longer transmitral early filling wave decel-
eration time. Univariate analysis demonstrated that no echo-
cardiographic parameters were associated with survival in
ATTRwt.

Pulsed tissue Doppler imaging

Cardiac amyloidosis is characterized by an initial impair-
ment of early cardiac relaxation, whereas congestive heart
failure is associated with an impairment of peak systolic
wall motion velocities, most prominently seen in the longi-
tudinal axis [41]. Moreover, peak lateral and medial mitral
annulus velocities and color m-mode tissue Doppler of the
LV posterior wall (for measurements of mean myocardial
velocities and myocardial velocity gradient) can differentiate
cardiac amyloidosis from control patients with fair overall
accuracy [42].

The longitudinal myocardial velocity gradients, indicat-
ing differences between basal and mid-myocardial veloci-
ties, using pulsed tissue Doppler imaging are reportedly
significantly impaired in patients with congestive heart
failure [43]. Conversely, single-point analysis of pulsed tis-
sue Doppler imaging cannot distinguish between patients.
Furthermore, the LV long-axis function was depressed in
all (100%) cardiac amyloidosis patients compared to only
36% of idiopathic restrictive cardiomyopathy patients [44].
Even when compared to diastolic color Doppler myocardial
imaging measurements, standard pulsed wave tissue Doppler
imaging of the mitral annulus is the most accurate diastolic
measure of early LV dysfunction in patients with AL amy-
loidosis [45].

Ultrasound myocardial tissue
characterization

The prognostic value of cycle-dependent variation of myo-
cardial integrated backscatter was compared with the other
standard echocardiographic and Doppler flow indices in
208 consecutive biopsy-proven patients with primary car-
diac amyloidosis [46]. Multivariate analysis showed that
this parameter at the LV posterior wall was the only inde-
pendent predictor of both cardiac and overall deaths. In
this study, the Tei index [47, 48] did not correlate with
mortality risk.
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Strain Doppler imaging

Longitudinal LV myocardial function assessed by strain and
strain rate tissue Doppler echocardiography can detect the
early impairments in systolic longitudinal LV function in AL
amyloidosis patients upon fractional shortening, but before
it is detectable by tissue velocity imaging [49, 50] (Fig. 4).
This sensitive method can detect differences in LV func-
tion between ATTRv and AL amyloidosis, which cannot
be distinguished by standard echocardiographic parameters,
despite the severity of congestive heart failure and cardiac
mortality being much lower in ATTRv [51]. In fact, this
method can detect impaired LV systolic function in AL amy-
loidosis patients with no evidence of cardiac involvement
on standard two-dimensional and Doppler echocardiography
[52].

In one study, 249 AL amyloidosis patients were pro-
spectively studied to identify independent predictors of
survival, compare clinical data, hematologic and cardiac
biomarkers, and standard echocardiographic and Doppler
myocardial imaging measures [53]. Multivariate analysis
identified NYHA class III or IV, presence of pleural effu-
sion, brain natriuretic peptide level > 493 pg/mL, ejection
time <273 ms, and peak longitudinal systolic basal anter-
oseptal strain > —7.5%, as independent predictors of poor
outcomes. The mean basal LS of LV was reported to be a
powerful predictor of clinical outcome and was superior to
standard two-dimensional echocardiographic, Doppler flow
measurements, and simple tissue velocity indices [54]. In
addition, RV function assessed by Doppler myocardial imag-
ing can also identify the early impairment of cardiac func-
tion and stratify mortality risk in AL amyloidosis patients
[55].

Speckle tracking echocardiography

Modesto et al. compared two-dimensional and tissue Dop-
pler-derived strain echocardiographic measurements in
amyloid cardiomyopathy patients and age-matched healthy
volunteers [56]. They found that two-dimensional strain
echocardiography values correlated closely with tissue
Doppler-derived strain echocardiography values (r=0.94
and 0.96 for strain rate and strain, respectively).

Speckle tracking echocardiographic (STE) measurement
of myocardial strain and strain rate can discriminate cardiac
amyloidosis from the other causes of cardiac hypertrophy
[57] (Fig. 5). Cardiac amyloid profoundly alters all strain
parameters (longitudinal, circumferential, and radial strain)
compared to other causes. In one study, endocardial and
epicardial longitudinal and circumferential strain and radial
strain were found to be significantly lower in hypertrophic
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Fig.4 Strain Doppler imaging in a patient with light-chain amyloidosis. The apical longitudinal strain is preserved

cardiomyopathy and ATTR cardiac amyloidosis patients
compared to controls [58]. Furthermore, epicardial circum-
ferential strain was significantly lower in ATTR cardiac
amyloidosis than hypertrophic cardiomyopathy. The peak
systolic radial strain and strain rate have been reported to
be indicative of LV segments with cardiac amyloidosis
involvement, as confirmed by cardiac magnetic resonance
imaging in a patient with secondary amyloidosis [59]. A
systolic septal longitudinal base-to-apex strain gradient (sep-
tal apical/basal longitudinal systolic ratio>?2.1), combined
with a shortened diastolic deceleration time of early filling
(<200 ms), aids in differentiating cardiac amyloidosis from
the other causes of concentric LV hypertrophy [60]. Using
parametric polar maps of regional LS, regional variations
in strain are easily recognizable, and represent an accurate
and reproducible means of differentiating hypertrophic
cardiomyopathy or cardiac amyloidosis from hyperten-
sive heart disease [61]. Positron emission tomography and

cardiovascular magnetic resonance studies indicate that seg-
mental differences in the distribution of total amyloid mass,
rather than the proportion of amyloid deposits, account for
marked regional differences in LS in cardiac amyloidosis
[62]. The echocardiographic imaging parameters, mean tis-
sue Doppler-derived and two-dimensional global LS of LV,
cardiac serological biomarkers, and comprehensive clinical
characteristics were prospectively assessed in 206 consecu-
tive patients with biopsy-proven systemic AL amyloidosis
[63]. In the multivariate analysis, only diastolic dysfunc-
tion and two-dimensional global LS remained independent
predictors of survival. Barros-Gomes et al. demonstrated
that 2D-STE predicted outcomes and provided incremental
prognostic information over the current prognostic staging
system, especially in patients without cardiac amyloidosis
[64]. Liu et al. assessed LV longitudinal, circumferential,
and radial systolic strains by speckle tracking imaging in
44 biopsy-proven systemic AL amyloidosis patients with
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Fig.5 Speckle tracking echocardiography of advanced light-chain cardiac amyloidosis. Apical sparing of the longitudinal strain can be seen in

advanced cardiac amyloidosis

LV hypertrophy and 30 normal controls [65]. The EF was
preserved, while the longitudinal systolic strain was signifi-
cantly reduced in both compensated and decompensated AL
amyloidosis patients. The longitudinal systolic strains were
similar in the apical segments and significantly reduced in
the basal segments in both groups, and multivariate analysis
showed that NYHA class and mid-septum systolic LS were
independent predictors of survival.

Quarta et al. analyzed 172 patients with cardiac amyloi-
dosis (80 AL, 36 ATTRv, and 56 ATTRwt) using standard
echocardiography and two-dimensional speckle-tracking
imaging-derived LV longitudinal, radial, and circumferen-
tial strains [66]. Compared with ATTRv and AL amyloido-
sis, ATTRwt was characterized by greater LV wall thick-
ness and lower EF, and the LS of LV was more depressed
in both ATTRwt and AL amyloidosis. TTR-related causes
were favorable predictors of survival, whereas LS and
advanced NYHA class were negative predictors.

Minamisawa et al. compared cardiac function in
patients with ATTRwt and ATTRv using standard and
speckle tracking echocardiography [67]. Twenty-one
patients with biopsy-proven ATTRwt were compared with
21 age-matched patients with ATTRv. LV wall thickness,
LVEF, LV basal circumferential/radial strain, and mid-
radial strain were significantly lower in ATTRwt patients
compared with ATTRv. There were no other significant
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differences between the two groups. In the receiver-oper-
ating characteristics curve analysis, LVEF and LV basal
mean radial strain were the best parameters for distinguish-
ing between the two groups. Siepen et al. analyzed clinical
predictors of mortality in 191 patients with histologically
proven ATTRwt. Basal and midventricular, but not apical
LS correlated with disease severity. Multivariable analy-
sis revealed mitral annular plane systolic excursion and
NT-pro BNP as independent predictors of mortality in the
whole cohort and midventricular strain in the subgroup of
patients in sinus rhythm [68].

Several studies have focused on RV function. Among RV
fractional shortening, tricuspid annular plane systolic excur-
sion (TAPSE), tissue Doppler systolic velocity, and global
RV-LS, NYHA class, and low TAPSE independently pre-
dicted major adverse cardiac events in multivariate analy-
sis [69]. Free-wall RV longitudinal strain (FWRVLYS) dis-
criminates AL amyloidosis from patients with increased wall
thickness due to other etiologies [70].

Left atrial function has been a focus in cardiac amyloido-
sis. In ATTR cardiomyopathy with increased LV wall thick-
ness, LA myocardial function is abnormal, irrespective of
atrial cavity size. Reduced LA myocardial strain rate during
atrial systole, irrespective of cavity volume, E/e’, and LV
deformation, is also a strong predictor of atrial arrhythmic
events [71]. In contrast to LV measures, there is a strong
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linear relationship between volumetric and longitudinal
deformation indices of the LA irrespective of cardiomyo-
pathy (dilated, hypertrophic, and AL amyloidosis) etiology
[72]. LA function was severely impaired and highly cor-
related with LV deformation in cardiac amyloidosis. Dif-
ferences in LA function between amyloid subtypes suggest
that amyloid etiology plays a role in the pathophysiology
of cardiac dysfunction in cardiac amyloidosis [73]. Three-
dimensional speckle tracking echocardiography (3D-STE)
provides new insight into the mechanism of LV dysfunction
in cardiac amyloidosis. 3D-STE reveals regional and global
biventricular dysfunction (LV basal LS, LV peak basal rota-
tion, and RV basal free-wall LS) in cardiac amyloidosis.
Assessment of RV ventricular dysfunction has an additive
value in differentiating cardiac amyloidosis from the other
causes of myocardial wall thickening [74].

Functional LA parameters are progressively altered in
AL patients according to the Mayo Clinic staging system.
A decrease in 3D-peak atrial LS is associated with worse
outcomes, independent of LA volume [75].

Transthyretin cardiac amyloidosis in patients
with aortic stenosis

Transthyretin cardiac amyloidosis (ATTR-CA) has been
reported in patients with aortic stenosis. Among 151 patients
with severe symptomatic aortic stenosis undergoing tran-
scatheter aortic valve replacement, 16% (n=24) screened
positive for ATTR-CA with 99mTc-PYP scintigraphy.
ATTR-CA is associated with a severe AS phenotype of low-
flow low-gradient with mildly reduced EF. Average tissue
Doppler mitral annular S’ <6 cm/s may be a sensitive meas-
ure to prompt a confirmatory 99 mTc-PYP scan and subse-
quent testing for ATTR-CA [76]. A total of 146 patients with
severe aortic stenosis requiring surgical valve replacement
underwent cardiovascular magnetic resonance and intraop-
erative biopsies. 99m Tc DPD scintigraphy identified 6/146
patients as ATTR-CA patients. Occult cardiac ATTRwt was
associated with poor outcomes [77].

Conclusion

Recent advances in echocardiography allow the noninva-
sive measurement of cardiac function, and novel echocar-
diographic parameters may represent prognosticators, espe-
cially in AL amyloidosis. LV longitudinal function and the
cyclic variation of myocardial integrated backscatter may
be the best predictors of adverse outcomes [46, 53, 54, 62].
Newer echocardiographic techniques, such as fully auto-
mated echocardiogram interpretation, are expected to add

further useful information for assessing cardiac function and
prognosis in cardiac amyloidosis patients [78].
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