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Since the diagnosis of cardiac amyloidosis (CA) is often delayed, echocardiographic find-
ings are frequently indicative of advanced cardiomyopathy. We aimed to describe early
echocardiographic features in patients subsequently diagnosed with CA. Preamyloid diag-
nosis echocardiographic studies were screened for structural and functional parameters
and stratified according to the pathogenetic subtype (immunoglobulin light-chain [AL] or
amyloid transthyretin [ATTR]). Abnormalities were defined based on published guide-
lines. Our cohort included 75 CA patients of whom 42 (56%) were diagnosed with AL and
33 (44%) with ATTR. Forty-two patients had an earlier echocardiography exam available
for review. Patients presented with increased wall thickness (1.3 [interquartile range
{IQR} 1.0, 1.5] cm) ≥3 years before the diagnosis of CA and relative wall thickness was
increased (0.47 [IQR 0.41, 0.50]) ≥7 years prediagnosis. One to 3 years before CA diagno-
sis restrictive left ventricular (LV) filling pattern was present in 19% of patients and LV
ejection fraction ≤50% was present in 21% of patients. Right ventricular dysfunction was
detected concomitantly with disease diagnosis. The echocardiographic phenotype of
ATTR versus AL-CA showed increased relative wall thickness (0.74 [IQR 0.62, 0.92] ver-
sus 0.62 [IQR 0.54, 0.76], p = 0.004) and LV mass index (144 [IQR 129, 191] versus 115
[IQR 105, 146] g/m2, p = 0.020) and reduced LV ejection fraction (50 [IQR 44, 58] versus
(60 [IQR 53, 60]%, p = 0.009) throughout the time course of CA progression, albeit sur-
vival time was similar. In conclusion, increased wall thickness and diastolic dysfunction in
CA develop over a time course of several years and can be diagnosed in their earlier stages
by standard echocardiography. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol
2020;133:126−133)
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Cardiac amyloidosis (CA) is caused in the majority of
cases by the cardiac infiltration of either immunoglobulin
light chain (AL) or amyloid transthyretin (ATTR), and car-
ries a poor prognosis.1 Echocardiography is a useful tool
for the assessment of cardiac amyloid burden through quan-
tification of left ventricular (LV) size, mass, and wall thick-
ness as well as LV diastolic function.2 Since the clinical
diagnosis of CA is often delayed, its typical echocardio-
graphic phenotype consists of severe wall thickening and
restrictive diastolic dysfunction.2-4 In contrary, there are
limited published data describing the echocardiographic
characteristics of early CA and the natural course of disease
progression.3,5,6 Recently, we reported a mild increase in
LV wall thickness concomitantly with the diagnosis of car-
pal tunnel syndrome and preceding the diagnosis of amy-
loidosis.7 In this study, we sought to characterize sequential
early echocardiographic features in patients subsequently
diagnosed with CA and to delineate disease progression as
assessed by echocardiography.
Methods

The population of the current study was comprised of
consecutive AL and ATTR CA patients treated at our insti-
tution (Rabin Medical Center, Israel) between the years
2003 and 2019. For all patients, electronic medical records
and echocardiographic examinations were retrospectively
reviewed.

The diagnosis of AL was made in the presence of a
monoclonal protein (identified by serum and urine protein
immunofixation plus serum-free light chain assay) and his-
tological evidence of amyloid deposition in tissue biopsy
by Congo red staining. Further protein analysis confirming
light chain deposits was made by immunohistochemistry.8

Mass spectrometry proteomic analysis was undertaken in
selected cases. The detection of cardiac amyloid involve-
ment in AL was based on either cardiac magnetic resonance
(CMR) imaging or endomyocardial biopsy (EMB). Patients
who were deferred by their treating physician from CMR or
EMB (high-risk patients) were provisionally diagnosed on
the basis of typical echocardiographic features (concentric
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Table 1

Characteristics of patients with cardiac amyloidosis at diagnosis

Variable Cardiac amyloidosis

patients (n = 75)

Age at amyloidosis diagnosis (years) 71 (64, 80)

Women 23 (31%)

Diabetes mellitus 9 (12%)

Hypothyroidism 4 (5%)

Hypertension 23 (31%)

Coronary artery disease 9 (12%)

Atrial fibrillation 20 (27%)

Chronic kidney disease 10 (13%)

Moderate or severe aortic stenosis 0 (0%)

Carpal tunnel syndrome 32 (43%)

Immunoglobulin light-chain cardiac amyloidosis (n = 42)

Typing by mass spectrometry 4 (10%)

Amyloid involvement

Kidney 12 (29%)

Gastrointestinal and liver 8 (19%)

Soft tissue 2 (5%)

Fat pad* 4 (27%)

Bone marrow 12 (29%)

Evaluation for cardiac amyloidosis

Cardiac magnetic resonance imaging 30 (71%)

Endomyocardial biopsy 8 (19%)

Echocardiography-based diagnosis 7 (17%)

Transthyretin cardiac amyloidosis (n = 33)

Hereditary (mutant) 5 (15%)

Evaluation for cardiac amyloidosis

Technecium-99m pyrophosphate scan 26 (79%)

Cardiac magnetic resonance imaging 24 (72%)

Endomyocardial biopsy 4 (12%)

Echocardiography-based diagnosis 1 (3%)

Data are presented as medians (25th, 75th quartiles) or as percentages,

as appropriate.

* Fat-pad biopsies were performed in only 15 (36%) of patients with

immunoglobulin light-chain amyloidosis.
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LV thickening and diastolic dysfunction), as previously
reported.2 The diagnosis of ATTR was established based on
either (1) EMB with confirmed amyloid deposits through
Congo red staining with further subtyping, or, (2) techne-
tium pyrophosphate nuclear scintigraphy (99mTc-PYP)
with myocardial tracer uptake analysis using the semiquan-
titative visual score (≥2) and the quantitative heart to con-
tralateral ratio ≥1.5.9,10 The exclusion of light chain
monoclonality by serum-free light chain and serum and
urine immunofixation was mandatory in all patients diag-
nosed with ATTR.10 Following a histological or noninva-
sive diagnosis of ATTR, all patients underwent TTR
genetic testing to differentiate between mutant ATTR and
wild-type ATTR.

We analyzed the resting echocardiographic parameters
of patients with CA by screening the electronic database for
examinations performed at and before the diagnosis and
treatment of amyloidosis according to prespecified retro-
spective time points: (1) <1 year prediagnosis, (2) 1≤ year
<3 prediagnosis, and (3) ≥3 years prediagnosis. The left
atrial and ventricular diameters and LV ejection fraction
(LVEF) were measured according to accepted guidelines.11

Relative wall thickness (RWT) was calculated as 2 times
LV posterior wall (PW) diastolic thickness divided by LV
diastolic diameter.11 LV mass was calculated according to
the Devereux formula12: 1.04 (LV diastolic diame-
ter + interventricular septal diameter + LV PW diastolic
thickness)3� (LV diastolic diameter3)� 13.6. Right ven-
tricular (RV) function was evaluated qualitatively by visual
assessment.13 The pulmonary artery systolic pressure was
estimated from peak velocity of the tricuspid regurgitation
jet and estimated right atrial pressure based on inferior vena
cava diameter and distensibility.13

LV diastolic function was assessed by recording mitral
flow with standard pulsed Doppler technique, and measure-
ments of early diastolic peak flow velocity (E), late diastolic
peak flow velocity (A) and the ratio of early to late flow
velocity peaks (E/A ratio).14 We graded LV diastolic func-
tion in the absence of more than mild mitral regurgitation
as follows: Grade 1 (impaired relaxation pattern), E/A ratio
<0.8; Grade 2 (pseudonormal pattern), E/A ratios between
0.8 and 2; Grade 3 (restrictive pattern), E/A ratio >2.14,15

Cut-off values for defining abnormalities in the reported
echocardiographic variables were chosen according to pub-
lished reference guidelines in the general population.11,15-18

Significantly increased wall thickness was defined as
≥1.4 cm of either interventricular septal or PW. Significant
diastolic dysfunction was defined as either pseudonormal or
restrictive LV diastolic patterns (Grade 2 and Grade 3). LV
systolic dysfunction was defined as LVEF ≤50% and RV
systolic dysfunction was defined by visual estimate.

Patients were excluded if the diagnosis of CA did not
meet the above criteria. For the preamyloid diagnosis echo-
cardiographic analysis we carefully reviewed the electronic
medical records and echocardiography referral indications
of study patients and excluded patients with clinically sus-
pected amyloidosis at the time when the echocardiography
exam was performed (Supplementary Table 1).

Mortality during follow-up was determined for all patients
through the Israeli National Population Registry. The study
protocol was approved by our Institutional Review Board.
The statistical analysis for this study was generated using
SAS Software, Version 9.4 (SAS Institute Inc., Cary, NC).
Continuous variables were presented by median and inter-
quartile 25th, 75th range. Categorical variables were pre-
sented by (N, %). t Test was used to compare the value of
continuous variables, displaying normal distribution between
study groups and the Wilcoxon test was used for non-Gauss-
ian distributions. Chi-square (for more than 2 categorical val-
ues) or Fisher’s exact test (for 2 categorical values) were used
to compare the value of categorical variables between study
groups. The cumulative incidence of death during study fol-
low-up was assessed by Kaplan-Meier survival analysis, with
the log-rank test. Two-sided p values less than 0.05 were con-
sidered statistically significant.
Results

Our study cohort included 75 patients with a diagnosis of
CA of whom 42 (56%) and 33 (44%) had AL and ATTR,
respectively. CA was either the leading clinical diagnosis
or was diagnosed on imaging studies during an initial evalu-
ation for systemic amyloidosis. Patients’ baseline character-
istics are presented in Table 1. The median age for the
diagnosis of amyloidosis was 71 (25th, 75th interquartile



Figure 1. Kaplan-Meier curve of 10-year survival of patients with (A) CA, (B) CA stratified by its pathogenetic amyloid subtype. AL = immunoglobulin

light-chain; ATTR = amyloid-transthyretin; CA = cardiac amyloidosis.
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range [IQR] 64, 80) years with male predominance (69%).
Amyloid cardiac involvement was established by CMR in
the majority of AL and ATTR patients (72%). Approxi-
mately a third (27%) of the study population had atrial
fibrillation and the rate of carpal tunnel syndrome was 43%.
As shown in Figure 1 overall survival was 6.7 years.

The echocardiographic parameters of CA patients
(n = 75) found within 1 year of diagnosis (<1 year prediag-
nosis) are presented in Table 2. Wall thickness and LV
mass index were increased to 1.5 (IQR 1.3, 1.7) cm and 138
(IQR 114, 159) g/m2, respectively. Significant diastolic dys-
function was present as determined by trans-mitral Doppler
E/A ratio (91% of patients with Grade 2 or Grade 3 diastolic
function) and an abnormal elevation in E/e’ ratio (19 [IQR
14, 22]) by tissue Doppler (Figure 2). Approximately a third
of patients presented with LV (37%) or RV (35%) systolic
dysfunction.

We then stratified the echocardiographic parameters
observed at the diagnosis of CA according to its pathoge-
netic subtype (Table 3). Patients with ATTR versus AL CA
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Table 2

Echocardiographic findings and troponin levels in patients with cardiac amyloidosis at different time intervals before the diagnosis of amyloidosis

Variable <1 year prediagnosis (n = 75) 1≤ year <3 prediagnosis (n = 33) ≥ 3 years prediagnosis (n = 24)

Median time prediagnosis (months) 5 (2, 0) 20 (12, 31) 60 (42, 76)

Left ventricular ejection fraction (median) 55 (47, 60) 60 (50, 60) 60 (60, 60)

Left ventricular ejection fraction ≤ 50% 28 (37%) 7 (21%) 3 (13%)

Right ventricular dysfunction 24 (35%) 1 (5%) 0 (0%)

Tricuspid annular plane systolic excursion 15 (13, 17) Non-available Non-available

Posterior wall (cm) 1.4 (1.3, 1.6) 1.3 (1.1,1.4) 1.2 (1.0, 1.4)

Ventricular septum (cm) 1.5 (1.3, 1.7) 1.4 (1.2, 1.6) 1.3 (1.0, 1.5)

Wall thickness ≥ 1.4 cm 60 (80%) 18 (55%) 8 (33%)

Left ventricular end diastolic diameter (cm) 4.2 (3.9,4.5) 4.6 (4.3, 4.8) 4.4 (4.2, 4.9)

Left ventricular end systolic diameter (cm) 2.8 (2.5, 3.4) 2.8 (2.7, 3.2) 2.8 (2.4, 2.9)

Relative wall thickness 0.67 (0.59, 0.79) 0.55 (0.38, 0.67) 0.50 (0.45, 0.58)

Relative wall thickness ≥ 0.42 73 (97%) 31 (94%) 24 (100%)

Left atrial area (cm2) 24 (21, 28) 22 (19, 28) 21 (18, 26)

Left atrial diameter (cm) 4.3 (3.7, 4.7) 4.0 (3.9, 4.7) 4.0 (3.8, 4.4)

Left ventricular mass index (g/m2) 138 (114, 159) 110 (94, 131) Non-available

E/A 2.1 (1.6, 2.9) 2 (1.2, 2.9) Non-available

Deceleration time (ms) 150 (117, 193) Non-available Non-available

e’ lateral 4 (2.4, 5) 5 (4, 7) Non-available

E/e’ 19 (14, 22) 18 (16, 20) Non-available

Systolic pulmonary artery pressure (mm Hg) 40 (30, 50) 42 (35, 58) 33 (31, 42)

Troponin^ (ng/L) 70 (49, 114) 35 (15, 77) Non-available

Data are presented as medians (25th, 75th quartiles) or as percentages, as appropriate.
^ Troponin normal laboratory range <13 ng/L. Troponin levels 1≤ year <3 prediagnosis were available in 13 of 33 of patients.
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had increased wall thickness, increased LV mass index,
increased LA diameter and worse LV systolic function. LV
diastolic function was similar between the 2 subgroups.
Troponin level and survival rate of patients with AL-CA
and ATTR-CA were similar (Figure 1).

To describe the natural progression of cardiac amyloid
involvement we reviewed the echocardiographic parameters
observed at prespecified time points before disease diagnosis
(Table 2). Forty-two (56%) of study patients had an earlier
echocardiography exam (≥ 1 year before the diagnosis of
CA) available for review. The majority of patients (19 of 24,
79%) presented with increased wall thickness (≥ 12 mm 15)
≥ 3 years before the diagnosis of amyloidosis. Moderately
increased (≥ 14 mm 11) wall thickness was documented 1≤
year <3 before CA diagnosis in 55% (18 of 33) of patients.
The RWT was abnormal (>0.4211,16) in 64% (7 of 11) of
patients ≥ 7 years before disease diagnosis (Supplementary
Table 1). Significant LV diastolic dysfunction was present on
echocardiography 1≤ year <3 before CA diagnosis with
pseudonormal LV filling pattern (Grade 2) in 42% and
restrictive LV filling pattern (Grade 3) in 19% of the cohort
(Figure 2). LV systolic dysfunction was observed in 21% of
the cohort 1≤ year <3 before the diagnosis of amyloidosis,
whereas RV dysfunction was present only with disease diag-
nosis in 35% (n = 24).

Notably, troponin levels were elevated (» 3*upper nor-
mal limit) 1≤ year <3 years before the diagnosis of amy-
loidosis (Table 2).

We subanalyzed the echocardiographic parameters
observed before the diagnosis of amyloidosis according to
its pathogenetic subtype (Table 3). We found increased
wall thickness and RWT in patients with ATTR versus AL
1≤ year <3 preamyloid diagnosis. Moreover, worse dia-
stolic function was demonstrated 1≤ year <3 prediagnosis
in patients with ATTR versus AL (79% vs 14% of patients
with Grade 2 and Grade 3 diastolic patterns).

To evaluate the time frame for the development of car-
diac amyloid involvement, we performed a separate analy-
sis which included only patients who underwent at least 2
echocardiographic examinations during the study follow-up
period with the earlier exam demonstrating normal-range
values for the investigated parameter (Figure 3). We found
that the maximal time frame as assessed by echocardiogra-
phy for the development of wall thickness ≥ 1.4cm was at a
median of 2.3 years from the documentation of normal-
range values (n = 23), and that the maximal time frame for
the development of Grade 2 or Grade 3 diastolic dysfunc-
tion was at a median of 2.9 years from the documentation
of either normal or Grade 1 diastolic pattern (n = 18). LV
and RV systolic dysfunction were noted at median time
frames of 2.6 and 2.3 years from the documentation of nor-
mal-range values, respectively (n = 14).

We also investigated the time interval from the echocar-
diographic documentation of significant structural and func-
tional abnormalities to disease diagnosis (Figure 3). Wall
thickness ≥ 1.4 cm and Grade 2 or Grade 3 LV diastolic
dysfunction were observed approximately a year before dis-
ease diagnosis.
Discussion

This study provides new insights into the understanding
of the natural progression of CA by retrospectively evaluat-
ing echocardiographic parameters before its clinical diagno-
sis. We found that: (1) Wall thickening and diastolic
dysfunction develop over a course of 2 to 3 years and pre-
cede the functional deterioration of the ventricles by several
years (Figure 4); (2) Echocardiographic features along the



Figure 2. LV diastolic function in patients with CA at different time points

before the diagnosis of amyloidosis. CA = cardiac amyloidosis; LV = left

ventricular.
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time course of CA progression demonstrate advanced car-
diomyopathy in patients with ATTR versus AL; (3) Signifi-
cant wall thickening and diastolic dysfunction are present
approximately a year before the diagnosis of CA.

CA is an increasingly recognized diagnosis due to
improved and novel diagnostic modalities2, 10 and to the
development of new targeted-therapies,19,20 all of which
help to enhance clinical awareness to this disease. Recent
studies reported an increased prevalence of CA in the popu-
lation of patients with HF and preserved ejection fraction,21

which is also characterized by increased wall thickening
and LV diastolic impairment. Indeed, the echocardio-
graphic phenotype of CA patients, as evident by our find-
ings and others,2-4 is characterized by increased wall
thickness and LV mass, biatrial enlargement, high E/A ratio
and a high E/e’ ratio reflecting high LV filling pressures. As
previously reported,3,22 we found that patients with ATTR
versus AL CA were more likely to display a higher degree of
structural and functional impairment as manifested by
increased wall thickness, higher LV mass and worse LV sys-
tolic dysfunction; differences that were evident along the
course of disease progression. ATTR is clinically character-
ized by fewer systemic manifestations and require patient’s
referral to a specific imaging study (99mTC-PYP scan), pos-
sibly accounting for its relatively late diagnosis and worse
echocardiographic features compared with AL. Nevertheless,
the echocardiographic findings concomitant with the diagno-
sis of amyloidosis, regardless of its pathogenetic subtype,
reflect in the majority of cases an already advanced cardio-
myopathy and portend poor prognosis.2,23,24

The paucity of data regarding the echocardiographic evo-
lution of CA is surprising. To the best of our knowledge, this
is the first study that describes the echocardiographic features
and natural history of AL and ATTR CA in the early stages
of disease, before diagnosis and initiation of targeted therapy.
We found that increased wall thickness, most probably
reflecting intra-myocardial amyloid infiltration, was the first
echocardiographic expression of CA and appeared approxi-
mately ≥ 3 years before disease diagnosis. Moreover, RWT,
a measure of LV concentric hypertrophy, was found to be
abnormal ≥ 7 year preamyloid diagnosis. These early echo-
cardiographic findings were recently shown to be associated
with a high diagnostic accuracy for CA, both in the popula-
tions of patients with AL and in patients with concentric
hypertrophy.16 Notably, significantly increased wall thick-
ness mimicking true LV hypertrophy was evident in patients
who were yet undiagnosed with amyloidosis; hence,
highlighting CA as a significant component in the differential
diagnosis of hypertrophic hearts.25-27

Increased wall thickness and stiffness result in diastolic
impairment which was initially reported ≥ 3 years before
the diagnosis of CA, and significant LV diastolic dysfunc-
tion became prevalent approximately 1≤ year <3 preamy-
loid diagnosis. In a survey of >500 AL patients (37% of
whom had CA) the average time from initial symptoms to
diagnosis was 2 years,28 possibly reflecting the clinical
manifestations of these findings.

LV systolic dysfunction, as assessed by LVEF, was pre-
served in the majority of CA patients until relatively late
stages of disease. Nevertheless, it is important to note that
cardiac output is invariably low in CA patients due to
decreased ventricular volume,29,30 and that LV impairment
may be detected at earlier disease stages by using myocar-
dial deformation imaging techniques.3 RV dysfunction was
observed concomitantly with CA diagnosis, and may have
led to disease diagnosis due to the display of HF symptoms.

The early initiation of amyloid-targeted therapy in both
AL and ATTR is crucial for patient’s quality of life and
survival.19,23,29 We believe that data presented in this study,
which describe the natural progression of cardiac amyloid
involvement and its early, prediagnosis echocardiographic
phenotype, will promote early disease recognition and aid
clinicians in promoting this important goal.

This study has several limitations. First, our study is lim-
ited by its relatively small sample size. Moreover, the rate
of patients with mutant ATTR versus wild-type ATTR in
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Table 3

Echocardiographic findings and troponin levels in patients with cardiac amyloidosis at different time intervals before the diagnosis of amyloidosis stratified

by the pathogenetic subtype

<1 year prediagnosis 1≤ year <3 prediagnosis

Variable Amyloid

transthyretin

(n = 33)

Immunoglobulin

light chain

amyloidosis (n = 42)

Amyloid

transthyretin

(n = 22)

Immunoglobulin

light chain

amyloidosis (n = 11)

p value^ p value^^

Left ventricular ejection fraction (median) 50 (44, 58) 60 (53, 60) 60 (45, 60) 60 (60, 60) 0.009 0.098

Left ventricular ejection fraction ≤ 50% 18 (55%) 10 (24%) 7 (32%) 0 (0%) 0.008 0.026

Right ventricular dysfunction 9 (27%) 20 (48%) 1 (5%) 0 (0%) 0.080 1.000

TAPSE 15 (13, 17) 15 (13, 18) Non-available Non-available 0.628

Posterior wall (cm) 1.5 (1.4, 1.8) 1.3 (1.2, 1.5) 1.3 (1.2, 1.5) 1.1 (0.9, 1.3) <0.001 0.005

Ventricular septum (cm) 1.6 (1.5, 1.9) 1.4 (1.3, 1.6) 1.4 (1.3, 1.6) 1.2 (0.9, 1.4) <0.001 0.030

Left ventricular end diastolic diameter (cm) 4.3 (3.7, 4.6) 4.2 (4.0, 4.5) 4.5 (4.0, 4.8) 4.6 (4.3, 4.9) 0.928 0.562

Left ventricular end systolic diameter (cm) 3.05 (2.5, 3.5) 2.8 (2.5, 3.1) 2.8 (2.5, 3.5) 2.8 (2.7, 3.0) 0.218 0.817

Relative wall thickness 0.74 (0.62, 0.92) 0.62 (0.54, 0.76) 0.58 (0.71) 0.45 (0.48) 0.004 0.004

Left atrial area (cm2) 26 (22, 31) 24 (21, 27) 23 (18, 29) 21 (20, 27) 0.150 0.967

Left atrial diameter (cm) 4.4 (4, 4.9) 4.2 (3.7, 4.6) 4.1 (4, 4.8) 3.7 (3.3, 4.6) 0.045 0.144

Left ventricular mass index (g/m2) 144 (129, 191) 115 (105, 146) Non-available Non-available 0.020

E/A 2.4 (1.5, 3.3) 2.1 (1.6, 2.7) Non-available Non-available 0.610

Diastolic grade 0.243 0.011

Normal 1(5%) 0 (0%) 0 (0%) 2 (29%)

1 3 (14%) 1 (3%) 4 (21%) 4 (57%)

2 7 (32%) 13 (37%) 10 (53%) 1 (14%)

3 11 (50%) 21 (60%) 5 (26%) 0 (0%)

Deceleration time (ms) 132 (115, 154) 157 (117, 195) Non-available Non-available 0.294

e’ lateral 5 (3.9, 6) 5 (4, 5) Non-available Non-available 0.733

E/e’ lateral 16 (13, 20) 19 (16, 23) Non-available Non-available 0.077

Systolic pulmonary artery pressure (mm Hg) 42 (35, 54) 40 (30, 50) 42 (36, 58) 29 (45, 47) 0.420 0.102

Troponin (ng/L)* 68 (52, 110) 70 (48, 123) Non-available Non-available 0.845 0.063

Data are presented as medians (25th, 75th quartiles) or as percentages, as appropriate.
^ Statistical comparison between ATTR and AL <1 year prediagnosis.
^^ Statistical comparison between ATTR and AL 1≤ year <3 prediagnosis.
* Troponin normal laboratory range <13 ng/L.

Figure 3. Time intervals in the progression of CA as assessed by echocardiography: time interval from normal to abnormal-range parameter and time interval

from parameter impairment to the diagnosis of amyloidosis. Data are presented as medians (25th, 75th quartiles). CA = cardiac amyloidosis; LV = left ven-

tricular; RV = right ventricular.
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Figure 4. Schematic proposed timeline of cardiac amyloid involvement. CA = cardiac amyloidosis; LV = left ventricular; RV = right ventricular; RWT = rel-

ative wall thickness.
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this cohort was low, and thus our observations may not
accurately reflect the echocardiographic findings in this
subpopulation. Second, since the study’s observation period
began more than a decade before the widespread use of car-
diac scintigraphy, the diagnosis of CA in our cohort was
more commonly established in patients with AL-CA com-
pared with ATTR-CA. Third, echocardiography studies
before disease diagnosis were not performed in 44% of our
CA cohort, due to its retrospective nature, allowing a selec-
tion bias. Fourth, the spectrum of echocardiographic param-
eters used to assess cardiac amyloid involvement and
diastolic dysfunction in earlier echocardiography studies
was limited. This is due to the retrospective nature of this
study and the fact that specific evaluation techniques, such
as global longitudinal strain, were not routinely used at our
institution during the study observation period. Fifth, echo-
cardiographic findings such as increased wall thickness and
diastolic dysfunction could potentially be explained by age-
ing. To address this limitation we defined significant wall
thickness and significant diastolic dysfunction as at least
moderate in severity according to published normal-range
reference values.11,15-18

In conclusion, the structural and functional abnormalities
of amyloid cardiac burden develop over a time course of sev-
eral years, and may be diagnosed in their earlier stages by
standard echocardiographic parameters. Early diagnosis and
treatment may pave the way for improved prognosis in CA.
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