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Aims Cardiac amyloidosis (CA) affects the four heart chambers, which can all be evaluated through speckle-tracking
echocardiography (STE).

...................................................................................................................................................................................................
Methods
and results

We evaluated 423 consecutive patients screened for CA over 5 years at two referral centres. CA was diagnosed in
261 patients (62%) with either amyloid transthyretin (ATTR; n = 144, 34%) or amyloid light-chain (AL; n = 117,
28%) CA. Strain parameters of all chambers were altered in CA patients, particularly those with ATTR-CA.
Nonetheless, only peak left atrial longitudinal strain (LA-PALS) displayed an independent association with the diag-
nosis of CA or ATTR-CA beyond standard echocardiographic variables and cardiac biomarkers (Model 1), or with
the diagnosis of ATTR-CA beyond the validated IWT score in patients with unexplained left ventricular (LV) hyper-
trophy. Patients with the most severe impairment of LA strain were those most likely to have CA or ATTR-CA.
Specifically, LA-PALS and/or LA-peak atrial contraction strain (PACS) in the first quartile (i.e. LA-PALS <6.65%
and/or LA-PACS <3.62%) had a 3.60-fold higher risk of CA, and a 3.68-fold higher risk of ATTR-CA beyond Model
1. Among patients with unexplained LV hypertrophy, those with LA-PALS or LA-PACS in the first quartile had an
8.76-fold higher risk for CA beyond Model 1, and a 2.04-fold higher risk of ATTR-CA beyond the IWT score.

...................................................................................................................................................................................................
Conclusions Among STE measures of the four chambers, PALS and PACS are the most informative ones to diagnose CA and

ATTR-CA. Patients screened for CA and having LA-PALS and/or LA-PACS in the first quartile have a high likeli-
hood of CA and ATTR-CA.
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Introduction

Cardiac amyloidosis (CA) is a disorder characterized by the accumu-
lation of misfolded proteins in the heart as amyloid fibres. Although
many proteins can infiltrate the myocardium, immunoglobulin-
derived light-chains (AL) and transthyretin (ATTR) alone account for
approximately 98% of cases of CA.1 Most studies have focused on
the consequences of amyloid infiltration in the left ventricle, which in-
clude a progressive increase of wall thickness and left ventricular (LV)
stiffness.2 Nonetheless, LV dysfunction and amyloid deposition in the
left atrial (LA) wall can lead to LA involvement, and right heart cham-
bers can be affected as well.3

Transthoracic echocardiography represents the most common
and cost-effective tool to evaluate cardiac volumes and function,
and is a first-line diagnostic technique in CA.3 The standard echo-
cardiographic analysis does not allow to reliably identify CA.
Recently proposed diagnostic parameters and scores4 include vari-
ables from 2D speckle-tracking echocardiography (STE) to better
characterize LV wall motion. STE analysis of the left atrium and
right heart chambers is usually feasible and has a low intra- and
interobserver variability, but has received very limited attention in
CA so far.5

LA enlargement is a common finding in CA3 and has been associ-
ated with embolic events and mortality.6 STE analysis allows to accur-
ately investigate LA functions of reservoir and active contraction,
which are impaired in patients with CA than controls even regardless
of LA size.7 As for the evaluation of right heart chambers, it is usually

limited to a small number of parameters, most commonly tricuspid
annular plane systolic excursion (TAPSE) and tricuspid annular peak
systolic velocity for the right ventricle, and the diameter or area for
the right atrium.

We are aware of just two studies exploring all four cardiac cham-
bers through a STE analysis. One was a retrospective, single-centre
study evaluating 55 patients with CA, who were compared with
patients with hypertrophic cardiomyopathy or healthy controls.8

Another study evaluated 136 patients with CA, with no control
group.9 In both studies, the Authors performed just an automated
calculation of the longitudinal strain (LS) of all chambers from a single
apical four-chamber view. Both studies demonstrated the feasibility
and reproducibility of LS analysis of the left atrium and right heart
chambers in patients with CA, and found a significant impairment of
LS values compared with reference values from healthy subjects.
However, neither study considered the possible relevance of four-
chamber LS for the purpose of the differential diagnosis between CA
and mimicking conditions.

In the present study, we investigated for the first time whether a
STE analysis extended to the left atrium, right ventricle, and right
atrium might hold additive diagnostic value for CA and its subtypes
(ATTR- and AL-CA). Specifically, we compared the different strain
parameters in their ability to diagnose CA. As parameters of LA strain
emerged as strongly associated with CA and ATTR-CA, we investi-
gated its additive value over cardiac biomarkers and variables from
standard echocardiography, as well as the validated Increased Wall
Thickness (IWT) score.4,10
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Patient population
We evaluated 423 consecutive patients referred to the Fondazione
Toscana Gabriele Monasterio in Pisa (n = 398, 94%) and the
University Hospital of Siena (n = 27, 6%) for a diagnostic workup for
suspected CA from 2015 to 2020. Patients were referred because of
proven systemic AL amyloidosis (n = 60, 14%) or unexplained
increased LV wall thickness on echo (interventricular septal or pos-
terior wall thickness >_12 mm) (n = 363, 86%), together with clinical
and/or laboratory findings compatible with CA.4 Patients underwent
a complete diagnostic work-up in agreement with the diagnostic al-
gorithm by Gillmore et al.,11 including clinical evaluation, 12-lead
electrocardiogram, transthoracic echocardiogram, cardiac magnetic
resonance (CMR), serum and urine biochemistry including N-termin-
al pro-B-type natriuretic peptide (NT-proBNP), high-sensitivity
troponin T (hs-TnT), serum free light-chains, serum and urine immu-
nofixation-electrophoresis, and endomyocardial biopsy (EMB) or
extracardiac biopsy. Patients with suspected ATTR-CA also under-
went diphosphonate scintigraphy.11 AL-CA was defined by an EMB
containing AL amyloid, or the combination of characteristic features
on echocardiography/CMR2 and histologically proven systemic AL
amyloidosis on a non-cardiac biopsy.12 ATTR-CA was diagnosed
when patients had an EMB containing ATTR amyloid, or Grade 2–3
cardiac uptake on diphosphonate scintigraphy in the absence of
monoclonal gammopathy.11 Among the 423 patients, CA was diag-
nosed in 261 (62%; ATTR-CA, n = 144; AL-CA, n = 117).

The study protocol conformed to the 1975 Declaration of
Helsinki, and was approved by the Institutional Human Research
Committees of both centres. All patients provided written informed
consent.

Standard echocardiography, laboratory

evaluation
See Supplementary data online.

Speckle-tracking echocardiography
STE was retrospectively performed in December 2020 on stored acquisi-
tions by expert operators (Pisa: I.F. and V.S. and Siena: G.E.M. and M.C.)
blinded to the final diagnosis. Among the consecutive patients included in
this study, those meeting the following criteria did not undergo STE as-
sessment: mitral valvular prosthesis; extensive mitral annular calcifica-
tions; device for atrial septal occlusion; poor acoustic window limiting the
deformation analysis of >_2 segments in each window. Each centre ana-
lysed strain parameters using off-line semi-automatic 2D strain software,
with validated inter-vendor consistency (2D Cardiac Performance
Analysis, TomTec-Arena version 4.6, TomTec Imaging systems,
Unterschleissheim, Germany; EchoPAC 12.0, GE, USA).

STE analysis was performed three times at first evaluation for each
chamber, and then repeated 1 week later for analysis of intra-observer
variability on a random sample of 50 patients by a first reader (I.F.) with
>5 years of experience in STE analysis, blinded to all other patient
information. A second expert and blinded reader (V.S.) repeated

Figure 1 Main parameters from speckle-tracking analysis. (A) Global longitudinal strain, (B) peak left atrial longitudinal strain and peak left atrial con-
traction strain, (C) right ventricular longitudinal strain, and (D) peak right atrial longitudinal strain.

Left atrial strain to diagnose cardiac amyloidosis 3
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measurements on the same random sample of 50 patients for analysis of
inter-observer variability. All contours were drawn again to assess both
intra- and inter-observer variability. The main STE parameters are
reported in Figure 1.

Left ventricle

2D grey-scale apical four-, two-, and three-chamber views were acquired
during three consecutive cardiac cycles, with a frame rate >50 frames/s.
The endocardial border was manually traced on an end-systolic frame
using a point-and-click approach. The software automatically generated
an epicardial line to create the region of interest (ROI) in each apical view
(four-, two-, and three chambers), which was manually corrected, when
needed. The myocardium was automatically divided into 16 segments. A
deformation curve for each segment was generated, and a mean curve
was derived from the average of the segments. GLS, ejection fraction
strain ratio (EFSR), mass-to-strain ratio (MSR), and septal apical-to-base
(SAB) ratio13 were calculated. Normal GLS values are -21.7 ± 2.5%
(lower reference limit -16.7) in men and -23.0± 2.7% (lower reference
limit -17.8) in women.14

Left atrium

LA strain analysis was performed on four- and two-chamber apical view
grey-scale images and conformed to the dedicated EACVI/ASE docu-
ment.5 We adopted the QRS method, whereby the LA endocardial bor-
der is manually traced at LV end-systole in both apical views. The
software automatically generated a ROI including six segments with dif-
ferent colours per view. The ROI was manually adjusted to include the
thickness of the LA myocardium and optimize tracking quality analysis. A
curve was generated for each of the 12 atrial segments. Tracking quality
was checked and manually corrected, when needed, to ensure optimal
tracking; the pulmonary veins and LA appendage were not included. Only
segments deemed appropriately and accurately tracked were considered
for analysis. The following parameters were calculated as mean between
four- and two-chamber measurements:

(1) peak LA longitudinal strain (LA-PALS), measured during ventricular
systole (normal values 33.5±10.9%, lower reference limit 11.7)15

and
(2) peak LA contraction strain (LA-PACS), measured during atrial con-

traction (normal values 15±5.3%, lower reference limit 4.4).15

We also measured LA strain during the conduit phase by calculating
the difference between LA-PALS and LA-PACS.

In patients with atrial fibrillation, flutter, or tachycardia, LA strain ana-
lysis was limited to LA-PALS measurement. In this case, all LA strain
measurements were carried out on three cardiac cycles and averaged. All
analyses were also repeated after excluding patients with atrial fibrillation,
flutter, or tachycardia.

Right ventricle

Right ventricular (RV) myocardial deformation was assessed by 2D
speckle-tracking imaging on the RV-focused apical four-chamber view
using the Tomtec Arena package. After manual tracing of the end-systolic
RV endocardial border, a ROI was automatically generated; its width and
position were manually adjusted to include the entire myocardial wall and
to exclude the pericardium. Pulmonary valve closure was identified on
the pulse-wave Doppler tracing of the RV outflow tract. The software
automatically divides the RV free-wall and the interventricular septum.
The quality of tracking was automatically validated by software and con-
firmed visually from the 2D images. Subjects in whom >2 segments per
ventricle showed inadequate tracking despite attempts to readjust the

ROI position and width were excluded from analysis.16 Normal values of
RV GLS are: -22.3 ± 3.3% (lower reference limit -15.7%) in men and
-20.7 ± 2.9% (lower reference limit -14.9%) in women.14 For free-wall RV
LS, normal values are -31.6± 4.0% (lower reference limit -27.6%) in men
and -29.3± 3.4% (lower reference limit -22.5%) in women.16

Right atrium

The peak right atrial longitudinal strain (RA-PALS) was measured.
Endocardial borders of the right atrium were traced on the end-diastolic
and end-systolic frame in a focused four-chamber apical view oriented to
the right-sided chambers. End-diastole and end-systole were defined
based on both electrocardiogram and visual assessment. All images were
acquired with a frame rate of at least 50 frames/s. For right atrial (RA)
strain measurement, the zero reference was set at end-diastole. As for
the left atrium, RA-PALS was measured on three cardiac cycles and aver-
aged were patients had atrial fibrillation, flutter, or tachycardia.

Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics (version 22,
2013) and Stata (version 16.1). Normal distribution was assessed by plot-
ting a histogram and running the Kolmogorov–Smirnov test. As all varia-
bles had a non-normal distribution, they were presented as median and
inter-quartile interval. Mean differences among groups were evaluated
through the Kruskal–Wallis one-way analysis of variance, applying the
Bonferroni correction for multiple comparisons (n = 4). Discrete varia-
bles were compared by the v2 test with Yates correction or the Fisher’s
exact test. The strength of correlations was evaluated through the
Spearman’s rho coefficient. We performed logistic regression analysis to
assess the independent association of LA-PALS and LA-PACS with CA
and/or ATTR-CA. Model 1 included cardiac biomarkers (NT-proBNP
and hs-TnT), and variables from standard echocardiography (LVEF, LVMI,
E/e0, LAVI, and TAPSE). The IWT score, which includes relative wall
thickness (RWT) >0.6 (3 points), E/e0 >11 (1 point), TAPSE <_19
(2 points), GLS >_-13% (1 point), and SAB >2.9 (3 points).4 Patients with
missing data (Model 1, 10%; IWT, 9%; Supplementary data online, Table
S1) were not included in the analysis. We assessed the independent diag-
nostic value of variables from multi-chamber STE analysis, added one at
the time to Model 1: GLS, mass-to-strain ratio (MSR), SAB, LA-PALS/
PACS or LA strain during the conduit phase, RV GLS and RA strain. The
one-in-ten rule was respected. To increase confidence in our results, we
performed bootstrapping with 1000 replicates (i.e. internal validation)
and derived 95% bias-corrected bootstrapped CIs. In patients with unex-
plained LV hypertrophy (defined as septal or posterior wall thickness
>_12 mm),4 we examined the additive value of all STE parameters (one at
the time) to the IWT score to diagnose CA or ATTR-CA.
Multicollinearity was excluded by calculating the variance inflation factor,
with a very conservative threshold of 3. Odds ratios (ORs) and corre-
sponding 95% confidence intervals (CIs) were calculated to establish the
relative likelihood of CA or ATTR-CA between two patient subgroups.
Intra- and inter-observer variability was evaluated through intraclass cor-
relation coefficients and the corresponding 95% CIs. Two-tailed P-values
<0.05 were deemed significant (or <0.0125 after Bonferroni correction).

Results

Patient population
Our cohort included 423 patients, with CA confirmed in 261
(62%), and excluded in 162 (38%); the alternative diagnoses are
reported in Supplementary data online, Table S2. Patients with
CA were more often men, showed higher hs-TnT, an increased
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..LV mass with a greater impairment of systolic and diastolic func-
tion, and a worse RV systolic function than patients without CA.
Conversely, the frequency of atrial arrhythmias, LA volume and
RA area did not differ significantly (Table 1).

ATTR-CA was diagnosed in 144 patients (34% of the whole popu-
lation), and AL-CA in 117 (28%). Compared with patients with AL-
CA, those with ATTR-CA had a more pseudo-hypertrophic left
ventricle with a greater impairment of systolic and diastolic function,
more commonly atrial arrhythmias, larger left atrium and right atrium,
and a worse RV function (Table 1).

When comparing patients with ATTR-CA vs. those with no CA,
the former displayed again a greater LV mass, worse systolic and dia-
stolic function, a larger left atrium and a lower TAPSE. Finally, most
measures did not differ significantly between patients with AL-CA
and those without CA (Table 1).

STE analysis
STE analysis was feasible in 98% of cases for left ventricle, 95% for
right ventricle, 90% for left atrium, and 85% for right atrium. Reasons
for non-analysability were poor acoustic window conditioning the

Figure 2 Left ventricular and right heart strain in patients with amyloid transthyretin (ATTR) or light-chain (AL) cardiac amyloidosis (CA) or with-
out CA. P for comparisons between ATTR- vs. AL-CA, ATTR-CA vs. no CA, and AL-CA vs. no CA are reported. Significant P-values (<0.0125 after
the Bonferroni correction) are reported in bold. GLS, global longitudinal strain; MSR, mass-to-strain ratio; RA, right atrial; RV, right ventricular.
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..loss of at least two segments, either contiguous or not (left ven-
tricle) or at least one segment (right ventricle), limited visibility
because of respiratory motion or excessive lateral wall mobility
(right atrium), poor acoustic window limiting the average of peak
values between chambers (left ventricle and left atrium). Intra-
and interobserver reproducibility was satisfactory, and better for
LV and RV parameters than left atrium and right atrium
(Supplementary data online, Table S3).

Left ventricle

The number of patients with a decreased LV GLS, according to sex-
specific lower reference limits of normality (as explained above), was
similar in the subgroup of patients with CA and those without (75%
vs. 67%, P = 0.096). Nonetheless, patients with CA had a lower GLS
and EFSR and a higher MSR than those without CA, and these differ-
ences were driven by the ATTR-CA subset (Table 2 and Figure 2).
IWT score values could be calculated in 363 patients (85%); score
values were higher in patients with ATTR-CA than those with AL-
CA or no CA (Table 2).

Left atrium

LA-PALS was much lower in patients with CA than those without
(Table 2), with 67% of patients with CA having LA-PALS lower than
the lower reference limit vs. 40% of patients without CA (P < 0.001).
LA-PALS remained lower in patients with CA after excluding patients
with atrial arrhythmias (P = 0.002). Differences in LA-PACS and LA
strain during the conduit phase were less pronounced and not signifi-
cant (Table 2).

Patients with ATTR-CA showed lower LA-PALS and LA-PACS
values than those with AL-CA or those without CA (Table 2 and
Figure 3). This was confirmed in patients without atrial arrhythmias
(n = 178, 68%; Supplementary data online, Table S4).

LA-PALS and LA-PACS correlated with E/e0 and LAVI only in AL-
CA patients, while correlations were much less evident in ATTR-CA

patients (Supplementary data online, Figure S1 and Table S5).
Furthermore, LA-PALS and LA-PACS correlated with both NT-
proBNP and hs-TnT in patients with AL-CA (Supplementary data on-
line, Figure S1 and Table S5).

Right ventricle and atrium

Absolute RV GLS was lower in patients with CA than those with-
out (Table 2 and Figure 2). RA-PALS was lower in patients with CA
than those without and was particularly depressed in patients
with ATTR-CA.

Additive diagnostic value of
four-chamber STE and LA strain
LA-PALS was the only STE parameter to display an association with
CA and ATTR-CA independent of Model 1 both in the whole popu-
lation and in patients with unexplained hypertrophy, as well as
ATTR-CA independent of Model 1 and IWT in patients with unex-
plained hypertrophy (Table 3). The independent association between
LA-PALS and ATTR-CA was confirmed through bootstrapping
(Supplementary data online, Table S6).

In the whole population, LA-PALS or LA-PACS in the first quartile
(LA-PALS <6.65% or LA-PACS <3.62%) had an OR of 3.60 (95% CI
1.19–10.90) for CA prediction regardless of Model 1, and 3.68 (1.35–
10.05) for ATTR-CA. Among patients with unexplained hypertrophy,
LA-PALS or LA-PACS in the first quartile had an OR of 8.76 (2.17–
35.44) for CA prediction regardless of Model 1, and 2.04 (1.48–2.79)
for ATTR-CA independent of the IWT score (Table 3 and Figure 4).

Discussion

We report that patients with CA have an impaired function of all car-
diac chambers compared with patients with CA suspected but ultim-
ately excluded; this difference is mainly driven by patients with

Figure 3 Left atrial strain in patients with amyloid transthyretin (ATTR) or light-chain (AL) cardiac amyloidosis (CA) or without CA. P for compari-
sons between ATTR- vs. AL-CA, ATTR-CA vs. no CA, and AL-CA vs. no CA are reported. Significant P-values (<0.0125 after the Bonferroni correc-
tion) are reported in bold. PACS/PALS, peak left atrial contraction/longitudinal strain.
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..ATTR-CA (Figure 5). LA strain is significantly depressed in patients
with CA, again particularly in those with ATTR-CA. LA-PALS was
associated with CA and ATTR-CA in the whole population inde-
pendently of a combination of cardiac biomarkers and traditional
echocardiographic findings, and also ATTR-CA in patients with unex-
plained hypertrophy regardless of the IWT score. Similarly, LA-PACS
was independently associated with ATTR-CA in the whole cohort
and among patients with unexplained hypertrophy. Furthermore,
patients with LA-PALS or LA-PACS in the first quartile (<6.65% or
<3.62%, respectively) have a much higher risk of CA and ATTR-CA.

Accumulation of amyloid fibres in the heart may cause a direct
damage to cardiomyocytes, particularly in AL-CA,17 and an expan-
sion of extracellular volume by both amyloid and fibrosis, which is
particularly prominent in ATTR-CA.18 These processes may affect
all cardiac chambers, as documented by functional abnormalities
on non-invasive imaging, results of biopsy specimens in the right
ventricle and left ventricle, and forensic examinations. Structural
and functional impairment of the left ventricle is usually much
more prominent than RV involvement,3 as confirmed in our co-
hort, where modest, non-significant differences were found in RV
strain parameters between patients with or without CA (Table 2).
These findings may be related to a more rapid amyloid accumula-
tion in the left ventricle than in the RV wall. As for the left atrium,
the combined effects of changes in LA wall structure and diastolic

dysfunction may explain the profound impairment of LA function
in patients with CA compared with patients in whom CA was sus-
pected, but ultimately excluded. LA relaxation and active contrac-
tion were particularly affected in patients with ATTR-CA, likely
reflecting the slower disease progression and more severe diastol-
ic dysfunction.7 A profound impairment in LA strain, demonstrated
by PALS and/or PACS in the first quartile, was independently asso-
ciated with ATTR-CA in a cohort of patients with suspected CA.
The diagnostic value of LA strain was independent of the combin-
ation of biomarkers of LV overload (NT-proBNP), cardiomyocyte
damage (hs-troponin T), LV systolic function (LVEF) and diastolic
function (E/e0), LV mass, LA volume index and RV function
(TAPSE). Conversely, even LV MSR, which has been reported to
help distinguish between ATTR- and AL-CA,13 did not hold inde-
pendent diagnostic value. LA-PALS and LA-PACS even added diag-
nostic value beyond the IWT score, which incorporates variables
from LV STE analysis,4 and has already been recommended as a
possible tool for non-invasive diagnosis of ATTR-CA.19

Over the last years, STE has gained increasing importance in CA,
and LV strain is currently recommended among the echocardio-
graphic diagnostic criteria of CA by European and American consen-
sus documents,19,20 both as its absolute value and as systolic
longitudinal strain apex-to-base ratio, i.e. the ‘relative apical longitu-
dinal strain’. This last has been proposed as an accurate diagnostic

Figure 4 Increased risk of cardiac amyloidosis (CA) and amyloid transthyretin CA (ATTR-CA) among patients in the first quartiles of peak left atrial
longitudinal strain (LA-PALS) and peak LA contraction strain (LA-PACS) values. For variables in Model 1 and in the Increased Wall Thickness (IWT)
score, see Methods sextion. In the whole population, patients with both LA-PALS and LA-PACS in the first quartile had a much higher risk of CA and
ATTR-CA than all other patients regardless of Model 1. In the subset with unexplained hypertrophy, patients with both LA-PALS and LA-PACS in the
first quartile had a much higher risk of CA and ATTR-CA beyond Model 1, and of ATTR-CA beyond the IWT score. The combination of LA-PALS
and LA-PACS in the first quartile did not yield independent diagnostic significance for CA over the IWT score among patients with unexplained hyper-
trophy; odds ratio (OR) values were then not reported. The complete results are provided in Table 3.
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..measure for CA,21,22 as well as a prognostic index.23,24 However,
focusing exclusively on LV strain would mean to overlook the early
impairment of LV diastolic function and the functional abnormalities
in all other cardiac chambers.

LA strain has emerged as a reliable indicator of diastolic function,
additive to the usual echocardiographic parameters.25–28 Therefore,
it has been proposed among the most useful indices for the echocar-
diographic evaluation of heart failure with preserved ejection frac-
tion.29,30 Some Authors have already focused their research on LA
function measured by STE in amyloidosis, founding a significant re-
duction in patients with CA.7,31 Importantly, Brand et al.32 have
shown that PALS was superior to left ventricle relative apical-to-
basal strain ratio in identifying CA patients in a cohort of 54 patients
with ‘unclear thick heart pathology’. In this study, we evaluated a
much larger cohort of patients evaluated for suspected CA (n = 423),
with the alternative diagnoses adjudicated, and an extensive

characterization including clinical and laboratory characteristics. We
report that LA strain is profoundly impaired in patients with CA, and
particularly in those with ATTR-CA, with additive diagnostic signifi-
cance over the IWT score, which includes E/E’ and LV GLS.
Therefore, LA strain measurement could be used as a screening tool
in patients with unexplained hypertrophy. The first quartiles of LA-
PALS or LA-PACS can be considered as possible diagnostic cut-offs,
most notably in patients with unexplained hypertrophy, given the in-
dependent diagnostic value of the combination of LA-PALS <6.65%
or LA-PACS <3.62% and its ability to reclassify patient risk of ATTR-
CA.

A possible limitation of this study is the arbitrary selection of varia-
bles included in Model 1. On the other hand, no diagnostic models
have been proposed in patients with suspected CA, with the partial
exception of the scores by Boldrini et al.,4 which are to be employed
in specific patient subsets (for example, the IWT score in patients

Figure 5 Comparison between strain values in the four chambers. Median values of left ventricular global longitudinal strain (GLS), peak left atrial
longitudinal strain, peak right ventricular GLS, and peak right atrial longitudinal strain are reported. The Bonferroni correction was applied to account
for multiple comparisons (n = 4); significant P-values (<0.0125) are highlighted in bold.
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.
with unexplained hypertrophy). We employed commonly available
variables reflecting cardiac damage and the structure and function of
multiple chambers. Several patients had not all the variable values for
Model 1 or the IWT score, although they were no more than 10%,
beyond which statistical analysis may be biased.33 We avoided to cre-
ate a diagnostic score based on multi-chamber STE or to integrate
LA strain into the IWT score,4 since this would require a dedicated,
and possibly multicentre, study. Another possible development is the
validation of our findings in other referral centres for CA or in other
settings with a lower observed prevalence of CA. Finally, we deliber-
ately focused on the diagnostic value of STE findings, rather than their
prognostic significance.

In conclusion, STE measures of all four chambers are abnormal in
patients with CA, particularly in ATTR-CA. LA strain is particularly
reduced and holds independent diagnostic significance. Among
patients screened for CA, those with LA-PALS <6.65% and/or LA-
PACS <3.62% have a high likelihood of CA and ATTR-CA.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.
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