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Graphical Abstract The place of longitudinal strain (LS) alterations in the natural history of amyloid light-chain (AL) amyloidosis. The three
concentric circles report, from outside to inside, the mechanisms of cardiac damage, the main pathophysiological abnormalities, and the correspond-
ing echocardiographic findings. The order of the pathophysiological abnormalities and echocardiographic findings broadly reflect the timing of their
development. LS, longitudinal strain; LVEF, left ventricular ejection fraction; MAPSE, mitral anular plane systolic excursion; MCF, myocardial contrac-
tion fraction; NPs, natriuretic peptides; RFP, restrictive filling pattern; SV, stroke volume.

The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.
* Corresponding author. Chair of Cardiology, Azienda Ospedaliero-Universitaria di Ferrara, Ospedale di Cona, Via Aldo Moro 8, 44124 Cona, Ferrara, Italy. Tel: þ39 0532
239882, Email: claudio.rapezzi@unife.it
VC The Author(s) 2021. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

EDITORIALEuropean Heart Journal (2022) 43, 342–344
https://doi.org/10.1093/eurheartj/ehab609

This editorial relates to ‘Longitudinal strain is an independent predictor of survival and response to  therapy in patients with

systemic AL amyloidosis’,  by O.C. Cohen et al., https://doi.org/10.1093/eurheartj/ehab507.
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Over the last years, research on light-chain (AL) amyloidosis has
focused on the search for variables able to detect and quantify cardiac
and renal involvement, predict survival, and monitor disease progres-
sion and response to treatment, in terms of the plasma cell disorder
and organ damage.1 Finding reliable indicators of disease status
becomes increasingly important given the growing number of thera-
peutic options.

In this issue of the European Heart Journal, Cohen et al. report the
results of a detailed characterization of echocardiographic and
haematology findings in 915 patients with AL amyloidosis [69% of
whom had cardiac amyloidosis (CA)].2 The authors report that longi-
tudinal strain (LS) of the left ventricle provides important information
about the whole natural history of AL amyloidosis. Indeed, LS values
at baseline testify to the presence of cardiac involvement, which is an
established predictor of outcome in patients with AL amyloidosis.3

Accordingly, LS also predicted survival independently of several varia-
bles from standard echocardiographic examination.2 Interestingly,
patients with the most severe impairment in LS had a poor prognosis
even regardless of the Mayo staging system (which includes bio-
markers of cardiac damage) and other variables including left ven-
tricular ejection fraction (LVEF).2 Changes in LS over time also reflect
variations in cardiac function and, in treated patients, the response to
therapy, with a possible added value over indicators reflecting the
plasma cell disorder alone, such as the difference between involved
and non-involved free light chains (dFLCs). Using this, the authors
identify patients with an absolute improvement of LS >_2% and a final
dFLC <10 mg/L after 12 months of treatment as the subgroup with
the best prognosis.2

Despite some methodological limitations acknowledged by the
authors,2 the study is very stimulating and raises a number of
questions.

Why has LS become so important
to characterize cardiac
involvement in patients with
amyloidosis? What is the added
value of LS beyond other
echocardiographic indicators of
cardiac function?

An increased myocardial stiffness is a hallmark of CA, leading to an
impairment in diastolic and then systolic function and a restrictive
phenotype.4 Several echocardiographic parameters allow explor-
ation of LV kinesis, not exclusively along the longitudinal axis (as in
the case of LS). These indicators include LVEF, myocardial tissue
velocities by Doppler imaging, mitral annular plane systolic excursion,
and even tricuspid annular plane systolic excursion (which investi-
gates right ventricular function, which may also be also impaired).4,5

Three indicators particularly well suited to investigate LV function
are the mitral flow patterns (which investigate diastolic function and
in advanced cases demonstrate a restrictive LV filling), LV strain
(which quantifies myocardial deformation and therefore systolic func-
tion), and LV stroke volume (which is a less sensitive measure of

systolic dysfunction than LV strain).4,5 LV strain, assessed through 2D
speckle-tracking echocardiography (STE), is particularly sensitive for
detecting increased myocardial stiffness, which is a direct conse-
quence of amyloid infiltration, and (particularly in AL-CA) also the
toxic myocardial damage from circulating amyloid precursors.4–6 LV
strain is able to accurately detect cardiac damage in patients with sys-
temic AL amyloidosis, as demonstrated by its inclusion in a multipara-
metric diagnostic score for AL-CA.7 The close link with myocardial
stiffness and high sensitivity fdor the detection of cardiac involvement
represent the main strengths of STE. This technique also allows de-
tection of apical sparing, i.e. the relative preservation of apical con-
tractility of the left ventricle compared with basal segments, which is
an almost pathognomonic finding and helps distinguish CA from
other forms of cardiac hypertrophy.4–6 An indirect confirmation of
the value of STE derives from the study by Cohen et al., where base-
line LV strain yielded greater prognostic significance than other echo-
cardiographic findings.2 The same observation had already been
reported in at least two other studies.8,9 Conversely, LVEF was
reported to be a poor parameter to diagnose AL-CA, being reduced
only in late disease stages.10 LVEF was also a worse predictor of out-
come than the myocardial contraction fraction (MCF), defined as the
ratio between stroke volume and myocardial volume, reflecting the
characteristic discrepancy between LV mass and contractility in
CA.11 LV stroke volume has a similar ability to MCF and LS in predict-
ing outcome in AL amyloidosis, also independently of cardiac
biomarkers.11

When comparing indicators of LV function, it is important to re-
member that the performance of diagnostic and prognostic markers
probably changes according to the disease stage. This has been well
documented in patients with amyloid transthyretin (ATTR) CA.12

The same is likely to apply to AL-CA, although it is not necessarily
the case since in AL-CA there is also a direct cardiotoxic effect of
amyloid precursors. In one study on patients in advanced disease
stages, stroke volume was superior even to strain.9 This is not sur-
prising if we consider that a fixed stroke volume indicates an
advanced restrictive cardiomyopathy, with cardiac output relying
mostly on heart rate.4,5 Overall, the characterization of LV strain in
AL-CA cannot ignore the assessment of its diagnostic and prognostic
value during the different stages of the natural history of this
condition.

Do we really need an
echocardiographic predictor of
outcome in a disease where
circulating biomarkers are able
to effectively stratify patient
outcome and monitor the
response to chemotherapy?

The goals of treatment in AL amyloidosis are to block the production
of light chains and to block (and then reverse) organ damage. There
are several moments when the need for an accurate patient profiling
is particularly important to guide treatment decisions: the search for
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.cardiac involvement and risk prediction at baseline; the decision as to
whether a patient can undergo autologous bone marrow transplant-
ation; the quantification of cardiac damage and its evolution over
time; and the assessment of cardiac and haematological response to
treatment. Biomarkers of cardiac damage, most commonly N-ter-
minal probrain natriuretic peptide (NT-proBNP) and high-sensitivity
(hs) troponin T, together with free light chains may help clinicians to
navigate through these steps, and are regarded with interest in clinical
trials as early indicators of response to treatment and as surrogate
endpoints.

The results of Cohen et al. do not allow the proposal of a change
to established decision-making criteria, but they do show the per-
spective to optimize these criteria. The proposed combined staging
system may represent the basis for future larger international collab-
orative studies. Notably, LS yielded added prognostic value on top of
the Mayo staging system, and it is the first time that an indicator of
cardiac function adds prognostic significance over a very high baseline
NT-proBNP (>8500 ng/L).2 A very interesting finding is the possibility
to combine LS with the complete haematological response, identify-
ing a subgroup with a better survival at both 12 and 24 months.2

Can LV strain already be
implemented in the clinical
practice of patients with AL-CA?

This study identifies a promising potential application of LV strain to
the management of patients with AL-CA. Nonetheless, these findings
require robust confirmation before being universally adopted in clin-
ical practice. LV strain analysis has several drawbacks that are cor-
rectly acknowledged by the authors:2 differences in LV strain
calculation between different vendors, time-consuming image opti-
mization and post-processing, and different metrics (e.g. global LS vs.
LS from four-chamber views) and methods of calculation (such as a
16- or 6-segment analysis, as in the study of Cohen et al.2 We may
add the still limited application of STE in current clinical practice. All
these factors may limit the large-scale applicability of a staging system
incorporating LV strain. Furthermore, the absolute change in LS

associated with better survival and the optimal timing for assessment
should be reappraised in large cohorts. An early indicator of treat-
ment response and then outcome would be important in a serious
condition such as AL-CA, which also has several possible lines of
treatment. On the other hand, LS improvement in responders is
expected to be much slower than cardiac biomarkers (NT-proBNP
but also possibly hs-troponin T), reflecting the long time needed for
the reabsorption of amyloid deposits, as compared with the rapid re-
lief from cardiac damage. The different kinetics of the two processes
might justify the combined assessment of NT-proBNP or hs-
troponin T as indicators of early response, and LS as a late indicator.

In conclusion, the growing body of evidence about LS in CA is
transforming a simple echocardiographic functional parameter into a
multipurpose biomarker, useful for diagnosis, risk stratification, and
decision-making in patients with AL-CA (Table 1; Graphical Abstract).
The study by Cohen et al. represents a relevant step during this
journey.

Conflict of interest: none declared.
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Table 1 Longitudinal strain (LS) and N-terminal probrain natriuretic peptide (NT-proBNP) for the management of
amyloid light-chain (AL) amyloidosis

LS NT-proBNP Potential for combination

Intra-/interobserver variability Low (but need for local expertise) High NA
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Monitoring disease progression þ 11 þþþ
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Monitoring final response to treatment (12 months) 11 11 þþþ
Monitoring chemotherapy for cardiotoxicity þþ þ þþþ
Endpoint for clinical trials TBA 11 þþþ

The importance LS and NT-proBNP was graded by the authors of this Editorial from ‘TBA’ (to be adjudicated) to þþþ (very important). High-level evidence is reported in
bold.
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