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The left atrium in cardiac amyloidosis:
a valuable but still underused observation
window on the overall disease process
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This article refers to ‘Left atrial structure and function of
the amyloidogenic V122I transthyretin variant in elderly
African Americans’ by M. Minamisawa et al., published in
this issue on pages 1290–1295.

Strain and strain rate imaging have now gained an established
role in characterizing the different components of atrial function,
e.g. the ability to expand during ventricular systole (reser-
voir function), early diastolic emptying (conduit function),
atrial shortening (contraction), and, when associated with the
estimation of left ventricular (LV) pressures, the resistance
to deformation of the left atrium [left atrial (LA) stiffness]1

(Figure 1).
In this issue of the Journal, Minamisawa et al.,2 from the

Brigham and Women’s Hospital, Boston, USA, report the
results of a detailed echocardiographic exploration of the left
atrium in African-American carriers of the transthyretin (TTR)
valine-to-isoleucine substitution (V122I) participating in the
Atherosclerosis Risk in Communities study.3 This is the most
frequent amyloidogenic TTR mutation, present in 3–4% of Black
Americans and generally associated with a cardiac phenotype.4

The main finding of this analysis was that the LA minimum volume
index was significantly greater, LA longitudinal strain was worse
and multiple atrial abnormalities were more frequent in carriers
compared to non-carriers, suggesting that LA dysfunction may
be a useful echocardiographic marker of subclinical disease in
V122I carriers, before overt late-onset amyloid cardiomyopathy
develops.

Despite many methodological limitations also admitted by the
authors, the study is undoubtedly stimulating and raises, directly
or indirectly, some relevant questions.
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.. To what extent are
the abnormalities of the left
atrium simply a consequence
of ventricular dysfunction
as opposed to reflecting a real
‘infiltrative atrial myopathy’?
Abnormalities of LA structure and function may be the result of
abnormalities of LV systolic and diastolic function and elevated
filling pressure or they may be due to intrinsic abnormalities of
the left atrium. Notably, none of the cases studied by Minamisawa
et al. had a definite diagnosis of cardiomyopathy. In particular,
LV wall thicknesses, ventricular mass, and LV ejection fraction
were normal.2 Among the carriers, however, the mean values of
N-terminal pro-B-type natriuretic peptide (NT-proBNP), E wave
and lateral E/e′ ratio were significantly higher than in non-carriers.
These are modest but statistically significant differences. The
authors, however, tend to interpret the anatomical and functional
anomalies found as an expression of an initial atrial amyloidotic
infiltration due to the fact that these anomalies concerned the
minimum (not maximum) LA volume and contractile longitudinal
strain, and that the differences persisted after adjustment for body
mass index and LV global longitudinal strain. This interpretation is
reasonable but far from certain and warrants confirmation from
other studies. Furthermore, in none of the subjects studied did
the authors search for signs of cardiac amyloidosis by scintigraphy
or biopsy (apart from the presence of the V122I mutation).
Nevertheless, the existence of atrial dysfunction correlated to an
amyloidotic infiltration of the wall has already been documented
in other patients by magnetic resonance, particularly in cases of
AL amyloidosis.5

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.
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Figure 1 Schematic representation of anatomy, histology, atrial longitudinal strain, trans-mitral Doppler and electrocardiogram, in a normal
subject, in a patient with atrial amyloidotic infiltration without major ventricular abnormalities, and in a patient with overt amyloidotic
cardiomyopathy. A, A-wave velocity; Cond., conduit; Contr., contraction. E, E-wave velocity; Reserv., reservoir.

When and where does ‘amyloid
cardiomyopathy’ begin?
The authors’ hypothesis that atrial anomalies may precede the
development of more overt late-onset amyloid cardiomyopathy2

is intriguing but not documented (Figure 1). This cross-sectional
study does not permit to speculate on the natural history of
amyloid infiltration in the heart. Patients were not followed over
time, or at least their clinical and echocardiographic follow-up
was not reported. Moreover, considering the few other studies
available on the atrium in cardiac amyloidosis,1,6–8 the observa-
tions were also cross-sectional and based on cases with already
overt forms of amyloidotic cardiomyopathy. The rationale behind
the hypothesis that myocardial infiltration begins in the atria and
then extends to the ventricles is not convincing. It is more likely
that there is a widespread myocardial infiltration from the outset,
which becomes functionally manifest first in the thinner chambers
(precisely the atria).

In any case, being able to identify the presence of cardiac
amyloidosis at a very early stage is clinically important. Apart
from the study of atrial strain, until now only scintigraphy with
diphosphonates has been able to identify carriers of amyloidogenic
mutations with myocardial infiltration already present even in the
absence of obvious echocardiographic and electrocardiographic
morphological alterations.9 Whether it is reasonable to start
disease-modifying therapy at such an early stage of the disease is a
completely open question! ..
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.. By what mechanism does
the mere presence of a V122I
mutation increase the risk
of atrial dysfunction, heart failure,
atrial fibrillation and stroke?
The ARIC study database has been widely used to investigate
the functional and prognostic implications of a V122I mutation
among Black Americans and the association of this mutation with
an increased risk of chronic heart failure,3 atrial fibrillation and
stroke.10 Atrial fibrillation and stroke have already been docu-
mented in subjects without overt amyloidotic cardiomyopathy.10

On the other hand, development of a ‘classic’ myocardial infil-
tration may not be the only mechanism by which a V122I mutation
leads to functional alterations of the atrium and an increased risk
of heart failure, atrial fibrillation and stroke. This issue was exten-
sively discussed already back in the first ARIC papers on V122I.11

The authors speculated that there may be mechanisms other than
extensive amyloid infiltration of the myocardium by which V122I
contributes to heart failure, including a synergistic effect with other
risk factors such as hypertension. Thus, carriers with little or no
infiltration and minimal coexisting disease might remain asymp-
tomatic, while those with other risk factors would manifest disease.
The same reasoning and doubts also apply to atrial dysfunction in
the study by Minamisawa et al.2

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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To what extent can ‘atrial
myopathy’ explain an incremental
thromboembolic risk of cardiac
amyloidosis independently
of atrial fibrillation, and which
patients are candidate
for anticoagulants despite sinus
rhythm?
Even if the authors do not address this question, it is clear that an
atrial myopathy with consequences on the contractile function of
the atrium could lead to the formation of local thrombosis even
without atrial fibrillation. Supporting this hypothesis are some epi-
demiological data and anatomopathological and echocardiographic
findings.

A retrospective case series of the Mayo Clinic reported that
intracardiac thrombi were present in 42 out of 156 patients
(27%) undergoing a transoesophageal echocardiogram for any
reason.12 Most thrombi were found in the LA appendage (32/58,
55%). The risk of intracardiac thrombosis was particularly high
in patients with AL-cardiac amyloidosis and in those with atrial
fibrillation, but LV diastolic dysfunction emerged as a predictor of
intracardiac thrombosis independently of atrial fibrillation.12 In a
more recent series of 324 patients with cardiac amyloidosis (CA)
from two European centres [79% male, 51% with transthyretin
cardiac amyloidosis (ATTR-CA), 31% with atrial fibrillation or
flutter], the prevalence of intracardiac thrombi was 6.2% [95%
confidence interval (CI) 3.5–8.8) in the overall sample, 5.2%
(95% CI 1.6–8.7) in AL, and 7.2% (95% CI 3.3–11.2) in ATTR
(P = 0.45).13 Of the patients with intracardiac thrombi (n = 20),
13 were in atrial fibrillation and 7 in sinus rhythm.

A multicentre retrospective study evaluated 406 patients with
cardiac amyloidosis (134 AL, 73 ATTRv and 199 ATTRwt), followed
up for a median of 19 months. Thirty-one patients (7.6%) had an
event (ischaemic stroke, transient ischaemic attack, or peripheral
embolism): 10 events represented the first manifestation of cardiac
amyloidosis, while the other 21 occurred during the follow-up,
with an estimated incidence of 2.2% per year (95% CI 1.4–3.3).
Ten patients experiencing an event (32.2%) were in sinus rhythm
and had no history of atrial fibrillation. Across different cardiac
amyloidosis aetiologies, a consistent proportion of events occurred
in the absence of documented atrial fibrillation (33.3% AL, 16.7%
ATTRv, 37.5% ATTRwt).14

Is the study of the left atrium
in cardiac amyloidosis ready
for routine clinical use or still just
a research tool?
The evaluation of atrial strain with speckle tracking is feasible in
most cases without excessive technical problems and can assess the ..
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.. three phases of LA dimension (Figure 1). Cameli et al.15 reported
that one of the possible measures – global LA strain during the
reservoir phase with QRS as starting point – can be calculated in
the vast majority of patients (in 90% of cases by junior readers,
95% by senior readers). It does not prolong acquisition times, can
be calculated off-line in a median time of 110 s (by both junior
and senior readers), and is highly reproducible (inter-correlation
coefficient = 0.93).

In the largest study to date published on the evaluation of the
left atrium with speckle tracking, the three phases of atrial function
were evaluated in all enrolled patients, showing measurable differ-
ences between different aetiologies and precise relationships with
LV function.1

In conclusion, Minamisawa et al.’s study2 has the capacity to raise,
explicitly or implicitly, a series of extremely challenging clinical and
pathophysiological questions. A functional study of the left atrium
is possible with speckle tracking and this undoubtedly extends our
ability to understand a disease that, despite the advances made, still
remains a mystery.
Conflict of interest: none declared.
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