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Cardiac amyloidosis (CA) is now recognized as an important cause of heart failure. Increased wall thickness and diastolic dysfunction of the
left ventricle are the most easily detectable manifestations of CA, but amyloid accumulates in all cardiac structures. Involvement of the left and
right atria may be due to the haemodynamic effects of ventricular diastolic dysfunction, the effects of amyloid infiltration into the atrial wall,
and the cardiotoxic damage of atrial cardiomyocytes by amyloid precursors. Atrial amyloidosis is an early manifestation of CA, and is associ-
ated with an increased risk of atrial fibrillation and thromboembolic events. Furthermore, atrial amyloidosis can be found even in the absence
of systemic disease and ventricular involvement. This condition is named isolated atrial amyloidosis and is due to a local overproduction of
atrial natriuretic peptide. In this review we summarize the evidence on the mechanisms and clinical relevance of atrial amyloidosis.
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Atrial amyloidosis: pathophysiology and clinical manifestations. Atrial amyloidosis can manifest as part of a systemic disorder (as in amyloid light-chain
[AL] or transthyretin [ATTR] amyloidosis), or be isolated (in the form due to atrial natriuretic type [ANP] accumulation); this last form is often
associated with permanent or persistent atrial fibrillation. Atrial amyloidosis manifests with the reduction or loss of atrial systolic function (which
can be assessed through speckle-tracking echocardiography and cardiovascular magnetic resonance), an increased risk of atrial fibrillation, and an
increased thrombogenic risk; this last phenomenon may be related to blood stasis due to atrial dilation and dysfunction, atrial fibrillation, and also
be promoted by amyloid infiltration in the atrial walls.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Introduction
Amyloidosis is characterized by the extracellular deposition of
misfolded proteins as insoluble amyloid fibrils. Cardiac involve-
ment is most commonly related to the deposition of misfolded
immunoglobulin light chains (AL) or transthyretin (ATTR), either
in its wild-type (ATTRwt) or mutated form (variant, ATTRv).1

Greater disease awareness and the introduction of non-invasive
diagnostic algorithms have led to an apparent increase in the preva-
lence of cardiac amyloidosis (CA), particularly ATTR-CA. Early
diagnosis allows the prompt initiation of disease-modifying treat-
ments, which are now available.2,3

Increased wall thickness and diastolic dysfunction of the left
ventricle (LV) are the most easily detectable manifestations of
CA, but amyloid accumulates in all cardiac structures. Left atrial
(LA) involvement may be due to the haemodynamic effects
of LV diastolic dysfunction, the effects of amyloid infiltration
into the atrial wall, and the cardiotoxic damage of atrial car-
diomyocytes by amyloid precursors (particularly light chains).4–6

The right atrium (RA) may be similarly affected. Atrial amyloi-
dosis develops in early stages of AL- and ATTR-CA,7,8 and is
associated with an increased risk of supraventricular arrhythmias
and thromboembolic events. Furthermore, atrial amyloidosis
can be found even in the absence of systemic disease and LV
involvement. This condition is named isolated atrial amyloidosis
(IAA) and is due to a local overproduction of atrial natriuretic
peptide (ANP).9

In this review we summarize the evidence on the mechanisms
and clinical relevance of AL- or ATTR-related atrial amyloidosis
and IAA.

Study search
We searched the MEDLINE/PubMed database on 12 March 2022
using the keywords ‘atria* amyloidosis’, without any restriction on
language or article type. A total of 598 articles were found. The
articles were screened by two authors (A.A. and V.C.); controver-
sies were solved through discussion together with another author
(G.V.). The reference lists of identified articles were screened for
additional relevant papers. Given the design of this work as a narra-
tive review, no formal criteria for study selection or appraisal were
enforced. ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.. Histological findings in atrial

amyloidosis
Amyloidosis is due to a loss of protein homeostasis, which is the
maintenance of an equilibrium between protein synthesis, folding
and degradation, with an excess of misfolded proteins that are
not removed by cellular quality control systems.10 Amyloidogenic
proteins are characterized by many β-sheet regions stabilized by
intermolecular hydrogen bonds, promoting monomer aggregation.
β-sheet polypeptides form protofilaments, assembling into amyloid
fibrils. This peculiar three-dimensional structure allows the Congo
red dye to become interspersed between amyloid fibrils and
causes the typical apple-green birefringence under polarized light10

(Figure 1).
Amyloid deposits in the atria may be found as focal, multifo-

cal, or diffuse interstitial nodules surrounding cardiomyocytes and
replacing normal tissue. Subendocardial and perivascular aggre-
gates have also been described.4,6 Amyloid deposits associate with
an extensive disruption of normal tissue architecture, including
abnormalities of cardiomyocyte morphology, vascular remodelling
and reduced capillary density.6,11 A study on atrial samples from
five explanted hearts with ATTR amyloidosis reported the coex-
istence of amyloid nodular deposits and mild-to-moderate fibrosis
in the subendocardium, while interstitial fibrosis was absent in the
rest of the myocardium.6

Visualization of atrial dysfunction
Echocardiographic imaging
Standard echocardiographic examination allows to explore LA size
and the patterns of transmitral flow. In patients in sinus rhythm, the
likelihood of atrial contractile dysfunction is high when the deceler-
ation time of the mitral valve is normal yet the A wave is absent or
diminutive (Figure 2).12 Speckle-tracking echocardiography allows
to directly assess LA function, and typically reveals a progres-
sive impairment of the reservoir and active contraction functions
(Figure 3). In 124 patients with CA and sinus rhythm (68 with AL, 29
with ATTRv, and 27 with ATTRwt), these atrial functions were sig-
nificantly impaired compared to 20 age- and sex-matched controls,
even after adjusting for LA size, LV ejection fraction and LV filling
pressures (which suggests the contribution of additional mecha-
nisms of atrial disease beyond diastolic dysfunction). Furthermore,
the same atrial functions were most severely impaired in patients

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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with ATTRwt-CA than those with AL- and ATTRv-CA, even after
adjusting for many variables including age,13 possibly reflecting a
more longstanding elevation in filling pressures and a more severe
diastolic dysfunction.

Establishing the relative contribution of increasing filling pres-
sures and amyloid-mediated damage to atrial disease is difficult.
On the other hand, a role of amyloid-mediated damage is sug-
gested by pathophysiological considerations, and the evidence of
atrial wall thickening and increased stiffness by cardiovascular mag-
netic resonance (CMR). We may also consider that LA size is the
parameter most directly affected by filling pressures, and that LA
stiffness (defined as the ratio between E/e′ and LA strain reservoir)
is higher than expected based on LA size alone,6,8 again pointing to
a role of atrial wall disease.

Three other studies found a significant impairment of LA-peak
atrial longitudinal strain (PALS) values compared to patients with
CA excluded,14 reference values,15 or healthy controls.16 The first
study included 423 patients with suspected CA, with ATTR-CA in
34% and AL-CA in 28%. Patients with LA-PALS or LA-peak atrial
contraction strain (PACS) in the first quartile (LA-PALS <6.65%
or LA-PACS <3.62%) had an almost four-fold higher likelihood of
CA and ATTR-CA regardless of standard echocardiographic and
laboratory variables.14 In the second study, carried out in 136
patients (80% AL-CA, 17% ATTR-CA, 3% amyloid A type-CA),
LA-PALS lower than median value (13.2%) displayed a strong,
independent association with all-cause mortality.15 Nonetheless, in ..
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. a study on 55 patients with CA (69% AL-CA, 27% ATTR-CA), a

LA-PALS ≤8.05% (median value) was less predictive of a composite
cardiovascular outcome than median longitudinal strain values of
the LV or RA.16

Another possible application of speckle-tracking echocardiog-
raphy is the early detection of subclinical cardiac disease in TTR
mutation carriers. Indeed, abnormalities of LA function (including
LA reservoir and contractile longitudinal strain) have been charac-
terized as markers of subclinical cardiac disease in carriers of the
Val122Ile mutation with sinus rhythm.8

Cardiovascular magnetic resonance
Cardiovascular magnetic resonance typically shows dilated and
dysfunctional atria, with thickened and enhanced walls.17,18 The
simplest way to assess LA function is to calculate its emptying
fraction, defined as (LA maximal – minimal volume)/LA maximal
volume, expressed as percentage. Among 80 patients with CA,
24% displayed severe LA dysfunction, defined as LA emptying frac-
tion ≤14%19 (reference values ≥49%)20 (Figure 4). A LA empty-
ing fraction ≤14% showed a strong independent association with
cardiac mortality, with a four-fold higher risk regardless of New
York Heart Association class, N-terminal pro-B-type natriuretic
peptide (NT-proBNP), RV ejection fraction, and LA size. Further-
more, patients with LA emptying fraction ≤14% in sinus rhythm
had increased mortality compared to those with atrial fibrillation

Figure 1 Histological features of atrial amyloidosis. Autoptic specimens from the left atrium of a 76-year-old female with kappa immunoglob-
ulin light-chain amyloidosis with multi-organ involvement (heart, liver, pancreas, kidneys, thyroid and skin. (A) Green birefringence in polarized
light after Congo red staining; (B) positive immunostaining for kappa light chains; (C) markedly positive immunostaining for kappa light chains;
(D) negative immunostaining for lambda light chains.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 2 Indirect evidence of atrial contractile dysfunction. This 60-year-old male patient with amyloid light-chain cardiac amyloidosis
displayed a restrictive filling pattern (E/A ratio >2). The combination of a deceleration time within normal limits (194 ms, reference values
120–220 ms12) and a severe depression of the A wave strongly suggest atrial contractile dysfunction.

Figure 3 Left atrial dysfunction in a patient with cardiac amyloidosis. Left atrial strain evaluation using two-dimensional speckle-tracking
imaging. Left: severe left atrial functional impairment in the same patient as in Figure 2, with a severe reservoir function reduction (peak atrial
longitudinal strain <7%; yellow arrow), and apparent electromechanical dissociation (P wave on electrocardiogram with no evidence of atrial
contraction; blue arrow). Right: normal atrial function in a 50-year-old hypertensive woman with well represented peak atrial longitudinal strain
(>30%) and peak atrial contraction strain (>10%).

(AF).19 In patients with systemic AL amyloidosis, lower LA emp-

tying fraction values were associated with other signs of cardiac

involvement and identified patients with lower 2-year survival.21

In a small series of patients with ATTRv either with or without

cardiac involvement (n = 16 vs. 14), the former had higher LA

volumes but not significantly lower LA emptying fraction values,

suggesting that LA enlargement develops before LA dysfunction.22

LA strain by CMR might allow a more sophisticated assessment of ..
..

..
..

..
..

..
..

..
..

..
..

.. LA haemodynamics and function, including a separate evaluation of
the three atrial functions,23 but does not seem to offer any advan-
tage over echocardiographic strain analysis.24 Finally, CMR detects
LA thrombi.25

Tomographic imaging
Computed tomography can be used to evaluate LA anatomy
and detect LA thrombi, but we are not aware of dedicated

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 4 Left atrial volume/time curves. Examples of left atrial volume/time curve in a healthy control (upper panel) and in a patient with
cardiac amyloidosis (lower panel). AEF, atrial emptying fraction. Reprinted with permission from Aquaro et al.19

studies. The atria cannot be visualized on planar scintigraphy, while
single-photon emission computed tomography acquisitions might
allow visualization of the LA.

In summary, the reservoir and active contraction functions of the
LA are impaired in patients with CA, and particularly in those with
ATTRwt-CA. A reduced LA-PALS holds some diagnostic and prog-
nostic significance. CMR allows accurate, operator-independent
quantification of atrial volumes and function, as well as an assess-
ment of LA wall kinesis and fibrosis. The clinical relevance of a
CMR-based characterization remains to be defined.

Consequences of atrial
dysfunction
Amyloid fibrils accumulate between cardiomyocytes and may dis-
rupt electrical conduction, eventually promoting supraventricular
arrhythmias. Even when patients are still in sinus rhythm, the lack ..
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.. of effective LA contraction favours blood stasis and coagulation,
and the infiltrated atrial wall may become more thrombogenic26

(Graphical Abstract).

Arrhythmias
Atrial arrhythmias seem more prevalent in CA than in the gen-
eral population, with highly heterogeneous estimates because of
differences in study cohorts and the type of screening for atrial
fibrillation. Sanchis et al.27 reported an overall AF prevalence of
44% in a cohort of 238 CA patients, compared with an estimated
AF prevalence of 1% in the community; 71% of patients with
ATTRwt-CA had AF compared to 19% of those with ATTRv-CA
and 26% of those with AL-CA. In another study, AF was found
in just 15% of patients with CA. AF was present in 40% of
those with ATTRwt-CA compared with 9% in AL-CA and 11%
in ATTRv-CA.28 To explain the consistent finding of a higher AF

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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prevalence in patients with ATTRwt-CA, the authors pointed out
that patients with ATTRwt-CA are more likely to be elderly, male,
and with a longer duration of heart failure.28 The presence of AF
does not seem to impact significantly on the outcome of patients
with CA.27,29

The management of AF in patients with CA is debated. There
are currently no studies comparing rhythm and rate control strate-
gies in patients with CA. The main study about rhythm control
in CA was a retrospective analysis of the Mayo Clinic registries,
assessing 58 patients with CA referred for elective direct-current
cardioversion for atrial arrhythmias (58% AF, 41% atrial flutter,
and 1% atrial tachycardia) and 114 matched controls. A transoe-
sophageal echocardiogram was performed in 79% of patients with
CA and 69% of controls. Patients with CA had significantly lower
LA appendage emptying velocities than controls, and more often a
thrombus in the LA or the LA appendage (28% vs. 3%; p< 0.001).
Therefore, elective cardioversion was canceled much more often
in the CA group (28% vs. 7%; p< 0.001). Among the CA patients
with an intracardiac thrombus, 15% had AF for <48 h, and 29% had
an international normalized ratio within the therapeutic range for
≥3 weeks. Patients with AL- versus ATTR-CA and those with AF
versus flutter had similar cancelation rates. As a general recom-
mendation, patients with CA should undergo a transoesophageal
echocardiogram before an elective cardioversion, including those
on therapeutic anticoagulation. When patients with CA proceeded
to cardioversion, the success rate (90%), the proportion of patients
requiring >1 shock (33%), and median energy required (110 J) did
not differ significantly from other patients with AF. Elective car-
dioversion after a transoesophageal echocardiogram appeared an
effective and safe procedure.30

If antiarrhythmic agents are needed for rhythm or rate control,
drugs with a negative inotropic or chronotropic effect should be
avoided or used with caution because of the risk to precipitate
heart failure decompensation. Amiodarone should be the first-line
antiarrhythmic drug, with a preliminary and serial assessment of
lung, thyroid and liver function.31,32 Digoxin is traditionally con-
traindicated in patients with CA based on a few cases of increased
toxicity reported in the ’60s, in patients receiving digoxin as an
inotrope,33,34 and an in vitro study in which digoxin was found to
bind to AL amyloid fibrils, which suggested an increased risk of
digoxin toxicity in amyloidosis, even when the serum drug con-
centration is within the normal range.35 In a retrospective cohort
of 107 patients with AL-CA receiving digoxin for rate control at
the Mayo Clinic from 2000 to 2015, no patient developed major
arrhythmic complications.36 The authors proposed an algorithm for
digoxin therapy in patients with AL-CA, which could be applied
also to patients with ATTR-CA. Risk factors for digoxin toxic-
ity (kidney or thyroid dysfunction, drug interactions) should be
searched, and digoxin should be started at low doses (0.125 mg
daily in the absence of risk factors, or 0.0625 mg every 24–48 h
when there is at least one risk factor); patients on haemodialy-
sis should receive 0.0625 mg every 48 h or as recommended by
the nephrologist. Serum digoxin levels should be monitored after
5–7 days, and drug dose should be adjusted to keep them within a
0.5–0.8 ng/ml range. Renal function, electrolytes and serum digoxin
should be monitored every 1–2 weeks during the first 3 months, ..
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.. then monthly for the next 3 months, and thyroid function should be
assessed monthly. Potential adverse effects and the continuing need
for digoxin therapy should be re-evaluated periodically.36 Overall,
digoxin in CA should be used just as a negative chronotropic drug,
and digoxin therapy in patients with AF may be acceptable if used
cautiously. Importantly, there are no data demonstrating its efficacy
in ventricular rate control when using the scheme proposed by the
Mayo Clinic.36

The safety and efficacy of catheter ablation for atrial arrhyth-
mias has been evaluated in small cohorts. In a single-centre study,
six patients underwent cavo-tricuspid isthmus ablation, and five
underwent wide area circumferential ablation pulmonary vein iso-
lation for AF. One- and 3-year recurrence-free survival were 75%
and 60%, respectively. Complication rates were not reported.37 In
another study, seven patients underwent catheter ablation for per-
sistent AF or atrial tachycardia. The recurrence rate after 1 year
was 83% in those with CA compared with 14% of age- and
sex-matched controls (hazard ratio 5.4; 95% confidence interval
1.9–35.5; p = 0.007).38 A third study reported outcomes of 72
patients with ATTR-CA and AF of whom 24 underwent catheter
ablation, compared with a matched control group that was medi-
cally managed. During a mean follow-up of 39 months, the recur-
rence rate of AF was 58%. Compared with controls, those in the
ablation group had lower rates of death (29% vs. 75%; p= 0.01), and
hospitalization for heart failure or arrhythmia (1.7± 2.4 vs. 4± 3.5;
p = 0.005).39 To summarize, we have just small studies report-
ing high rates of AF recurrence following catheter ablation. The
results are weak and heterogeneous recommendations by scientific
societies.40

Thromboembolism
Even when patients are still in sinus rhythm, their atrial contraction
could be ineffective, a condition known as ‘atrial standstill’ or ‘atrial
electromechanical dissociation’,41 which has been reported in up
to 20% of patients with ATTR-CA.6 Atrial blood stasis is a powerful
procoagulant factor, and might be promoted also by interatrial
block related to amyloid infiltration of the Bachmann’s bundle.
Furthermore, tissue infiltration by amyloid fibres might cause
endothelial dysfunction, which in turn triggers the coagulation
cascade.6,42

A retrospective series of 116 autopsy or explanted cases of
CA reported intracardiac thrombosis in 38 hearts (33%), with
2–5 thrombi. Patients with AL-CA had a higher prevalence of
intracardiac thrombi (51% vs. 16%, p< 0.001) and more fatal
embolic events (26% vs. 8%, p< 0.03) than the other 61 patients
(55 with ATTRwt).43 Light chains are highly cytotoxic,44 and this
might help explain the greater incidence of atrial thrombosis in
AL-CA, but no specific evidence is available.

In another retrospective case series, intracardiac thrombi were
present in 27% of patients undergoing a transoesophageal echocar-
diogram for any reason.45 Most thrombi were found in the LA
appendage (55%). The risk of intracardiac thrombosis was partic-
ularly high in patients with AL-CA and in those with AF, but LV
diastolic dysfunction predicted intracardiac thrombosis regardless

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 5 Histopathological features of isolated atrial amyloidosis. (A) Gross specimen of the left atrium showing amyloid deposits (brown
dots, marked by arrows) giving it the characteristic ‘sand paper’ appearance. (B) Haemotoxylin and eosin stain. (C) Trichrome stain. (D) Congo
red stain showing amyloid deposits within atrial tissue. Arrows in these images indicate amyloid deposits. Reprinted with permission from
Krishnappa et al.9

of AF.45 In a more recent series of 324 CA patients, the preva-
lence of intracardiac thrombi was 6.2% (95% confidence interval
3.5–8.8%) in the overall population, 5.2% (1.6–8.7%) in AL-CA,
and 7.2% (3.3–11.2%) in ATTR-CA (p = 0.45).25 Out of 20 patients
with intracardiac thrombi, 13 were in AF and 7 in sinus rhythm.
The prevalence of thrombi in patients in AF/flutter was 9.1% in
AL and 14.3% in ATTR (p = 0.52). All the patients with intracar-
diac thrombi in AF were on long-term anticoagulation (46% with
warfarin and 54% with direct oral anticoagulants), suggesting that
even anticoagulation might not be sufficient to prevent thrombus
formation, as discussed above.30 The prevalence of intracardiac
thrombi in patients in sinus rhythm and AL-CA was 4.5%, and 1.1%
in ATTR-CA (p = 0.11). Most of the intracardiac thrombi were
found in the LA appendage (90%), but six patients had thrombi
in other sites of the LA or the RA. The presence of intracardiac
thrombi was significantly higher in patients with more severe biven-
tricular systolic dysfunction, atrial dilatation, and more extensive
amyloid infiltration (as estimated through the extracellular vol-
ume). Finally, intracardiac thrombi was associated with higher levels
of NT-proBNP (p< 0.01) and the AF burden (p< 0.05).25

Intracardiac thrombosis may cause systemic embolic events,
manifested as stroke, transient ischaemic attack or extracranial
embolic events. A multicentre retrospective study evaluated 406
patients with CA followed for a median of 19 months. Thirty-one ..
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Figure 6 Atrial fibrillation and atrial natriuretic peptide
(ANP) amyloidosis: a vicious circle. See text for details. CM,
cardiomyocyte.

patients (7.6%) had a thromboembolic event, with an estimated
incidence of 2.2% per year. Ten patients experiencing an event
(32.2%) were in sinus rhythm and had no history of AF. A substantial

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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proportion of events occurred without documented AF (33.3%
AL, 16.7% ATTRv, 37.5% ATTRwt).26 Besides clinically evident
thromboembolic events, cerebral micro infarction and AF-related
cerebral hypoperfusion may contribute to dementia, as proposed in
other disease settings.46 Interestingly, among Black participants to
the ARIC (Atherosclerosis Risk In Communities) study, Val122Ile
mutation carriers had an increased risk for ischaemic stroke with
no differences between those with or without time-updated AF (p
for interaction = 0.36).47 Although atrial size and function were
not assessed,47 these results suggest a relationship between atrial
disease and thromboembolic events that is not mediated entirely
by AF.

Consensus documents by the European Society of Cardiology
and the American Heart Association stated that anticoagulation
might be considered even in patients in sinus rhythm.48,49 The same
documents and the Canadian Cardiovascular Society/Canadian
Heart Failure Society document recommended that patients with
AF or other atrial arrhythmias are anticoagulated regardless of the
CHA2DS2-VASc score.50 The treatment of choice (warfarin or a
non-vitamin K antagonist) remains to be established.

Isolated atrial amyloidosis
Isolated atrial amyloidosis is a different condition compared to
standard CA, where LA involvement is part of the systemic
involvement due to amyloidosis. IAA consists in an exclusive
infiltration of the atria (i.e. without involvement of the ventricles),
and has been much less studied than atrial amyloidosis in the
setting of systemic amyloidosis.51 The main evidence derives from
cardiac surgery series (intraoperative biopsy during valve heart
surgery and transplanted hearts). IAA has been reported in up to
39% of atrial tissue specimens from patients with valvular heart
disease and persistent AF, but only in 7% of samples from patients
in sinus rhythm requiring orthotopic heart transplantation.52 In
a series of 245 right atrial appendages from patients undergoing
open-heart surgery, patients with IAA had more often a history
of AF and longer P-wave duration when in sinus rhythm. IAA was
an age- and sex-independent predictor of AF, and patients with
AF showed a larger amyloid burden than those in sinus rhythm.
Furthermore, IAA was more common in patients undergoing mitral
valve replacement, which is in line with the marked atrial dilatation
and higher ANP levels in patients with mitral valve disease.4

Figure 5 shows the main histological features of atrial amyloid
deposits, which do not differ from atrial involvement in ATTR- or
AL-CA. Antibody-based techniques such as immunohistochemistry
or immunoelectron microscopy can demonstrate ANP deposits.
ANP and ATTR may both accumulate in the same atria, but as
separate deposits.4,51

We may postulate that fibrosis is not the only substrate of atrial
remodelling, but amyloid accumulation may play a role. The aging
human atrium invariably develops amyloid composed of ANP and
to a lower extent B-type natriuretic peptide, but this accumulation
remains limited and non-clinically significant unless it is enhanced
by atrial stretch due to ventricular diastolic dysfunction, mitral
valve disease and/or AF. Increased ANP production is meant to ..
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.. normalize haemodynamics through natriuresis and vasodilatation,53

but ultimately becomes maladaptive as ANP tends to accumulate
in the atria. It has recently been reported that pre-fibrillary species
cause cytotoxic and electrophysiological effects in atrial cells that
promote arrhythmia susceptibility.54 The role of atrial amyloidosis
as an arrhythmogenic substrate for persistent or permanent AF is
well established.4 While the mechanisms relating atrial amyloidosis
to AF (inhomogeneous impulse propagation and fragmentation of
atrial activation into multiple wavelets) have not been specifically
studied in relation to ANP accumulation, we may speculate that
ANP atrial amyloidosis is a determinant of atrial remodelling due
to AF, and a mechanism whereby AF begets AF55 (Figure 6 and
Graphical Abstract).

Conclusions
Atrial involvement is frequently observed in patients with systemic
amyloidosis and may significantly influence clinical presentation
and disease progression. Atrial enlargement is typical, but impair-
ment of atrial reservoir and contractile function is also frequently
reported, and may precede the development of morphological and
functional abnormalities of the LV. Advanced imaging modalities,
in particular echocardiographic LA strain, seem to have additional
value to standard echocardiography or LV strain analysis for the
diagnosis of CA and ATTR-CA. LA strain might refine the pre-
diction of thromboembolic events (including in patients in sinus
rhythm), and might also provide a surrogate biomarker of response
to disease-modifying therapies.56 From a clinical perspective, two
questions seem particularly compelling: (1) which patients with
atrial amyloidosis and no history of AF require anticoagulation?,
(2) is IAA a mechanism of atrial remodelling in patients with AF?
A clinical trial is needed to answer the first question, with the
randomization of patients with a dilated and dysfunctional LA to
anticoagulation versus no anticoagulation, and the assessment of
the safety and efficacy of this strategy. Clear challenges are the
nature of CA as a rare disease, the competitive enrolment in this
study versus other clinical trials, the relatively low incidence of
thromboembolic events, the need to screen for AF and to start
anticoagulation when patients in the placebo arm develop AF. The
second question is particularly intriguing as it may disclose new per-
spectives for the treatment of paroxysmal or persistent AF. Indeed,
therapies able to degrade ANP amyloid and induce its reabsorp-
tion could blunt atrial remodelling and prevent the progression to
permanent AF.
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Treatment of cardiac transthyretin amyloidosis: an update. Eur Heart J.
2019;40:3699–706.

4. Röcken C, Peters B, Juenemann G, Saeger W, Klein HU, Huth C, et al.
Atrial amyloidosis: an arrhythmogenic substrate for persistent atrial fibrillation.
Circulation. 2002;106:2091–7.

5. Nochioka K, Quarta CC, Claggett B, Roca GQ, Rapezzi C, Falk RH, et al. Left
atrial structure and function in cardiac amyloidosis. Eur Heart J Cardiovasc Imaging.
2017;18:1128–37.

6. Bandera F, Martone R, Chacko L, Ganesananthan S, Gilbertson JA, Ponticos M,
et al. Clinical importance of left atrial infiltration in cardiac transthyretin amyloi-
dosis. JACCCardiovasc Imaging. 2022;15:17–29.

7. Rapezzi C, Pavasini R, Serenelli M. The left atrium in cardiac amyloidosis: a valuable
but still underused observation window on the overall disease process. Eur J Heart
Fail. 2021;23:1296–9.

8. Minamisawa M, Inciardi RM, Claggett B, Cuddy SAM, Quarta CC, Shah AM, et al.
Left atrial structure and function of the amyloidogenic V122I transthyretin variant
in elderly African Americans. Eur J Heart Fail. 2021;23:1290–5.

9. Krishnappa D, Dykoski R, Can I, Mbai M, Anand IS, Florea V, et al. Atrial
fibrillation in the elderly: the role of sub-clinical isolated cardiac amyloidosis. Sci
Rep. 2019;9:16584.

10. Griffin JM, Rosenblum H, Maurer MS. Pathophysiology and therapeutic
approaches to cardiac amyloidosis. Circ Res. 2021;128:1554–75.

11. Sukhacheva TV, Nizyaeva NV, Samsonova MV, Cherniaev AL, Burov AA, Iurova
MV, et al. Morpho-functional changes of cardiac telocytes in isolated atrial
amyloidosis in patients with atrial fibrillation. Sci Rep. 2021;11:3563.

12. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish H, Edvardsen T,
et al. Recommendations for the evaluation of left ventricular diastolic function
by echocardiography: an update from the American Society of Echocardiography
and the European Association of Cardiovascular Imaging. J Am Soc Echocardiogr.
2016;29:277–314.

13. Falk RH, Quarta CC. Echocardiography in cardiac amyloidosis. Heart Fail Rev.
2015;20:125–31.

14. Aimo A, Fabiani I, Giannoni A, Mandoli GE, Pastore MC, Vergaro G, et al.
Multi-chamber speckle tracking imaging and diagnostic value of left atrial strain in
cardiac amyloidosis. Eur Heart J Cardiovasc Imaging. 2022. https://doi.org/10.1093/
ehjci/jeac057

15. Huntjens PR, Zhang KW, Soyama Y, Karmpalioti M, Lenihan DJ, Gorcsan J 3rd.
Prognostic utility of echocardiographic atrial and ventricular strain imaging in
patients with cardiac amyloidosis. JACC Cardiovasc Imaging. 2021;14:1508–19.

16. Kado Y, Obokata M, Nagata Y, Ishizu T, Addetia K, Aonuma K, et al. Cumu-
lative burden of myocardial dysfunction in cardiac amyloidosis assessed using
four-chamber cardiac strain. J Am Soc Echocardiogr. 2016;29:1092–9.e2.

17. Lyne JC, Petryka J, Pennell DJ. Atrial enhancement by cardiovascular magnetic
resonance in cardiac amyloidosis. Eur Heart J. 2008;29:212.

18. Leeson CP, Myerson SG, Walls GB, Neubauer S, Ormerod OJ. Atrial pathology in
cardiac amyloidosis: evidence from ECG and cardiovascular magnetic resonance.
Eur Heart J. 2006;27:1670.

19. Aquaro GD, Morini S, Grigoratos C, Taborchi G, Di Bella G, Martone R, et al.
Electromechanical dissociation of left atrium in patients with cardiac amyloidosis
by magnetic resonance: prognostic and clinical correlates. Int J Cardiol Heart Vasc.
2020;31:100633.

20. Sugimoto T, Robinet S, Dulgheru R, Bernard A, Ilardi F, Contu L, et al. Echocar-
diographic reference ranges for normal left atrial function parameters: results
from the EACVI NORRE study. Eur Heart J Cardiovasc Imaging. 2018;19:630–8.

21. Mohty D, Boulogne C, Magne J, Varroud-Vial N, Martin S, Ettaif H, et al.
Prognostic value of left atrial function in systemic light-chain amyloidosis: a cardiac
magnetic resonance study. Eur Heart J Cardiovasc Imaging. 2016;17:961–9.

22. Carmona-Ruiz HA, Rosales-Uvera SG, Ulloa-Córdoba IA, Orihuela-Rodríguez O,
Santiago-Cerecedo E, González-Duarte A, et al. Left atrial function and volume
by magnetic resonance in patients with hereditary amyloidosis. Rev Investig Clin.
2019;71:387–92.

23. Schöppenthau D, Schatka I, Berger A, Pieske B, Hahn K, Knebel F, et al.
Isolated atrial amyloidosis suspected by electrophysiological voltage mapping and
diagnosed by 99mTc-DPD scintigraphy. ESC Heart Fail. 2020;7:4305–10.

24. Benjamin MM, Munir MS, Shah P, Kinno M, Rabbat M, Sanagala T, et al.
Comparison of left atrial strain by feature-tracking cardiac magnetic resonance
with speckle-tracking transthoracic echocardiography. Int J Cardiovasc Imaging.
2022;38:1383–9.

25. Martinez-Naharro A, Gonzalez-Lopez E, Corovic A, Mirelis JG, Baksi AJ, Moon
JC, et al. High prevalence of intracardiac thrombi in cardiac amyloidosis. J Am Coll
Cardiol. 2019;73:1733–4. ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. 26. Cappelli F, Tini G, Russo D, Emdin M, Del Franco A, Vergaro G, et al. Arterial
thrombo-embolic events in cardiac amyloidosis: a look beyond atrial fibrillation.
Amyloid. 2021;28:12–8.

27. Sanchis K, Cariou E, Colombat M, Ribes D, Huart A, Cintas P, et al. Atrial
fibrillation and subtype of atrial fibrillation in cardiac amyloidosis: clinical and
echocardiographic features, impact on mortality. Amyloid. 2019;26:128–38.

28. Longhi S, Quarta CC, Milandri A, Lorenzini M, Gagliardi C, Manuzzi L, et al. Atrial
fibrillation in amyloidotic cardiomyopathy: prevalence, incidence, risk factors and
prognostic role. Amyloid. 2015;22:147–55.

29. Mints YY, Doros G, Berk JL, Connors LH, Ruberg FL. Features of atrial fibrillation
in wild-type transthyretin cardiac amyloidosis: a systematic review and clinical
experience. ESC Heart Fail. 2018;5:772–9.

30. El-Am EA, Dispenzieri A, Melduni RM, Ammash NM, White RD, Hodge DO,
et al. Direct current cardioversion of atrial arrhythmias in adults with cardiac
amyloidosis. J Am Coll Cardiol. 2019;73:589–97.

31. Falk RH, Alexander KM, Liao R, Dorbala S. AL (light-chain) cardiac amyloidosis:
a review of diagnosis and therapy. J Am Coll Cardiol. 2016;68:1323–41.

32. Ruberg FL, Grogan M, Hanna M, Kelly JW, Maurer MS. Transthyretin amyloid car-
diomyopathy: JACC state-of-the-art review. J Am Coll Cardiol. 2019;73:2872–91.

33. Cassidy JT. Cardiac amyloidosis. Two cases with digitalis sensitivity. Ann Intern
Med. 1961;55:989–94.

34. Pomerance A. Senile cardiac amyloidosis. Br Heart J. 1965;27:711–8.
35. Rubinow A, Skinner M, Cohen AS. Digoxin sensitivity in amyloid cardiomyopathy.

Circulation. 1981;63:1285–8.
36. Muchtar E, Gertz MA, Kumar SK, Lin G, Boilson B, Clavell A, et al. Digoxin use in

systemic light-chain (AL) amyloidosis: contra-indicated or cautious use? Amyloid.
2018;25:86–92.

37. Tan NY, Mohsin Y, Hodge DO, Lacy MQ, Packer DL, Dispenzieri A, et al.
Catheter ablation for atrial arrhythmias in patients with cardiac amyloidosis.
J Cardiovasc Electrophysiol. 2016;27:1167–73.

38. Barbhaiya CR, Kumar S, Baldinger SH, Michaud GF, Stevenson WG, Falk R, et al.
Electrophysiologic assessment of conduction abnormalities and atrial arrhythmias
associated with amyloid cardiomyopathy. Heart Rhythm. 2016;13:383–90.

39. Donnellan E, Wazni O, Kanj M, Elshazly MB, Hussein A, Baranowski B, et al. Atrial
fibrillation ablation in patients with transthyretin cardiac amyloidosis. Europace.
2020;22:259–64.

40. Rapezzi C, Aimo A, Serenelli M, Barison A, Vergaro G, Passino C, et al. Critical
comparison of documents from scientific societies on cardiac amyloidosis: JACC
state-of-the-art review. J Am Coll Cardiol. 2022;79:1288–303.

41. Plehn JF, Southworth J, Cornwell GG 3rd. Brief report: atrial systolic failure in
primary amyloidosis. N Engl J Med. 1992;327:1570–3.

42. Donnellan E, Wazni OM, Hanna M, Elshazly MB, Puri R, Saliba W, et al.
Atrial fibrillation in transthyretin cardiac amyloidosis: predictors, prevalence, and
efficacy of rhythm control strategies. JACC Clin Electrophysiol. 2020;6:1118–27.

43. Feng D, Edwards WD, Oh JK, Chandrasekaran K, Grogan M, Martinez MW,
et al. Intracardiac thrombosis and embolism in patients with cardiac amyloidosis.
Circulation. 2007;116:2420–6.

44. Sikkink LA, Ramirez-Alvarado M. Cytotoxicity of amyloidogenic immunoglobulin
light chains in cell culture. Cell Death Dis. 2010;1:e98.

45. Feng D, Syed IS, Martinez M, Oh JK, Jaffe AS, Grogan M, et al. Intracar-
diac thrombosis and anticoagulation therapy in cardiac amyloidosis. Circulation.
2009;119:2490–7.

46. Rivard L, Friberg L, Conen D, Healey JS, Berge T, Boriani G, et al. Atrial fibril-
lation and dementia: a report from the AF-SCREEN International Collaboration.
Circulation. 2022;145:392–409.

47. Selvaraj S, Claggett B, Minamisawa M, Windham BG, Chen LY, Inciardi RM, et al.
Atrial fibrillation and ischemic stroke with the amyloidogenic V122I transthyretin
variant among Black Americans. J Am Coll Cardiol. 2021;78:89–91.

48. Garcia-Pavia P, Rapezzi C, Adler Y, Arad M, Basso C, Brucato A, et al. Diag-
nosis and treatment of cardiac amyloidosis: a position statement of the ESC
Working Group on Myocardial and Pericardial Diseases. Eur Heart J. 2021;42:
1554–68.

49. Kittleson MM, Maurer MS, Ambardekar AV, Bullock-Palmer RP, Chang PP,
Eisen HJ, et al.; American Heart Association Heart Failure and Transplantation
Committee of the Council on Clinical Cardiology. Cardiac amyloidosis: evolving
diagnosis and management: a scientific statement from the American Heart
Association. Circulation. 2020;142:e7–e22.

50. Fine NM, Davis MK, Anderson K, Delgado DH, Giraldeau G, Kitchlu A, et al.
Canadian Cardiovascular Society/Canadian Heart Failure Society joint position
statement on the evaluation and management of patients with cardiac amyloidosis.
Can J Cardiol. 2020;36:322–34.

51. Kawamura S, Takahashi M, Ishihara T, Uchino F. Incidence and distribution of
isolated atrial amyloid: histologic and immunohistochemical studies of 100 aging
hearts. Pathol Int. 1995;45:335–42.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

https://doi.org/10.1093/ehjci/jeac057
https://doi.org/10.1093/ehjci/jeac057


2028 G. Vergaro et al.

52. Leone O, Boriani G, Chiappini B, Pacini D, Cenacchi G, Martin Suarez S, et al.
Amyloid deposition as a cause of atrial remodelling in persistent valvular atrial
fibrillation. Eur Heart J. 2004;25:1237–41.

53. van den Berg MP, van Gelder IC, van Veldhuisen DJ. Depletion of atrial
natriuretic peptide during longstanding atrial fibrillation. Europace. 2004;6:
433–7.

54. Yang Z, Subati T, Kim K, Murphy MB, Dougherty OP, Christopher IL, et al.
Natriuretic peptide oligomers cause proarrhythmic metabolic and electro- ..

..
..

..
..

..
..

..
. physiological effects in atrial myocytes. Circ Arrhythm Electrophysiol. 2022;15:

e010636.
55. Coats AJS, Heymans S, Farmakis D, Anker SD, Backs J, Bauersachs J, et al.

Atrial disease and heart failure: the common soil hypothesis proposed by the
Heart Failure Association of the European Society of Cardiology. Eur Heart J.
2022;43:863–7.

56. Rapezzi C, Aimo A, Pavasini R. Longitudinal strain in the management of cardiac
AL amyloidosis: do we need it? Eur Heart J. 2022;43:342–4.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.


	Atrial amyloidosis: mechanisms and clinical manifestations
	Introduction
	Study search
	Histological findings in atrial amyloidosis
	Visualization of atrial dysfunction
	Echocardiographic imaging
	Cardiovascular magnetic resonance
	Tomographic imaging
	Consequences of atrial dysfunction
	Arrhythmias
	Thromboembolism
	Isolated atrial amyloidosis
	Conclusions
	Acknowledgement
	References

