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Abstract

Aims The study aimed to investigate the prevalence, phenotypic characteristics, and predictors of atrial fibrillation (AF) in
patients presenting with cardiac amyloidosis (CA) of light-chain (AL) or transthyretin (ATTR) type.
Methods and results Clinical, biochemical, and echocardiographic data of patients presenting with CA between 2005 and
2020 were retrospectively collected. CA staging was based on established biomarker systems. Binomial logistic regression
was run to analyse the effects of clinical variables on the likelihood of AF. The study included 133 patients [53% AL, 41%
wild-type (wt) ATTR-CA, & 6% hereditary ATTR-CA]. Mean age was 71 years, and 80% were male patients. AF was
diagnosed in 64 (48%) patients (28% in AL-CA, 80% in wtATTR, 13% in hATTR, P < 0.001). Patients with AF were older (74
vs. 69 years, P < 0.001), more likely to have wtATTR-CA (67 vs. 16%, P < 0.001), exhibited more often New York Heart
Association ≥ III symptoms (66 vs. 45%, P = 0.02) and carried a higher burden of comorbidities. AF patients had lower left
ventricular ejection fraction (47 vs. 53%, P < 0.005), higher left atrial volume index (54 vs. 46 mL/m2, P = 0.007), higher
pulmonary artery pressure (42 vs. 31 mmHg, P = 0.008), and worse tricuspid annular plane systolic excursion values (17 vs.
20 mm, P = 0.01). Mitral regurgitation ≥ Grade 2 was more frequent in AF (56 vs. 25%, P < 0.001). Higher ATTR-CA stage
was associated with higher AF prevalence (47% vs. 74% vs. 94%, P < 0.001, for Stages I, II, & III, respectively). Higher AL-
CA stage was associated with lower AF prevalence (0% vs. 40% vs. 31% vs. 18%, P < 0.001, for Stages I, II, IIIa, & IIIb,
respectively). Three independent predictors for AF were identified in a multivariate logistic regression model with 81.5%
classification accuracy: AL type [odds ratio (OR) 0.1, confidence interval (CI) 0.01–0.29, P = 0.001], estimated glomerular
filtration rate (OR 0.9, CI 0.93–0.99, P = 0.03), and body mass index (OR 1.3, CI 1.07–1.66, P = 0.01). ATTR amyloidosis was
associated with a 10-fold higher risk of AF. During 1 year follow-up, only one episode of ischaemic stroke was reported.
Conclusions Atrial fibrillation affects nearly half of all patients with CA. Patients presenting with AF have more severe
symptoms and higher burden of comorbidities. ATTR type of amyloidosis is the strongest predictor of AF. Prospective screen-
ing for occult AF may be considered in ATTR-CA.
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Introduction

Cardiac amyloidosis (CA) has emerged as a previously
underdiagnosed cardiomyopathy with hypertrophic and/or
restrictive phenotype leading to progressive heart failure
with high mortality rates. Two major types of amyloidosis
affect the heart, transthyretin (ATTR), and light-chain (AL)
amyloidosis, each with distinct clinical features. While the
hereditary form of ATTR amyloidosis (hATTR) and AL amyloid-
osis are universally recognized as rare diseases, wild-type
ATTR (wtATTR) amyloidosis has been repeatedly shown to
affect a significant proportion of heart failure patients with
increasing prevalence in older age groups. It is now known
that up to 14% of patients with heart failure and preserved
ejection function1–3 and up to 16% of patients with severe
aortic stenosis undergoing transcatheter aortic valve
replacement4–6 suffer from amyloid cardiomyopathy. Approx-
imately 10% of patients with carpal tunnel syndrome have
tenosynovial ATTR deposits often accompanied by occult
amyloid cardiomyopathy.7

Beyond left ventricular systolic and diastolic dysfunction,
extracellular amyloid infiltration leads to further cardiac
abnormalities including atrial dysfunction, valve stenosis or
regurgitation, conduction abnormalities, tachyarrhythmias,
and pericardial effusion. It has been shown that atrial fibrilla-
tion (AF) is one of the most common arrhythmias in CA.8–11

To date, the association of AF with prognosis and other ad-
verse clinical events has not been prospectively investigated
in CA. However, retrospective studies reported high rates of
intracardiac thrombus formation, arrhythmic, and thrombotic
complications linked to external cardioversion and high rates
of thromboembolic events in patients with concomitant CA
and AF.12–16 This implicates that screening for AF may be
beneficial in these patients and that oral anticoagulation
may be considered even in the absence of high thromboem-
bolic risk according to traditional risk scores as in hypertro-
phic cardiomyopathy. The current study aims to investigate
the prevalence, phenotypic characteristics, and predictors of
AF in a contemporary cohort of treatment-naïve patients pre-
senting with AL or ATTR amyloidosis.

Methods

Design and material

This is a retrospective study including patients diagnosed
with AL or ATTR-CA at a tertiary care academic centre
between May 2005 and June 2020. Patients with full
medical reports and confirmed cardiac involvement were
included in this analysis. Diagnosis of ATTR-CA was made
by endomyocardial biopsy or non-invasive work-up with
bone scintigraphy and laboratory testing for plasma cell

disease (serum-free light-chain assay, serum, and urine
immunofixation) in compliance with current recommenda-
tions. The bone scintigraphy protocol included planar
whole-body acquisition followed by single-photon emission
computed tomography and low-dose, non-contrast com-
puted tomography scan of the chest for the purposes of
attenuation correction and anatomic localization 3 h
after intravenous injection of approximately 700 Mbq of
99mTc-labelled 3,3-diphosphono-1,2-propanodicarboxylic acid
(99mTc-DPD). Cardiac uptake of Perugini Grade 2 or 3 was
considered diagnostic of ATTR-CA in the absence of indices
of AL amyloidosis. Diagnosis of AL-CA was based on tissue
biopsy, this being endomyocardial biopsy in the majority of
cases or biopsy of a surrogate site (subcutaneous fat or mu-
cosal tissue) in combination with the presence of typical
signs of CA by echocardiography or cardiac magnetic
resonance imaging including late gadolinium enhancement
studies and T1 mapping. Whole-exome sequencing of the
transthyretin gene was performed in all patients with ATTR
amyloidosis to define disease genotype. Clinical and
echocardiographic data were collected prospectively in an
electronic database dedicated to clinical surveys. Data
regarding past medical history were retrieved from the indi-
vidual health records. The study received institutional review
board approval (20-9446-BO).

Classification and staging

Patients were assigned to the AF group based on written
reports with documented AF episodes, if they had previously
received treatment for AF or if they were firstly diagnosed
with AF at their initial presentation for CA. Symptom severity,
arrhythmic burden, and thromboembolic risk were assessed
according to the 2020 ESC Guidelines for AF. Staging for
ATTR-CA was based on the scoring system proposed by
Gillmore et al. In this scoring system, Stage I is defined as
N-terminal pro-B-type natriuretic peptide (NT-proBNP) ≤
3000 ng/L and estimated glomerular filtration rate
(eGFR) ≥ 45 mL/min, and Stage III is defined as NT-proBNP
> 3000 ng/L and eGFR < 45 mL/min while all other patients
are assigned to Stage II.17 Staging for AL amyloidosis was
based on the modified Mayo 2004 criteria using cardiac tro-
ponin (cTn) and NT-proBNP values with the following thresh-
olds: cTnT > 0.035 μg/L or cTnI > 0.1 μg/L or high sensitivity
TnT > 54 pg/mL and NT-proBNP > 332 ng/L with a higher
threshold of NT-proBNP > 8500 ng/L to further define Stage
IIIa and IIIb. Accordingly, patients were assigned to the follow-
ing stages: Stage I: both biomarkers below threshold, Stage II:
1 biomarker above threshold, Stage IIIa: both biomarkers
above threshold and NT-proBNP < 8500 ng/L, and Stage IIIb:
both biomarkers above threshold and additionally NT-
proBNP > 8500 ng/L.18
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Echocardiography

Transthoracic echocardiography studies were performed at
diagnosis and included a comprehensive assessment by
two-dimensional measurements, colour flow, tissue, pulsed
wave and continuous wave Doppler measurements for cham-
ber quantification, estimation of systolic and diastolic func-
tion, and quantification of valve lesions according to current
international guidelines. Native aortic valve stenosis was
assessed based on the continuity equation. The severity of
native mitral regurgitation was estimated by multiparametric
assessment including vena contracta width and/or the proxi-
mal iso-velocity surface area method. Measurements of left
ventricular muscle mass and left atrial volume were indexed
for body surface area. All images were prospectively stored
and were available for retrospective analysis. Longitudinal
strain was calculated using speckle tracking from the apical
four-chamber, three-chamber, and two-chamber views. Strain
values from all segments were averaged to obtain the global
longitudinal strain value.

Statistical analysis

Continuous variables are summarized as means (standard de-
viations) unless otherwise indicated, and categorical variables
as counts (percentages). Continuous data were evaluated for
normality of distribution with the Shapiro–Wilk test. The
two-sided t-test was used for comparison of continuous,
normally distributed data, otherwise the non-parametric
Mann–Whitney U-test. The χ2 test was used for testing the as-
sociation between categorical variables. The Cochran–Armitage
test of trendwas run to determine whether a linear trend exists
between the stage of CA and the proportion of patients who
were concurrently diagnosed with AF. Binomial logistic regres-
sion was run to analyse the effects of clinical variables on the
likelihood of AF. Variables were selected based on clinical
relevance and were introduced in the model with the
one-step enter method. Linearity of the continuous variables
with respect to the logit of the dependent variable was
assessed via the Box–Tidwell procedure. The level of signifi-
cance was set at 0.05. All analyses were performed using SPSS
(IBM Corp., SPSS Statistics, Version 23.0. Armonk, NY).

Results

During the study period, 133 patients were diagnosed with
CA and were included in the current analysis. The vast major-
ity of patients (n = 101, 76%) were diagnosed after 2017 fol-
lowing the establishment of an interdisciplinary amyloidosis
programme at our institution. Mean age was 71 years, and
80% were male patients. AL-CA was diagnosed in 53%,

wtATTR-CA in 41%, and hATTR-CA in 6% of patients. More
than half of all patients suffered from severe HF symptoms
New York Heart Association class III or IV and exhibited a sig-
nificant burden of comorbidities, as shown in Table 1. AF was
diagnosed in 64 patients with CA (48%) either at presentation
or prior to the diagnosis of CA. In Tables 1 and 2, clinical, bio-
chemical, and echocardiographic characteristics of patients
with and without AF are shown. Patients with AF were older
(74 vs. 69 years, P < 0.001) and more frequently diagnosed
with wtATTR-CA than patients in sinus rhythm (67 vs. 16%,
P < 0.001). AF was diagnosed in 28% of patients with AL-
CA and 71% of those with ATTR-CA.

Overall, the echocardiographic phenotype of the study co-
hort was consistent with the cardinal abnormalities of CA
with biventricular hypertrophy, preserved, or mildly reduced
left ventricular ejection fraction (LVEF), and elevated LV filling
pressures. AF patients had lower LVEF (47 vs. 53%, P< 0.005)
and higher left atrial volume index (54 vs. 46 mL/m2,
P = 0.007), higher systolic pulmonary artery pressure (42 vs.
31 mmHg, P = 0.008) and worse RV function as indicated by
the tricuspid annular plane systolic excursion values (17 vs.
20 mm, P = 0.01). Mitral regurgitation of at least moderate
severity was also more frequent in the AF group (56 vs.
25%, P < 0.001). Aortic stenosis was overall rarely observed
in this cohort with no observed differences across the groups
with AF and sinus rhythm.

For Stages I, II, and III of ATTR-CA, the proportion of pa-
tients with AF was 47%, 74%, and 94%, respectively. The
Cochran–Armitage test of trend showed a statistically signifi-
cant linear trend (P < 0.001) with higher stage of ATTR-CA
being associated with a higher proportion of patients with
AF (Table 3). For Stages I, II, IIIa, and IIIb of AL-CA, the propor-
tion of patients with AF was 0%, 40%, 31%, and 18%, respec-
tively. The Cochran–Armitage test of trend showed a lower
proportion of patients with AF in higher stages of AL-CA
(P < 0.001) (Table 3 and Figure 1).

Binomial logistic regression was performed to assess the
effects of clinical variables on the likelihood of AF. These in-
cluded age, body mass index (BMI), eGFR, amyloidosis type,
gender, coronary artery disease, LVEF, left atrial volume in-
dex, mitral valve annulus velocity in tissue doppler imaging
(e’), ratio of mitral inflow velocity of early ventricular filling
by pulsed wave Doppler to mitral valve annular velocity in tis-
sue Doppler imaging E/e’, tricuspid annular plane systolic ex-
cursion, tricuspid regurgitation velocity, and NT-proBNP.
Based on the Box–Tidwell procedure, all continuous indepen-
dent variables were found to be linearly related to the logit of
the dependent variable. There was one standardized residual
with a value of 2.86 standard deviations, which was kept in
the analysis. The logistic regression model was statistically
significant (x2(12) = 49.32, P < .001, Hosmer and Lemeshow
goodness of fit test P = 0.768) with an overall classification ac-
curacy of 81.5%. Of the predictor variables entered in Model
3 were found statistically significant: type of amyloidosis,
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eGFR, and BMI as shown in Table 4. Patients with ATTR-CA
had 10 times higher odds for AF. Decreasing eGFR was asso-
ciated with an increased likelihood of AF, and increasing BMI
was associated with higher likelihood of AF (Table 4).

Further phenotypic analysis of the group of patients with
AF according to the subtype of CA is shown in Table 5. Pa-
tients with ATTR-CA and AF were older (79 vs. 67 years,
P < 0.001) and had higher thromboembolic risk according

Table 1 Clinical characteristics of the study patients

Variable Overall (n = 133) AF (n = 64) SR (n = 69) P value

Age 70.6 ± 11.6 74.3 ± 8.8 68.8 ± 10.8 <0.001
Male 106 (80) 54 (84) 52 (75) 0.20
CA type

AL 71 (53) 20 (31) 51 (74) <0.001
Hereditary ATTR 8 (6) 1 (2) 7 (10)
Wild-type ATTR 54 (41) 43 (67) 11 (16)

Body mass index (kg/m2) 25.6 ± 5.6 25.2 ± 3.4 26.1 ± 6.9 0.45
NYHA class

I/II 60 (45) 22 (34) 38 (55) 0.02
III/IV 73 (55) 42 (66) 31 (45)

Comorbidities
Arterial hypertension 60 (45) 33 (52) 27 (39) 0.15
Chronic kidney disease 55 (41) 33 (52) 22 (32) 0.02
Diabetes 22 (16.5) 15 (23) 7 (10) 0.04
COPD 5 (4) 2 (3) 3 (4) 0.70
Coronary artery disease 40 (30) 28 (44) 12 (17) 0.001
Stroke 11 (8) 4 (6) 7 (10) 0.42
Dyslipidaemia 33 (25) 21 (33) 12 (17) 0.04
Anaemia 64 (48) 32 (50) 32 (46) 0.68
Pacemaker 13 (10) 9 (14) 4 (6) 0.11

Laboratory analysis
NT-proBNP (pg/mL)a 4527 (8712) 6141 (9890) 3003 (10 925) 0.08
Haemoglobin (g/dL) 12.4 ± 2.1 11.9 ± 2.3 12.1 ± 1.9 0.45
eGFR (mL/min/1.73 m2) 55 ± 23.7 47.3 ± 22.2 58.3 ± 27.1 0.41
Creatinine (mg/dL)a 1.6 (1.4) 1.7 (0.9) 1.5 (0.9) 0.39
Leucocyte count 7.8 ± 3.2 7.7 ± 2.2 8.6 ± 5.0 0.90
C-reactive protein (mg/dL)a 0.1 (1.3) 0.1 (1.5) 0.1 (1.6) 0.20

AF, atrial fibrillation; AL, light-chain amyloidosis; ATTR, transthyretin amyloidosis; CA, cardiac amyloidosis; COPD, chronic obstructive pul-
monary disease; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart
Association; SR, sinus rhythm.
aValues in brackets represent median (interquartile range).

Table 2 Echocardiographic findings

Variable Overall (n = 133) AF (n = 64) SR (n = 69) P value

LVEF (%) 49 ± 12 47 ± 12 53 ± 9 0.005
GLS (%) �10.7 ± 4.1 10 ± 3.8 �11 ± 4.3 0.44
IVSd (mm) 16 ± 5 17 ± 5 16 ± 5 0.36
PWd (mm) 15 ± 6 14 ± 4 14 ± 4 0.14
LVEDD (mm) 47 ± 8 47 ± 9 46 ± 8 0.30
LVMMI (g/m2) 168 ± 48 167 ± 47 162 ± 41 0.15
LAVI (mL/m2) 50 ± 20 54 ± 18 46 ± 20 0.007
e’ (cm/s) 6.5 ± 2.5 6.1 ± 2.0 6.5 ± 2.7 0.09
E/e’ 15 ± 7 17 ± 8 15 ± 7 0.13
TRV (m/s) 2.7 ± 0.5 2.8 ± 0.5 2.6 ± 0.6 0.07
Systolic PAP (mmHg)a 40 ± 15 42 ± 10 31 ± 20 0.008
TAPSE (mm) 18 ± 7 17 ± 6 20 ± 7 0.01
RV free wall thickness (mm) 7.3 ± 2.7 6.9 ± 2.3 7.5 ± 2.9 0.92
Pericardial effusion 23 (17) 12 (19) 11 (16) 0.90
Mitral regurgitation ≥ Grade 2 53 (40) 36 (56) 17 (25) <0.001
Aortic stenosis ≥ Grade 2 2 (1.5) 1 (2) 1 (1) 1.00

AF, atrial fibrillation; e’, peak early diastolic velocity of mitral valve annulus; E/e’, peak early mitral inflow velocity to peak early diastolic
velocity of mitral valve annulus; GLS, global longitudinal strain; IVSd, end-diastolic interventricular septal diameter; LAVI, left atrial volume
index; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; LVMMI, left ventricular muscle mass index;
PAP, pulmonary artery pressure; PWd, end-diastolic posterior wall diameter; RV, right ventricular; SR, sinus rhythm; TAPSE, tricuspid an-
nular plane systolic excursion; TRV, tricuspid regurgitation velocity.
aValues in brackets represent median (interquartile range).
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to the CHA2DS2-VASc score (4.4 vs. 2.3, P < 0.001). Symptom
severity and arrhythmic burden did not differ among the two
amyloidosis types. Overall, 63% of patients with AF and CA
had permanent or persistent AF. Patients with ATTR-CA and
AF received more frequent anticoagulation than patients
with AL (86 vs. 60%, P = 0.03) and more frequently direct oral
anticoagulants than the AL patients (68 vs. 30%, P = 0.004).
There were no differences in other pharmacologic agents im-
plemented for rhythm or rate control but interestingly 65% of
all AF and CA patients received heart rate or rhythm modulat-
ing agents (59% beta-blocker or calcium channel blocker, 6%
digitalis, & 8% amiodaron). Regarding non-pharmacologic an-
tiarrhythmic treatment, 23% of AF patients had previously
undergone external cardioversion and 13% at least once cath-
eter ablation, with no differences in rates of interventional

treatment across the two major types of CA. History of extra-
cranial bleeding was reported in 16% of patients and ischae-
mic stroke or transient ischaemic attack in 6% of patients
with no differences across the two major types of CA. No in-
tracranial bleedings were reported in this cohort. During a
12 month follow-up, only one episode of ischaemic stroke
was reported in a patient with ATTR-CA and AF who was on
vitamin K oral anticoagulation.

Discussion

Our analysis demonstrates that nearly half of patients with
AL-CA or ATTR-CA have concomitant AF at presentation. AF
prevalence in wtATTR-CA was 80% in our cohort, which is
nearly three-fold higher than that of AL-CA patients and the
second highest rate reported in patients with wtATTR-CA in
the literature to date (40–88%).8–10,15,19,20 Overall, AF preva-
lence was much higher than the age-adjusted prevalence in
the general population,21 and the 13–27% reported rate in
major HF trials.22 Thus, it has to be assumed that AF and
CA have a causal relationship and are not solely comorbid
conditions. This is also supported by previously published his-
topathologic and imaging findings of a quasi-ubiquitous amy-
loid infiltration of the interstitial space of both atrial and

Table 3 Linear trend between AF and stage of CA

AF*ATTR-CA Stage I, n = 19 Stage II, n = 27 Stage III, n = 16 P value

9 (47) 20 (74) 15 (94) <0.001

AF*AL-CA Stage I, n = 3 Stage II, n = 20 Stage IIIa, n = 26 Stage IIIb, n = 22 P value

0 (0) 8 (40) 8 (31) 4 (18) <0.00

AF, atrial fibrillation; ATTR-CA, transthyretin cardiac amyloidosis; AL-CA, light-chain cardiac amyloidosis.

Figure 1 Prevalence of atrial fibrillation (AF) in different stages of (A) light-chain cardiac amyloidosis (AL-CA) and (B) transthyretin cardiac amyloidosis
(ATTR-CA). Cochran–Armitage test of trend revealed a linear trend for both AL-CA and ATTR-CA (P < 0.001).

Table 4 Binomial logistic regression predicting the likelihood of AF
in CA

Variable Odds ratio 95% CI P value

AL type 0.1 0.01, 0.29 0.001
eGFR 0.9 0.93, 0.99 0.03
Body mass index 1.3 1.07, 1.61 0.01

AF, atrial fibrillation; AL, light-chain amyloidosis; CA, cardiac amy-
loidosis; eGFR, estimated glomerular filtration rate.
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ventricular myocardium with a potentially direct impact on
the electrical properties of the atrial myocardium and con-
duction system.23,24

Patients with AF had more severe HF symptoms, more
comorbidities, and more severe echocardiographic abnor-
malities including worse left and right ventricular function,
higher pulmonary artery pressures, and higher rates of mi-
tral regurgitation. It was not part of the study protocol to
evaluate the net impact of AF on survival and clinical out-
comes and if different treatment modalities of AF, for ex-
ample, rate vs. rhythm control would be beneficial in
terms of improved prognosis. However, previous retrospec-
tive cohorts already demonstrated that AF did not have an
impact on the long-term survival of CA patients.8–10,20

Prospective data are still needed to sufficiently address
any association of AF with clinical events and the potential
to modify any incremental risk associated with AF in
amyloidosis.

Atrial fibrillation demonstrated a linear relationship with
the stage of ATTR-CA with increasing prevalence from
Stages I to III. Patients in Stage III ATTR-CA had 96% preva-
lence of AF at diagnosis. This finding also supports the
causal association of AF with amyloid deposits beyond other
traditional risk factors for AF that often coexist in patients
of older age. In contrary, patients with AL-CA had lower
AF prevalence with increasing disease stage. This is an inter-
esting finding that suggests investigation for AF even at
early disease stages in AL-CA. AF has been investigated in

AL-CA by two groups so far without previous analysis of
its association with the disease stage.8,9 Although this
relationship is not anticipated, it must be taken into ac-
count that biomarker-based disease staging in AL (based
on NT-proBNP and troponin values) does not reflect
hemodynamic alterations that are also involved in the
pathogenesis of AF. Amyloidogenic light chains modulate
p38 mitogen-activated protein kinase, which can directly
promote NT-proBNP expression. As such, for the same
range of haemodynamic abnormalities plasma levels of
NT-proBNP are possibly higher in AL-CA than in ATTR-CA.
Another explanation of this negative correlation of AF and
stage of AL-CA could be the rapidly evolving interstitial
amyloid infiltration in AL-CA (frequently a few months) as
opposed to the slower development of structural changes
in ATTR patients with chronic progressive atrial dilatation
and elevated filling pressures presumably evolving over sev-
eral years.

Transthyretin type of amyloidosis was shown to be a
strong predictor of AF associated with 10-fold higher risk
for AF. BMI and eGFR were also independent predictors of
AF, a finding that was previously reported from other
groups.8 These results justify systematic screening for occult
AF in patients with CA, especially in those with ATTR and
higher disease stage, that should be integrated in the stan-
dardized follow-up assessment of these patients.

Among patients with AF and CA, we observed that
ATTR-CA patients were older, more frequently male, had

Table 5 Characteristics and treatment modalities of atrial fibrillation in patients with cardiac amyloidosis

Variable Overall (n = 64) AL-CA (n = 20) ATTR-CA (n = 44) P value

Age 75 ± 9 67 ± 9 79 ± 5 <0.001
Male 54 (84) 13 (20) 41 (64) 0.004
CHA2DS2-VASc score 3.7 (1.5) 2.3 (1.0) 4.4 (1.2) <0.001
EHRA symptom severity scale

I 20 (31) 4 (20) 16 (36) 0.41
IIa/b 32 (50) 12 (60) 20 (46)
III 12 (19) 4 (20) 8 (18)
IV 0 (0) 0 (0) 0 (0)

AF burden
Permanent 24 (38) 5 (25) 19 (43) 0.14
Persistent 16 (25) 4 (20) 12 (27)
Paroxysmal 24 (38) 11 (55) 13 (54)

Pharmacologic treatments
Anticoagulation 50 (78) 12 (60) 38 (86) 0.03
Vitamin K antagonist 14 (22) 6 (43) 8 (57) 0.29
Direct oral anticoagulant 36 (56) 6 (30) 30 (68) 0.004
Digitalis glycosides 4 (6) 2 (10) 2 (5) 0.37
Beta-blocker/Calcium channel blocker 38 (59) 10 (50) 28 (64) 0.41
Amiodaron 5 (8) 1 (5) 4 (9) 0.50

Non-pharmacologic treatments
Pacemaker 9 (14) 2 (10) 7 (16) 0.53
Current cardioversion 15 (23) 3 (15) 12 (27) 0.28
Catheter ablation 8 (13) 1 (5) 7 (16) 0.22

Adverse clinical events
Bleeding 10 (16) 4 (20) 6 (14) 0.71
Stroke/TIA 4 (6) 2 (10) 2 (5) 0.37

AL, light-chain amyloidosis; ATTR, transthyretin amyloidosis; CA, cardiac amyloidosis; EHRA, European Heart Rhythm Association; TIA,
transient ischaemic attack.
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higher CHA2DS2-VASc scores, and received more frequently
anticoagulants compared with AL patients. Overall, nearly
60% of AF patients received beta-blockers or calcium chan-
nel blockers, an issue requiring attention in the context of
a disease known to negatively affect the conduction system
and chronotropy and to be associated with hypotension
and intolerance of pharmacological blood pressure reduc-
tions. Furthermore, 23% of AF patients reported at least
one cardioversion, 13% had at least one catheter ablation
for AF prior to diagnosis, and 14% had implanted pacemaker.
In patients with CA, recurrence rates after external cardio-
version have been reported to be high after 1 year, ranging
from 48% to 70%.9,20 A retrospective study in 119 patients
with AF and ATTR-CA who underwent cardioversion reported
that maintenance of sinus rhythm after 1 year was associ-
ated with the disease stage (74%, 33%, and 18% for Stages
I, II, & III after 1 year, respectively).20 Similarly, a small study
(n = 24) showed high recurrence rates of AF after catheter
ablation (58% in 39 months) with Stage III disease being as-
sociated with 90% recurrence rate. Overall, scarce data
exist regarding the prognostic value of cardioversion and
ablation procedures in CA. With the exception of
more anticoagulated patients in the ATTR group, there
were no differences regarding pharmacologic and
non-pharmacologic treatments across the two subtypes of
CA in our study. A further analysis of the timeline and effec-
tiveness of the various treatments of AF before presentation
was not possible at this point due to the fact that our clinic
serves as a referral centre and many patients were previ-
ously treated in remote facilities (missing data and source
of recall bias).

We demonstrated that CHA2DS2-VASc score in patients
with concomitant CA and AF was high with nearly double
scores in ATTR-CA compared with AL-CA, which is an antici-
pated finding in light of the higher age and higher comorbid-
ities of patients with ATTR-CA. However, there is ambiguity
regarding the predictability of thrombotic risk with the
CHA2DS2-VASc score in CA due to growing evidence of an in-
herent thrombogenicity beyond traditional risk factors. This
is substantiated by retrospective observational studies
reporting high rates of intracardiac thrombosis in CA de-
tected either post-mortem or during transesophageal echo-
cardiography with a high proportion of these patients
(20%) being in sinus rhythm.25–27 A recent study reported
38% rates of systemic thromboembolism [peripheral embo-
lism, ischaemic stroke, or transient ischemic attack (TIA)] in
68 patients with wtATTR-CA and concomitant AF at a median
follow-up of 3.6 years despite oral anticoagulation in 96% of
patients.15 Current recommendations for CA consider initia-
tion of anticoagulation in patients with AF and CA even with
low CHA2DS2-VASc score, as it is also the case for hypertro-
phic cardiomyopathy.28 Whether this strategy will reduce
thromboembolic complications remains to be evaluated in
future studies. In our study, prior ischaemic strokes or

transient ischaemic attacks (TIA) were reported in 6% of all
CA patients. At 12 month follow-up, only one patient with
known AF and ATTR-CA out of 133 patients experienced an
ischemic stroke while on treatment with oral vitamin K an-
tagonist. This is in accordance with the results of a previous
study reporting no thromboembolic events in 38 patients
with AF and CA at 2.5 years of follow-up.8 All patients in that
study received anticoagulation with warfarin. It is, however,
still possible that the incidence of stroke would rise with lon-
ger follow-up of the study. Despite lack of robust data re-
garding the prognostic impact of AF in CA, the overall high
arrhythmic burden in these patients including conduction
disease and ventricular tachyarrhythmias justifies upfront
screening with Holter monitoring or even implantable loop
recorders.

The main limitation of the current study is its retrospective
design. Data retrieval from digital reports hampers
non-biased analysis of important clinical questions including
arrhythmic burden, effectiveness of AF treatment modalities,
and the temporal association of AF with CA. Standardized
evaluation and follow-up of patients with CA was established
in 2018 at our site and ad hoc Holter assessments were not
performed in all patients before this period. Therefore, occult
AF may have gone undetected. The strength of the study is
the comprehensive phenotypic characterization of a large
contemporary patient cohort with both major types of CA
equally represented.

Our study highlights the high incidence of AF in CA and
the importance of systematic screening for AF especially in
patients with ATTR-CA of higher disease stage. Patients
presenting with AF have more severe symptoms, more de-
pressed cardiac function, and a higher burden of comorbid-
ities. The incidence of ischaemic stroke or TIA was low at
12 months after diagnosis in this cohort with 78% anticoag-
ulation rate. The optimal treatment strategy of AF in CA
remains an issue of high clinical relevance that needs to
be addressed by prospective studies with randomized study
design.
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