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Abstract

Aims The use of beta-blocker therapy in cardiac amyloidosis (CA) is debated. We aimed at describing patterns of
beta-blocker prescription through a nationwide survey.

Methods and results From 11 referral centres, we retrospectively collected data of CA patients with a first evaluation after
2016 (n = 642). Clinical characteristics at first and last evaluation were collected, with a focus on medical therapy. For patients
in whom beta-blocker therapy was started, stopped, or continued between first and last evaluation, the main reason for
beta-blocker management was requested. Median age of study population was 77 years; 81% were men. Arterial hypertension
was found in 58% of patients, atrial fibrillation (AF) in 57%, and coronary artery disease in 16%. Left ventricular ejection frac-
tion was preserved in 62% of cases, and 74% of patients had advanced diastolic dysfunction. Out of the 250 CA patients on
beta-blockers at last evaluation, 215 (33%) were already taking this therapy at first evaluation, while 35 (5%) were started
it, in both cases primarily because of high-rate AF. One-hundred-nineteen patients (19%) who were on beta-blocker at first
evaluation had this therapy withdrawn, mainly because of intolerance in the presence of heart failure with advanced diastolic
dysfunction. The remaining 273 patients (43%) had never received beta-blocker therapy. Beta-blockers usage was similar be-
tween CA aetiologies. Patients taking vs. not taking beta-blockers differed only for a greater prevalence of arterial hyperten-
sion, coronary artery disease, AF, and non-restrictive filling pattern (P < 0.01 for all) in the former group.

Conclusions Beta-blockers prescription is not infrequent in CA. Such therapy may be tolerated in the presence of
co-morbidities for which beta-blockers are routinely used and in the absence of advanced diastolic dysfunction.
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Introduction
Cardiac amyloidosis (CA) is a condition increasingly

recognized.® Progressive amyloid myocardial infiltration
by light-chain (AL) or transthyretin (ATTR, either mutant,
ATTRv, or wild-type, ATTRwt) proteins causes a variety of
cardiac manifestations, including heart failure (HF)
and arrhythmias.>®> Both atrial fibrillation (AF) and
brady-arrhythmias are common in CA.*™® This is particularly
true for ATTRwt patients, who may present such conditions
as co-morbidities of their older age.

The use of beta-blocker therapy in CA is debated.””® CA of-
ten presents a restrictive HF pathophysiology with preserved
left ventricular ejection fraction (LVEF), condition in
which beta-blockers lack of efficacy or may even be
counterproductive.® Moreover, a previous study found worse
outcomes in ATTRv patients taking beta-blocker and angio-
tensin converting enzyme-inhibitor (ACEi) therapy, and no
benefit in ATTRwt.’® Nevertheless, more recent real-world
analyses have shown that beta-blockers in CA are frequently
prescribed’ and may be well-tolerated, with accurate
patients’ selection.*? Finally, CA may also coexist with age-
related co-morbidities in which beta-blockers are proven
beneficial, in particular coronary artery disease (CAD).

The aim of this study was to investigate and describe pat-
terns of beta-blockers prescription in a contemporary cohort
of CA.

Methods

From 11 Italian amyloidosis referral centres, we retrospec-
tively collected data of all CA patients with a first evaluation
after 1 January 2016 and at least one follow-up visit, regard-
less of their vital status at the time of survey data collection.
In the year 2016, Gillmore and colleagues®® published an
algorithm validating the use of bone scintigraphy for the
non-invasive diagnosis of ATTR CA, which is still considered
the reference standard. Thus, we decided to include in our
analysis only CA patients diagnosed according to this
algorithm, which has been adopted by all centres participating
in this survey. Collection started on 8 June 2020, and database
was locked on 15 September 2020. Two larger centres
contributed with 317 patients (Florence, n = 178; Bologna,
n = 139), whereas the remaining nine with 325 patients, for
a total of 642 CA patients. Demographics, clinical, and instru-
mental characteristics at first and last evaluation at each
centre were collected, with a detailed section dedicated to
HF medical therapy, including beta-blockers, ACEi, angiotensin
receptor blockers (ARB), mineral corticoid receptor antago-
nists (MRA), and loop diuretics. In particular, the status and
dosage of beta-blocker therapy at first and last evaluation
were examined; for patients in whom beta-blocker therapy

was continued, started or stopped between first and last
evaluation, the main reason for beta-blocker management
was requested. Among the proposed options, reasons for
beta-blocker therapy to be continued or started were the fol-
lowing: (i) high-rate AF, as average heart rate per minute
>100; (ii) ventricular arrhythmias, as the presence of
sustained and/or non-sustained ventricular tachycardia and/
or frequent premature ventricular complexes at electrocardi-
ography; (iii) left ventricular systolic dysfunction, as a LVEF
<50%; (iv) arterial hypertension, defined as either antihyper-
tensive medications use and/or systolicblood pressure
>140 mmHg and/or diastolic blood pressure >90 mmHg; (v)
ischaemic heart disease, defined as a documented previous
myocardial infarction and/or the existence of angiographic
evidence of significant coronary stenosis. Reasons for
beta-blocker therapy to be stopped were the following: (i) in-
tolerance in the context of HF signs and symptoms, with an
advanced diastolic dysfunction pathophysiology defined by
the presence of a pseudonormal or restrictive transmitral flow
pattern, associated with increased left ventricular filling pres-
sures and left atrial enlargement?; (i) bradycardia, defined as
a heart rate below 60 b.p.m.; (iii) arterial hypotension, defined
as systolic blood pressure <110 mmHg; (iv) atrioventricular
conduction disturbances. All patients signed at each institu-
tion an informed consent for the use of their anonymized
aggregated data for research purposes. Data were collected
using the Research Electronic Data Capture (REDCap) data
management platform. One-way ANOVA, er and Fisher’s ex-
act tests were used as appropriate for descriptive statistics.

Results

Characteristics of the 642 patients at their last evaluation are
displayed in Table 1, overall and by type of CA. Date of the first
evaluation spanned from 4 January 2016 to 7 June 2020,
whereas date of last evaluation from 21 September 2016 to
14 September 2020, with a median time of follow-up of
419 days (range 28-1662). ATTRwt was the most prevalent
aetiology of CA (58%), with a steady yearly increase in the
number of diagnoses (Table 1). Median age of overall popula-
tion was 77 years, and 81% were men, with an older age and a
greater male predominance in the ATTRwt group. More than a
half of the study population had a history of arterial hyperten-
sion and of AF, with a significantly greater prevalence in the
ATTRwt group. LVEF was preserved in 62% of the study sam-
ple, but 74% of patients had advanced diastolic dysfunction,
which was particularly found in ATTRwt patients (Table 1).
Diuretic therapy was prescribed to most patients, and
especially to those with ATTRwt, whereas ACEi/ARB to 44%
and MRA to 40%, without marked differences between
groups. Pacemaker implantation was more common in
ATTRwt (17%, vs. 7% in AL and 8% in ATTRv).
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Table 1 Characteristics of study population at last evaluation
Overalln = 642 (%) ALn = 167 (%) ATTRvn = 100 (%) ATTRwt n = 375 (%)
Age (median, range; years) 77 (34-96) 68 (44-96) 72 (34-88) 81 (54-96) <0.0001
Year of first evaluation
2016 81 23 20 38
2017 112 34 17 61
2018 178 44 26 108
2019 224 55 34 135
2020 (January-June) 47 11 3 33
Time from first evaluation (range; days) 419 (28-1662) 382 (34-1662) 483 (113-1477) 406 (28-1638) 0.04
Gender <0.0001
Males 519 (81) 109 (65) 71 (71) 339 (90)
Females 123 (19) 58 (35) 29 (29) 36 (10)
History of arterial hypertension 374 (58) 80 (48) 57 (57) 237 (63) 0.004
History of coronary artery disease 100 (16) 15 (9) 10 (10) 75 (20) 0.001
History of atrial fibrillation 364 (57) 73 (44) 38 (38) 253 (68) <0.0001
Cardiac device 127 (20) 20 (12) 13 (13) 94 (25) 0.02
Pacemaker 82 (13) 11(7) 8(8) 63 (17)
ICD 31 (5) 8 (5) 3(3) 20 (5)
CRT-P/D 14 (2) 1(<1) 2(2) 11 (3)
Clinical status
NYHA functional class 0.03
7 405 (63) 93 (56) 71 (71) 241 (64)
v 237 (37) 74 (44) 29 (29) 134 (36)
Mean systolic blood pressure (mmHg, £SD) 120 = 18 116 = 20 122 £ 19 121 £ 17 0.02
Mean heart rate (b.p.m., +£SD) 75 £ 14 76 = 13 74 = 12 75 £ 14 0.78
ECG and echocardiography
Heart rhythm <0.0001
Sinus rhythm 348 (54) 127 (76) 71 (71) 150 (40)
Atrial fibrillation/flutter 245 (38) 35 (21) 22 (22) 188 (50)
Pacemaker stimulated 49 (8) 5(3) 7 (7) 37 (10)
Left ventricular ejection fraction 0.76
<40% 95 (15) 24 (14) 13 (13) 58 (16)
40-49% 147 (23) 36 (22) 20 (20) 91 (24)
>50% 400 (62) 107 (64) 67 (67) 226 (60)
Diastolic function <0.0001
Normal 27 (4) 10 (6) 11 (11) 6 (2)
Abnormal relaxation 142 (22) 48 (29) 26 (26) 68 (18)
Pseudonormal 215 (34) 44 (26) 31 (31) 140 (37)
Restrictive 258 (40) 65 (39) 32 (32) 161 (43)
Cardiovascular therapy
Loop diuretics 545 (85) 136 (81) 70 (70) 339 (90) <0.0001
Beta-blocker 250 (39) 62 (37) 37 (37) 151 (40) 0.72
Beta-blocker dose >50% 52 (21) 12 (19) 3(8) 37 (25)
ACEi/ARB 276 (44) 68 (41) 51 (51) 157 (42) 0.21
MRA 258 (40) 70 (41) 28 (28) 160 (43) 0.03
Combinations with beta-blocker 0.69
Beta-blocker only 60 (9) 19 (11) 9(9) 32 (8)
Beta-blocker and ACEi/ARB 75 (12) 16 (10) 15 (15) 44 (12)
Beta-blocker and MRA 70 (11) 17 (10) 7 (7) 46 (12)
Beta-blocker, ACEi/ARB and MRA 45 (7) 10 (6) 6 (6) 29 (8)
Patterns of beta-blocker prescription <0.0001
Never beta-blocker 273 (43) 87 (52) 50 (50) 136 (36)
Stopped beta-blocker 119 (19) 18 (11) 13 (13) 88 (24)
Started beta-blocker 35 (5) 14 (8) 9 (9) 12 (3)
Continued beta-blocker 215 (33) 48 (29) 28 (28) 139 (37)

ACEi/ARB, ACE inhibitor/angiotensin receptor blocker; CRT-P/D, cardiac resynchronization therapy without or with defibrillator; ICD, im-
plantable cardioverter defibrillator; MRA, mineralocorticoid receptor antagonists; NYHA, New York heart Association.

Out of the 250 CA patients on beta-blockers at last evalu-
ation, 215 (33% of the overall population) were already
taking this therapy at first evaluation (i.e. continued
beta-blocker), primarily because of high-rate AF, ventricular
arrhythmias, or left ventricular systolic dysfunction (Figure 1).
In the remaining 35 CA patients (5%), beta-blockers were

started after first evaluation during follow-up (i.e. started
beta-blocker), primarily because of high-rate AF or ventricular
arrhythmias. Of the 392 CA patients who were not taking
beta-blocker at last evaluation, 273 (43%) had never received
beta-blocker therapy. On the contrary, 119 (19%) patients
who were on beta-blocker at first evaluation had this therapy
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Figure 1 Patterns of beta-blocker therapy prescription.

Beta-blocker therapy continued 17=215 (%)
High-rate atrial fibrillation 92 (43)
Ventricular arrhythmias 37 (17)
Left ventricular systolic dysfunction 32 (15)
Arterial hypertension 27 (12)
Ischaemic heart disease 17 (8)
Other 10 (5)

Continued
33%

Beta-blocker therapy started  n=35 (%)
High-rate atrial fibrillation
Ventricular arrhythmias

Stopped

Beta-blocker therapy stopped n=119 (%)

Left ventricular systolic dysfunction 2(6) intolerance aue to heart failure with 52 (43)

Arterial hypertension 3(8) advanced diastolic dysfunction

Ischaemic heart disease 1(3) Bradycardia 22 (18)

Other 7 (20) Arterial hypotension 21 (18)
First degree atrioventricular block 9(8)
High degree atrioventricular block 6 (5)
Other 9(8)

withdrawn at follow-up (i.e. stopped beta-blocker), mainly
because of intolerance in the presence of HF with advanced
diastolic dysfunction pathophysiology. Distribution of reasons
for which beta-blocker therapy was continued, started, or
stopped are further detailed in Figure 1. Other less frequent
reasons for beta-blocker interruption included asthenia
(n = 3), initiation of therapy with digoxin (n = 1), and restora-
tion of sinus rhythm after AF (n = 1), whereas for initiation or
continuation were other supraventricular arrhythmias (n = 5),
outflow tract obstruction (n = 1), and angina (n = 1).

Beta-blockers usage was similar between CA aetiologies at
last evaluation. However, patterns of prescription varied by
type of CA (Table I). Specifically, half of patients in the AL
and ATTRv groups never received beta-blockers (vs. 36% in
the ATTRwt), but beta-blockers were more frequently
stopped in the ATTRwt group (24%, vs. 11% in AL and 13%
in ATTRv).

The distribution of cardiac amyloidosis aetiologies was
similar in the two larger cohorts of Bologna and Firenze (in
Bologna: 13% AL, 10% ATTRv, 77% ATTRwt; in Firenze: 16%
AL, 14% ATTRv, 70% ATTRwt, P = 0.45), whereas a greater
prevalence of AL was found in the cohort from other remain-
ing centres (36% AL, 20% ATTRv, 44% ATTRwt, P = 0.001 as
compared with Bologna and Firenze). These three cohorts
were similar in terms of prevalence of atrial fibrillation (55%
vs. 57% vs. 55%) and coronary artery disease (15% vs. 20%
vs. 14%, P > 0.05 for all), with only a lower prevalence of
arterial hypertension in Firenze (68% vs. 48% vs. 60%,
P = 0.03). Nonetheless, rates of beta-blockers prescription
were similar across the three cohorts at last evaluation
(45% vs. 33% vs. 40%, P = 0.25).

Patients taking vs. not taking beta-blocker therapy at last
evaluation differed only for a greater prevalence of arterial
hypertension (67% vs. 53%), coronary artery disease (20%
vs. 13%), AF (66% vs. 51%), and non-restrictive filling pattern
(64% vs. 57%, P < 0.01 for all) in the former group.

Discussion

In this sizable nationwide cohort, we found that prescription
of beta-blockers was not infrequent across all CA aetiologies.
About 40% of patients were on beta-blocker therapy at
last evaluation, which is consistent with previous real-
world™* and trial analyses.™ It appears that prescription of
beta-blockers in CA is mainly driven by co-morbidities and
AF, and not by the amyloidotic cardiomyopathy per se.

Both AF and brady-arrhythmias have been reported to be
highly prevalent in CA, especially in ATTRwt patients.*®®
High-rate AF was the most common reason for beta-blockers
prescription in our study, followed by ventricular arrhyth-
mias. On the contrary, the impact of brady-arrhythmias on
beta-blocker therapy interruption was relatively limited. This
finding highlights the importance of a better understanding
of the CA arrhythmic profile.

Up to 60% of CA patients never used (mostly AL and
ATTRv) or stopped beta-blockers (most commonly ATTRwt).
This happened primary due to intolerance in the presence
of HF with advanced diastolic dysfunction pathophysiology.
It is in fact well acknowledged that in the context of a fixed
stroke volume due to restrictive left ventricular physiology,
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higher heart rate is required to maintain cardiac output.®°
Clearly, other mechanisms are also likely to play a role in
the intolerance to beta-blockers, because advanced diastolic
dysfunction was present in 74% of our sample, and in some
of these CA patients, beta-blockers therapy was safely deliv-
ered. It is however worth of note that, when prescribed,
beta-blockers were effectively up-titrated in only 21% of
cases (Table 1). More in general, despite also ACEi/ARBs
and MRA were prescribed similarly to beta-blockers in about
40% of CA patients, the diverse combinations of these thera-
pies were found in 6-15% of cases. Thus, overall, the tolera-
bility of HF directed therapies in CA may be limited, and
clearly, patients’ selection and accurate dosage optimization
are fundamental.'*? In the context of AL and ATTRv,
autonomic dysfunction may also play a role.>®

Finally, using a contemporary cohort of CA, we describe for
the first time how ATTRwt is becoming the most common CA
aetiology in Italy, with a steadily yearly increase in the num-
ber of diagnoses. Despite this possibility had previously been
hypothesized, data in this regard are lacking.?” Our results,
informative of HF medications patterns of use in CA, are even
more important in consideration of this growing CA
population.

Some shortcomings of our work should be acknowledged.
This was a survey focused on assessing and comparing pre-
scription of beta-blockers at first vs. last evaluations, and as
such, information regarding longitudinal modifications of that
therapy (i.e., up-titration or down-titration over clinical
course) were not retrieved. Dosage of drugs was reviewed
only for beta-blockers and not for other HF drugs. Due to
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