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Abstract 

Background: Transthyretin cardiac amyloidosis (ATTR-CA) results from misfolded transthyretin 
protein deposition in the myocardium, causing restrictive cardiomyopathy, heart failure (HF), and 
conduction disorders. Conventional HF treatment in ATTR-CA is debated due to absent trial 
evidence. Current European Society of Cardiology guidelines recommend the use of diuretics and 
mineralocorticoid receptor antagonists (MRAs). However, beta-blockers (BBs) and angiotensin-
converting enzyme inhibitors/angiotensin II receptor blockers (ACEi/ARBs) are often discontinued 
due to hypotension or bradycardia. This study assesses real-world HF treatment patterns and their 
impact on survival in a multinational ATTR-CA cohort. Methods: A retrospective analysis of 794 
ATTR-CA patients examined baseline BB, ACEi/ARB, and MRA prescriptions. The cohort was 
divided based on guideline publication dates. Results: Patients were predominantly male (73.2%) 
with a median age of 78 years old. Prescription of diuretics (52.8%) and disease-modifying therapy 
(44.9%), mostly tafamidis, were common. BBs (43.7%) and ACEi/ARBs (41.2%) were prescribed more 
often in patients with higher NYHA class, elevated NT-proBNP, and more comorbidities. Blood 
pressure and heart rate were similar regardless of BB or ACEi/ARB use. BB prescription and 
combination therapy with BB and ACEi/ARB increased over time. Neither BB nor ACEi/ARB use 
significantly impacted mortality when analyzed in a multivariate Cox proportional hazard 
regression. Conclusions: BBs and ACEi/ARBs are more frequently used over time in particular in 
advanced-stage ATTR-CA patients and although BB and ACEi/ARB appear to be reasonably 
tolerated in the ones that were prescribed these drugs, survival was not significantly altered. 

Keywords: transthyretin cardiac amyloidosis; heart failure medication; beta-blockers; angiotensin-
converting enzyme inhibitors; angiotensin II receptor blockers 
 

1. Introduction 
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Transthyretin cardiac amyloidosis (ATTR-CA) is characterized by the pathological misfolding 
of transthyretin proteins, leading to the formation of insoluble amyloid fibrils. These fibrils, 
originating from either variant (ATTRv) or wild-type (ATTRwt) transthyretin proteins, accumulate 
in the myocardial interstitium. This deposition disrupts normal cardiac function, manifesting in a 
spectrum of symptoms such as heart failure (HF), arrhythmias and conduction disorders. The disease 
predominantly affects elderly males and typically presents as a restrictive cardiomyopathy with 
preserved ejection fraction and left ventricular hypertrophy [1,2]. The disease can also manifest 
outside the heart as polyneuropathy, bilateral carpal tunnel syndrome or lumbar spinal stenosis, 
which often precedes cardiac involvement. 

Significant developments have taken place over the past few years in the diagnosis and 
treatment of cardiac amyloidosis. A non-invasive diagnostic method has been validated, which uses 
bone scintigraphy and serum and urine immunofixation as alternatives to cardiac or extracardiac 
biopsies. This advancement has markedly simplified the diagnostic process and partly led to the 
discovery that cardiac amyloidosis is more common than previously suspected. Moreover, 
therapeutic options have greatly improved with the development and introduction of tafamidis, an 
agent that stabilizes the transthyretin protein, preventing its misfolding and formation of amyloid 
deposits [3]. More recently, a four-step hierarchical analysis showed that treatment with acoramidis 
- another TTR stabilizing agent – also led to significantly better outcomes in terms of mortality, 
morbidity and function outcomes compared to placebo [4]. In addition, vutrisiran, a subcutaneously 
administered RNA interference therapeutic agent which inhibits the production of hepatic 
transthyretin, has been proven beneficial compared to placebo regarding survival and quality of life 
[5]. 

Despite advances in diagnostic and therapeutic approaches, the pharmacological management 
with conventional HF medication in ATTR-CA remains an area of debate. Patients with cardiac 
amyloidosis are often excluded from large-scale heart failure trials, resulting in limited evidence on 
the efficacy and safety of conventional therapies in this population. European Society of Cardiology 
(ESC) guidelines on the diagnosis and management of acute and chronic heart failure have changed 
over time and make a distinction in treatment of patients with heart failure with reduced ejection 
fraction (HFrEF) and patients with heart failure with preserved ejection fraction (HFpEF). In all heart 
failure patients, fluid overload should be managed using loop diuretics The recommendations from 
2016 advice to treat all HFrEF patients with beta-blockers, angiotensin-converting enzyme inhibitors 
(ACEi) or angiotensin receptor blockers (ARBs), and mineralocorticoid receptor antagonist (MRA) 
when left ventricular ejection fraction (LVEF) falls below 35%. For HFpEF and ATTR-CA patients, no 
specific recommendations were made [6]. In 2021 both the updated ESC guideline on heart failure 
and the ESC position statement on the diagnosis and treatment of cardiac amyloidosis (CA) were 
published [7,8]. In these new guidelines there is a central role for sodium-glucose transport protein 2 
(SGLT2) inhibitors in all heart failure patients regardless of the LVEF. Furthermore, patients with a 
LVEF between 40% and 50% may be treated as HFrEF patients. Specifically for CA patients, there 
could be a role for MRAs. However, the use of other standard heart failure therapies, as beta-blockers, 
ACEi or ARBs, is frequently limited because of intolerance due to orthostatic hypotension. Therefore, 
their value in the treatment of ATTR-CA patients remains unclear [7–9]. 

To explore what prescription patterns occur in daily practice, a study was performed within the 
National Amyloidosis Centre in London [10]. Ioannou et al. describe that a relatively small proportion 
of their ATTR-CA cohort was treated with conventional heart failure medication. The group that was 
treated more often had a more severe HF phenotype. Beta-blockers and ACEi/ARBs were often 
prescribed in low doses or discontinued. Only in patients with LVEF <40%, the use of beta-blockers 
was associated with a small survival benefit in a propensity score matched cohort. This London study 
was conducted among a patient cohort treated at a highly specialized amyloidosis center, which is 
potentially less representative for real-world all-comer ATTR populations. Although ATTR-CA is 
more prevalent than previously appreciated, it remains a rare condition, and usually the quantity of 
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amyloidosis patients under care in secondary and tertiary centers is small. This raised the question 
what patterns of beta-blocker and ACEi/ARB prescription occur in these types of centers. 

The aim of this study is to evaluate in a real-world multinational ATTR-CA patient cohort: (1) 
the prescription patterns of conventional heart failure therapy in ATTR-CA patients, (2) what changes 
have occurred in these prescriptions patterns as guidelines have been revised, (3) whether the type 
of HF therapy is associated with all-cause mortality. 

2. Materials and Methods 

The primary analysis was performed on a retrospective multinational cohort of patients 
diagnosed with cardiac amyloidosis from 19 centers (Argentina, Australia, Belgium (=5), Brazil, 
France, Hong Kong, Israel, Italy, Japan (=3), Portugal, Romania, Singapore, The Netherlands). 
Patients diagnosed between 1996 and 2024 were included. Only patients with ATTR-CA, in whom 
light chain (AL) amyloidosis was ruled out, were selected for further analysis. Exclusion criteria 
included incomplete typing of amyloidosis and absence of cardiac manifestation of amyloidosis. The 
institutional review board approved this retrospective analysis of clinically acquired data and waived 
the need for patient written informed consent. 

The data recorded in the database consisted of medical history/comorbidities, baseline 
medications, laboratory data, electrocardiogram (ECG) measurements, results of diagnostic imaging 
(bone scintigraphy, cardiac magnetic resonance). Outcome data, i.e., death, HF hospitalization, 
stroke, new onset of atrial fibrillation (AF) or atrial flutter (AFL), pacemaker/implantable 
cardioverter-defibrillator (ICD) implantation were recorded. Baseline conventional heart failure 
treatment with the following medication was recorded: beta-blockers, ACEi/ARBs, MRAs and loop 
diuretics. 

For the description of baseline characteristics, the patient cohort was split based on LVEF. The 
most recent ESC guidelines [8] divide heart failure into three groups: heart failure with reduced 
ejection fraction (HFrEF, LVEF ≤ 40%), mildly reduced ejection fraction (HFmrEF, LVEF 40-50%) and 
preserved ejection fraction (HFpEF, LVEF ≥ 50%). However, previous guidelines distinguish only 
HFrEF from HFpEF. Because the characteristics of HFmrEF are most similar to those of HFrEF, it was 
decided to merge them for analysis and adopt a LVEF of 50% as a cut-off value. 

In order to classify patients based on their disease progression, the NAC score was calculated. 
This score, developed in 2018 by Gillmore et al., stratifies patients with ATTR-CA into prognostic 
categories based on NT-proBNP levels and eGFR. Levels of NT-proBNP ≤ 3000 ng/L and eGFR ≥ 45 
ml/min are classified as Stage I, NT-proBNP > 3000 ng/L and eGFR < 45 ml/min are defined as Stage 
III, and the residual cases fall within Stage II [11]. ATTR-CA patients typically present with apical 
sparing on LV longitudinal strain assessment, resulting in the so-called “cherry on top” pattern. The 
relative apical sparing ratio (RELAS) of longitudinal strain was calculated in order to quantify this 
phenomenon [12]. 

For the analysis of the prescription patterns over time, patients were split into three groups 
based on the date of their ATTR-CA diagnosis. Dates of official guideline publications were used as 
cut-off points. The first group was defined as having been diagnosed before the publication of the 
2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure, i.e., 20 May 2016. 
The second group extends until 7 April 2021, when the Diagnosis and treatment of cardiac amyloidosis: a 
position statement of the ESC Working Group on Myocardial and Pericardial Diseases was published. Later 
that same year, the ESC Heart Failure guidelines were updated but without significant changes 
regarding conventional heart failure treatment in CA patients in comparison to the ESC position 
statement. Therefore, the last group was defined as every patient diagnosed after 7 April 2021 until 
data cut-off of 29 January 2025. An overview of the recommendations made in the three published 
documents is shown in Figure 1. 
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Figure 1. Overview of European guidelines published on the pharmacological treatment of heart failure in 
cardiac amyloidosis. ACEi: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; ESC: 
European Society of Cardiology; HFmrEF: heart failure with mildly reduced ejection fraction; HFpEF: heart 
failure with preserved ejection fraction; MRA: mineralocorticoid receptor antagonist; SGLT2: sodium-glucose 
transport protein 2. 

Categorical variables are shown as frequencies and percentages. Continuous variables are 
presented as mean ± standard deviation (SD) or median with interquartile range [IQR], depending 
on whether the data were normally distributed, which was assessed graphically. To compare 
continuous variables between two groups, the Student’s t-test or Mann-Whitney U test was used, 
depending on whether or not the variable followed a normal distribution. NT-proBNP values were 
log-transformed for bivariate testing. Analysis of Variance (ANOVA) or Kruskal-Wallis test were 
used for comparing continuous data across more than two groups. Categorical data was compared 
using the χ2 test. A p-value of <0.05 was considered statistically significant. To compare the 
proportions of HF treatment use over different years, a logistic regression was used, displaying odds 
ratios with their 95% confidence intervals as OR (95% CI). 

The mortality endpoint was defined as time from date of diagnosis to death for all deceased 
patients or date of diagnosis to date of censoring for all remaining patients. Follow-up was restricted 
to 48 months. Kaplan-Meier survival analysis was applied, and the log-rank test was employed to 
evaluate the statistical significance of differences in survival between groups with and without HF 
medication prescription. For multivariate Cox regression analysis, baseline variables were tested in 
an univariate Cox model. Significant variables were thereafter added to the multivariate Cox 
regression model to analyze survival by type of heart failure medication, with the restriction that 
there were required to be at least 10 events per included variable. Hazard ratios (HRs) with 95% 
confidence intervals were provided. 

All statistical analyses were performed in IBM SPSS Statistics (version 29). Survival curves were 
generated in GraphPad Prism (version 10.2.3.). 
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3. Results 

3.1. Prescription Patterns 

An overall ATTR-CA population of 794 patients was identified, of whom 73.2% were male, and 
the median age was 78 years old. In 680 patients, genetic testing was performed, with 30.6% 
diagnosed with hereditary ATTR and 69.4% with the wild-type form. Approximately half (46.7%) of 
the patients had a history of AF/flutter at baseline. The majority fell in NYHA classes I and II (78.0%) 
and NAC stage 1 (59.6%). The median N-terminal pro-B-type natriuretic peptide (NT-proBNP) and 
high-sensitivity (HS) troponin levels exceeded the upper limit of normal, reaching 1508 ng/L and 48 
ng/L on average, respectively. Patients often suffered from chronic kidney disease stage 3 or worse 
and their mean estimated glomerular filtration rate (eGFR) was 65.0 mL/min/1.73m2. 
Echocardiography showed a mean LVEF of 52.1%, left ventricular hypertrophy and diastolic 
dysfunction with high mitral E/e’ ratio, and increased left atrial volume. Of the conventional heart 
failure medications, diuretics were most often prescribed (52.8%). Beta-blockers and ACEi/ARBs 
were prescribed in 43.7% and 41.2% respectively. In a quarter of patients (25.8%) a MRA was 
prescribed. During follow-up, 44.9% of patients used disease modifying treatment, of whom 89.3% 
used tafamidis. 

Based on LVEF, patients with HF(m)rEF, i.e., LVEF < 50% (n=249, 38.5%) were compared to 
patients with HFpEF, i.e., LVEF ≥ 50% (n=397, 61.9%). Patients with a reduced LV ejection fraction 
were more often male, were older and more often had a history of AF/flutter (62.8% vs. 40.5%, p 
<0.001). Their functional status based on NYHA class was worse. In addition, their disease had often 
already progressed further, with approximately one-third of patients in each NAC stage, compared 
to two-thirds being in NAC stage 1 for patients with a preserved LV ejection fraction. Patients had 
higher NT-proBNP (1782 vs. 1212 ng/L, p <0.001) and higher HS troponin levels (57 vs. 40 ng/L, p 
<0.001). Kidney function based on eGFR was worse (55.6 vs. 67.9 mL/min/1.73m2, p <0.001) and 
systolic blood pressure was lower. Echocardiographic measurements showed an overall significantly 
more progressed cardiac disease, with worse global left ventricle longitudinal strain (LV GLS). 
Relative apical sparing, a typical feature of CA, was similar across both groups, with mean RELAS of 
2.0 and 2.1. Proportionally, more patients used beta-blockers (56.0% vs. 40.8%, p <0.001), diuretics 
(72.9% vs. 44.2%, p <0.001) and MRAs (35.5% vs. 22.0%, p <0.001). ACEi/ARB use was similar across 
both groups. All baseline characteristics are displayed in Table 1. 

Table 1. Baseline characteristics, echocardiographic parameters and heart failure medication use of overall 
ATTR-CA population and split by LVEF < 50% and LVEF ≥ 50%.. 

 
Overall population  

(n=794) 
LVEF < 50%  

(n=249, 38.5%) 
LVEF ≥ 50%  

(n=397, 61.5%) 
p-value 

Sex (male) 581 (73.2%) 200 (80.3%) 290 (73.0%) 0.036 
Age 78 [66-83] 80 [73-84] 78 [64-83] 0.001 

AF/flutter 329 (46.7%) 142 (62.8%) 137 (40.5%) <0.001 
CAD 178 (22.4%) 68 (27.3%) 87 (22.0%) 0.122 
DM 121 (15.3%) 49 (19.8%) 52 (13.2%) 0.025 

Hypertension 417 (52.8%) 128 (51.8%) 224 (56.7%) 0.206 
Stroke / TIA 87 (13.4%) 35 (17.7%) 41 (13.1%) 0.157 
NYHA class    <0.001 

I 217 (30.6%) 36 (14.9%) 120 (33.6%)  
II 336 (47.4%) 132 (54.8%) 174 (48.7%)  
III 138 (19.5%) 66 (27.4%) 53 (14.8%)  
IV 18 (2.5) 7 (2.9%) 10 (2.8%)  

NAC stage    <0.001 
I 319 (59.6%) 55 (34.8%) 189 (65.9%)  
II 124 (23.2%) 54 (34.2%) 60 (20.9%)  
III 92 (17.2%) 49 (31.0%) 38 (13.2%)  
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NT-proBNP (ng/L) 1508 [347-4009] 1782 [3650-6918] 1212 [312-3265] <0.001 
HS Troponin (ng/L) 48 [28-82] 57 [41-100] 40 [21-68] <0.001 

eGFR 
(mL/min/1.73m2) 

65.0 ± 25.1 55.6 + 20.8 67.9 + 24.0 <0.001 

CKD stage 3-5 319 (43.3%) 135 (57.7%) 147 (38.5%) <0.001 
Systolic blood 

pressure (mmHg) 
127.5 ± 21.4 124.6 ± 21.8 129.2 ± 21.0 0.012 

Diastolic blood 
pressure (mmHg) 

73.8 ± 13.2 74.0 ± 14.3 73.5 ± 12.6 0.640 

Heart rate (bpm) 74.7 ± 15.9 76.1 ± 18.3 73.1 ± 13.9 0.028 
Echocardiographic 

parameters 
    

LVEF (%) 52.1 ± 12.2 39.5 ± 7.9 60.0 ± 6.5 <0.001 
IVSd (mm) 15.6 ± 4.3 17.1 ± 3.6 15.4 ± 4.2 <0.001 

LAVI (ml/m2)  49.3 ± 24.3 55.9 ± 29.1 46.6 ± 20.0 <0.001 
Indexed stroke 

volume (ml/m2) 
31.6 ± 11.0 26.8 ± 8.8 34.9 ± 11.2 <0.001 

LV GLS (%) -13.3 ± 4.7 -9.7 ± 2.9 -14.6 ± 4.2 <0.001 
RELAS 2.0 ± 0.9 2.0 ± 1.0 2.1 ± 0.8 0.898 
TAPSE 18.2 ± 5.2 15.6 ± 4.3 19.6 ± 10.9 <0.001 

E/e’ 17.5 ± 10.2 19.8 ± 10.9 16.5 ± 9.6 <0.001 
Medication     

Beta-blocker 346 (43.7%) 139 (56.0%) 161 (40.8%) <0.001 
ACEi/ARB 326 (41.2%) 109 (44.0%) 157 (39.7%) 0.292 
Diuretics 418 (52.8%) 180 (72.9%) 175 (44.2%) <0.001 

MRA 204 (25.8%) 88 (35.5%) 87 (22.0%) <0.001 
Disease modifying 

treatment 
315 (44.9%) 95 (43.4%) 169 (47.6%) 0.324 

ACEi/ARB: angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; AF: atrial fibrillation; ATTR-
CA: transthyretin cardiac amyloidosis; CAD: coronary artery disease; CKD: chronic kidney disease; DM: 
diabetes mellitus; E/e’: mitral inflow E-wave divided by annular tissue e’ wave; eGFR: estimated glomerular 
filtration rate; HS: high-sensitivity; IVSd: interventricular septum thickness in diastole; LAVI: left atrial volume 
index; LV GLS: left ventricle global longitudinal strain; LVEF: left ventricle ejection fraction; MRA: 
mineralocorticoid receptor antagonist; NAC: National Amyloidosis Centre; NT-proBNP: N-Terminal pro-B-type 
natriuretic peptide; NYHA: New York Heart Association; RELAS: relative apical sparing ratio; TAPSE: tricuspid 
annular plane systolic excursion; TIA: transient ischemic attack. 

3.1.1. Beta-Blockers 

Patients that were prescribed a beta-blocker at baseline were older and more frequently had a 
history of AF/flutter (60.3 vs. 36.8%, p <0.001). Additionally, other comorbidities such as coronary 
artery disease (CAD), diabetes mellitus (DM), hypertension and stroke or transient ischemic attack 
(TIA) were more common in patients treated with beta-blockers. They were in higher NYHA and 
NAC stages and had higher NT-proBNP and HS troponin levels. Kidney function was worse, and a 
larger percentage was classified to have chronic kidney disease stage 3 or worse. Blood pressure and 
heart rate were not significantly different between the beta-blocker and non-beta-blocker groups. 
Patients with beta-blocker had a lower mean LVEF (50.0 vs. 53.8%. p <0.001), and exhibited signs of 
more advanced cardiac remodeling and impaired cardiac function on echocardiography, including a 
thicker interventricular septum, reduced left ventricular strain and impaired right ventricle systolic 
function. Increased left atrial volume and elevated filling pressures indicated that patients treated 
with beta-blockers demonstrated worse diastolic function. They were more often prescribed a 
diuretic or MRA than patients without beta-blocker use. On the other hand, prescription with disease 
modifying therapies was less frequent in beta-blocker users (38.3 vs. 49.9%, p = 0.002). 
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3.1.2. Angiotensin-Converting Enzyme inhibitors / Angiotensin Receptor Blockers 

Patients with a ACEi/ARB prescription were more often male, had a higher age at diagnosis and 
more frequently had a history of AF/flutter, CAD and stroke or TIA. More patients had hypertension 
(71.7% vs. 39.3%, p 0.001), however systolic or diastolic blood pressure were not significantly different 
from the non-ACEi/ARB group at baseline evaluation. The disease had progressed to a higher NAC 
stage, with higher NT-proBNP levels (2796 vs. 2285 ng/L, p <0.001). Kidney function, based on eGFR, 
was worse in the patients with ACEi/ARB use, with eGFR 60.8 vs. 68.6 mL/min (p <0.001) and 50.7 
vs. 38.0% of patients suffering CKD stage of 3 or higher (p <0.001). On echocardiography, in patients 
treated with ACEi/ARBs thicker interventricular septum, larger left atrium and reduced LV GLS were 
measured. Patients that were treated with ACEi/ARBs were more often prescribed a diuretic or MRA. 
The proportion treated with disease modifying treatment was not significantly different. 

Baseline characteristics of patients with beta-blocker and ACEi/ARB prescription are displayed 
in Table 2. 

Table 2. Baseline and echocardiographic characteristics of patients treated and not treated with beta-blockers 
and ACEi/ARBs. 

 
Patients treated 

with beta-blockers  
(n = 346, 43.7%) 

Patients not 
treated with beta-

blockers  
(n = 445, 56.3%) 

p-value 
Patients treated with 

ACEi/ARBs  
(n = 326, 41.2%) 

Patients not treated 
with ACEi/ARBs  
(n = 465, 58.8%) 

p-value 

Sex (male) 262 (75.5%) 316 (71.0%) 0.138 254 (77.9%) 324 (69.7%) 0.010 
Age 81 [76-86] 80 [72-84] <0.001 81 [77-84] 80 [72-85] <0.001 

AF/flutter 179 (60.3%) 149 (36.8%) <0.001 157 (54.0%) 171 (41.6%) 0.001 
CAD 98 (28.3%) 80 (18.0%) <0.001 90 (27.6%) 88 (18.9%) 0.004 
DM 66 (19.2%) 55 (12.4%) <0.001 58 (17.8%) 63 (13.6%) 0.104 

Hypertension 212 (61.4%) 203 (45.8%) <0.001 233 (71.7%) 182 (39.3%) <0.001 
Stroke / TIA 47 (17.7%) 40 (10.4%) 0.008 43 (16.6%) 44 (11.3%) 0.051 
NYHA class   <0.001   0.108 

I 69 (21.4%) 148 (38.5%)  81 (26.7%) 136 (33.7%)  
II 170 (52.8%) 163 (42.4%)  147 (48.5%) 186 (46.2%)  
III 73 (22.7%) 65 (16.9%)  64 (21.1%) 74 (18.4%)  
IV 10 (3.1%) 8 (2.1%)  11 (3.1%) 7 (1.7%)  

NAC stage   <0.001   0.048 
I 109 (48.0%) 207 (67.9)  116 (53.5%) 200 (63.5%)  
II 54 (23.8%) 70 (23.0%)  61 (28.1%) 63 (20.0%)  
III 64 (28.2%) 28 (9.2%)  40 (18.4%) 52 (16.5%)  

NT-proBNP (ng/L) 3195 [1207-6932] 1882 [768-3892] <0.001 2796 [1074-5917] 2285 [901-5106] <0.001 
HS Troponin (ng/L) 49 [31-92] 42 [22-67] <0.001 49 [34-88] 46 [24-82] 0.062 

eGFR 
(mL/min/1.73m2) 

57.8 ± 22.6 71.5 ± 25.3 <0.001 60.8 ± 22.1 68.6 ± 26.6 <0.001 

CKD stage 3-5 182 (55.8%) 235 (33.1%) <0.001 153 (50.7%) 164 (38.0%) <0.001 
Systolic blood pressure 

(mmHg) 
128.9 ± 23.1 126.3 ± 19.9 0.139 129.2 ± 21.7 126.3 ± 21.2 0.095 

Diastolic blood 
pressure (mmHg) 

73.9 ± 14.1 73.8 ± 16.9 0.819 74.3 ± 12.3 73.4 ± 13.8 0.399 

Heart rate (bpm) 73.8 ± 16.9 75.4 ± 15.0 0.152 73.5 ± 15.3 75.6 ± 16.2 0.077 
Echocardiographic 

parameters 
     

LVEF (%) 50.0 ± 11.8 53.8 ± 12.2 <0.001 51.2 ± 11.8 52.2 ± 12.4 0.164 
IVSd (mm) 16.5 ± 3.8 15.0 ± 4.6 <0.001 16.4 ± 3.8 15.1 ± 4.5 <0.001 

LAVI (ml/m2) 53.3 ± 27.9 46.2 ± 20.6 0.001 52.5 ± 28.3 46.9 ± 20.6 0.011 
Indexed stroke volume 

(ml/m2) 
30.7 ± 11.4 32.3 ± 10.4 0.123 31.9 ± 11.4 31.2 ± 10.5 0.541 

LV GLS (%) -12.2 ± 4.5 -14.0 ± 4.7 <0.001 -12.4 ± 4.2 -13.8 ± 4.9 <0.001 
RELAS 2.03 ± 0.97 2.02 ± 0.79 0.900 2.09 ± 0.94 1.98 ± 0.82 0.191 
TAPSE 17.5 ± 5.0 18.8 ± 5.3 0.003 18.1 ± 5.1 18.3 ± 5.3 0.554 

E/e’ 18.6 ± 5.3 16.6 ± 9.0 0.022 17.9 ± 10.2 17.2 ± 10.3 0.448 
Medication       
Diuretics 234 (68.0%) 183 (41.1%) <0.001 218 (67.3%) 199 (42.8%) <0.001 

MRA 108 (31.2%) 96 (21.6%) 0.002 102 (31.3%) 102 (21.9%) 0.003 
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Disease modifying 
treatment 

115 (38.3%) 199 (49.9%) 0.002 117 (41.6%) 197 (47.1%) 0.152 

ACEi/ARB: angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; AF: atrial fibrillation; CAD: 
coronary artery disease; CKD: chronic kidney disease; DM: diabetes mellitus; E/e’: mitral inflow E-wave divided 
by annular tissue e’ wave; eGFR: estimated glomerular filtration rate; HF: heart failure; HS: high-sensitivity; 
IVSd: interventricular septum thickness in diastole; LAVI: left atrial volume indexed; LV GLS: left ventricle 
global longitudinal strain; LVEF: left ventricle ejection fraction; MRA: mineralocorticoid receptor antagonist; 
NAC: National Amyloidosis Centre; NT-proBNP: N-Terminal pro-B-type natriuretic peptide; NYHA: New York 
Heart Association; RELAS: relative apical sparing ratio; TAPSE: tricuspid annular plane systolic excursion; TIA: 
transient ischemic attack. 

3.2. Trends in Prescription Patterns 

3.2.1. Beta-Blocker and ACEi/ARB Prescription 

In the overall population, prescription of beta-blockers and ACEi/ARBs seemed to have 
increased over the past decade. The proportion of patients that were treated with beta-blockers and 
ACEi/ARBs in each of the three time periods (before 2016, 2016-2021 and after 2021) is graphically 
displayed in Figure 2. 

The percentage of beta-blockers prescribed in ATTR-CA patients showed a significant increase 
of 27.% before 2016 to 55.1% after 2021, p <0.001. Compared to before 2016, the odds of beta-blocker 
use were 2.5 times higher in 2016-2021 (95% CI 1.7 – 3.8) and 3.2 times higher after 2021 (95% CI 1.9-
5.4). ACEi/ARB prescription also displayed an increase from 37.5% to 49.5%. However, this increase 
did not show to be significant with OR 1.3 (95% CI 0.9 – 1.9) between 2016 and 2021 and OR 1.6 (95% 
CI 1.0-2.7) after 2021, p = 0.169. 

When dividing the cohort into patients with LVEF <50% or LVEF ≥50%, the changes in heart 
failure medication prescription remained consistent with those observed in the overall cohort, i.e., a 
significant increase was seen in beta-blocker use and a non-significant change in ACEi/ARB use. In 
patients with LVEF < 50%, the odds of beta-blocker prescription increased with ORs of 2.4 (95% CI 
1.1-4.9) and 2.7 (95% CI 1.0-7.0), p = 0.046 and ACEi/ARB prescription showed ORs of 0.9 (95% CI 0.5-
1.9) and 0.9 (0.4-2.4), p = 0.971. In patients with LVEF ≥ 50%, beta-blocker use increased with OR 2.8 
(1.5-5.3) and 4.6 (2.1-10.3), p <0.001. ACEi/ARB use increased with OR 1.4 (0.8-2.6) and 2.3 (1.1-4.8), p 
= 0.100. 
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Figure 2. Percentages of patients in the ATTR-CA cohort prescribed with beta-blockers and ACEi/ARBs, by 
period of diagnosis: (a) Beta-blocker prescription percentages in the overall ATTR-CA population and split by 
LVEF, by period of diagnosis; (b) ACEi/ARB prescription percentages in the overall ATTR-CA population and 
split by LVEF, by period of diagnosis. ATTR-CA: transthyretin cardiac amyloidosis; ACEi/ARB: angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker; LVEF: left ventricular ejection fraction. 

3.2.2. Combination Heart Failure Therapy 

In general, the majority (69.7%) of the ATTR-CA patient population was prescribed some type 
of conventional HF medication. Often a combination of beta-blocker, ACEi/ARB and MRA was given. 
In the overall ATTR-CA cohort, combination of a beta-blocker and ACEi/ARB was the most common, 
with 23.1% of patients receiving both medications, as part of dual therapy or triple therapy. Of the 
three agents, MRAs were prescribed least frequently. In case an MRA was prescribed, it was most 
often as part of combination therapy. Therapy with ACEi/ARB and MRA together was the least 
common form of combination therapy. Frequencies of each combination of the three types of heart 
failure medication are displayed in Table 3. 

The prescription of combination heart failure therapy has changed over time. The combination 
of beta-blockers and ACEi/ARBs was used more frequently in recent years, increasing from 8.1% 
before 2016 to 17.8% after 2021 (p = 0.030). A similar trend was observed for the combination of 
ACEi/ARB with MRA, which rose from 3.7% to 9.3% over the same period (p = 0.042). Meanwhile, 
the proportion of patients who received none of these three heart failure drug classes (BB, ACEi/ARB, 
or MRA) decreased significantly, from 44.9% to 18.7% (p < 0.001). Figure 3 visually depicts the use of 
combinations of heart failure therapy, across the cohort and by period of diagnosis. 

Table 3. Combination heart failure therapy, split by period of diagnosis. 

 
Overall 

population 
(n=791) 

Before 2016 
(n=136) 

2016-2021 
(n=493) 

After 2021 
(n=107) 

p-value 

Dual therapy      
BB and ACE 115 (14.5%) 11 (8.1%) 84 (17.0%) 19 (17.8%) 0.030 
BB and MRA 40 (5.1%) 5 (3.7%) 28 (5.7%) 7 (6.5%) 0.568 

ACEi/ARB and MRA 34 (4.3%) 5 (3.7%) 19 (3.9%) 10 (9.3%) 0.042 
Triple therapy      

BB, ACEi/ARB and 
MRA 

68 (8.6%) 11 (8.1%) 45 (9.1%) 12 (11.2%) 0.698 

No use of BB, ACEi/ARB 
or MRA 

240 (30.3%) 61 (44.9%) 117 (23.7%) 20 (18.7%) <0.001 

ACEi/ARB: angiotensin-converting enzyme inhibitor/ angiotensin receptor blocker; BB: beta-blocker; MRA: 
mineralocorticoid receptor antagonist. 
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Figure 3. Combination heart failure therapy of beta-blockers, ACEi/ARBs and MRAs in the overall ATTR-CA 
population and split by date of ATTR-CA diagnosis (% of population). *p <0.05. ACEi/ARB: angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker; HF: heart failure; MRA: mineralocorticoid receptor 
antagonist. 

3.3. Heart Failure Medication and Survival 

The Kaplan Meier curves for beta-blocker and ACEi/ARB use with hazard ratios, confidence 
intervals and significance levels are shown in Figure 4. In a Kaplan Meier survival analysis, beta-
blocker use was associated with a higher risk of mortality in patients with a LVEF ≥ 50% [HR 1.801 
(95% CI 1.041-3.119), p = 0.0259]. In patients with LVEF < 50%, no significant difference in survival 
was observed. ACEi/ARB prescription was not found to be associated with a significant risk change 
in mortality in both LVEF < 50% and LVEF ≥ 50%. 

Considering the significant differences found in the baseline populations of beta-blocker and 
ACEi/ARB users, a multivariable Cox regression analysis was performed. Seven covariables [age, AF, 
CAD, DM, hypertension, NAC stage, LV GLS] were added to the model in addition to beta-blocker 
or ACEi/ARB use, as depicted in Table 4. The results of univariate testing of these variables are 
presented in the Appendix A in Table A1. After the model was corrected for the covariates, there was 
no significant difference in mortality for patients who were prescribed a beta-blocker compared to 
patients without beta-blocker [HR 0.94 (95% CI 0.69-1.27), p = 0.684]. ACEi/ARB prescription 
remained not to show significant change in mortality [HR 0.83 (95% CI 0.62-1.13), p = 0.239]. Also 
when the cohort was split into LVEF < or ≥ 50%, no significant difference in survival was found 
between patients with or without beta-blocker or ACEi/ARB. 
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Figure 4. Kaplan-Meier curves of beta-blocker (a, b) and ACEi/ARB (c, d) prescription in ATTR-CA patients, 
split by LVEF < 50% and LVEF ≥ 50%. (a) Survival in patients treated with beta-blockers in ATTR-CA patients 
with LVEF < 50%; (b) Survival in patients treated with beta-blockers in ATTR-CA patients with LVEF ≥ 50%; (c) 
Survival in patients treated with ACEi/ARBs in ATTR-CA patients with LVEF < 50%; (d) Survival in patients 
treated with ACEi/ARBs in ATTR-CA patients with LVEF ≥ 50%. ACEi/ARB: angiotensin-converting enzyme 
inhibitor/ angiotensin receptor blocker; ATTR-CA: transthyretin cardiac amyloidosis; BB: beta-blocker; LVEF: 
left ventricle ejection fraction. *ACEi/ARB. 

Table 4. Hazard ratios in multivariate Cox regression with included covariables [age, AF, CAD, DM, 
hypertension, NAC stage, LV GLS, beta-blocker, ACEi/ARB]. 

 
Beta-blocker ACEi/ARB 

HR [95% CI] p-value HR [95% CI] p-value 
Age at diagnosis 1.078 [1.038-1.119] <0.001 1.078 [1.039-1.120] <0.001 

AF 1.485 [0.788 – 2.796] 0.221 1.344 [0.716-2.523] 0.357 
CAD 1.061 [0.579-1.945] 0.849 1.041 [0.573-1.891] 0.896 
DM 0.610 [0.255-1.462] 0.268 0.598 [0.249-1.433] 0.249 

Hypertension 1.005 [0.568-1.777] 0.988 1.027 [0.583-1.811] 0.927 

0 12 24 36 48
0.0

0.5

1.0

Survival proportions of ATTR-CA
patients with LVEF < 50%

Survival time (months)

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l

No BB
BB

HR 0.887 
[0.550 - 1.430] 

P = 0.6156 
 

 

Patients at risk 

BB  106  69  43  25  14 

No BB 128  93  64  38  11 

 

0 12 24 36 48
0.0

0.5

1.0

Survival proportions of ATTR-CA
patients with LVEF ≥ 50%

Survival time (months)

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l

No BB
BB

HR 1.801  
[1.041 – 3.119] 

P = 0.0259 
 

Patients at risk 

BB  149  105  62  36  17 
No BB 211  175  114  73  54 
 

0 12 24 36 48
0.0

0.5

1.0

Survival proportions of ATTR-CA
patients with LVEF < 50%

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l

No ACEi/ARB
ACEi/ARB

Survival time (months)

HR 0.887  
[0.554 - 1.425] 

P = 0.6222 
 

 

Patients at risk 

ACEi* 104  76  57  31  8 
No ACEi* 130  86  50  30  17 
 

0 12 24 36 48
0.0

0.5

1.0

Survival proportions of ATTR-CA
patients with LVEF ≥ 50%

Survival time (months)

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l

No ACEi/ARB
ACEi/ARB

HR 0.844  
[0.493 - 1.446] 

P = 0.5430 

Patients at risk 

ACEi* 147  115  72  44  24 
No ACEi* 213  165  104  65  47 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 September 2025 doi:10.20944/preprints202509.1473.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.1473.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 16 

 

NAC stage     
I vs. II 1.193 [0.506-2.810] 0.687 1.309 [0.568-3.014] 0.687 
I vs. III 4.396 [2.056-9.397] <0.001 4.221 [1.976 – 9.015] <0.001 
LV GLS 0.923 [0.851-1.001] 0.054 0.926 [0.855-1.003] 0.059 

Beta-blocker 0.714 [0.407-1.253] 0.240 - - 
ACEi/ARB - - 0.863 [0.506-1.471] 0.588 

ACEi/ARB: angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; AF: atrial fibrillation; CAD: 
coronary artery disease; DM: diabetes mellitus; HR: hazard ratio; LV GLS: left ventricle global longitudinal 
strain; NAC: National Amyloidosis Centre. 

4. Discussion 

This study demonstrates that the majority of patients with ATTR-CA receive conventional HF 
therapies. Limited research has been conducted on the use of heart failure medication in this specific 
patient group, which complicates putting the numbers found in perspective. However, some data are 
available regarding their prescription in the broader heart failure population, not specifically limited 
to patients with amyloidosis-related heart failure. For example, the 2024 TITRATE-HF study 
provided insights on the implementation of heart failure guidelines in a large cohort of heart failure 
patients in the Netherlands, revealing a high rate of guideline-directed medical therapy (GDMT) use 
within this overall heart failure population [13]. Specifically, approximately 80% of patients were 
prescribed ACEi, beta-blockers, and MRAs in accordance with established guidelines, although often 
at suboptimal doses. Notably, about half of the patients had already been using one more 
conventional HF agents for other conditions prior to being diagnosed with heart failure. 

In the study by Ioannou et al., HF medication prescription were examined in a large ATTR-CA 
cohort treated in the National Amyloidosis Centre in London [10]. The reported medication use in 
this cohort was lower: 55% of patients were prescribed beta-blockers, 57% ACEi/ARBs, and 39% 
MRAs. Although Ioannou et al. did not explicitly assess whether medication use adhered to guideline 
recommendations, the general discouragement of beta-blockers and ACEi/ARBs in ATTR-CA 
suggests that the proportion of patients receiving HF medications according to guidelines is 
considerably lower compared to the broader HF cohort. Moreover, similar to the TITRATE-HF study, 
a substantial proportion of patients received suboptimal doses of beta-blockers or ACEi/ARBs. 

Our study corroborates these findings, indicating that conventional HF therapies were still quite 
commonly prescribed in ATTR-CA and were generally used in more advanced clinical stages of the 
disease. Although beta-blockers and ACEi/ARBs have historically been and continue to be the most 
frequently prescribed HF medications, they remain the most commonly discouraged agents for 
ATTR-CA because of hypotension and intolerability. 

Beta-blockers are commonly indicated for conditions such as coronary artery disease and atrial 
fibrillation. However, it is noteworthy that in our study, beta-blockers were prescribed to an 
increasing number of patients without a history of atrial fibrillation, suggesting a broader use of these 
agents in the management of heart failure in ATTR-CA. A similar pattern was observed for 
ACEi/ARBs, which are typically prescribed for hypertension. The findings of this study revealed no 
significant differences in baseline blood pressures between patients using ACEi/ARBs and those not 
using them, despite the higher prevalence of hypertension among the former. This suggests that 
ACEi/ARBs are prescribed selectively to patients who are likely to benefit from their effects and who 
can tolerate the treatment, although this study did not specifically examine adverse events. 

Comparing baseline characteristics between groups based on whether or not they are prescribed 
medication remains a challenge. Establishing clear associations is difficult and based on this data it 
cannot be determined which came first: the worse clinical condition or the medication use. Despite 
this, one important observation is that patients using beta-blockers did not exhibit significantly lower 
heart rates or blood pressure at baseline evaluation. Interestingly, in our cohort, no significant 
differences in blood pressure or heart rate were observed between patients receiving beta-blockers 
or ACEi/ARBs and those who were not. This suggests that these patients who were prescribed 
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ACEi/ARBs and beta-blockers have tolerated these agents without experiencing common adverse 
effects, such as bradycardia or hypotension, which are often cited as reasons for discontinuation [14]. 
This contrasts with the results from the London study, where both beta-blocker and ACEi/ARB users 
had lower systolic and diastolic blood pressures, and beta-blocker users demonstrated a lower mean 
heart rate. This discrepancy raises questions about the generalizability of the assumption that patients 
with ATTR-CA who are prescribed conventional HF therapies tolerate them well. Further 
investigation is needed to determine whether these medications are tolerated at which dosages in 
this patient population. 

Alternatively, in HFrEF patients, angiotensin receptor/neprilysin inhibitor (ARNI) can be 
prescribed instead of ACEi/ARB. Limited evidence of ARNI in 6 elderly ATTR-CA patients shows 
that it might be tolerated in low dosage [15]. However in general, ARNIs are associated with 
hypotension, in particular in HFpEF and HFmrEF patients and therefore probably less tolerated in 
ATTR-CA patients [16]. 

MRAs were most frequently prescribed as part of combination therapy, typically alongside beta-
blockers and/or ACEi/ARBs. MRA monotherapy was rarely used in ATTR-CA patients, which 
suggests that MRAs are more often added as a second or third choice therapy for heart failure. This 
observation is in contrast to the ESC heart failure guidelines, which recommend the use of loop 
diuretics with the potential addition of an MRA as an initial treatment strategy for cardiac 
amyloidosis. In this study, the focus was placed on beta-blockers and ACEi/ARBs, as these agents are 
most prominently discouraged in the guidelines. However, further research is needed to better 
understand the rationale behind MRA prescriptions and to investigate the reasons for their underuse. 

The use of SGLT2 inhibitors in clinical practice is a notable emerging trend. Early clinical trials 
have shown promising results in the ATTR-CA population [17,18]. However, while SGLT2 inhibitors 
have demonstrated potential therapeutic benefits, further research involving larger patient cohorts is 
needed to establish clear prescription patterns and clinical outcomes in ATTR-CA patients. In this 
study, the prescription of SGLT2 inhibitors at the time of diagnosis was not yet common practice and 
therefore no formal statistical analysis was performed on the use of SGLT2 inhibitors. 

The evidence linking beta-blocker use to mortality and adverse outcomes in ATTR-CA patients 
remains inconclusive. Some studies have failed to establish a direct association between beta-blocker 
therapy and mortality outcomes [19], while others suggest that beta-blockers may reduce all-cause 
mortality [20,21]. In our multivariate analysis, corrected for age, AF, CAD, DM, hypertension, NAC 
stage and GLS, there was no significant difference in survival with or without beta-blocker use. A 
small Italian study found that beta-blocker therapy was especially poorly tolerated in patients with 
AL rather than ATTR amyloidosis and that the intolerance to beta-blockers was associated with 
hemodynamic function [22]. Additionally, patients on ACEi/ARBs did not experience a higher 
incidence of adverse events compared to other groups. Instead of HF medication use, lower stroke 
volume and cardiac output were found to be better predictors of heart failure-related 
hospitalizations. Lower LVEF was associated with increased risk of hypotension. Furthermore, this 
Italian study showed that discontinuation of beta-blocker therapy significantly reduced the risk of 
mortality, although the clinical implications of these findings remain uncertain. On the contrary, the 
study by Ioannou et al. found that low-dose beta-blocker use was independently associated with a 
reduced risk of mortality in ATTR-CA patients with reduced ejection fraction [10]. This finding 
underscores the need for further research into the impact of beta-blocker dosage on survival 
outcomes in this population. 

Limitations 

This study is limited by its retrospective nature and lack of randomization or propensity score 
matching. There was no information on dosage and longitudinal changes of the prescribed 
medication during follow up. Therefore, more in-depth analysis on the effect of dosing on mortality 
could not be performed. The decision to discourage or promote the use of beta-blockers and 
ACEi/ARBs cannot be made based on these results. Therefore, more research on the use of heart 
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failure medications and their impact on survival in the cardiac amyloidosis population is necessary, 
while considering dosing, subtyping of amyloidosis, clinical disease stage and including SGLT2 
inhibitors in a larger study population. This study reflects real-world practice in non-expert 
secondary and tertiary centers in care for cardiac amyloidosis. Only half of the patients were treated 
with disease modifying drugs (most often Tafamidis), because of local regulations and availability. 
As more patients will be diagnosed in an earlier stage and qualify for specific disease modifying 
treatment, the spectrum of CA patients will probably shift to more asymptomatic patients with 
preserved ejection fraction. It can be questioned whether in these patients there is benefit of beta-
blockers and ACEi/ARBs. The conflicting evidence on the relationship between HF therapy use, 
intolerance and mortality in ATTR-CA highlights the need for further research to identify subgroups 
of patients who may benefit from these therapies. Future studies should focus on both early and late 
stage patients to provide the best supportive care with conventional heart failure treatment next to 
the more expensive disease modifying drugs. 

5. Conclusions 

Beta-blockers and ACEi/ARBs are still frequently prescribed in ATTR-CA patients, however 
being discouraged in guidelines. Patients who receive beta-blockers or ACEi/ARBs tend to have an 
overall worse clinical condition. Conventional HF medication use and combination HF therapy have 
increased over the past decade. When corrected for comorbidities, beta-blocker or ACEi/ARB 
prescription does not seem to have an association with mortality. 
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Appendix A 

Table A1. Univariate testing of variables for Cox proportional hazard survival analysis. 

 HR [95% CI] p-value 
Age at diagnosis 1.078 [1.060 – 1.096] <0.001 

AF 2.618 [1.859 – 3.685] <0.001 
CAD 1.894 [1.372 – 2.615] <0.001 
DM 1.639 [1.139-2.359] 0.008 

Hypertension 1.415 [1.042 - 1.921] 0.026 
NAC stage    
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I vs. II 3.910 [2.298 – 6.653] <0.001 
I vs. III 10.250 [6.077 – 17.289] <0.001 
LV GLS 0.865 [0.827-0.905] <0.001 

Beta-blocker 1.445 [1.068-1.957] 0.017 
ACEi/ARB 1.105 [0.816-1.495] 0.519 

ACEi/ARB: angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; AF: atrial fibrillation; CAD: 
coronary artery disease; DM: diabetes mellitus; HR: hazard ratio; LV GLS: left ventricle global longitudinal 
strain; NAC: National Amyloidosis Centre. 
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