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Abstract

Background Prognostic markers of survival have been identified in wild-type transthyretin amyloidosis (ATTRwt), but limited
data exist with respect to hospitalizations with worsening heart failure (WHF). Predictive markers of WHF have yet to be
identified.
Methods From April 2017 to February 2021, 104 patients with ATTRwt were diagnosed and prospectively followed from the
time of diagnosis to the time of death or the censoring date of 1 February 2021. Baseline patient characteristics, biomarkers,
and advanced echocardiography were used to predict hospitalization with WHF.
Results During the median follow-up period of 23 months, 51% of patients were hospitalized due to WHF. Seventy-three per
cent of patients with WHF were admitted at least twice. Patients with WHF during the first year had significantly poorer sur-
vival (P < 0.001). Independent predictors of WHF during follow-up were pacemaker implantation prior to diagnosis (PMI,
P = 0.037) and right atrial volume index (RAVi, P = 0.008). Patients with PMI had a higher left ventricular mass index and
poorer left ventricular and right ventricular systolic function indicating a more advanced stage of amyloid disease.
Conclusions A high incidence and recurrence of hospital admissions with WHF were demonstrated in contemporary patients
with ATTRwt, which was associated with reduced survival. Patients with pacemaker devices prior to ATTRwt diagnosis expe-
rienced more frequent hospitalizations with WHF. PMI and right atrial enlargement were identified as independent predictors
of WHF during follow-up.
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Introduction

Wild-type transthyretin cardiac amyloidosis (ATTRwt) is in-
creasingly recognized among elderly patients with heart fail-
ure (HF).1–3 ATTRwt is a progressive restrictive cardiomyopa-
thy associated with increased morbidity and poor survival.1

Several markers of survival have been identified in cardiac
amyloidosis such as age, left ventricular ejection fraction
(LVEF), global longitudinal strain (GLS), myocardial extracellu-
lar volume, estimated glomerular filtration rate (eGFR), and
biomarkers N-terminal pro-brain natriuretic peptide (NT-
proBNP) and cardiac troponins.1,4–8 Survival assessment and

disease staging based on eGFR and NT-proBNP measure-
ments have been suggested and validated by Gillmore et al.7

Patients with ATTRwt often experience several hospital
contacts due to ATTR-related symptoms before the diagnosis
is established.1,3 A median of three inpatient hospital admis-
sions and 17 incidences of hospital usage has been reported
prior to diagnosis in both hereditary and wild-type ATTR.1 Af-
ter the diagnosis of ATTR is established, the frequent need for
hospital services continues as the median number of inpa-
tient hospital admissions ranges from two to three per year.1

Hospitalization due to worsening heart failure (WHF) is likely
one of the main reasons for hospitalization after the diagno-
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sis is established. It often requires several days of in-hospital
stay and is associated with an adverse prognosis in the gen-
eral HF population. However, limited data exist on the preva-
lence and clinical characteristics of patients admitted with
worsening ATTRwt-related HF.

In the present study, we aimed to investigate the incidence
of WHF admissions in contemporary ATTRwt patients and the
association between WHF and mortality. We also aimed to
characterize the patient population and to identify predictors
of hospital admission with WHF.

Methods

The present study enrolled 104 consecutive patients with di-
agnosed ATTRwt at Aarhus University Hospital, Denmark,
from 1 April 2017 to 1 February 2021. All patients underwent
comprehensive echocardiographic examinations and had
electrocardiograms (ECGs) taken and blood drawn for bio-
marker analysis. Patients were then prospectively followed
until the date of death or the censoring date of 1 February
2021.

ATTRwt diagnosis was confirmed by amyloid-positive
endomyocardial biopsy using Congo red staining and
immunohistochemistry/mass spectrometry (n = 30), a
positive 99mTc-DPD scintigraphy with a Perugini Grade 2 or
3 (n = 57) with negative immunofixation analysis and a
normal p-kappa/lambda light chain ratio or both scintigraphy
and biopsy in patients with positive immunofixation analysis
and/or abnormal kappa/light chain ratio (n = 17). Normal
p-kappa/lambda light chains were considered in the interval
0.26–1.65, and spike bands were reported as present/not
present. All patients were genotyped to exclude hereditary
ATTR.

The primary endpoint was hospitalization due to WHF. Ad-
mission to a hospital with WHF was defined as development
or worsening of existing symptoms and/or clinical signs of HF
requiring non-scheduled, inpatient hospitalization with treat-
ment of intravenous diuretics, pleural or ascites drainage,
inotropic therapy, or initiation of dialysis. In addition, the
WHF condition should be primarily related to the ATTRwt car-
diomyopathy. Secondary endpoint was all-cause mortality.

Electronic medical charts and imaging servers of all pa-
tients were reviewed at initial referral, the time of diagnosis
and when hospitalizations or deaths occurred. The collected
data at baseline included information about patient symp-
toms, medical history, co-morbidities, medication, biochemis-
try, echocardiography, and ECG. Data were collected from ei-
ther the regional database The Electronic Patient Journal or
the national database The Health Journal providing the inves-
tigators with admission data from across all of Denmark.
All-cause mortality data were collected from the Danish Cen-
tral Personal Registry.

From the time of diagnosis and during follow-up, there was
complete access for the investigators to all the aforemen-
tioned data.

The ATTRwt disease stage was evaluated in accordance
with staging system of the National Amyloidosis Centre
(NAC), London, UK,7 and the staging system of the Mayo
Clinic.6

The study was approved by the Danish Data Protection
Agency, and as such, no ethical approval was required accord-
ing to Danish law.

Echocardiography

A commercially available ultrasound system was used at ini-
tial referral, the time of diagnosis, and during follow-up (GE
Vivid 9 or E95, Horten, Norway) with a 3.5-MHz
phased-array transducer. All echocardiographic examinations
in the Central Denmark Region are stored in a digital image
vault with the possibility of review of any given examination.

All patients underwent a comprehensive two-dimensional
echocardiographic assessment in accordance with current
guidelines.9 LVEF was calculated using Simpson’s biplane
method. The peak systolic left ventricular (LV) GLS10 magni-
tude was obtained using automated function imaging in
standard two-dimensional cine loops with a frame rate
>55 frames/s. The regional speckle area of interest was
manually adjusted to obtain optimal tracking results. GLS
was calculated using a 17-segment model at the time in
systole when the value peaked. We used triplane images
for strain calculation in patients with atrial fibrillation. If
the triplane image quality was suboptimal, we selected
loops from the apical four-chamber, two-chamber, and
long-axis views with comparable RR intervals for strain cal-
culation. Left atrial volume index (LAVi) was assessed by bi-
plane method indexed to the body surface area and right
atrial volume index (RAVi) was assessed from the
right-sided focused four-chamber view.

The principles for estimation of LV pressure and work have
previously been described.11 In this method, we used a previ-
ously generated empiric reference curve for LV pressure as-
sessment. This reference curve is individualized by scaling
the amplitude using measured systolic cuff pressure. Subse-
quently, a pressure–strain curve is obtained by fitting the in-
dividualized reference curve in time according to aorta and
mitral valve opening and closing. Based on the
pressure–strain curve, the global LV myocardial work index
is automatically calculated as the average of all segmental
values. We calculated the average of the six apical, mid-
ventricular, and basal segments of both GLS and LV myocar-
dial work index. Data were analysed offline using dedicated
software (EchoPAC PC SW-Only, Version 202, GE Healthcare,
Milwaukee, WI, USA).

Clinical characteristics, incidence, and predictors of worsening heart failure in patients with wild-type transthyretin cardiac amyloidosis 2979

ESC Heart Failure 2022; 9: 2978–2987
DOI: 10.1002/ehf2.14000



ECG

The presence of atrial fibrillation was determined based on
the ECG or Holter findings at the time of diagnosis. The ECG
changes related to ATTRwt were defined in accordance with
standard ECG criteria described previously.3

Statistics

Normally distributed data were presented as mean ±
standard deviation (SD), and non-normally distributed
data were presented as median and interquartile range
(IQR).

Group differences were assessed using Student’s t-test for
normally distributed data, the Mann–Whitney U test for
non-normally distributed data, and the χ2 test for categorical
data.

Survival analysis was calculated using Kaplan–Meier esti-
mates, and differences between groups were analysed using
the log-rank test. Nelson–Aalen estimates were used to as-
sess competing risk.

Hazard ratios, 95% CIs, and two-sided P-values were deter-
mined using Cox proportional-hazard regression models for
univariable and multivariable analysis. Parameters with sig-
nificant prognostic value (P < 0.05) in univariable analysis
were used to create a multivariable model to explore if these

parameters were independently related to WHF. Baseline
was set to the time of diagnosis. Two-sided tests were used
for all analyses, and P < 0.05 was considered significant.
The data were analysed using STATA (STATA/IC 16, StataCorp
LP, College Station, TX, USA.)

Results

Clinical characteristics

The clinical characteristics at the time of the ATTRwt diagno-
sis are presented in Table 1.

Thirty-six (34.6%) patients were hospitalized at least once
with WHF at 12 months of follow-up. The main symptoms
leading to WHF hospitalization were worsening dyspnoea,
which occurred in 92% of cases (n = 33), and peripheral oe-
dema, which occurred in 44% of cases (n = 16). Ascites was
noted in 20% of cases (n = 7), and drainage was performed
in all except one. Intravenous and increased dosages of loop
diuretics were used in all 36 patients. Atrial fibrillation or flut-
ter was seen in 14% of cases (n = 5), of which three were
treated with electric conversion and two were treated medi-
cally. One patient underwent a coronary angiography due to
atypical chest pain with increased troponin levels but with
normal findings. One patient received a dual-lead pacemaker
due to advanced atrioventricular block. No patients were ad-

Table 1 Patient characteristics at the time of ATTRwt diagnosis stratified by worsening heart failure within the following 12 months

Variable All (n = 104) No. of HF admission (n = 68) HF admission (n = 36) P-value

Age (years), mean ± SD 81.2 ± 6 80.7 ± 6 82.0 ± 6 0.33
Male gender, % 90 (n = 94) 91 (n = 62) 92 (n = 33) 0.93
BSA (m2), mean ± SD 1.95 ± 0.17 1.97 ± 0.18 1.91 ± 0.14 0.06
NYHA, I/II/III/IV, % 26/47/26/1 25/49/25/1 28/44/28/0 0.86
Hypertension, % 64 (n = 67) 65 (n = 44) 64 (n = 23) 0.93
IHD, % 23 (n = 24) 18 (n = 12) 33 (n = 12) 0.07
Diabetes, % 15 (n = 16) 15 (n = 10) 17 (n = 6) 0.79
Aortic stenosis, % 24 (n = 25) 24 (n = 16) 25 (n = 9) 0.87
Pacemaker device, % 35 (n = 36) 26 (n = 18) 50 (n = 18) 0.02
Carpal tunnel syndrome, % 38 (n = 40) 40 (n = 27) 36 (n = 13) 0.72
Spinal stenosis, % 7 (n = 7) 4 (n = 3) 11 (n = 4) 0.20
Diuretics, % 77 (n = 79) 71 (n = 49) 83 (n = 30) 0.15
ACE/ARB, % 45 (n = 47) 46 (n = 31) 44 (n = 16) 0.91
Beta blockers, % 44 (n = 45) 40 (n = 27) 47 (n = 17) 0.46
Anti-coagulation, % 62 (n = 64) 57 (n = 39) 69 (n = 25) 0.16
Heart rate (beats/min), mean ± SD 73 ± 15 72 ± 13 74 ± 19 0.69
SBP (mmHG), mean ± SD 134 ± 18 137 ± 19 130 ± 14 0.07
DBP (mmHG), mean ± SD 80 ± 12 81 ± 12 79 ± 11 0.69
Troponin T (ng/L), median (IQR) 63 (56) 58 (60) 76 (69) 0.10
NT-proBNP (ng/L), median (IQR) 2544 (3794) 2116 (3407) 3665 (7237) 0.01
eGFR (mL/min), mean ± SD 62 ± 19 64 ± 19 57 ± 19 0.08
Sinus rhythm, % 55 (n = 57) 59 (n = 40) 47 (n = 17) 0.26
Atrial fibrillation, % 41 (n = 43) 37 (n = 25) 50 (n = 18) 0.19
Low voltage, % 27 (n = 28) 25 (n = 17) 31 (n = 11) 0.54
1st deg. AV block, % 15 (n = 15) 15 (n = 10) 14 (n = 5) 0.91
Left bundle branch block, % 21 (n = 22) 19 (n = 13) 25 (n = 9) 0.49
Pseudo-infarction, % 8 (n = 8) 7 (n = 5) 8 (n = 3) 0.86

AV, atrioventricular; BSA, body surface area; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HF, heart failure;
IHD, ischaemic heart disease; NT-proBNP, N-terminal pro-brain natriuretic peptide; SBP, systolic blood pressure.
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mitted due to aortic valve stenosis, and the severity was com-
parable between patients with WHF compared with patients
without WHF at 12 months of follow-up [WHF:
mild–moderate: n = 8 (80%); severe: n = 2 (20%) vs. non-
WHF: mild–moderate: 12 (80%); severe n = 3 (20%),
P = 0.746].

Patients with WHF at 12 months of follow-up differed sig-
nificantly from those without WHF with respect to higher
NT-proBNP (P = 0.01) and proportion of pacemaker implanta-
tions (PMI) at baseline (P = 0.02). The indication of PMI was
advanced atrioventricular block in 67% (n = 24) of the pa-
tients, sick sinus syndrome in 14% (n = 5), ventricular tachy-
cardia in 11% (n = 4), and HF with left bundle branch block
and reduced LVEF in 8% (n = 3). No difference was noted with
respect to PMI indication at baseline between patients with
or without WHF. The types of implanted pacemaker devices
were as follows: dual chamber (69%, n = 25), single chamber
with ventricular pacing and sensing (17%, n = 6), biventricular
pacing (11%, n = 4), and single chamber with atrial pacing and
sensing (4%, n = 1). According to the pacemaker reports at
baseline, a total of 10 patients (28%) were paced where six
patients with PMI (excluding biventricular devices) were
V-paced of 59% of the time on average, however with varying
intensities (99%, 99%, 87%, 41%,26%, and 1% of the time,
respectively).

Patients were treated with diuretics in 77% (n = 79) of
cases. Angiotensin receptor inhibitors (ACE-I)/aldosterone–
renin blockers (ARB), beta blockers, and anti-coagulation
therapy were used in 45% (n = 47), 44% (n = 45), and 62%

(n = 64) of cases, respectively. No patient received
transthyretin stabilizing therapy (tafamidis), transthyretin
synthesis inhibitors (patisiran and inotersen), doxycycline, or
diflunisal at baseline or during follow-up.

Myocardial systolic and diastolic function at
baseline

The echocardiographic variables at the time of diagnosis are
shown in Table 2. LVEF was mildly and GLS moderately re-
duced, but without any significant difference between pa-
tients with or without WHF at 12 months of follow-up. Left
atrial and ventricular volumes were comparable between
groups. The apical to basal segment strain ratio (ABr) was sig-
nificantly increased in patients with WHF compared with
non-WHF patients. LV myocardial work indices were compa-
rable between the WHF and non-WHF group. LV myocardial
work index was also comparable between groups.

Right atrial enlargement was significantly more pro-
nounced in patients with WHF. Right ventricular (RV) wall
thickness was comparable between the two groups. RV sys-
tolic function seemed impaired as the tricuspid annular plane
systolic excursion (TAPSE) was reduced among the WHF
group relative to the non-WHF group (P = 0.04). The systolic
pulmonary pressure evaluated by tricuspid regurgitant gradi-
ent was elevated significantly in the WHF patients compared
with non-WHF (P = 0.02).

Table 2 Echocardiographic parameters at the time of ATTRwt diagnosis

Variable All (n = 104) No. of HF admission (n = 68) HF admission (n = 36) P-value

LVEF (%), mean ± SD 46 ± 11 46 ± 11 46 ± 11 0.99
LV EDV (mL), median (IQR) 93 (40) 93 (38) 93 (4) 0.62
LV ESV (mL), median (IQR) 48 (24) 50 (24) 46 (24) 0.47
SVI (mL/m2), mean ± SD 23 ± 8 23 ± 8 23 ± 9 0.99
GLS (%), mean ± SD �11.3 ± 3 �11.3 ± 4 �11.1 ± 3 0.73
GLS apical (%), mean ± SD �17.9 ± 6 �17.4 ± 6 �19.0 ± 5 0.17
GLS mid (%), mean ± SD �9.7 ± 4 �9.7 ± 4 �9.8 ± 3 0.86
GLS base (%), mean ± SD �4.8 ± 4 �5.2 ± 4 �4.2 ± 3 0.21
Relative apical strain ratio, median (IQR) 2.7 (1.5) 2.6 (1.7) 2.8 (1.4) 0.35
Apical basal strain ratio, median (IQR) 3.6 (3.6) 3.4 (3.3) 4.4 (3.8) 0.04
Global work index (mmHg%), mean ± SD 1089 ± 380 1113 ± 387 1055 ± 371 0.46
Global work index base (mmHg%), mean ± SD 598 ± 428 665 ± 451 501 ± 330 0.07
IVS (mm), mean ± SD 17 ± 3 17 ± 4 17 ± 3 0.99
PW (mm), mean ± SD 14 ± 3 14 ± 3 14 ± 3 0.49
LVMi (g/m2), mean ± SD 159 ± 41 160 ± 45 155 ± 35 0.62
LAVi (mL/m2), median (IQR) 33 (21) 33 (19) 33 (20) 0.97
E/e0, mean, median (IQR) 12 (8) 11 (7) 12.5 (11) 0.14
RV free wall (mm), mean ± SD 8 ± 2 7 ± 3 8 ± 2 0.30
RAVi (mL/m2), median (IQR) 37 (22) 33 (16) 44 (30) 0.03
TAPSE (mm), mean ± SD 17 ± 5 18 ± 6 15 ± 5 0.04
TRG (mmHg), mean ± SD 30 ± 10 28 ± 8 33 ± 13 0.02

GLS, global longitudinal strain; GWI, global work index; IVC, inferior vena cava; IVS, interventricular septum; LAVi, left atrial volume index;
LV EDV, left ventricular end-diastolic volume; LV ESV, left ventricular end-systolic volume; LVMi, left ventricular mass index; PW, posterior
wall; RV, right ventricle; RAVi, right atrial volume index; SVI, stroke volume index; TAPSE, tricuspid annular plane systolic excursion; TRG,
tricuspid regurgitant gradient.
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Hospital admissions due to WHF and mortality

Median follow-up was 23 (IQR 16) months. Ninety-one pa-
tients had a minimum of 12 months of follow-up, and 49 pa-
tients had a minimum of 24 months of follow-up. During
follow-up, 51% of the ATTRwt patients experienced a hospi-
talization due to WHF, and 70% of the WHF group experi-
enced at least two HF admissions. The number of HF admis-
sions prior to and after baseline is shown in Figure 1.

At 12 and 24 months of follow-up, 35 and 50% of the
ATTRwt patients had been admitted to a hospital with
WHF. Hospitalization rate adjusted by Nelson–Aalen esti-
mates showed no significant effect on the results. The cumu-

lative incidence of hospital admissions with WHF is presented
in Figure 2.

During follow-up, 25 (24%) deaths occurred with a mortal-
ity rate of 12, 20, and 34% at 1, 2, and 3 years, respectively.
Figure 3A demonstrates the survival rate according to pres-
ence or absence of hospital admission due to WHF at
12 months of follow-up. Survival at 12 months of follow-up
was significantly reduced in the WHF group (log-rank,
P < 0.001). Figure 3B demonstrates the survival rate
landmarked at 12 months showing a significantly reduced
survival among patients with WHF at 12 months of
follow-up (log rank, P = 0.03). Causes of death were HF in
12 patients, one sudden death, and 10 unknown causes. Ad-

Figure 1 Hospital admissions due to heart failure before and after baseline. Hospital admissions due to heart failure before and after diagnosed
wild-type ATTR. Post-diagnostic hospitalization is often re-occurring as evidenced by the fact that 70% of patients hospitalized post-diagnosis are hos-
pitalized at least twice.

Figure 2 Incidence of hospital admissions with worsening heart failure. Incidence of hospital admissions due to worsening heart failure.
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mission to a hospital with WHF had occurred in 19 patients
before death was registered.

According to the NAC staging system, 50% of the pa-
tients were in Stage I, 33% in Stage II, and 17% in Stage
III at baseline. The survival status between the NAC stages
(I vs. II–III) differed significantly (log-rank, P = 0.012). The
survival rates at 12 and 24 months were 95 and 90% for
Stage I compared with 78 and 71% for NAC Stages II–III.
No survival analysis of NAC Stage II vs. III was performed
due to a low number of deaths8 in each group. The free-
dom of hospitalization with WHF between the NAC stages
(I vs. II–III) did not differ significantly (log-rank, P = 0.141).
The freedom of hospitalization with WHF at 12 and

24 months were 76 and 55% for NAC Stage I compared
with 58 and 45% for NAC Stages II–III.

According to the Mayo Clinic staging system, 19% of the
patients were in Stage I, 42% in Stage II, and 39% in Stage
III at baseline. The survival status between the Mayo stages
(I vs. II–III) differed significantly (log-rank, P = 0.009). The sur-
vival rates at 12 and 24 months were 100 and 88% for Stage I
compared with 85% and 74% for NAC Stages II–III. The free-
dom of hospitalization with WHF between the Mayo stages
(I vs. II–III) did not differ significantly (log-rank, P = 0.79).
The freedom of hospitalization with WHF at 12 and 24 months
were 75 and 47% for Mayo Stage I compared with 62 and
52% for Mayo Stages II–III.

Figure 3 Survival stratified by WHF hospitalization within 12 months of diagnosis. Survival stratified by WHF hospitalization within 12 months of
wild-type ATTR diagnosis. (A) The overall study population. (B) Landmarked at 12 months. HF, heart failure.

Table 3 Univariable and multivariable analysis of predictors of hospitalization with worsening heart failure

Variable

Univariable Multivariable

HR 95% CI P-value HR 95% CI P-value

Clinical
Age, years 0.98 [0.94–1.03] 0.449
NYHA 1.21 [0.85–1.73] 0.295
Pacemaker implantation 2.28 [1.32–3.92] 0.003 1.88 1.04–3.40 0.037
Atrial fibrillation 1.23 [0.71–2.13] 0.460
Aortic stenosis 1.20 [0.64–2.26] 0.572
NAC stage (I vs. II + III) 1.51 0.87–2.62 0.143
eGFR 0.99 0.98–1.01 0.214
NT-proBNP 1.00 1.00–1.00 0.089

Echocardiographic
LVEF 0.98 0.96–1.01 0.175
GLS < 11.3 1.24 0.72–2.14 0.444
RAVi 1.01 1.00–1.02 0.027 1.01 1.00–1.02 0.008
TAPSE > 18 mm 1.56 0.88–2.76 0.127
TRG > 35 mmHg 1.97 1.10–3.52 0.022 1.69 0.90–3.18 0.103
GWI base 1.00 1.00–1.00 0.058
Apical basal ratio ≥ 3.6 1.89 1.07–3.16 0.027 1.33 0.71–2.50 0.379

Concomitant medication
ACE inhibitors 1.16 0.61–2.21 0.660
Angiotensin II antagonists 0.4 0.12–1.32 0.133
Beta blockers 1.53 0.82–2.84 0.183

ABr, apical to basal ratio; ACE, angiotensin-converting enzyme; IVC, inferior vena cava; GLS, global longitudinal strain; GWI, global work
index; LAVi, left atrial volume index; LVMi, left ventricular mass index; RAVi, right atrial volume index; RVWT, right ventricular wall thick-
ness; TRG, tricuspid return gradient.
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Prognostic value of clinical characteristics,
biomarkers, and myocardial function in relation
to hospital admission with WHF

Univariable and multivariable analysis identified PMI and
RAVi as independent predictors of hospital admission with
WHF during follow-up, which is presented in Table 3.
Univariable analysis of the clinical and echocardiographic pa-
rameters identified RAVi, tricuspid regurgitant gradient, GLS,
ABr ≥ 3.6, and baseline PMI as predictors of hospitalization
due to WHF during follow-up. In the multivariable analysis,
PMI at baseline and RAVi were identified as independent pre-
dictors of WHF.

The prognostic value of medical treatment with ACE-I
[HR 1.16 (0.61;2.21), P = 0.66], ARB [HR 0.40 (0.12;1.32),
P = 0.133], and beta blockers [HR 1.53 (0.82;2.84),
P = 0.183] in relation to WHF was non-significant. No sig-
nificant difference in follow-up time was noted among

patients with hospitalization due to WHF compared
with non-WHF [25 (IQR 22) vs. 20 (IQR 11) months,
P = 0.09].

Clinical, biochemical, and echocardiographic
characteristics of patients with or without
pacemaker device implantation at baseline

As PMI at baseline was identified as an independent predic-
tor of WHF, patients were stratified by this variable to inves-
tigate whether PMI patients had more advanced disease
compared with patients without. Table 4 demonstrates the
baseline clinical, biochemical, and selected echocardiographic
variables in patients with or without PMI. Patients with PMI
at baseline had significantly higher NT-proBNP, lower eGFR,
higher LV mass index, reduced LV and RV systolic function, in-
creased RAVi, and higher tricuspid regurgitant gradients com-

Table 4 Clinical and echocardiographic characteristics of patients with or without PMI at the time of ATTRwt diagnosis

Variable No. of PM (n = 68) PM (n = 36) P-value

Age (years), mean ± SD 81.6 ± 7 80.4 ± 6 0.39
NYHA I/II/III/IV (%) 28/41/29/1 22/58/19/0 0.36
Atrial fibrillation, n (%) 31 (46) 12 (33) 0.23
eGFR (mL/min), mean ± SD 64.4 ± 18 56.3 ± 20 0.04
NT-proBNP (ng/L), median (IQR) 2225 (3494) 2839 (3506) 0.04
LVEF (%), mean ± SD 48 ± 11 38 ± 12 <0.01
LV-GLS (%), mean ± SD �11.4 ± 4 �8.9 ± 3 <0.01
LV-GWI (mmHg%), mean ± SD 1,165 ± 437 825 ± 343 <0.01
LVMI (g/m2), mean ± SD 151 ± 34 183 ± 44 <0.01
LAVi (mL/m2), median (IQR) 30 (16) 29 (16) 0.92
RAVi (mL/m2), median (IQR) 35 (22) 43 (17) 0.04
RV free wall thickness (mm), mean ± SD 5.8 (3.5) 7.0 (3.5) 0.11
TAPSE (mm), mean ± SD 19 ± 5 15 ± 6 0.01
TRG (mmHg), mean ± SD 28 ± 8 30 ± 12 0.38

LAVi, left atrial volume index; LVEF, left ventricular ejection fraction; LV-GLS, left ventricular global longitudinal strain; LV-GWI, left ven-
tricular global work index; LVMI, left ventricular mass index; PM, pacemaker; RAVi, right atrial volume index; TAPSE, tricuspid annular
plane systolic excursion; TRG, tricuspid return gradient.

Figure 4 Hospitalization due to heart failure stratified by pacemaker status. Hospitalization due to heart failure stratified by pacemaker status.
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pared with patients without PMI. Patients with PMI at base-
line were at significantly higher risk of hospital admission
due to WHF compared with non-PMI patients (log-rank,
P < 0.0023) as shown in Figure 4. A trend towards higher
mortality among PMI patients was noted compared with pa-
tients without (log-rank, P = 0.071).

Discussion

The main findings were as follows: Firstly, 35 and 50% of
ATTRwt patients were admitted to a hospital with WHF at
12 and 24 months after diagnosis. Of these, 70% were admit-
ted at least twice. Secondly, patients with WHF were more
likely to have a PMI at baseline and had higher NT-proBNP,
higher RAVi, higher GLS, higher ABr, and higher tricuspid
regurgitant gradients. Thirdly, PMI at baseline and RAVi were
shown to be independent predictors of hospitalization due to
WHF during follow-up. Finally, patients with PMI at baseline
had more advanced biventricular systolic dysfunction com-
pared with patients without PMI.

The morbidity of ATTRwt seems considerable as reported
by Lane et al. who demonstrated a high frequency of
in-hospital episodes and surgical procedures before and after
ATTR diagnosis.1 The median number of hospital admissions
within 12 months of diagnosis was two, and 30% were admit-
ted at least three times. Data from the ATTR-ACT trial show
that 34.6% of the patients with ATTR were hospitalized
within the first year of randomization and with an overall
cardiovascular-related hospitalization incidence of 0.70 per
year.12 In the present study of contemporary ATTRwt pa-
tients, we report a 35% incidence of hospitalization due to
WHF within 12 months of diagnosis. Patients admitted to a
hospital with WHF during the first year were also demon-
strated to have significantly reduced survival even after the
survival rate was landmarked at 12 months. Despite that
50% of the patients were classified as NAC Stage I at the time
of the diagnosis, a WHF-related hospitalization incidence of
24 and 45% was registered at 12 and 24 months, and a high
number of WHF readmissions was noted. Overall, the HF hos-
pitalization burden seems significant in most ATTRwt patients
and carries both a poor prognosis and a significant economic
burden to the healthcare system. It therefore seems impor-
tant to identify patients with the highest risk of WHF as early
as possible to initiate transthyretin-specific pharmacological
treatment.

In the present study, the clinical and biochemical charac-
teristics of patients with and without WHF differed on a
few variables as patients with WHF had higher NT-proBNP,
higher RAVi, higher GLS, higher ABr, higher tricuspid
regurgitant gradients, and previous PMI. Among clinical and
echocardiographic parameters, RAVi and PMI at baseline

were identified as independent predictors of hospital admis-
sion due to WHF.

Reduced TAPSE along with higher RAVi was noted among
patients with WHF, indicating impairment of both RV systolic
and diastolic function. The enlargement of the right atrium
could be a consequence of LV backward failure as indicated
by the higher tricuspid regurgitant gradient in the WHF
group. The independent prognostic value of RAVi over LAVi
could also be explained by the fact that RAVi reflects a more
advanced disease stage with biventricular dysfunction. A nor-
mal atrial booster function is important to ensure prober ven-
tricular filling, in particular in conditions with restrictive path-
ophysiology as in ATTRwt, but the observed severe right atrial
dilatation might indicate the first signs of atrial dysfunction
and decongestion.13 Atrial fibrillation was also common in
the present population with WHF, and the presence of right
ventricular pacemaker leads might in some cases induce
functional tricuspid valve regurgitation leading to atrial
dilatation.

The reported prevalence of PMI at the time of ATTRwt di-
agnosis varies from 10 to 40% depending on patient charac-
teristics and institution.2,14 In our population, 35% had PMI
prior to the diagnosis of ATTRwt. Advanced atrioventricular
block was noted as the main indication in accordance with
previous studies.2,3,15 The prevalence of PMI was higher
among patients with WHF, and PMI independently predicted
admission due to WHF. Chronic right ventricular pacing can
lead to impairment of LV systolic function and subsequent
development of HF.16 Based on the present pacemaker re-
ports, only a limited number of patients experienced ventric-
ular pacing, suggesting a limited effect on the study popula-
tion. It is more likely that the ATTRwt patients with PMI at
the time of diagnosis had more advanced stages of amyloid
cardiomyopathy, which is supported by the higher LV mass
index, higher NT-proBNP, and poorer LV and RV systolic func-
tion demonstrated in this group. In contrast to isolated LV pa-
thologies such as HF with preserved LVEF where left atrial
volume has been related to outcomes, our data demon-
strated that right atrial volume in excess to the LV failure is
particular enlarged in patients with WHF and shown to be a
significant prognostic WHF factor. Even among patients with
PMI, right atrial enlargement was noted, which might suggest
that the presence of PMI with right-sided atrial dilatation is
likely to reflect the natural course of amyloidosis. Patients
with advanced HF symptoms and ATTRwt often have in-
creased right ventricular wall thickening, indicating a higher
degree of biventricular involvement. Whether the PMI with
an inherent risk of inducing a tricuspid valve insufficiency
can contribute to worsening of the right-sided failure is im-
possible to conclude from our data, and with a prober pace-
maker indication, the implantation is unavoidable.

Prospective screening for cardiac amyloidosis in elderly pa-
tients with conduction disorders or systolic HF has revealed a
low (2%) prevalence of ATTRwt.17 The low prevalence re-
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ported might be related to the high proportion of females
that was included as males usually account for about 90%
of patients with diagnosed ATTRwt.1,3,7 Future screening
studies of elderly males with advanced atrioventricular con-
duction disorders and signs of LV hypertrophy are warranted
to identify ATTRwt patients with less advanced disease.18,19

Limitations

Our study is limited by its single-centre nature because only
patients diagnosed or referred for a diagnostic evaluation at
our department were included. All patients were treatment
naïve with respect to transthyretin stabilizers or synthesis in-
hibitors as these agents are not approved by the Danish au-
thorities. This should be considered when comparing our ob-
servations with other populations treated routinely with
these agents. The follow-up time can be considered only in-
termediate with a median of 23 months, but it is comparable
to other prospective ATTR studies. In addition, a substantial
number of HF events occurred during follow-up. Amyloid car-
diomyopathy was considered the primary cause of WHF, but
other ATTRwt-associated diseases may contribute to the de-
velopment of HF such as severe aortic stenosis and ischaemic
heart disease. In the present study, only two patients with
WHF had severe aortic stenosis, and it is difficult to deter-
mine the primary cause of HF in such cases. No patients were
documented to have ongoing myocardial ischemia and all pa-
tients were previously revascularized.

Conclusions

A high incidence and recurrence of hospital admissions with
WHF was demonstrated in contemporary patients with
ATTRwt and was associated with reduced survival. Patients
with PMI at the time of diagnosis experienced more frequent
hospitalizations with WHF, and PMI and right atrial enlarge-
ment were identified as independent predictors of WHF dur-
ing follow-up.
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