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Abstract

Aims Cardiac amyloidosis (CA) is an under-diagnosed cause of heart failure (HF) and has a worse prognosis than other forms
of HF. The frequency of death or rehospitalization following discharge for acute heart failure (AHF) in CA (relative to other
causes) has not been documented. The study aims to compare hospital readmission and death rates 90 days after discharge
for AHF in patients with vs. without CA and to identify risk factors associated with these events in each group.
Methods and results Patients with HF and CA (HF + CA+) were recruited from the ICREX cohort, after screening of their med-
ical records. The cases were matched 1:5 by sex and age with control HF patients without CA (HF + CA�). There were 27
HF + CA + and 135 HF + CA� patients from the ICREX cohort included in the study. Relative to the HF + CA� group,
HF + CA+ patients had a higher heart rate (P = 0.002) and N-terminal prohormone of brain natriuretic peptide levels
(P < 0.001) and lower blood pressure (P < 0.001), weight, and body mass index values (P < 0.001) on discharge. Ninety days
after discharge, the HF + CA+ group displayed a higher death rate, a higher all-cause hospital readmission rate, and a higher
hospital readmission rate for AHF. Death and hospital readmissions occurred sooner after discharge in the HF + CA+ group
than in the HF + CA� group.
Conclusions The presence of CA in patients with HF was associated with a three-fold greater risk of death and a two-fold
greater risk of all-cause hospital readmission 90 days after discharge. These findings emphasize the importance of close, active
management of patients with CA and AHF.
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Introduction

Heart failure (HF) is a very common disease that affects 1–2%
of adults in Europe.1,2 As a major public health issue, HF is no-
tably associated with a high hospital readmission rate after
an acute cardiac event3: 20% at 30 days4 and 67% at

12 months.5 We have reported previously that arrhythmia
and infection are the primary triggering factors for decom-
pensation [i.e. acute heart failure (AHF)] causing hospital
admissions.6 A recent study showed that 66% of patients suf-
fering from HF with preserved ejection fraction (HFpEF) and
64% of those suffering from HF with reduced ejection fraction
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died in the 5 years following AHF.7 In order to improve the
management and prognosis of patients with HF, the
European Society of Cardiology (ESC) recommends a
phenotype-based approach and a better etiological diagno-
sis—particularly in HFpEF.1

Cardiac amyloidosis (CA) is underdiagnosed in HF in gen-
eral and in HFpEF in particular. The different forms of CA
are classified according to the composition of fibrils involved
in infiltration of the various organs. The most frequent car-
diac forms are transthyretin amyloidosis (ATTR) and immuno-
globulin light chain amyloidosis (AL). ATTR amyloidosis is
subdivided into a transthyretin wild-type form (ATTRwt) and
a mutant (variant) form (ATTRv). ATTR might account for
13% of cases of HFpEF with left ventricular hypertrophy
≥12 mm.8 The availability of specific, effective treatments
for ATTR means that the diagnostic management of HFpEF
should be improved. The diagnostic approach to cases of
suspected CA has been standardized.9–13 The median survival
time depends on the type of amyloidosis, with estimates of
11 and 75 months for AL amyloidosis and ATTRwt-CM,
respectively.14–16 To the best of our knowledge, the hospital
readmission and death rates for HF patients with vs. without
CA have not been reported.

We hypothesized that relative to HF patients without CA
(HF + CA�), HF patients with CA (HF + CA+) have a worse
prognosis and differ with regard to the causes of hospital re-
admission after AHF. Hence, the objectives of the present
study were to compare the rate of death and hospital read-
mission rates 90 days after discharge for AHF in HF + CA�
vs. HF + CA+ patients and to identify the main risk factors
for hospital readmission in each group.

Methods

Study design

ICREX-94 was a non-interventional, observational, longitudi-
nal, multicentre cohort study conducted in 10 cardiology or
geriatric cardiology departments from public- or
private-sector hospitals in the Val-de-Marne county of
France. Patients were included prospectively but the data
were recorded retrospectively. In 2016, the 10 departments
had formed the FINC94 network in order to share experience,
train healthcare professionals, and conduct clinical studies in
the field of HF.

Between October 2017 and January 2019, consecutive pa-
tients aged 18 or over and having been discharged from hos-
pital alive after admission for AHF were screened for eligibil-
ity. The diagnosis of AHF was based on the patient’s signs and
symptoms, a serum N-terminal prohormone of brain natri-
uretic peptide (NTproBNP) level >100 pg/mL on admission,
and echocardiographic evidence of HF, in line with the ESC

guidelines.1 Patients who did not understand French or who
were unable to provide informed consent. The study was per-
formed in compliance with the tenets of the Declaration of
Helsinki and was approved by an institutional review board
[Commission éthique et déontologie de la Faculté de
Médecine Paris-Saclay (Le Kremlin-Bicêtre, France); refer-
ence: 20181128163709]. All the patients gave their written,
informed consent to participation in the study.

Baseline data collection

Data collection at baseline has been described in detail
elsewhere.6 Briefly, we documented the type of HF (i.e.
right-sided, left-sided or both), the aetiology of HF, the date
of diagnosis, the clinical characteristics (including geriatric co-
morbidities such as dementia and depression), electrocardio-
gram (ECG) data (sinus rhythm, atrial fibrillation, etc.), labora-
tory data (such as the blood haemoglobin level and the
serum NTproBNP and creatinine levels), echocardiographic
characteristics [such as the left ventricular ejection fraction
(LVEF)], medications (including the doses), and whether the
patient had a pacemaker or an implantable cardioverter defi-
brillator. We also determined the Human Development Index
(HDI, a composite, long-term index of life expectancy, educa-
tion, and per capita income) for each study participant, based
on their region of residence.

Definition of cases and controls

The medical records of ICREX-94 participants were reviewed.
Twenty-seven patients with HF had a definitive diagnosis of
CA and thus formed the HF + CA + group. These cases were
matched 1:5 by sex and age with control HF patients without
CA (forming the HF + CA� group).

Diagnosis of cardiac amyloidosis

CA was diagnosed according to the ESC guidelines.10 When
CA was suspected, scintigraphy with a bisphosphonate tracer
(99mTc-hydroxymethylene diphosphonate) was performed,
and blood and urine samples were analysed with protein
electrophoresis, immunofixation, and a light chain assay.
When the light chain assay was positive, a confirmatory car-
diac biopsy was taken and stained for light chains, as de-
scribed elsewhere.17

Follow-up data collection

Patients were followed up for 90 days after discharge from
hospital, via direct phone calls and correspondence by mail.
If the patient did not reply to our calls or letters, we
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contacted his/her family, caregiver, family physician, or cardi-
ologist. Hospital readmissions within 90 days of discharge
were recorded, and the same clinical, ECG, and laboratory
data were collected as on first admission. The readmitted pa-
tients’ medical records were analysed independently by two
clinical endpoints committees, and the cause and mode of
hospital readmission were determined. Any disagreement be-
tween the two committees was resolved by a third
committee.

Statistical analysis

Continuous variables were presented as the mean [standard
deviation (SD)] or the median [interquartile range (IQR)].
Categorical variables were presented as the number (per-
centage). Values of continuous variables were compared in
an unpaired t-test or (for non-normally distributed data) a
Mann–Whitney test. The normality of the data distribution
was assessed graphically (i.e. without using QQ plots or sta-
tistical tests). Values of categorical variables were compared
in a chi-squared test or Fisher’s exact test, as appropriate.
We first studied differences between excluded controls
and included controls with regard to demographic variables,
personal medical history, clinical and laboratory features at
admission for AHF, ultrasound findings, reasons for admis-
sion, and treatments on admission (Supporting information
Appendix S1). Next, CA cases were matched 1:5 by sex
and age with control HF patients without CA (forming the
HF + CA� group) using the Match function in R Studio
software and a calliper of one. Cases and controls were also
compared with regard to their characteristics upon dis-
charge (clinical variables and medications), during
follow-up and on hospital readmission (the indication, clini-
cal characteristics, laboratory variables, and ultrasound find-
ings). We plotted survival curves for the 90 day death and
hospital readmission rates (stratified by CA status) and com-
pared them in a log-rank test. Multivariable conditional Cox
regression models with an exact method were applied. The
final models for all-cause mortality and hospitalization were
chosen with reference to the level of concordance and the
Akaike information criterion. Adjustment variables were in-
cluded in the model if they were judged to be clinically rel-
evant and gave a P value <0.20 in our unadjusted analyses,
in line with Sun et al.’s conservative approach.18 The results
were quoted as unadjusted and adjusted hazard ratios (95%
confidence interval). The proportional hazards hypothesis
(Schoenfeld residuals and a graphic evaluation) and
log-linearity (Martingale residuals) were checked for all
models. All tests were two-sided, and the threshold for sta-
tistical significance was set to P < 0.05. Because this was
an exploratory analysis, we did not adjust for multiple
testing.19

Results

Characteristics of the study population of
ICREX-94 participants

Between October 2017 and January 2019, 27 HF + CA+ cases
were identified and matched 1:5 with 135 HF + CA� controls
(i.e. ICREX-94 participants without CA). Hence, 162 of the 305
patients in the ICREX-94 cohort were included in the present
study. In the HF + CA+ group, 13 participants had ATTRwt-CA,
6 had ATTRv-CA, and 7 had AL-CA (all 7 with lambda chains,
and 1 with kappa chains). Overall, the mean (SD) age was
76,9 and 144 of the patients (89%) were women (Table 1). Re-
garding comorbidities, 114 (70%) patients had a history of HF,
72 (44%) had a history of coronary artery disease, 61 (38%)
had a history of diabetes, 108 (67%) were in atrial fibrillation,
29 (18%) had an LVEF >50%, and 68 (42%) had an LVEF
<40%.

Characteristics of the patients, as a function of
their cardiac amyloidosis status on initial
admission to hospital

The clinical profiles of the patients hospitalized for AHF
differed according to the CA status on admission
(Table 1). Relative to the patients in the HF + CA� group,
the patients in the HF + CA+ group had a lower HDI
(P < 0.01), a higher serum NTproBNP level (P = 0.005),
and a lower blood sodium level (P < 0.001) and were less
likely to be smokers (P < 0.02). On discharge, the patients
in the HF + CA + group had a higher heart rate (P = 0.002),
a higher NTproBNP levels (P < 0.001), a lower systolic
blood pressure, a lower body weight, and a lower body
mass index (BMI) (P < 0.001). Regarding medications on
discharge, the HF + CA+ patients took higher doses of di-
uretics (P < 0.001) and lower doses of beta-blockers
(P < 0.001) and ACEis (P = 0.04) and were more likely to
have received a pacemaker (P = 0.003) or an implantable
cardioverter-defibrillator (P < 0.001), relative to the
HF + CA� group. There were no intergroup differences in
age (as expected), diabetes, hypertension, LVEF on admis-
sion, and the length of hospital stay for the initial AHF
event (Table 2).

Patient outcomes at 90 days

At 90 days, 17 of the 162 patients discharged from hospital
had died: 9 (33%) in the HF + CA+ group and 8 (6%) in the
HF + CA� group (P < 0.001 and log rank <0.001; Table 2
and Figure 1B).

The HF + CA+ group had a higher all-cause hospital read-
mission rate (52%, vs. 27% in the HF + CA� group;
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P = 0.001) and a higher hospital readmission rate due to AHF
(48% vs. 23%, respectively; P = 0.001) (Figure 1C). Death and
hospital readmission occurred earlier in the HF + CA+ group
than in the HF + CA� group (respectively 42 vs. 128 days
for death and 19 vs. 40 days for hospital readmission; Table
2 and Figure 1A).

The two risk factors associated with all-cause death and
hospital readmission for AHF at 90 days were CA status and
diuretic use on admission (Table 3).

Discussion

In a prospective study of patients with and without CA hos-
pitalized for AHF, we found that amyloidosis status was as-
sociated with (i) a lower survival rate at 90 days and (ii) a
higher frequency of hospital readmissions for any cause
and for AHF relatively soon after the initial discharge.
These findings demonstrate that morbidity and mortality
rates are greater in HF patients with CA than in patients
with other types of HF.

Death following hospital admission for acute
heart failure

Cardiac involvement is common in patients with systemic am-
yloidosis and is characterized by a poor prognosis and a lim-
ited choice of treatment modalities.20,21 The latest treatment
strategies focus on (i) the prevention and treatment of com-
plications and (ii) stopping or delaying amyloid deposition
with specific treatments.21–23 Depending on the type of amy-
loidosis, these treatments include chemotherapy and immu-
notherapy for AL-CA and TTR stabilizers for ATTR-CA.21 In a
previous study, HF with amyloidosis was associated with
greater probabilities of in-hospital mortality and 30 day read-
mission and a longer mean length of stay.24

Our results showed that in a cohort of patients with decom-
pensated AHF, CA was associated with a greater mortality rate
—despite the similar age, sex ratio and LVEF, a lower BMI, and
a higher dose of diuretics on discharge, relative to the
HF + CA� group. On admission, the HF + CA+ group had a
higher NTproBNP level, a lower blood sodium level, and a
lower HDI. On discharge, the HF + CA+ group had a higher
heart rate and a lower blood pressure—both of which are fac-
tors known to be associated with a poor outcomes in HF.1

Table 1 Baseline characteristics on admission to hospital for AHF, by CA status

Total study population HF + CA+ HF + CA�
Pa(n = 162) (n = 27) (n = 135)

Demographic and clinical characteristics
Age, mean (SD) 76 (±9) 76 (±8) 76 (±9) 0.73
Age >85 years old, n (%) 27 (17) 3 (11) 24 (18) 0.82
Female, n (%) 144 (89) 24 (89) 120 (89) 0.99
Coronary heart disease, n (%) 72 (44) 8 (30) 64 (47) 0.09
Atrial fibrillation, n (%) 108 (67) 20 (74) 88 (65) 0.37
Hypertension, n (%) 112 (69) 15 (56) 97 (72) 0.09
Diabetes, n (%) 61 (38) 7 (26) 54 (40) 0.17
Chronic kidney disease, n (%) 82 (51) 18 (67) 64 (47) 0.07
COPD, n (%) 36 (22) 3 (11) 33 (24) 0.13
History of heart failure, n (%) 114 (70) 23 (85) 91 (67) 0.07
Mild neurocognitive disorder, n (%) 10 (6) 3 (11) 7 (5) 0.37
Stroke, n (%) 24 (15) 2 (7) 22 (16) 0.24
Smoking, n (%) 24 (15) 0 (0) 24 (18) 0.02
Alcohol use, n (%) 15 (9) 0 (0) 15 (11) 0.07
HDI, mean (SD) 0.52 (±0.16) 0.45 (±0.25) 0.53 (±0.13) 0.01

Laboratory data and ultrasound findings
NTproBNP, median [IQR] 4575 [2279–10 424] 9294 [3534–13 292] 3730 [1765–8443] 0.005
Creatininemia (μmol/L) 150 (±164) 152 (±50) 149 (±179) 0.93
Blood potassium, mean (SD) 4.3 (±0.5) 4.2 (±0.5) 4.3 (±0.5) 0.37
Blood sodium, mean (SD) 138 (±4) 136 (±5) 139 (±4) <0.001
LVEF on admission, median [IQR] 40 [30–50] 45 [35–50] 30 [39–50] 0.25
>50% 29 (18) 3 (11) 26 (19) 0.99
40–50% 42 (26) 7 (26) 35 (26) 0.40
<40% 68 (42) 7 (26) 61 (45) 0.50
Missing data 23 (14) 10 (37) 13 (10) —

Abbreviations: AHF, acute heart failure; CA, cardiac amyloidosis; HF, heart failure; COPD, chronic obstructive pulmonary disease; HDI, Hu-
man Development Index; NTproBNP, N terminal pro brain natriuretic peptide; LVEF, left ventricular ejection fraction.
aP: chi-squared test or Fisher’s exact test for categorical variables, and Student’s test or the Wilcoxon–Mann–Whitney test for continuous
variables.
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The death rate 90 days after AHF is not frequently re-
ported. In the GREAT study,25 this rate was 15%. In the OPTI-
MIZE registry, the 60 to 90 day post-discharge mortality rate
was 8.6%.26 In a recent trial, the estimated annual rate of
death due to a cardiovascular cause was around 7%.27,28

The prognosis of patients with CA depends on the type of
amyloidosis: ATTRwt-CA, ATTRv-CA, or AL-CA.14–16 Among pa-
tients with ATTR-CA, the median time to death was signifi-
cantly shorter for individuals not taking a transthyretin stabi-
lizer (2.2 years, vs. 5.4 years in those taking a transthyretin
stabilizer; P < 0.0001 in a log-rank test).29 Few data on the
prognosis at 90 days have been published.8

In the present study, the 90 day death rate was much
higher in the HF + CA+ group (33%) than in the HF + CA�
group (6%). A high mortality rate in patients with CA (what-
ever the type) has already been reported.14–16 This is an im-
portant message to adapt the care management of these
patients.30 Consequently, identification of such patients at
high risk of early death becomes a major goal to implement
advanced individual treatment strategies to enable subse-
quent treatment depending on the cause.

Cardiac amyloidosis and the hospital readmission
rate for acute heart failure

We found that the risk of hospital admission for HF following
AHF was higher for patients with CA. In our study, the 90 day
all-cause readmission rate was 31.0% overall, 52% in the
HF + CA + group, and 27% in the HF + CA� group. This differ-
ence was due to a higher hospital readmission rate for AHF in
the HF + CA+ group (48%) than in the HF + CA� group (23%).
Only CA status and the dose of diuretic on admission were
predictive of hospital readmission.

The 90 day hospital readmission rate observed here is in
line with the literature data.27,28 However, there are few pub-
lished data on the hospital readmission of patients with CA
over this timeframe. Maurer et al. observed 0.48 vs. 0.70
cardiovascular-disease-related hospitalizations per year for
patients treated with tafamidis vs. placebo, respectively.21

The difference in prognosis between the HF + CA+ and
HF + CA� groups (particularly in terms of hospital readmis-
sion for AHF) might be explained by the severity of cardiac
dysfunction and greater frailty in patients with CA, relative

Table 2 Discharge characteristics and follow-up, by CA status

Overall HF + CA+ HF + CA�
Pa(n = 162) (n = 27) (n = 135)

Clinical characteristics on discharge
BMI (kg/m2), mean (SD) 27 (±7) 23 (±3) 28 (±7) <0.001
Height (cm), mean (SD) 170 (±8) 172 (±6) 169 (±8) 0.06
Weight (kg), mean (SD) 75.2 (±19.7) 65.4 (±9.70) 78.5 (±21.1) 0.004
Heart rate (ppm), mean (SD) 73 (±13) 80 (±9) 70 (±13) 0.002
SBP (mmHg), mean (SD) 120 (±20) 108 (±20) 124 (±19) <0.001
DBP (mmHg), mean (SD) 69 (±12) 71 (±9) 68 (±13) 0.17
Length of stay, median [IQR] 10 [7–13] 11 [6.5–13] 10 [7–13.5] 0.72

Prescriptions on discharge
Beta-blockers, n (%) 106 (65) 0 (0) 106 (79) <0.001
Dose (mg), median [IQR] 3.75 [2.5–6.25] 0 [0–0] 3.75 [2.5–6.25] -

ACEis, n (%) 71 (44) 4 (15) 67 (50) <0.001
Dose (mg), median [IQR] 3 [2.375–5] 7.5 [5–7.5] 2.5 [2–5] 0.04

ARBs, n (%) 12 (7) 0 (0) 12 (9) 0.22
Dose (mg), median [IQR] 16 [8–45] - 16 [8–45] -

Diuretics, n (%) 139 (86) 26 (96) 113 (84) 0.20
Dose (mg), median [IQR] 80 [40–134] 160 [120–250] 80 [40–120] <0.001

Aldosterone antagonists, n (%) 37 (23) 5 (19) 32 (24) 0.62
Dose (mg), median [IQR] 25 [12.5–25] 50 [25–50] 25 [12.5–25] 0.04

Anti-arrhythmic, n (%) 61 (38) 14 (52) 47 (35) 0.11
Pacemaker, n (%) 26 (16) 10 (37) 16 (12) 0.003
Defibrillator, n (%) 30 (19) 13 (48) 17 (13) <0.001

Follow-up
90 day all-cause mortality, n (%) 10 (6) 8 (30) 2 (1) <0.0011

Time to death, median [IQR] 116 [42–170] 42 [23.2–59.5] 128 [118–262] 0.02
90 day all-cause hospital readmission, n (%) 51 (31) 14 (52) 37 (27) 0.0011

Time to all-cause hospital readmission, median [IQR] 31 [19–83] 19[13–34] 40 [25–94.25] 0.02
Hospital readmission for AHF, n (%) 44 (27) 13 (48) 31 (23) 0.03
Hospital readmission for other reasons, n (%) 20 (12) 3 (11) 17 (12) 0.99

Abbreviations: ACEi, angiotensin-converting enzyme inhibitors; ARNi, angiotensin receptor neprilysin inhibitor; BMI, body mass index; CA,
cardiac amyloidosis; COPD, chronic obstructive pulmonary disease; HDI, Human Development Index; HF, heart failure; HR, heart rate; ICD,
implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonists; SBP, systolic
blood pressure.
The data are quoted as the number (%), or mean ± SD.
aP: chi-squared test or Fisher’s exact test for categorical variables, and Student’s test or the Wilcoxon-Mann–Whitney test for continuous
variables.
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Figure 1 (A) Survival curve for all-cause hospital readmission or death at 90 days, as a function of cardiac amyloidosis (CA) status. (B) Survival curve for
all-cause mortality at 90 days, as a function of CA status. (C) Survival curve for all-cause hospital readmission at 90 days as a function of CA status.
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to patients without CA.31 The prevalence and prognostic im-
pact of frailty among HF patients has been thoroughly de-
scribed in the literature.32,33 Frailty also appears to have a
prognostic impact in HF patients with CA.31,32 However, these
studies appeared to show that the patients’ greater frailty
was related to the severity of CA and the duration of
disease.33 This specific frailty pattern observed might be
due to extracardiac amyloid infiltrations. For example, our
HF + CA+ patients body had a lower weight and a lower
BMI on discharge. The BMI is a good index of the level of
muscle mass, and the diagnosis of malnutrition is now largely
based on anthropometric variables.34,35 Sarcopenia and mal-
nutrition are highly prevalent in patients with chronic HF and
have a major, negative prognostic impact.36,37 Thus, amyloid-
osis of the digestive tract might account for the lower muscle
mass observed in the HF + CA+ group. The fact that the heart
rate was higher in the CA group might also explain (at least in
part) the poorer prognosis. The number of patients with a
BMI below the normal range to demonstrate that the pa-
tients with CA were in fact more likely to be malnourished
is 8 (6%) in HF + CA� group and 7(26%) in HF + CA+ group
(P value = 0.05). It highlights that the patients with CA were
more likely to be malnourished than the patients without CA.

Lastly, the dose of diuretic appeared to be correlated with
the severity, as recently reported for patients with
NTproBNP.38

Implications for the clinical management of
patients with cardiac amyloidosis

Our results showed that death and hospital readmission are
frequent following discharge in both groups but especially
in HF + CA+ patients. These high frequencies had been ob-
served in an earlier study.24 The readmissions for AHF are as-

sociated with high morbidity and mortality rates and high
healthcare costs.2–5 Preventing or reducing these outcomes
will require better care for patients with CA. First, CA should
be diagnosed earlier via the systematic screening of patients
with the ‘red flags’ described in a recent ESC working group
statement.10 A special management programme should be
developed for patients having experienced an episode of
AHF. The optimal follow-up for patients with CA has not yet
been addressed. Experts have recommended a six monthly
consultation with an ECG and a complete set of blood tests
(including the NTproBNP and troponin levels) and a yearly
echocardiogram and 24 h Holter ECG testing in clinically sta-
ble patients. The poor observed prognosis (with more hospi-
tal admission and a greater mortality rate) emphasizes the
need for innovative care pathways for these patients.

Implications for clinical research

Our results demonstrated that the AHF rate is high among pa-
tients with CA. This finding might influence clinical trials in at
least two ways. Firstly, this information must be taken into ac-
count when calculating the CA trial’s sample size and planned
duration. Secondly, it is important to diagnose CA in trials ex-
clude patients with CA from trials of drugs that might not
have a beneficial physiopathological impact.39

Limitations

To the best of our knowledge, the present study is one of the
first to have documented the prognosis of HF patients with
CA compared with other causes of HF in the same timeframe.
However, our study had some limitations. First, the small
sample size might have limited the strength of the results.
Most of the HF patients with CA were referred to a specialist
amyloidosis unit, and so selection bias cannot be ruled out.
Two thirds of the patients recruited from the unit did not
have CA. In view of the broad inclusion criteria of the
ICREX-94 study, one third of the patients in the HF + CA�
group had an index admission for HF. These patients might
have a worse prognosis than patients in the HF + CA+ group.
Second, the small number of patients prevented us from pro-
viding and testing a dedicated CA management scheme after
discharge and then comparing the risk of death and hospital
readmission as a function of the type of CA. Similarly, we
were not able to analyse the impact of specific treatments
for CA, such as chemotherapy, immunotherapy, and
stabilizers.19 Data on the ejection fraction were missing for al-
most 40% of the patients with CA. Further studies are needed
to determine whether or not better care and monitoring dur-
ing follow-up for patients with CA will improve the prognosis.

Table 3 Unadjusted and adjusted composite Hazard Ratios of all-
cause-rehospitalization or death at 90 days stratified by CA status

HR 95% CI HRa 95% CIa

HF + CA� Ref Ref Ref Ref
HF + CA+ 2.33 1.43–3.79 2.70 1.16–6.26
HDIb 0.46 0.07–3.03 1.90 0.12–29.1
Chronic kidney disease 1.05 0.57–1.94 0.49 0.18–1.37
NTproBNP (pg/mL)c 1.20 0.60–2.38 1.01 1.00–1.20
Diuretic use on admission 2.43 1.02–5.86 1.85 0.47–7.20
Atrial fibrillation 0.78 0.41–1.52 1.06 0.41–2.74
Defibrillator 1.07 0.48–2.10 0.43 0.10–1.82

Abbreviations: CA, cardiac amyloidosis; CI, confidence interval;
HDI, Human Development Index; HR, hazard ratio.
aAdjusted for amyloidosis status, HDI level, chronic kidney disease,
N-terminal prohormone of brain natriuretic peptide, diuretic use
at admission, atrial fibrillation, and presence of a defibrillator at
discharge.

bDefined as a binary variable = above or below the median value
(0.52).

cDefined as a binary variable = above or below the median value
(4575 pg/mL).
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Conclusions

Our results demonstrated that the 90 day readmission and
death rates were higher in HF patients with CA than in those
without. The higher morbidity and mortality rates in patients
with CA emphasize the need for (i) early amyloidosis screen-
ing and diagnosis and (ii) specific multidisciplinary manage-
ment programmes after hospitalization for AHF.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Appendix S1. Baseline characteristics between Excluded Con-
trols (EC) and Included Controls (IC) after pairing.
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