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ARTICLE INFO ABSTRACT
Keywords: Background: Amyloidosis is a multi-systemic disease potentially leading to failure of affected organs. We aimed to
Heart failure investigate prevalence and prognostic implications of cardiac amyloidosis of any etiology on outcomes of hos-
Amyloidosis pitalized patients with heart failure (HF) in Germany.
;f:/g;:i:ends Methods: We analyzed data of the German nationwide inpatient sample (2005-2018) of patients hospitalized for
Hospitalization HF (including myocarditis with HF and heart transplantation with HF). HF patients with amyloidosis (defined as
Outcome cardiac amyloidosis [CA]) were compared with those HF patients without amyloidosis and impact of CA on
outcomes was assessed.
Results: During this fourteen-year observational period 5,478,835 hospitalizations for HF were analyzed.
Amyloidosis was coded in 5,407 HF patients (0.1%). CA prevalence was 1.87 hospitalizations per 100,000
German population. CA patients were younger (75.0[IQR 67.0-80.0]vs.79.0[72.0-85.0]years, p < 0.001), pre-
dominantly male (68.9%) and had a higher prevalence of cancer (14.8% vs. 3.6%, p < 0.001). Adverse in-
hospital events including necessity of transfusions of blood constituents (7.1% vs. 5.4%, p < 0.001) and
cardio-pulmonary resuscitation (CPR, 2.7% vs. 1.4%; p < 0.001) were more frequent in CA. CA was indepen-
dently associated with acute kidney failure (OR 1.40 [95%CI 1.28-1.52], p < 0.001), CPR (OR 1.58 [95%CI
1.34-1.861, p < 0.001), intracerebral bleeding (OR 3.13 [95%CI 1.68-5.83], p < 0.001) and in-hospital mortality
between the 5 and 8th decade of life, but in-hospital mortality was strongly influenced by cancer.
Conclusions: CA was identified as an independent risk factor for complications and in-hospital mortality in HF
patients, whereby it has to be mentioned that amyloidosis subtypes could not differentiated in the present study.
Physicians should be aware of this issue concerning treatments and monitoring of CA-patients.
1. Introduction organs, subsequently leading to organ failure. Cardiac involvement in
amyloidosis is common [1] and amyloid fibrils can deposit in several
Amyloidosis is a multi-systemic disease resulting from deposition of cardiac structures, including coronary arteries, ventricles, atria and
misfolded proteins as insoluble fibrils in the interstitium of affected heart valves [2,3]. Although more than 30 proteins can form amyloid
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fibrils, cardiac amyloidosis is typically attributable to misfolded trans-
thyretin (ATTR) or immunoglobulin light chain (AL) aggregation [4].
ATTR amyloidosis can result from the aggregation of either wild type
transthyretin (ATTRwt) or by a variety of inherited genetic mutations of
TTR (ATTRh), respectively. In patients with ATTRwt, a cardiac pheno-
type is almost always present, whereas ATTRh is more varied depending
on the specific mutation and other parameters [5,6]. In AL amyloidosis
the heart is involved in approximately 50 to 75% of cases [7]. Once
considered a rare disease, some smaller studies indicate a higher prev-
alence of cardiac amyloidosis especially in older patients diagnosed with
heart failure with preserved ejection fraction (HFpEF). In a small study
of the 108 patients (median age 66 years), cardiac amyloidosis was
diagnosed in 15 (14%) patients (7 patients with ATTR-wt, 4 patients
with hereditary ATTR, 3 patients with light-chain amyloidosis, and 1
patient with AA secondary amyloidosis) [8], while another study in-
dicates a prevalence of 13% for cardiac ATTRwt amyloidosis in a study
population of 120 patients with HFpEF aged 60 years or older [9].
Contemporary treatment options have significantly improved survival of
patients not only with AL amyloidosis but also with ATTR [10,11]. In
this condition “disease modifying” therapies are nowadays available
which have been shown to slow down or halt disease progression and
even favorably affecting clinical outcome [12]. Therefore, early diag-
nosis is mandatory in order to provide best treatment efficacy. However,
early identification of patients with cardiac amyloidosis is challenging as
clinical symptoms are heterogenous and unspecific, frequently
misleading by mimicking other more common diseases. Therefore,
diagnosis is often significantly delayed for both patients with AL
amyloidosis [13] and patients with ATTR amyloidosis [14,15] resulting
in worse outcome due to late start of adequate treatment in advanced
disease stages at the time of diagnosis [16].

Information on the prevalence and clinical implications of
amyloidosis in heart failure among hospitalized patients with HF is
sparse. Recently, Gilstrap et al. reported for the first time on incidence
and prevalence of CA in hospitalized Medicare beneficiaries in the
United States of America (US) [17], but data for Europe are missing
[11]. In addition, intercontinental differences between North America
and Europe regarding CA subtypes have to be assumed and expected
[18] and the assessment of epidemiological data for CA in Europe are of
outstanding interest. Having access to the administrative data of a
large-scale population in Germany consisting of more than 5 million
hospitalizations of patients with HF between 2005 and 2018, we aimed
with the present study to assess prevalence, temporal trends, hospitali-
zation rates, treatment characteristics and outcomes, of patients with CA
in comparison to those with HF of other etiologies.

2. Material and methods
2.1. Data source

The German nationwide inpatient sample (diagnosis related groups
[DRG] statistic) was used for the planned analyzes (source: Research
Data Center (RDC) of the Federal Statistical Office and the Statistical
Offices of the federal states, DRG Statistics 2005-2018, and own cal-
culations). In Germany, diagnoses are coded by the hospitals to get their
remuneration according to ICD-10-GM (International Classification of
Diseases, 10th Revision with German Modification) and diagnostical,
surgical and interventional procedures with OPS codes (surgery, diag-
nostic and procedures codes [Operationen- und Prozedurenschliissel]).
Data were collected by the RDC of the German Federal Statistical Office
and the Statistical Offices of the federal states.

The German nationwide inpatient sample (2005-2018) was used for
this present study. All patients hospitalized for HF (inpatients with a
main diagnosis of HF [ICD-code I50]), or myocarditis (ICD-code 140)
with a diagnosis of HF as well as patients undergoing heart trans-
plantation (OPS-code 5-375) with diagnosis of HF were included in the
analysis. The main diagnosis of a patient is defined as that diagnosis,
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which was mainly responsible for hospitalization documented by the
discharging physician [19]. HF patients were stratified for presence of
amyloidosis (ICD-code E85) and the co-prevalence of HF and amyloid-
osis was defined as cardiac amyloidosis (CA) [17]. Due to coding rea-
sons, we were not able to differentiate between the subtypes of
amyloidosis (i.e. ATTRh, ATTRwt and AL). Hospitalizations of HF pa-
tients with and without amyloidosis were compared for patient profile,
treatments and outcomes %) (flowchart is presented in Fig. S1 in the
Supplementary Material).

As an additional investigation, the prevalence of amyloidosis was
analyzed in all hospitalized patients in Germany (2005-2018) regardless
of the cause of hospitalization (inpatients with and without HF). The
prevalence of CA was analyzed regardless of coded as main or secondary
diagnosis (Statistisches Bundesamt, DEStatis, source: DRG-Statistik,
Sonderauswertung des Statistischen Bundesamtes).

2.2. Study endpoints and in-hospital adverse events

The primary study outcome was death of all-causes during in-
hospital stay (in-hospital death). Additionally, we analyzed the occur-
rence of major adverse cardiovascular disease and cerebrovascular
events (MACCE, composite of all-cause in-hospital death, acute
myocardial infarction [ICD-code 121], and/or ischemic stroke [ICD-code
163]), pneumonia (ICD-codes J12-J18), acute kidney failure (AKF, ICD-
code N17), myocardial infarction (ICD-codes 121 and I22), stroke
(ischemic and hemorrhagic stroke, ICD-codes 161-64), cardio-
pulmonary resuscitation (CPR, OPS code 8-77), shock (ICD-code R57),
deep venous thrombosis or thrombophlebitis (DVT, ICD-codes 180-82),
pulmonary embolism (ICD-code 126), intracerebral bleeding events
(ICB, ICD-code 161), subarachnoid bleeding (ICD-code 160), gastro-
intestinal bleeding (GIB, ICD-codes K920-K922), and transfusion of
blood components (OPS-code 8-800).

2.3. Definitions

The investigated diagnostic approaches were coded as follows:
Myocardial biopsy (OPS codes 1-497.0, 1-497.1, 1-497.2), cardiac
magnet resonance imaging (MRI, OPS code 3-824), myocardial scin-
tigraphy (OPS code 3-721), scintigraphic examination, positron emis-
sion tomography (PET, OPS code 3-741), positron emission tomography
with computed tomography (PET-CT, OPS code 3-751), renal biopsy
(OPS codes 1-460, 1-461, 1-462, 1-463, 1-465.0, 1-560), liver biopsy
(OPS codes 1-441, 1-551, 1-497.3), osseous biopsy (OPS codes 1-424; 1-
503.5, 1-480.5; 1-481.5), biopsy of the lower gastro-intestinal tract (OPS
codes 1-444, 1-557), biopsy of the lungs (OPS codes 1-581.3; 1-431.0; 1-
431.1; 1-430.2; 1-430.3). We calculated the Charlson Index score [20] to
compare the patient groups regarding comorbidity risk regarding
in-hospital mortality.

2.4. Ethical aspects

Since this study did not involve direct access by the investigators to
data of individual patients, approval by an ethics committee and
informed consent were not required in accordance with German
legislation.

2.5. Statistical methods

Descriptive statistics for relevant baseline comparisons of HF pa-
tients with and without amyloidosis are provided as median and inter-
quartile range (IQR) or absolute numbers and corresponding
percentages. We tested the continuous variables using the Mann-
Whitney-U test; categorical variables were analyzed with the Fisher’s
exact or the chi® test, as appropriate.

Total hospitalization rates for both groups, relative mortality rate
(case-fatality rate), rate of MACCE and other in-hospital events as well as
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treatments were calculated on an annual basis, and linear regressions
were used to assess trends over time. The results are presented as beta
(B)-estimates with corresponding 95% confidence intervals (CI).

Univariate and multivariate logistic regression models were
computed in HF patients to investigate the impact of amyloidosis on the
mentioned adverse in-hospital events and outcomes.

Results of the logistic regressions are presented as odds ratio (OR)
and 95%CI. The multivariate regression models were adjusted for age,
sex, cancer, coronary artery disease, chronic obstructive pulmonary
disease, essential arterial hypertension, acute and chronic kidney dis-
ease, hyperlipidaemia, diabetes mellitus, as well as atrial fibrillation/
flutter (AF). We selected this epidemiological adjustment-approach with
age, sex and all mentioned comorbidities to be convinced that detected
associations were widely independent of these other potential drivers of
aggravated in-hospital outcomes, since especially cardiovascular dis-
eases, renal diseases, COPD and cancer are well-known drivers for poor
in-hospital outcomes. The software SPSS® (version 20.0; SPSS Inc.,
Chicago, Illinois) was used for computerised analysis. P values of <0.05
(two-sided) were considered to be statistically significant.

3. Results
3.1. Prevalence of amyloidosis in Germany 2005-2018

First, we analyzed the total numbers of hospitalizations with
amyloidosis in all German inpatients regardless of coded comorbidities
(consecutively also regardless of HF): The calculated prevalence was
8.16 hospitalizations per 100,000 German population (2005-2018)
increasing from 5.03 in the year 2005 to 13.02 per 100,000 population
in 2018.

3.2. Prevalence of cardiac amyloidosis

The prevalence of CA (for this analysis HF was coded as main or
secondary diagnosis) was calculated as 1.87 hospitalizations per
100,000 German population in the observational period (2005-2018)
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increasing from 0.91 to 3.61 per 100,000 German citizens in the same
observational period (Fig. 1A).

3.3. HF patients with and without CA

The present study included 5,478,835 hospitalizations of HF patients
(51.7% females; 81.0% aged 70 years or older) in Germany between
2005 and 2018. Among these, 510,424 died (9.3%) during in-hospital
stay. Amyloidosis was coded in 5407 patients (0.1%) (Fig. S1 in the
Supplementary Material).

Total numbers of patients with CA increased significantly from 142
(0.05% of all HF patients) in the year 2005 to 858 (0.19%) in 2018 (f
1.72 [95%CI 1.61 to 1.83], p < 0.001) (Fig. 1B). The frequency of CA
was highest in HF patients in-between the 4th to 7th decades of life;
statistically, the frequency of CA decreased with growing age (p —0.45
[95%CI —0.48 to —0.42], p < 0.001) (Fig. 1C). In contrast, highest
proportion of CA hospitalizations related to all HF patients of the
different age decades was detected in the 6th decade of life (Fig. S2 in
the Supplementary Material). Remarkably, the in-hospital mortality rate
of CA patients decreased substantially in the observational period from
20.5% in the year 2005 to 8.2% in 2018 (p —1.06 [95%CI —1.39 to
—0.73], P < 0.001) (Fig. 1B). No trend over time was observed with
respect to the performance of interventional treatment options such as
cardiac catheterizations and implantation of cardioverter defibrillators
and pacemakers (Fig. S3 in the Supplementary Material).

3.4. Patients’ characteristics, treatment and outcome stratified for
presence of amyloidosis

HF patients in whom amyloidosis was coded were in median 4 years
younger at the time of hospitalization compared to those without
amyloidosis, had a higher prevalence of cancer (14.8% vs. 3.6%, P <
0.001), especially multiple myeloma (10.6% vs. 0.2%, P < 0.001) and
were predominantly male. The highest proportions of cancer and mul-
tiple myeloma were found in the 5th to 7th decade of life (Fig. S4 in the
Supplementary Material).
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Fig. 1. Temporal trends on prevalence, total numbers and mortality Panel A: Temporal trends in prevalence of hospitalizations with amyloidosis in Germany (dashed
black line) and prevalence of hospitalizations of heart failure patients with amyloidosis stratified by years (solid black line). Panel B: Temporal trends in absolute
numbers of heart failure patients with amyloidosis (yellow bars), mortality rate (black line) and proportion of heart failure patients with amyloidosis related to all
heart failure patients (gray line) stratified by years. Panel C: Temporal trends in absolute numbers of heart failure patients with amyloidosis (yellow bars), mortality
rate (black line) and proportion of heart failure patients with amyloidosis related to all heart failure patients (gray line) stratified by years (A) and age decades.
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HF patients without CA had more frequently at least one heart failure
predisposing disease (including coronary artery disease, cardiomyopa-
thy, aortic or mitral valve disease, sleep apnea, myocardial infarction in
medical history, diabetes mellitus, arterial hypertension, chronic
obstructive pulmonary disease).

3.5. Diagnostic approach for CA in HF patients

As shown in Table 1, myocardial biopsy (9.4% vs. 0.3%, P < 0.001),
cardiac magnetic resonance imaging (MRI) (7.6% vs. 0.9%, P < 0.001),
and bone scintigraphy (1.0% vs. 0.2%, P < 0.001) were more often
performed in HF patients with CA than in those without. Right heart
catheter examination was also more often conducted in CA (9.8% vs.
2.8%, P < 0.001). The most frequent biopsy sites in CA patients were
myocardial biopsy and biopsy of the lower gastrointestinal tract (Fig. S5
in the Supplementary Material).

The use of the diagnostic approaches of myocardial biopsy (p 0.03
(95%CI —0.31 to 0.37); P = 0.869), scintigraphic examination (f§ 0.28
(95%CI —0.23 to 0.81); P = 0.278) and cardiac MRI (§ 0.17 (95%CI
—0.21 to 0.55); P = 0.870) did not change over the observational period
(2005-2018), whereas biopsies of the lower gastrointestinal tract (8
—1.52 (95%CI —1.93 to —1.12); P<0.001) and bone biopsies (p —0.17
(95%CI —0.32 to —0.02); P = 0.028) decreased over time (Fig. S6 in the
Supplementary Material). The use of all of these investigated diagnostic
approaches was highest in the 4th to 6st decade of life in CA patients
(Fig. S6 in the Supplementary Material).

3.6. Patients’ treatment and outcome stratified for presence of
amyloidosis

Although patients without amyloidosis had an unfavorable cardio-
vascular risk profile with higher prevalence of arterial hypertension,
diabetes mellitus, obesity and coronary artery disease, adverse in-
hospital events during hospitalization were more often documented in
patients with CA (Table 1). In this context, patients with CA were more
often coded with AKF, shock, emergency requiring cardiopulmonary
resuscitation (CPR), myocarditis, sepsis and bleeding complications
with a necessity of transfusion of blood constituents. Additionally, we
observed a trend towards a higher in-hospital mortality in patients with
CA. With respect to treatments, patients with CA more often required
pacemaker implantations, cardiac resynchronization therapy and un-
derwent more frequently heart transplantation. The Charlson score was
slightly higher in HF with CA than in those without amyloidosis (mean
+ standard deviation: 6.29 + 2.13 vs. 6.17 + 2.14, p < 0.001). As ex-
pected, a higher Charlson index score in patients with CA was associated
with an increased mortality (univariate: OR 1.18 [95%CI 1.13-1.22], p
< 0.001) (Table 1).

3.7. Impact of amyloidosis on outcome of patients with heart failure

In the multivariate logistic regression analyzes, CA was identified as
an independent risk factor for AKF (OR 1.40 [95%CI 1.28-1.52], p <
0.001), shock (OR 1.65 [95%CI 1.42-1.92], p < 0.001), CPR (OR 1.58
[95%CI 1.34-1.86], p < 0.001) and ICB (OR 3.13 [95%CI 1.68-5.83], p
< 0.001) in HF patients during hospitalization (Table 2).

While amyloidosis was not independently associated with in-hospital
mortality when analyzed for all ages (OR 1.08 [95%CI 0.99-1.18], P =
0.102) (Table 2), the univariate logistic regression (Fig. 2B) as well as
the multivariate logistic regression model adjusted for age and sex as
well as the multivariate logistic regression model adjusted for age, sex
and the cardiovascular risk factors diabetes mellitus, hyperlipidaemia,
arterial hypertension and obesity (Fig. S7 in the Supplementary Mate-
rial) revealed an association of CA with increased in-hospital mortality
for the 5th, 6st, 7th and 8th age-decade of life. In contrast, the fully
adjusted multivariate logistic regression model (adjusted for age, sex,
cancer, coronary artery disease, chronic obstructive pulmonary disease,
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Table 1
Baseline characteristics, clinical presentation, treatment and outcomes of the
5478,835 heart failure patients stratified for presence of amyloidosis.

Parameters HF with HF without P-
amyloidosis amyloidosis value
(n = 5407; (n=
0.1%) 5473,428;
99.9%)
Age (years) 75.0 79.0 <0.001
(67.0-80.0) (72.0-85.0)
Age >70 years 3768 (69.7%) 4431,761 <0.001
(81.0%)
Female sex* 1683 (31.1%) 2831,716 <0.001
(51.7%)
Length of in-hospital stay (days) 10.0 9.0 (6.0-14.0) <0.001
(6.0-16.0)
Obesity 207 (3.8%) 602,416 <0.001
(11.0%)
NYHA functional class
NYHA I/1I 330 (6.1%) 370,450 (6.8%)  <0.001
NYHA 1II/IV 4218 (78.0%) 4144,906
(75.7%)
Not classified according NYHA 859 (15.9%) 958,072
classification (17.5%)
Comorbidities
Cancer 799 (14.8%) 199,679 (3.6%)  <0.001

Metastatic cancer 21 (0.4%) 48,782 (0.9%) <0.001
Multiple myeloma 573 (10.6%) 8781 (0.2%) <0.001
Monoclonal gammopathy of 282 (5.2%) 9651 (0.2%) <0.001
undetermined significance
(MGUS)
Lymphoma 28 (0.5%) 12,828 (0.2%) <0.001
Coronary artery disease 1867 (34.5%) 2215,736 <0.001
(40.5%)
Myocardial infarction in medical 241 (4.4%) 433,974 (7.9%) <0.001
history
Cardiomyopathy 879 (16.2%) 479,420 (8.7%)  <0.001
Mitral valve disease 587 (10.8%) 543,315 (9.9%) 0.025
Aortic valve disease 304 (5.6%) 425,325 (7.8%) <0.001
Atrial fibrillation/flutter 2766 (51.2%) 2783,739 0.663
(50.9%)
Chronic obstructive pulmonary 507 (9.4%) 937,564 <0.001
disease (17.1%)
Essential arterial hypertension 1927 (35.6%) 2485,174 <0.001
(45.4%)
Hyperlipidaemia 1130 (20.9%) 1245,182 0.001
(22.7%)
Diabetes mellitus 999 (18.5%) 2129,693 <0.001
(38.9%)
Sleep apnea 132 (2.4%) 154,003 (2.8%)  0.094
Acute and chronic kidney disease 3409 (63.0%) 2541,210 <0.001
(46.4%)
Nephrotic syndrome 131 (2.4%) 3595 (0.1%) <0.001
Pleural effusion 381 (7.0%) 196,834 (3.6%)  <0.001
At least one heart failure 4624 (85.2%) 5059,782 <0.001
predisposing diseases (including (92.2%)
coronary artery disease,
cardiomyopathy, aortic or mitral
valve disease, sleep apnea,
myocardial infarction in medical
history, diabetes mellitus,
arterial hypertension, chronic
obstructive pulmonary disease)
Myocarditis 27 (0.5%) 18,701 (0.3%) 0.048
Sepsis 125 (2.3%) 70,846 (1.3%) <0.001
Viral hepatitis 20 (0.4%) 10,914 (0.2%) 0.009
Mycosis 108 (2.0%) 122,437 (2.2%)  0.227
Chalson comorbidity index 6.0 (5.0-8.0) 6.0 (5.0-8.0) <0.001
Adverse events during hospitalization
In-hospital mortality 545 (10.1%) 509,879 (9.3%)  0.053
MACCE 636 (11.8%) 618,537 0.284
(11.3%)
Pneumonia 566 (10.5%) 698,095 <0.001
(12.8%)
Acute kidney failure 691 (12.8%) 342,564 (6.3%) <0.001
Shock 176 (3.3%) 72,623 (1.3%) <0.001
Deep venous thrombosis or 77 (1.4%) 48,224 (0.9%) <0.001
thrombophlebitis

(continued on next page)
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Table 1 (continued)

Pulmonary embolism 21 (0.4%) 22,601 (0.4%) 0.779
Cardio-pulmonary resuscitation 147 (2.7%) 74,556 (1.4%) <0.001
Myocardial infarction 98 (1.8%) 113,577 (2.1%) 0.176
ST-elevation myocardial infarction 6 (0.1%) 12,721 (0.2%) 0.065
Stroke (ischemic or hemorrhagic) 41 (0.8%) 36,447 (0.7%) 0.404
Intracerebral bleeding 10 (0.18%) 2488 (0.05%) <0.001
Gastro-intestinal bleeding 50 (0.9%) 42,653 (0.8%) 0.224
Transfusion of blood constituents 383 (7.1%) 293,651 (5.4%) <0.001
Specific cardiac amyloidosis
diagnostics
Cardiac MRI 410 (7.6%) 49,049 (0.9%) <0.001
Bone scintigraphy 54 (1.0%) 9808 (0.2%) <0.001
Myocardial biopsy 512 (9.4%) 14,408 (0.3%) <0.001
Further diagnostic approaches
Myocardial scintigraphy 19 (0.4%) 19,349 (0.4%) 0.973
All scintigraphic examination 208 (3.8%) 187,082 (3.4%) 0.087
Cardiac positron emission 4 (0.074%) 403 (0.007%) 0.001
tomography (PET)
Cardiac positron emission 0 (0%) 570 (0.01%) 1.000
tomography with computed
tomography (PET-CT)
Right heart catheter examination 533 (9.8%) 155,122 (2.8%) <0.001
Medicated treatment
Cytostatics 516 (9.5%) 98,386 (1.8%) <0.001
Bortezomib 92 (1.7%) 245 (0.004%) <0.001
Invasive and surgical Treatment
Pacemaker 46 (0.9%) 34,043 (0.6%) 0.032
Cardiac resynchronization therapy 16 (0.3%) 4942 (0.1%) <0.001
(CRT)
Implantable cardioverter- 68 (1.3%) 70,301 (1.3%) 0.861
defibrillator
Catheter ablation for the treatment 5 (0.1%) 10,441 (0.2%) 0.116
of cardiac arrhythmias
Left heart catheterization 772 (14.3%) 682,873 <0.001
(12.5%)
Percutaneous coronary 109 (2.0%) 138,265 (2.5%) 0.017
interventions (PCI)
Drug eluting stent (DES) 72 (1.3%) 82,333 (1.5%) 0.297
Bare metal stent (BMS) 22 (0.4%) 39,994 (0.7%) 0.005
Heart valve surgery 4 (0.1%) 4329 (0.1%) 1.000
Transcatheter aortic valve 3 (0.06%) 2508 (0.05%) 0.742
replacement (TAVR)
Ventricular assist device (VAD) 12 (0.2%) 4258 (0.1%) <0.001
Heart transplantation 65 (1.2%) 3935 (0.1%) <0.001

Abbreviations: NYHA, New York Heart Association; MACCE, major adverse
cardio-cerebral-vascular events.
* data available for 5478,599 hospitalizations.

essential arterial hypertension, acute and chronic kidney disease,
hyperlipidaemia, diabetes mellitus, as well as AF) showed that
amyloidosis was independently associated with in-hospital mortality in
HF patients within the 6th (OR 1.40 [95%CI 1.01-1.94], p = 0.042) as
well as within the 8th decade (OR 1.18 [95%CI 1.03-1.35], p = 0.02) of
life, but not in the other age-decades (Fig. 2C). Since cancer had its
highest prevalence particularly in these age-decades in which the asso-
ciation of CA to in-hospital mortality does not longer exist after addi-
tional adjustment for all comorbidities inclusive cancer, we analyzed the
impact of cancer on in-hospital mortality and the impact of CA on in-
hospital mortality adjusted for age, sex, coronary artery disease,
chronic obstructive pulmonary disease, essential arterial hypertension,
acute and chronic kidney disease, hyperlipidaemia, diabetes mellitus, as
well as AF, but without an adjustment for cancer. The analyzes
demonstrated an independent association between cancer and increased
in-hospital mortality for CA patients in the 7th,8th and 9th age-decades
of life (Fig. S8 of the Supplementary Material). As hypothesized, if the
multivariate regression model was adjusted for age, sex, coronary artery
disease, chronic obstructive pulmonary disease, essential arterial hy-
pertension, acute and chronic kidney disease, hyperlipidaemia, diabetes
mellitus, as well as AF, but without an adjustment for cancer, the result
regarding an association between CA and in-hospital mortality was
consistent to the univariate regression and the multivariate regressions
adjusted for age and sex as well as age, sex and cardiovascular risk
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Table 2
Impact of amyloidosis on in-hospital outcomes in patients with acute heart
failure (univariate and multivariate logistic regression model).

Univariate regression Multivariate regression

model model*
OR (95% CI) P- OR (95% CI)  P-
value value
In-hospital death 1.09 0.053 1.08 0.102
1.00-1.19) (0.99-1.18)
Cardio-pulmonary 2.02 <0.001 1.58 <0.001
resuscitation (1.72-2.39) (1.34-1.86)
Pneumonia 0.80 <0.001 0.78 <0.001
0.73-0.87) (0.72-0.85)
Acute kidney failure 2.20 <0.001 1.40 <0.001
(2.03-2.38) (1.28-1.52)
Shock 2.50 <0.001  1.65 <0.001
(2.15-2.91) (1.42-1.92)
MACCE 1.05 0.284 1.03 0.450
(0.96-1.14) (0.95-1.12)
Myocardial infarction 0.87 0.176 0.94 0.547
(0.71-1.06) (0.77-1.15)
ST-elevation myocardial 0.48 0.069 0.50 0.091
infarction (0.21-1.06) (0.23-1.12)
Myocarditis 1.46 0.049 1.07 0.731
(1.00-2.13) (0.73-1.57)
Stroke (ischemic or 1.14 0.404 1.11 0.523
hemorrhagic) (0.84-1.55) (0.81-1.50)
Deep venous thrombosis 1.63 <0.001 1.34 0.010
or thrombophlebitis (1.30-2.04) (1.07-1.68)
Pulmonary embolism 0.94 0.779 0.73 0.146
(0.61-1.44) (0.47-1.12)
Sepsis 1.80 <0.001 1.23 0.024
(1.51-2.15) (1.03-1.47)
Viral hepatitis 1.86 0.006 1.29 0.251
(1.20-2.88) (0.83-2.01)
Mycosis 0.89 0.227 0.85 0.105
(0.74-1.08) (0.71-1.03)
Intracerebral bleeding 4.07 <0.001 3.13 <0.001
(2.19-7.59) (1.68-5.83)
Subarachnoid bleeding 3.35 0.088 2.42 0.214
(0.84-13.44) (0.60-9.72)
Gastro-intestinal 1.19 0.225 0.99 0.961
bleeding (0.90-1.57) (0.75-1.31)
Transfusion of blood 1.35 <0.001  0.97 0.601
constituents (1.21-1.49) (0.88-1.08)

*Adjusted for age, sex, cancer, coronary artery disease, chronic obstructive
pulmonary disease, essential arterial hypertension, acute and chronic kidney
disease, diabetes mellitus, atrial fibrillation/flutter and hyperlipidaemia.

factors, and showed an association of CA with increased in-hospital
mortality for the 5th, 6st, 7th and 8th age-decades of life (Fig. S9 in
the Supplementary Material).

4. Discussion

Cardiac involvement in amyloidosis is common [1] resulting in se-
vere forms of heart disease with HF [21] and associated with poor life
expectancy [22]=

In the present study we analyzed nearly 5.5 million hospitalizations
of HF patients in Germany, and provided evidence that I) the prevalence
of CA was low with 1.87 hospitalizations per 100,000 German popula-
tion in this fourteen-year observational period. II) While the prevalence
of CA increased significantly (4.0-fold) between 2005 and 2018, the in
hospital-mortality showed a significant downtrend during the same
observational period. III) The highest number of hospitalizations for CA
was seen in the 8th decade of life. IV) Although HF patients of other
aetiologies revealed an unfavorable cardiovascular profile with higher
frequency of cardiovascular risk factors as well as cardiovascular dis-
eases such as coronary artery disease and AF, in-hospital mortality was
comparable to CA patients (10.1% vs. 9.3%). V) While amyloidosis was
not independently associated with in-hospital mortality, in general, this
association became evident in the 5th to 8th decade of life, but was
influenced by cancer. VI) Moreover, amyloidosis was an independent
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Fig. 2. Impact of amyloidosis on in-hospital mortality in HF patients stratified for age-decades. Panel A: In-hospital mortality rate in the different age-decades, Panel
B: Univariate logistic regression model to identify the impact of amyloidosis on in-hospital mortality stratified by age-decades. Panel C: Multivariate logistic
regression model to identify the impact of amyloidosis on in-hospital mortality stratified by age-decades independently of age, sex and comorbidities.

risk factor for adverse in-hospital events such as CPR, AKF, shock and
ICB. VII) Cancer is an important co-factor regarding in-hospital death in
CA patients.

CA is still considered as a rare disease [22,23]. Over the last decades
the prevalence assessment of CA was hampered by the design of most
studies investigating CA only in special subgroups such as HFpEF pa-
tients [9,24], patients with severe aortic valve stenosis [25,26] or
focusing on special amyloidosis types (e.g. AL amyloidosis) [27,28].
Estimates of the annual incidence of AL amyloidosis were reported to
range between 0.9 and 1.6 per 100,000 population [27,28]. In addition,
the Tranthyretin Amyloidosis Outcomes Survey (THAOS) solely inves-
tigated genotype distribution, cardiac profile and the different pheno-
types of ATTR amyloidosis including also ATTRwt patients [6]. The data
of our study showed an annually prevalence of all amyloidosis types of
8.16 per 100,000 population in all hospitalizations in Germany
(2005-2018).

Recently, Gilstrap et al. reported for the first time on incidence and
prevalence of CA in hospitalized Medicare beneficiaries in the United
States of America (US) [17]. Diagnosis of CA was based on a combina-
tion of International Diagnosis Codes (ICD-) for systemic amyloidosis
and HF, comparable to our definition of CA in the present study. The
authors reported a prevalence of CA of 18.0 per 100,000 patient years
and an incidence of 8.0 per 100,000 patient years in 2005. Interestingly,
both prevalence and incidence of CA increased significantly over time
(2005 until 2012) resulting in a prevalence of 55.2 per 100,000 patient
years and an incidence of 16.6 per 100,000 patient years in 2012 [17].
Notably, the prevalence of CA was significantly higher in men compared
to women, with the highest prevalence noted among black men (174 per
100,000 patient years vs. 62.6 per 100,000 patient years in white men).
Up to now, such epidemiological data for Europe are missing; thus, we
aimed to close this gap.

In our present study, we observed a lower prevalence of CA of 1.87
per 100,000 population increasing from 0.91 in 2005 to 3.61 per
100,000 citizens in 2018 compared to the data of the US. Since it is well
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known that CA is a frequently overlooked disease [22,29], awareness of
cardiac amyloidosis might have been better in the US than in Europe in
the past years. Nevertheless, awareness of CA seems to grow in Ger-
many, since it has to be hypothesized that the increasing prevalence of
CA might predominantly be attributed to rather growing awareness for
CA than primarily related to an increase regarding the total numbers of
CA patients. Secondly, studies of the US show that there are large
regional differences, which might also explain the country-by-country
differences [17,29]. Prevalence of cardiac amyloidosis has been shown
to increase with age and to be almost four times greater among blacks
than among whites in the US [18]. In accordance with the study of
Gilstrap et al. our study demonstrated also a higher prevalence of
amyloidosis in male HF patients and an age-dependent peak prevalence
of CA in older age (8th decade of life) [17].

CA is primarily categorized into two subtypes, transthyretin cardiac
amyloidosis (ATTR-CA) and immunoglobulin light chain cardiac
amyloidosis (AL-CA). Although several studies indicate that AL
amyloidosis is still the most frequently diagnosed type of amyloidosis in
western countries [10,30], ATTR might become the most common type
of amyloidosis in an aging population [31,32]. Due to coding reasons,
we were not able to differentiate between the subtypes of amyloidosis (i.
e. ATTRh, ATTRwt and AL). However, we detected a prevalence of
14.8% of cancer, 10.6% of multiple myeloma, 5.2% of monoclonal
gammopathy of undetermined significance (MGUS) and 0.5% of lym-
phoma in CA cases. In this context, it is well known, that AL amyloidosis
is associated with myeloma as well as MGUS and transthyretin-related
hereditary amyloidosis is related to lymphoma [33,34]. We found a
rate of 9.5% CA cases treated with cytostatics and 1.7% treated with
Bortezomib, which are treatment strategies of AL amyloidosis therapy
[34-36]. As illustrated in Fig. S6 of the Supplementary Material, the
proportion of CA patients examined with bone scintigraphy increased
substantially in the years 2017 and 2018, while cardiac MRI and
myocardial biopsy were widely stable over the years. Bone scintigraphy
is one important examination modality in ATTR-CA beside cardiac MRI
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and myocardial biopsy [22,23]. Thus, although we were not able to
differentiate between the subtypes of amyloidosis due to coding in the
German nationwide sample, the prevalence of precancer as well as
cancer comorbidities, use of cytostratics and Bortezomib, and the time
trends regarding diagnostics give hints regarding the proportions of
different underlying amyloidosis forms of CA.

As expected, the results of our present study confirm that the un-
derlying pathomechanisms for development of HF are different between
HF patients with and without amyloidosis. HF patients without
amyloidosis revealed an unfavorable cardiovascular profile with higher
frequency of cardiovascular risk factors and cardiovascular diseases
such as coronary artery disease and AF, which might be causative and
underlying conditions for the development of HF. Nevertheless, in-
hospital mortality was non-significantly higher in CA patients (10.1%
vs. 9.3%) probably caused directly by cardiac involvement of amyloid-
osis [22] resulting in aggressive forms of heart disease with cardiac
failure largely resistant to many common heart failure therapies [21].
Our present study showed that amyloidosis was not independently
associated with in-hospital mortality in general, but we identified an
association of CA with increased in-hospital mortality in the 5th to 8th
decade of life, but the in-hospital mortality was additionally strongly
influenced by cancer. Cancer was an important co-factor regarding
in-hospital death in CA patients.

Besides cardiac involvement subsequently leading to HF, extra-
cardiac involvement is also frequently observed in amyloidosis. How-
ever, extracardiac involvement differs substantially between patients
with AL- and ATTR amyloidosis. Renal involvement can be detected in
up to 70% of patients with AL amyloidosis [37], whereas renal
involvement is rarely detected in ATTR amyloidosis [38]. In our study
amyloidosis was an independent risk factor for AKF (OR 1.4) and
nephrotic syndrome was 24-fold more often detected in CA patients than
in HF patients without amyloidosis. In addition, other typical diseases
associated with amyloidosis like multiple myeloma were significantly
more prevalent in patients with amyloidosis compared with patients
without amyloidosis and studies reported that these extra-cardiac
manifestations might precede cardiac involvement by years [39,40].

We found in our study that necessity for transfusion of blood con-
stituents as well as incident ICB were affected by amyloidosis, thereby
corroborating previous reports. It is well established, that among pa-
tients with AL amyloidosis deficiency of Factor X was detected, which
was aggravated by additional hepatic involvement [41]. Thereby, the
extent of Factor X deficiency was related to the severity of bleeding
complications [42].

The higher rate of CPR and pacemaker implantations in HF patients
with amyloidosis compared to those without might be explained by
higher prevalence of conduction abnormalities and arrhythmias in pa-
tients with CA [43,44]. In this context, it is well known, that fatal
outcome in patients with CA is often related to electromechanical dis-
sociations as well as bradyarrhythmia and tachyarrhythmia [43].
Important conduction abnormalities including fascicular block and
higher degree atrioventricular block are common in CA [45,46]. As an
accepted prophylactic ICD-implantation strategy is currently not avail-
able in patients with CA, it is not surprising, that rates of implantable
cardioverter-defibrillator implantations do not differ significantly be-
tween patients with amyloidosis and patients with HF without
amyloidosis [1].

A recently published study of our group outlined an improvement
regarding the outcome of HF patients during the observation period
(2005 until 2016) in Germany. This improvement was at least in part
attributable to increased rates of left heart catheterization and percu-
taneous coronary interventions [47]. As in our present study the
in-hospital mortality rate decreased significantly during the observation
period, whereas rates of interventional treatments (e.g. left heart cath-
eterizations and percutaneous coronary interventions) remained almost
stable and a recent study demonstrated that standard HF medication did
not have a positive affect the survival of patients with ATTRh and
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ATTRwt [48], the documented decrease of in-hospital mortality in our
present study must probably be attributable to other factors. In this
context, the reduced mortality rate in the latest years might be explained
by a growing incidence of ATTRwt CA and a better knowledge regarding
amyloidosis in general. Additionally, a growing awareness concerning
cardiac involvement of amyloidosis, as well as improvement in imaging
modalities (i.e. strain imaging [49,50], MRI [51] and bisphosphonate
scintigraphy [31]) enables an earlier diagnosis and might influence the
outcomes of CA beneficially. Moreover, chemotherapy options have
introduced and expanded in recent years resulting in significant im-
provements in survival of patients with AL amyloidosis, even in patients
with significant cardiac involvement [52,53]. Although tafamidis has
been demonstrated to reduce all-cause mortality and
cardiovascular-related hospitalization rate in patients with ATTR-CA, its
impact on the outcomes of the patients included in our present study
might be neglectable, as only a very small number of patients were
treated with tafamidis as part of the international multicenter
double-blinded placebo-controlled phase III trial (21 patients receiving
tafamidis were from Germany) [12]. In May 2019 it became the first
therapy specifically designed for the treatment of ATTR-CA approved by
the US Food and Drug Administration (FDA).

To the best of our knowledge, the present study provides for the time
prevalence-estimates for amyloidosis, HF and CA in a large-scale pop-
ulation in Germany. Our data indicate that patients with amyloidosis
represent a population at highest risk for adverse in-hospital events and
in-hospital mortality (predominantly in younger age-groups).

5. Limitations

There are some limitations regarding our study that require consid-
eration: First, the study results are based on ICD and OPS discharge
codes of hospitalized patients, which might be under-reported or under-
coded. Second, data about the administration of HF standard medica-
tions are not available in the dataset of the Federal Statistical Office of
Germany. Third, we could provide only data for the in-hospital stay, but
not for the later follow-up. Fourth, with these data of the Statistisches
Bundesamt we could not distinguish between first and recurrent/repeat
hospitalizations of the individual patient. This major limitation might
lead to an over-estimated prevalence rate of amyloidosis patients, who
are more likely to be re-hospitalized due to lack of a targeted disease
specific therapy for ATTR amyloidosis during most of the investigated
years of this study, and AL amyloidosis patients with cardiac involve-
ment may also be more likely to be re-hospitalized. Fifth, a main limi-
tation of our present study is, that we are not able to differentiate
between the subtypes of amyloidosis (i.e. ATTRh, ATTRwt and AL) due
to DRG coding. Sixth, we cannot provide information on the left ven-
tricular ejection fraction and the underlying phenotypes of HF (i.e.
HFpEF, HFmrEF and HFrEF).

6. Conclusion

The prevalence of hospitalized CA was low with 1.87 cases per
100,000 population. CA was identified as an independent risk factor for
complications and in-hospital mortality in certain age groups of hospi-
talized HF patients. Despite younger age and favorable cardiovascular
risk profile, we observed a similar case-fatality rate for HF patients with
CA compared to those without. Thus, health care providers should be
aware of this issue especially with respect to the requirements of treat-
ment options and monitoring of patients with CA.
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