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Summary at-a-glance:
Clustering analysis has identified 

7 clinical profiles of CA with 
varying profiles and prognosis
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Introduction
• The clinical manifestations of cardiac amyloidosis (CA) are highly heterogeneous 

and can overlap with those of other cardiac conditions. This leads to diagnostic and 
treatment delays, which negatively impact outcomes

• The varying phenotypes of CA need better characterization to help cardiologists 
identify less frequent presentations of CA that warrant thorough clinical and 
paraclinical examinations

• Unsupervised clustering techniques based on machine learning algorithms can 
reveal hidden commonalities or differences, and could help disentangle the 
heterogeneous CA clinical expressions

• The aim of this study was to identify and characterize clinical profiles in a large 
population of patients with suspected CA using clustering analysis, and to 
investigate the association of profiles with established CA diagnoses and their 
prognostic value for mortality

Conclusions and implications
• This clustering analysis of patients with suspected CA identified seven typical 

presentations varying in characteristics, prognosis, and associations with diagnosis, 
but also with considerable overlap

• Key areas to improve the diagnosis of amyloidosis and stratify prognosis depending 
on associated risk factors were identified. Further efforts are needed to facilitate the 
early diagnosis of CA and to guide therapy
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Methodology I
• Data were collected from the French Referral Center for Cardiac Amyloidosis database, a cohort study of patients 

referred for suspected CA to Hôpital Henri Mondor, Créteil, France, between 2010 and 2018, including 1,394 patients 
with suspected CA:

• 25% (n=345) – light-chain (AL) amyloidosis
• 19% (n=263) – hereditary (variant; v) transthyretin amyloidosis (ATTRv amyloidosis)
• 29% (n=402) – wild-type transthyretin amyloidosis (ATTRwt amyloidosis)
• 28% (n=384) – no amyloidosis

AL amyloidosis, light-chain amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; ATTRwt amyloidosis, 
wild-type transthyretin amyloidosis; CA, cardiac amyloidosis; SOM, self-organizing map.

• Analysis to identify novel specific 
patient profiles to improve the 
characterization of CA was 
conducted by applying 
unsupervised (without a prior CA 
diagnosis) clustering analysis 
based on 24 patient characteristics, 
independent of the final diagnosis

• Building self-organizing maps 
(SOMs) allowed for clustering analysis 

• SOMs are a nonparametric 
approach based on Kohonen’s
neural networks allowing to 
convert multidimensional 
datasets with large numbers of 
variables into simplified grids 
displayed as 2-dimensional maps

• Each individual was assigned to a 
specific area on the map based on 
their characteristics, placing 
similar individuals in close 
proximity and distinct ones in 
remote locations

• This allowed for visual 
comparisons of unique or 
overlapping patient 
characteristics and disease 
sub-types to be drawn 
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Methodology II

CA, cardiac amyloidosis; LV, left ventricular; LVEF; left ventricular ejection fraction; NT-proBNP, N-terminal pro B-type 
natriuretic peptide; NYHA, New York Heart Association;                       SOM, self-organizing map.

• Age
• Sex
• Body mass index
• New York Heart             

Association (NYHA)
• Systolic blood pressure
• Hypertension
• Diabetes
• Dyslipidemia
• Underlying gammopathy
• Hearing loss
• Soft tissue deposition
• Peripheral neuropathy
• Skin/mucosal impairment

• Cardiac fixation on bone 
scintigraphy

• N-terminal pro-B-type natriuretic 
peptide (NT pro-BNP)

• Troponin 
• Anemia
• Creatinine clearance
• Microvoltage
• Arrhythmia
• Heart rate 
• Left ventricular ejection       

fraction (LVEF)
• Global LV strain 
• Interventricular septum thickness 

Unsupervised clustering 
analyses based on the 24 
characteristics were performed by 
artificial, neural network-based 
SOMs

Twenty-four features relevant for 
CA characterization used for clustering analysis:
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A seven-cluster solution was confirmed to be optimal

AL amyloidosis, light-chain amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; CV, cardiovascular; 
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart 
Association.

[Table style based on: medium style 3 – accent 2]
Change to Arial font

Cluster 
characteristics

Cluster 1 
(N=263)

Cluster 2 
(N=200)

Cluster 3 
(N=124)

Cluster 4 
(N=250)

Cluster 5 
(N=149)

Cluster 6 
(N=230)

Cluster 7 
(N=178)

Predominant 
amyloidosis diagnosis

AL amyloidosis ATTRwt
amyloidosis

ATTRwt
amyloidosis

ATTRwt
amyloidosis

No 
amyloidosis

No 
amyloidosis

No 
amyloidosis

Average age, years 70 80 80 80 80 60 70

Sex, % male 57 86 86 84 51 64 70

Predominant clinical 
features

Impaired 
cardiovascular 

(CV) 
parameters 

(highest 
NT-proBNP, 

troponin, and 
NYHA Class, 
and lowest 
LVEF and 

strain)

High 
proportion of 
risk factors 

and impaired 
CV 

parameters

Impaired CV 
parameters 
with isolated 
arrhythmia 

and low 
proportion of 
risk factors

High 
proportion of 
risk factors, 

but preserved 
CV 

parameters

Low 
proportion of 

CV risk factors 
and 

extracardiac 
signs

Low 
proportion of 

CV risk factors 
and diseases, 
and preserved 

cardiac 
function, and 

high 
proportion of 

peripheral 
neuropathy

Very high 
proportion of 

CV risk 
factors, but 
only mildly 

impaired CV 
parameters

Highest proportions of cardiac scintigraphy and 
extracardiac signs (e.g., soft tissue deposition 
and hearing loss), and highest intraventricular 

septum thickness
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Characteristics varied according to final
amyloidosis diagnosis

AL amyloidosis, light-chain amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; ATTRwt
amyloidosis, wild-type transthyretin amyloidosis; CV, cardiovascular; NT-proBNP, N-terminal pro B-type natriuretic 
peptide; NYHA, New York Heart Association.

No amyloidosis • High prevalence of CV risk factors (e.g., diabetes, dyslipidemia, hypertension)

Clusters of patients with homogenous phenotypes were built; close districts were 
combined to provide seven suitable clusters of patients

• Older and more predominantly men than other patients
• Higher prevalence of soft tissue deposition and hearing loss than other patientsATTRwt amyloidosis

• Frequently of Afro-Caribbean or Portuguese origin
• Frequently presented with peripheral neuropathy or soft tissue depositionATTRv amyloidosis

• More frequently presented with cutaneous and mucosal impairment, dysphonia, 
and orthostasis than other patients

• Most impaired NYHA functional class and highest NT-proBNP/troponin levels of 
all patients

AL amyloidosis
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Biplot illustrates key differences between patients according to 
final amyloidosis diagnosis or SOM cluster
• Patients diagnosed with AL amyloidosis or from 

Cluster 1 distinctly projected along variables 
relating to the typical clinical presentation of the 
disease (i.e., cutaneous and mucosal impairment, 
underlying gammopathy, and microvoltage)

• For other diagnoses and clusters, separation of 
the subgroups was clearer after clustering 
(Figure), which highlighted key differences in 
phenotypes compared with considering the final 
diagnosis, with non-amyloidosis patients 
substantially overlapping with ATTRv
amyloidosis patients

AL amyloidosis, light-chain amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; IST, interventricular 
septum thickness; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro B-type natriuretic peptide; 
NYHA, New York Heart Association; PC1, PC2, two first dimensions; SOM, self-organizing map.

Figure. The biplot representation of the 24 variables retained as characteristic 
parameters, allowing for visualization of the relations between variables used for 
building clusters (arrows) while simultaneously displaying the patients (dots), 
based on their individual characteristics.

The 7-group solution from the cluster analysis
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Survival outcomes varied between clinical 
subgroups and clusters

AL amyloidosis; light-chain amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; 
ATTRwt amyloidosis, wild-type transthyretin amyloidosis.

• Best survival outcomes: non-amyloidosis patients and Cluster 6
• Worst survival outcomes: AL amyloidosis patients, and Clusters 1 and 2

No amyloidosis

AL amyloidosis

ATTRv amyloidosis

ATTRwt amyloidosis

Kaplan-Meier overall survival curves according to amyloid status and Clusters
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Conclusions and implications
Implications
• These findings may help to further define both typical clinical 

presentations but also less evocative situations or signs, to 
ultimately improve diagnosis of CA

• Particularly in patients with ATTRwt amyloidosis, these results 
suggest key areas to improve amyloidosis diagnosis and 
stratify prognosis depending on associated risk factors

• To broaden the spectrum of features investigated, another 
study to enrich the current database with information 
automatically collected from electronic health records with 
machine learning techniques is warranted; this may help to 
discover novel clinical or biologic markers for early diagnosis 
and refined prognosis

Read more: 
pages 2186–91 of published paper 

Links to further useful papers/materials: Damy T, et al. Eur Heart J 2016;37(23):1826–34.

Discussion points
• Most AL amyloidosis patients (61%) had a distinct phenotype 

with poor prognosis (Cluster 1); this finding agrees with the 
severity and associated poor prognosis of 
AL amyloidosis

• The fact that ATTRwt and ATTRv amyloidosis patients were 
spread across several clusters further highlights how such 
phenotypic heterogeneity may lead to underdiagnosis in 
a real-life setting

• As the clusters with the poorest prognosis were those with 
the poorest heart conditions, the authors believe it may be 
the heart condition rather than pathology diagnosed that 
influences prognosis the most

AL amyloidosis, light-chain amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; 
ATTRwt amyloidosis, wild-type transthyretin amyloidosis; CA, cardiac amyloidosis.
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Glossary

• Self-organizing maps: a computational method for the visualization and analysis of data, particularly 
experimentally acquired data; allows the conversion of multidimensional datasets with large numbers of 
variables into simplified grids displayed as 2-dimensional maps. Each individual patient is assigned to a 
specific area on the map based on their characteristics, placing similar individuals in close proximity and 
distinct ones in remote locations, thus allowing visual comparisons of unique or overlapping patient 
characteristics and disease subtypes

• Unsupervised clustering techniques: a machine learning technique that involves the algorithm 
automatically discovering natural grouping in data; thus, it is unsupervised
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