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Summary at-a-glance:
Retrospective cohort study of the 

natural history of amyloidosis, 
highlighting the impact of 

amyloidosis type and evolution 
on diagnostic delay and 

patient prognosis
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ACE, amyloidosis cardiac event; AECE, amyloidosis extracardiac event; AL amyloidosis, light-chain amyloidosis; ATTR amyloidosis,
transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; ATTRv, hereditary transthyretin amyloidosis; 
CA, cardiac amyloidosis.

Introduction
• The potential for amyloid deposits to affect almost any organ system means that the 

clinical features of amyloidosis and time of occurrence are diverse, thus explaining 
the heterogeneity of amyloidosis types and delays in diagnosis

• An increased awareness and knowledge of the natural history and clinical signs of 
amyloidosis type are necessary to improve early diagnosis and patient outcomes

• The aim of this retrospective cohort study was to describe the association between 
onset of amyloidosis cardiac and/or extracardiac events (ACEs and AECEs, 
respectively) and the three main types of cardiac amyloidosis (CA), with timeframe 
to diagnosis and survival outcome. The three main CA types are:

• Wild-type transthyretin amyloidosis (ATTRwt amyloidosis), hereditary (v, variant) ATTR 
amyloidosis (ATTRv amyloidosis), and light-chain amyloidosis (AL amyloidosis)

Conclusions and implications
• A prolonged period between initial symptom onset and diagnosis was associated with 

increased survival for patients with immunoglobulin AL amyloidosis and ATTRwt
amyloidosis, but not for ATTRv amyloidosis

• AECEs and ACEs differed among the three main types of amyloidosis regarding 
proportion and time of occurrence, providing a clearer picture of the natural history and 
phenotypes of CA that should facilitate earlier diagnosis by physicians
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Methodology

ACE, amyloidosis cardiac event; AECE, amyloidosis extracardiac event; AL amyloidosis, light-chain amyloidosis; 
ATTRv amyloidosis, hereditary transthyretin amyloidosis;  ATTRwt amyloidosis, wild-type transthyretin amyloidosis; 
CA, cardiac amyloidosis.

Data collection:
Baseline patient characteristics: clinical and cardiovascular characteristics, history, risk factor, biology, and echocardiography 

characteristics
AECE and AEC (using a checklist): types of events associated with amyloidosis, including appearance of symptoms, surgeries, and various 

medical analyses, which were grouped into nine classes of AECEs and eight classes of ACEs to perform further analyses

Subjects:
Study type: Retrospective cohort study including 967 participants referred to the center with a diagnosis of CA

Patients: 321 had AL amyloidosis; 212 had ATTRv amyloidosis with cardiomyopathy with/without neuropathy; 434 had ATTRwt amyloidosis
Location: the French Referral Center for Cardiac Amyloidosis at the Hospital Henri Mondor between June 2008 and May 2019

Statistical analysis:
Continuous variables are presented as mean±SD, or median (interquartile range) if highly skewed, and categorical variables were 

summarized as counts (percentages)
Chord diagrams were initially used to describe links between the first AECE and/or ACE and amyloidosis type, and were subsequently 

used to illustrate the link between delay of CA diagnosis and the initial onset of an amyloid disorder depending on the type of amyloidosis
Kaplan–Meier survival analyses using a log-rank test were performed to compare the survival of population subgroups for the 

following outcomes: heart transplantation or death depending on diagnostic delay
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Occurrences of first AECEs and ACEs

ACE, amyloidosis cardiac event; AECE, amyloidosis extracardiac event; AL amyloidosis, light-chain amyloidosis; 
ATTRv amyloidosis, hereditary transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis. 

Number of patients with initial amyloidosis extracardiac (light grey), cardiac 
(dark grey), or both events (black) depending on the type of amyloidosis

AECEs were more common as first symptoms 
compared with ACEs or their combination, 

independent of the underlying 
amyloidosis disorder

Baseline demographics
• Mean (± standard deviation) age at the time of 

recruitment was 72±12 years
• The youngest patients presented with AL 

amyloidosis, and the oldest patients presented 
with ATTRwt amyloidosis

• 75.1% of patients were male and 54.4% had 
New York Heart Association Classes I or II

• Of patients with ATTRv amyloidosis, 115 had 
ATTRV122I and 35 had ATTRV30M amyloidosis
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Delay between AECE/ACE onset and diagnosis

ACE, amyloidosis cardiac event; AECE, amyloidosis extracardiac event; AL amyloidosis, light-chain amyloidosis; 
ATTRv amyloidosis, hereditary transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; 
CA, cardiac amyloidosis; ENT, ear, nose, and throat; SD, standard deviation.

• AECEs were diagnosed later than ACEs
• Particularly for ATTRwt amyloidosis: 109 versus 27 months (P<0.01)

• Age of onset of first AECE or ACE 
• Ranged from 62.7 years for AL amyloidosis and ATTRv amyloidosis with cardiomyopathy or mixed 

phenotype, to 70 years for ATTRwt amyloidosis
• Longest time between first symptom and diagnosis of amyloidosis was observed with an AECE:

• Integumentary symptoms, which represent the most frequent extracardiac event, had a median time 
between their onset and diagnosis of amyloidosis of 121 (65–194) months 

• This ranged from 46 (20–113) months for AL amyloidosis to 140 (86–237) months for ATTRwt amyloidosis
• Second longest time was for ENT symptoms: 61 (17–137 months)

• This was longest in patients with ATTRwt amyloidosis: 71 (18–155 months)
• Shortest delay between first symptom onset and diagnosis of amyloidosis was observed with 

an ACE:
• Cardiac biomarkers or imaging abnormality disorders, which often led to the diagnosis of CA and 

subsequent referral
• 0–4.3 months
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Relationship between diagnostic delay, AECE/ACE onset, 
and amyloidosis type

ACE, amyloidosis cardiac event; AECE, amyloidosis extracardiac event; AL amyloidosis, light-chain amyloidosis; 
ATTRv amyloidosis, hereditary transthyretin amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; 
CA, cardiac amyloidosis. 

Chord diagrams describing the link between timeframe (in years) of CA diagnosis and the occurrence of the first AECE (light grey), 
ACE (black), or both (dark grey) depending on type of amyloidosis

0 – 2 years

2 – 5 years

5+ years

• The majority of AL 
amyloidosis was diagnosed 
within 2 years after AECE/ACE 
onset, especially if the initial 
event was cardiac

• The majority of ATTRv and 
ATTRwt amyloidosis was 
diagnosed >5 years especially 
in cases where the first event 
was AECE, such as 
integumentary symptoms

• When the initial event was 
cardiac, diagnosis was 
generally established <2 years 
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Survival rate was dependent on diagnostic delay

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

Survival curves describing the link between death or heart transplantation and delayed diagnosis 

AL amyloidosis patients (panel A): shorter delay 
between first symptoms and diagnosis 

(<2 years) was associated with a shorter survival 
mean (22.7 versus 64.2 months; log-rank; P=0.034)

ATTRv amyloidosis patients (panel B): 
diagnostic delay had no significant impact 

on the survival rate for patients with ATTRv
amyloidosis with cardiomyopathy 

with/without neuropathy

ATTRwt amyloidosis patients (panel C): a longer 
diagnostic delay (>5 years versus <2 years) was 

associated with a longer survival rate (52.4 
versus 24.18 months; log-rank; P<0.001 )
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Survival rate was dependent on class of first symptoms

ACE, amyloidosis cardiac event; AECE, amyloidosis extracardiac event; ENT, ear, nose, and throat. 

Survival curves describing the link between death or heart transplantation
and first symptom classes for AECEs or ACEs for the three main classes of symptoms

Heart failure was associated with a shorter 
survival mean (4.2 years versus ≥20 years; 

log-rank; P<0.001)
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Conclusions and implications
Implications
• AECEs and ACEs differed among the three 

main types of amyloidosis regarding 
proportion and time of occurrence

• Physicians must be vigilant and aware of 
AECEs and ACEs, to improve early 
diagnosis and amyloidosis

• Patients with amyloidosis combining 
cardiac and extracardiac events in a short 
time period (<2 years for AL amyloidosis or 
<5 years for ATTRwt amyloidosis) have a 
worse prognosis and could therefore 
benefit from more aggressive care 
compared with other patients

• This observation has important implications 
in clinical practice

• This study provides a clearer picture of the 
natural history and phenotypes of CA, to 
facilitate earlier diagnosis by physicians

Read more: 
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Discussion points
• Patients with AL amyloidosis have a higher tendency to present with poor general 

condition, heart failure symptoms, nephrotic syndrome or renal failure, and skin or 
mucosal symptoms, than patients with ATTR amyloidosis, especially if the diagnosis is 
made after 2 years

• Diagnostic delay could be >5 years in patients with ATTRwt amyloidosis, despite more 
integumentary symptoms and hearing loss than with ATTRv amyloidosis

• ATTRv amyloidosis with cardiomyopathy with/without neuropathy mimics ATTRwt
amyloidosis regarding initial AECE or ACE manifestations

• This emphasizes the need to perform genetic testing in all patients with ATTR amyloidosis to 
properly diagnose ATTRv amyloidosis and provide proper care and genetic counseling

• The surprising observation that a prolonged period between initial symptoms and 
diagnosis appeared to be associated with increased survival for patients with AL 
amyloidosis and ATTRwt amyloidosis may be explained by a heterogeneity of the speed 
of the amyloidogenesis process resulting in organ infiltration and dysfunction

• Patients with fast amyloidogenic processes developed severe symptoms and died rapidly after 
diagnosis or before diagnosis 

• Patients with slower amyloidogenic processes developed symptoms gradually, allowing for 
diagnosis after several years of progression

ACE, amyloidosis cardiac event; AECE, amyloidosis extracardiac event; AL amyloidosis, light-chain amyloidosis; 
ATTR amyloidosis, transthyretin amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; ATTRwt
amyloidosis, wild-type transthyretin amyloidosis; CA, cardiac amyloidosis.

https://pubmed.ncbi.nlm.nih.gov/34714605/
https://pubmed.ncbi.nlm.nih.gov/27386769/


Glossary

• Integumentary: the integumentary system is the largest organ of the body that forms a physical barrier 
between the external environment and the internal environment that it serves to protect and maintain. The 
integumentary system includes the epidermis, dermis, hypodermis, associated glands, hair, and nails
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