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Summary at-a-glance:
AS-ATTR is common in the older 

population. The impact of both 
AS and ATTR amyloidosis on the 

phenotype of concomitant 
disease has not been fully 
investigated. Screening for     
AS-ATTR using common 

characteristics may aid in the 
identification of patients    
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AS, aortic stenosis; AS-ATTR, concomitant AS and ATTR amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; ATTR-CA, transthyretin amyloid 
cardiac amyloidosis; TAVI, transcatheter aortic valve implantation; wt, wild-type.

Introduction 
• Both aortic stenosis (AS) and transthyretin amyloid cardiac amyloidosis (ATTR-CA) have a high 

prevalence among the older population, particularly the wild-type form of ATTR-CA (ATTRwt-CA)

• Previous studies have found that 8–16% of patients with severe AS have concomitant ATTR 
amyloidosis, and both conditions share similar features

• The study by Patel, et al. investigated the relative impact of each individual disease on the 
phenotype of AS-ATTR (concomitant AS and ATTR amyloidosis)

• In the paper by Cheng and Griffin, these findings are discussed in the context of screening for 
coexisting ATTR amyloidosis and AS (AS-ATTR), including identifying “red flags” or characteristics 
that can aid disease identification, and the implications of coexisting AS-ATTR on patient 
management and outcomes

• Transcatheter aortic valve implantation (TAVI) has been shown to improve mortality in AS-ATTR 
cases despite the amyloid component remaining post procedure; the effect of amyloid-targeted 
therapy is yet to be evaluated

Conclusions and implications 
• The AS-ATTR phenotype more closely resembles ATTR amyloidosis, due to a lower amyloid but 

higher afterload burden, and is not a summation or potentiation of the two individual conditions

• A high index of suspicion and screening pathways are required to identify AS-ATTR patients from 
severe AS patients

• Studies are required to determine the efficacy of amyloid-targeted therapies in AS-ATTR patients 
following AS treatment



Read more: 
pages 2–3 of published paper 

Methodology I
The study by Patel, et al. evaluated myocardial structure, function, stress, and damage in patients with AS-ATTR, AS, and ATTR amyloidosis 
with older age controls to uncover the relative impact of each individual disease on the phenotype of concomitant disease

Four prospective recruited cohorts were combined (N=583)

*This cohort did not undergo 99mTc-DPD scintigraphy.
99mTc-DPD, 99mTechnetium-3,3-diphosphono-1,2-propanedicarboxylic acid; AS, aortic stenosis; AS-ATTR, concomitant AS 
and ATTR amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; ATTRact AS, Role of Occult Cardiac Amyloid in the 
Elderly with Aortic Stenosis; ATTR-CA, transthyretin amyloid cardiac amyloidosis; NAC, National Amyloid Centre; SABRE, 
Southall And Brent REvisited; TAVI, transcatheter aortic valve implantation; wt, wild-type. 

Older age controls*
n=81

AS-ATTR
n=36

AS
n=359

ATTR amyloidosis
n=107

Southhall And Brent REvisited
(SABRE)

• Study provided age-expected 
comorbidities matching the patient 

cohorts (did not have significant 
valvular heart disease, history of 
myocardial infarction, or known 

heart failure)

UK National Amyloid Centre (NAC) 
registry 

• Newly diagnosed ATTRwt
amyloidosis patients with Perugini

grade 2 and 3 scintigraphy
• Coexisting mild to moderate AS and 

Perugini grade 1
were excluded 

Role of Occult Cardiac Amyloid in the Elderly with Aortic Stenosis (ATTRact AS) 
study and a Vienna General Hospital study

• Patients underwent pre-TAVI 99mTechnetium-3,3-diphosphono-1,2-
propanedicarboxylic acid (99mTc-DPD) scintigraphy to identify co-existence of ATTR 

amyloidosis; light chain amyloidosis excluded according to guidelines
• Only patients with ATTRwt-CA and Perugini grades 2 and 3 were considered 

(Perugini grade 1 patients were excluded); all patients with severe AS

Aortic stenosis

Present Absent 

ATTR Present AS-ATTR (n=36)
61% male, age* 88 (85, 92) years, Perugini grade 2 
in 33 patients (92%) and grade 3 in 3 patients (8%)

ATTR (n=107)
94% male, age* 80 (75, 84) years
Perugini grade 2 in 104 patients (97%), grade 3 in 3 patients (3%)

Absent AS (n=359)
49% male, age 85 (80, 88) years

Older age controls (n=81)
64% male, age 82 (80, 84) years

Study population 
according to the 

presence or 
absence of AS and 

amyloidosis

*Median, range

https://pubmed.ncbi.nlm.nih.gov/34497140/


Methodology II 

99mTc-DPD, 99mTechnetium -3,3-diphosphono-1,2-propanedicarboxylic acid; AS, aortic stenosis; ATTR amyloidosis, 
transthyretin amyloidosis; CTS, carpal tunnel syndrome; E/A, ratio between transmitral early peak velocity and peak 
velocity flow in late diastole caused by atrial contraction; GLS, global longitudinal strain; hsTnT, high-sensitivity 
troponin-T; LV, left ventricular; LVMi, left ventricular mass index; MCF, myocardial contraction fraction; NT-proBNP, 
N-terminal pro B-type natriuretic peptide; RV, right ventricular; TAPSE, tricuspid annular planar systolic excursion.

The primary endpoint was NT-proBNP, based on its prognostic value both 
in AS and ATTR amyloidosis 

Secondary endpoints were:
• Left ventricular mass index (LVMi)

• Estimates amyloid burden and is a consequence of remodeling in AS
• Myocardial contraction fraction (MCF) and global longitudinal strain (GLS)

• Markers of LV systolic function 
• E/A ratio 

• Assesses LV diastolic function 
• Tricuspid annular planar systolic excursion (TAPSE)

• Assesses right ventricular (RV) systolic function
• hsTnT

• Marker of myocardial damage 
• Carpal tunnel syndrome (CTS)

• Marker of systemic ATTR amyloid involvement 

Read more: 
pages 2–3 of published paper 

• All subjects had 
N-terminal pro 
B-type natriuretic 
(NT-proBNP) and 
high-sensitivity 
troponin-T (hsTnT) 
measured at index 
consultation

• All patients 
(excluding age 
controls) 
underwent 
99mTc-DPD 
scintigraphy and 
transthoracic 
echocardiography 

https://pubmed.ncbi.nlm.nih.gov/34497140/


Read more: 
page 4 of published paper 

Characterization of AS-ATTR in comparison with        
other cohorts

AS, aortic stenosis; AS-ATTR, concomitant AS and ATTR amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; 
GLS, global longitudinal strain; hs-TnT, high-sensitivity troponin-T; LV, left ventricular; MCF, myocardial contraction 
fraction; ns, not significant; NT-proBNP, N-terminal pro B-type natriuretic peptide; TAPSE, tricuspid annular planar 
systolic excursion.

Characterization of AS-ATTR 

AS-ATTR was compared with AS, ATTR 
amyloidosis and older age controls 

(not drawn to scale)

The AS-ATTR cohort was older than all three other cohorts (P<0.005 for trend) 
but between AS and ATTR for male predominance (61%; P<0.005 for trend)

https://pubmed.ncbi.nlm.nih.gov/34497140/


Impact on myocardial stress, damage, and structure 

*Confidence intervals were wide.
AS, aortic stenosis; AS-ATTR, concomitant AS and ATTR amyloidosis ATTR amyloidosis, transthyretin amyloidosis; 
CI, confidence interval; hsTnT, high-sensitivity troponin-T; LVMi, left ventricular mass index; NT-proBNP, N-terminal 
pro B-type natriuretic peptide.

Myocardial stress and damage
• NT-proBNP was found to be higher in AS-ATTR patients 

(2844; 95% CI (1745 to 4635) ng/dL) compared with older 
age controls (127; 95% CI (100 to 162) ng/dL; p<0.001) 
and in AS (1294; 95% CI (1077 to 1554) ng/dL; p=0.002) 
but similar to the ATTR amyloidosis cohort (3272; 95% 
CI (2552 to 4197) ng/dL; p=0.63)

• hsTnT was higher in AS-ATTR than in AS and older age 
controls and was similar in ATTR amyloidosis 

• AS-ATTR, compared with AS, displayed increased 
myocardial stress and damage as NT-proBNP and 
hsTnT levels were similar to those in ATTR amyloidosis   

Myocardial structure
• LVMi was greater in AS-ATTR than in older 

age controls, similar to AS and lower than 
in ATTR amyloidosis 

• There was no significant difference between 
the cohorts except between the older age 
controls and AS-ATTR patients*

• The LVMi in AS-ATTR suggests a lower 
amyloid burden compared with ATTR 
amyloidosis; may be due to early detection 
in AS-ATTR as a result of screening    

Read more: 
pages 3–4 of published paper 
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Impact on myocardial function and systemic impact 
of ATTR amyloidosis 

*Confidence intervals were wide for older age controls for GLS; E/A ratio comparison between AS-ATTR and AS demonstrated a 
trend towards significance (P=0.069).
AS, aortic stenosis; AS-ATTR, concomitant AS and ATTR amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; CTS, carpal 
tunnel syndrome; E/A, ratio between transmitral early peak velocity and peak velocity flow in late diastole caused by atrial 
contraction; GLS, global longitudinal strain; MCF, myocardial contraction fraction; TAPSE, tricuspid annular planar systolic excursion.

Myocardial function*
• In AS-ATTR, GLS and TAPSE were impaired, and 

were similar in AS and ATTR amyloidosis 
patients; all three patient cohorts had worse 
function compared with older age controls 

• MCF was worse in AS-ATTR compared with AS, 
though better in comparison to ATTR 
amyloidosis; older age controls had the best 
MCF of all four cohorts 

• E/A ratio was worse in AS-ATTR than in AS and in 
older age cohorts but similar to ATTR 
amyloidosis, suggesting that diastology is 
restricted in concomitant disease and closely 
resembles ATTR amyloidosis

Systemic impact of ATTR amyloidosis
• In AS-ATTR, CTS was more frequent compared with 

AS and occurrence was similar to that in ATTR 
amyloidosis 

• Overall numbers of CTS patients were low, limiting    
statistical power

Read more: 
pages 4–5 of published paper 
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Variables that differ between AS-ATTR and lone AS

AL, light-chain amyloidosis; AS, aortic stenosis; AS-ATTR, concomitant AS and ATTR amyloidosis; ATTR, transthyretin amyloidosis; AUC, area under the 
curve; CA, cardiac amyloidosis; CMR, cardiac myocardial resonance; CTS, carpal tunnel syndrome; DPD, 3,3-diphosphono-1,2-propanodicarboxylic acid; 
E/A, ratio between transmitral early peak velocity and peak velocity flow in late diastole caused by atrial contraction; ECV, extracellular volume; GLS, 
global longitudinal strain; hsTnT, high sensitivity troponin-T; IVS, interventricular septum; LVEF, left ventricular ejection fraction; LVMi, left ventricular 
mass index; MCF, myocardial contraction fraction; n/a, not applicable; NT-proBNP, N-terminal pro B-type natriuretic peptide; PYP, 99mTc pyrophosphate; 
SVi, stroke volume index; TAVI, transcatheter aortic valve implantation; VMR, voltage to mass ratio.

Various studies have 
compared AS-ATTR 

with lone AS and found 
variables that 

significantly differed 
between the            

two conditions

Variables from studies comparing AS-ATTR with lone AS that 
significantly differed between the two disease states

https://pubmed.ncbi.nlm.nih.gov/34635483/


Read more: 
pages 2–3 of published paper 

Recommended screening algorithm

AS, aortic stenosis; ATTR, transthyretin amyloidosis; ATTR-CA, transthyretin amyloid cardiac amyloidosis; CA, 
cardiac amyloidosis; DPD, 3,3-diphosphono-1,2-propanodicarboxylicacid; E/A, ratio between transmitral early peak 
velocity and peak velocity flow in late diastole caused by atrial contraction; HMDP, 99mTc-
hydroxymethylenediphosphonate; MCF, myocardial contraction fraction; PYP, 99mTc pyrophosphate; TAVI, 
transcatheter aortic valve implantation.

Using the proposed 
characteristics for 
screening, early 
identification of    

AS-ATTR patients 
may be achieved 

Proposed algorithm for screening older patients with severe AS 
referred for TAVI for underlying CA

https://pubmed.ncbi.nlm.nih.gov/34635483/


Remaining unknown factors regarding AS-ATTR

• It is not clear whether the 
well-validated staging systems 
used for ATTR amyloidosis can 
be extrapolated to the 
AS-ATTR populations 

• Cardiac biomarkers may be 
elevated in AS, which can also 
present with renal dysfunction. 
As these parameters are 
commonly used in staging 
systems, patients may be 
incorrectly classified at a 
higher disease stage  

AS, aortic stenosis; AS-ATTR, concomitant AS and ATTR amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; 
ATTR-CA, transthyretin amyloid cardiac amyloidosis.

Read more: 
page 3 of published paper 

• While several algorithms have been proposed, the ideal combination of parameters has not 
been completely defined

• It is not known if an increase in ATTR 
amyloidogenicity may result from 
pressure overload in the myocardium 
due to AS, and if this may cause rapid 
accumulation of amyloid in the 
myocardium and potentially the 
aortic valve

• Investigation is required to ascertain 
whether the long-term efficacy of 
ATTR-CA-directed therapies will have a 
similar effect in AS-ATTR, given the 
differences between the phenotypes in 
concomitant and lone ATTR amyloidosis

• Investigation is required 
to ascertain whether the 
long-term efficacy of 
ATTR-CA-directed 
therapies will have a 
similar effect in 
AS-ATTR, given the 
differences between the 
phenotypes in 
concomitant and lone 
ATTR amyloidosis

https://pubmed.ncbi.nlm.nih.gov/34635483/


Conclusions and implications

Implications 
• Screening using the proposed characteristics can aid in the 

early identification of AS-ATTR, but the ideal combination of 
parameters is yet to be defined

• It is unclear whether the staging systems used in the lone 
ATTR amyloidosis population can apply to AS-ATTR, due to 
the impact of AS on certain parameters

• ATTR amyloidosis-specific therapies are likely to provide 
benefit following AS treatment; however, studies are 
required to determine the efficacy of ATTR amyloidosis-
directed therapies when used in concomitant disease 

Read more: 
pages 5–6 of Patel et al.

Links to further useful papers/materials:
Nitsche C, et al. J Am Coll Cardiol 2021;77(2):128–139; Castaño A, et al. Eur Heart J 2017;38(38):2879–2887.

Discussion points 
• Patel, et al. concluded that the AS-ATTR phenotype more 

closely resembles ATTR amyloidosis than AS

• AS-ATTR is due to a lower amyloid but higher afterload 
burden and is not a summation or potentiation of the two 
individual conditions

• The amyloid component in AS-ATTR may play a key role in 
the phenotype of the disease, and treatment with TAVI only 
would neglect a substantial part of the phenotype

• A high index of suspicion and screening pathways are 
required to identify AS-ATTR patients due to the subtle 
differences between lone AS and concomitant disease

AS, aortic stenosis; AS-ATTR, concomitant AS and ATTR amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; 
TAVI, transcatheter aortic valve implantation.

Read more: 
page 3 of Cheng and Griffin
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Glossary

• Aortic stenosis: a condition in which the heart’s aortic valve narrows 
• Transcatheter aortic valve implantation: a medical procedure to treat aortic stenosis where a new valve is 

fitted over the damaged aortic valve
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