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( 4 ) hospitalizations since Jan 2019



you find what you 
are looking for 

you look for what 
you know



Delayed
diagnosis



Lane T et al, 2019

Hospital admissions before diagnosis



CA: no time to be wasted

AL, amyloid light-chain;  ATTR, transthyretin-mediated amyloidosis; CA, cardiac amyloidosis.
1. Sperry BW, et al. J Am Heart Assoc 2016;5(3):e002877. 

Figure from Sperry et al. 2016.1







First: 
have the suspicion..



SUSPECT CA in the presence of  ‘red flag’ clusters of  symptoms

HF in pts ≥65 years

Aortic stenosis pts ≥65 years

Hypotension or normotensive, if previously hypertensive

Sensory involvement, autonomic dysfunction

Peripheral polyneuropathy

Proteinuria

Skin bruising

Bilateral carpal tunnel

Ruptured biceps tendon

Subendocardial/transmural LGE or increased ECV

Longitudinal strain with apical sparing

Decreased QRS voltage to mass ratio

Pseudo Q waves on ECG

AV conduction disease

Possible family history Figure adapted from Garcia-
Pavia et al. 2021.1

AV, atrio-ventricular; CA, cardiac amyloidosis; ECG, electrocardiogram; ECV, extracellular volume; HF, heart failure; LGE, late gadolinium enhancement; pts, patients.
1. Garcia-Pavia P, et al. Eur J Heart Fail 2021;23:512–526.



Cardiac 
ATTR 

amyloidosis

Histological 
confirmation

(cardiac/extracardiac)
to diagnose

Position statement of the ESC Working Group on Myocardial and Pericardial Diseases.1
99mTc-DPD, DPD3,3-diphosphono-1,2-propanodicarboxylic acid; AL, amyloid light chain; ATTRv, hereditary transthyretin-mediated amyloidosis (v for variant); ATTRwt, wild-type transthyretin-mediated amyloidosis ; CMR, 
cardiac magnetic resonance; ECG, electrocardiogram; ESC, European Society of Cardiology; HMDP, hydroxymethylene diphosphonate; PYP, pyrophosphate; SPECT, single photon emission computed tomography.
1. Garcia-Pavia P, et al. Eur J Heart Fail 2021;23:512–526.

Figure adapted from Garcia-Pavia et al. 2021.1

99mTc-DPD/PYP/HMDP
scintigraphy with SPECT

Haematologic tests
(serum free-light chain quantification 
and serum and urine immunofixation)

&

AL/ATTR cardiac
amyloidosis unlikely

AL amyloidosis?
Histological 
confirmation

(usually cardiac)
to subtype

If  suspicion persists consider 
CMR followed by biopsy

Amyloidosis 
unlikely

Histological
confirmation

(cardiac/extracardiac) 
to diagnose

Scintigraphy 
grade 0

Scintigraphy 
grade 2–3 Scintigraphy grade 0 Scintigraphy grade 1–3

CMR 
negative

CMR+ or 
inconclusive

Signs and symptoms (including findings on ECG, echo or CMR) suggestive of  cardiac 
amyloidosis

TTR gene 
testing

ATTRwt/ATT
Rv

Haematologic tests ─ve Haematologic tests +ve

Scintigraphy 
grade 1

How to get a final differential diagnosis



?

How to diagnose..



Cardiac biomarkers to diagnose CA

Figure from Vergaro G, et al 20231

AL, amyloid light-chain; ATTR, transthyretin-mediated amyloidosis; BNP, B-type natriuretic peptide; CA, cardiac amyloidosis; hs-TnT, high-sensitivity troponin T; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; (hs-)TnT/I, (high-sensitivity) troponin T/I; URL, upper reference limit. 
1. Vergaro G. Eur J Heart Fail 2023;25(3):335–346. 



n=1375 patients from THAOS

The importance of genetic testing
Survival in ATTR-CA patients varies by genotype

§ Patients with ATTRv 
amyloidosis have poorer 
prognosis (than ATTRwt)

§ Differential diagnosis 
(genetic testing) is 
critical for the optimum 
management of patients 
and their families

Figure from Damy et al. 2019.1

ATTR, transthyretin-mediated amyloidosis; CA, cardiac amyloidosis; ATTRv, hereditary transthyretin-mediated amyloidosis (v for variant); ATTRwt, wild-type transthyretin-
mediated amyloidosis.
1. Damy T, et al. Eur Heart J 2019; 43(5):391–400.



The importance of genetic 
testing

Double pathology exists.

M, 66 y, ATTRwt-CA, 
sarcomeric CMP

MYBPC3 gene - Glu542Gln

M, 65 y, CAD, «NSTEMI», 
ATTRv-CA

TTR gene - Ile88Leu

ATTRv, hereditary transthyretin-mediated amyloidosis (v for variant); ATTRwt, wild-type transthyretin-mediated amyloidosis CA, cardiac amyloidosis; CAD, coronary artery disease; CMP, 
cardiac myosin-binding protein C.



D.A. Male, 69 yo – Diagnosed Jan 2019



Cardiac Amyloidosis: FTGM experience
284 patients with cardiac amyloidosis (EBM/echo/DPD-CTPET/MRI proven +NT-proBNP)



CA: insights from echo

Courtesy of dr. Chubuchnyi

• Infiltrative cardiomyopathy
• LV & RV pseudohypertrophy
• Granular sparkling

• Biatrial dilatation 
• Early LV diastolic dysfunction
• Delayed LC systolic dysgunction
• Apical sparing
• IA septum thickening

• Valve involvement
• Pericardial effusion



CA: 4-chamber strain evaluation

CA, cardiac amyloidosis.
1. Aimo A, et al. Eur J Clin Invest 2021;51(5):e13449.



Am Heart J. 1982



Score visivo di captazione planare:
0 = assente captazione cardiaca e captazione ossea normale
1 = debole captazione cardiaca, di intensità inferiore a quella ossea
2 = moderata captazione cardiaca associata ad attenuata captazione ossea
3 = intensa captazione cardiaca associata a ridotta o assente captazione ossea



370 Mbq – 10 min/scan 2 hours after injection

Discovery NM/CT 670 CZT

Beyond the “Perugini score”: CZT detector + CT-SPECT

CA, cardiac amyloidosis; CT, computerized tomography; CZT, cadmium zinc telluride; NT, nuchal translucency test; SPECT, single-photon emission computed tomography.



Towards a non-invasive diagnosis of  AL-CA
18F-Florbetaben PET/CT for AL-CA diagnosis

Image adapted from Genovesi et al. 2021.1

Genovesi D et al. 20211

Schindler T et al. 20212

AL, immunoglobulin light-chain amyloidosis; CA, cardiac amyloidosis; CT, computerized tomography; PET, positron emission tomography.
1. Genovesi D, et al. JACC Cardiovasc Imaging 2021;14(1):246–255; 2. Schindler T, et al. JACC Cardiovasc Imaging 2021;14(1):256–258.



18F-Florbetaben PET/CT for AL-CA diagnosis

AL, amyloid light-chain; CA, cardiac amyloidosis;  ATTR, transthyretin-mediated amyloidosis; DPD, 3,3-diphosphono-1,2-propanodicarboxylic acid scan; PET, positron emission tomography.

Images provided presenter.



1’ 2’

4’ 7’

• Pseudo-hypertrophy
• Thickened LA wall
• Pericardial effusion

• Early darkening of LV cavity
• Diffuse subendocardial LGE
• Nulling defect

AL amyloidosis: CMR findings



control

Early AL 
Amyloidosis

Late AL 
Amyloidosis

Intermediate AL 
Amyloidosis

Intermediate (senile) TTR 
amyloidosis

Late (mutated) 
TTR amyloidosis

Early (senile) 
TTR amyloidosis

LGE IN 
AMYLOIDOSIS



• Pseudo-hypertrophy
• Thickened LA wall
• Pleuro-pericardial effusion
• Early darkening of LV 

cavity (> in AL-CA)
• Nulling defect
• Subendocardial vs diffuse  

LGE for diagnosis and 
prognosis

• Precontrast T1 Mapping
• Precontrast T2 mapping 

(> in AL-CA)
• Postcontrast T1 Mapping
• ECV (extracellular volume) 

for diagnosis and 
prognosis

ATTR-CA: insight from CMR

AL, amyloid  light-chain; ATTR, transthyretin-mediated amyloidosis; CA, cardiac amyloidosis; ECV, extracellular volume; LA, left
atrium; LGE, late gadolinium enhancement; LV, left ventricle.
1. Razvi Y, et al. Front Cardiovasc Med 2021;8:751293; 2. Chatzantonis G, et al. Clin Res Cardiol 2021;110:555.



Courtesy of  Dr. A. Pucci

Hematoxylin eosin Congo Red

Amyloid detection



Hematoxylin eosin Congo Red Immunohistochemistry

Amyloid typing

Courtesy of  Dr. A. Pucci



Beyond amyloidosis; fibrosis as a target in CA



82 yo, Female

Collagen

Collagen

Amyloid

Amyloid

Courtesy of  Dr. A. Pucci

Electron Microscopy



From Emdin M, Vergaro G, Passino C, Edt. 
Amiloidosi Cardiaca. Come si diagnostica, come di cura. 
2020

Mass Spectrometry







Proteomics form EMBs



Prognosis..

Hippocrates of  Kos
460 -377 B.C



Biomarkers: NPs, Hs-Tn, FLC

Kumar S et al, 2012

Multivariable model (810 newly 
diagnosed patients with AL 
amyloidosis)

-FLC-diff (c.o. 18 mg/dl)
-cTnT (c.o. 25 ng/l)
-NT-proBNP (c.o. 1,800 ng/l)



Cardiac biomarkers and outcome in ATTRwt

Grogan M et al, 2016



Prognostic staging scores in AL and ATTR amyloidosis



Proposed follow-up scheme
AL-CA ATTR-CA

6MWD, 6-minute walk distance; AL, amyloid light-chain; ATTR,  transthyretin-mediated amyloidosis; ATTRv,  hereditary transthyretin-mediated amyloidosis (v for variant); CA, cardiac amyloidosis; CMR, cardiovascular magnetic 
resonance; ECG, echocardiogram; KCCQ, Kansas City Cardiomyopathy Questionnaire; NT-proBNP, N-terminal pro B-type natriuretic peptide. 
1. Garcia-Pavia P, et al. Eur J Heart Fail 2021;23(4):512–526.



Vergaro G et al, 2019

Never work alone..
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