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One name, many disease...

Terminology and Classification of Amyloidoses

Amyloid protein Precursor Syndrome or involved tissue
AL immunoglobulin Primary / Myeloma
light chain associated
ATTR Transthyretin Familial (PAF)
Senile (wilde type TTR)
AA Serum AA Secondary, reactive
A B,M B, microglobulin Hemodyalisis associated
AA_pn All Apolipoprotein All Familial
AFib Fibrinogen a chain Familial
Alys Lysozyme Familial
ig . Aﬂ- protein precursor :ﬂ;.i.zheimer’s desease, aging
r Prion protein Spongioform encephalopathies

-More than 30 different types of Amyloidosis (each due to a specific protein)

-Cardiac Amyloidosis: AL + ATTr (up to 95%)
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Infiltrative cardiomyopathies: phenotypic classification

Modified from Pereira, M.L. et al. ) Am Coll Cardiol. 2018;71(10):1130-38.

RESTRICTIVE PHYSIOLOGY
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Increased awarness on Cardiac Amyloidosis

NIH National Library of Medicine

National Center for Biotechnology Information

PUbWEd .80V cardiac amyloidosis < m

Advanced Create alert Create RSS User Guidk
Save Email Send to Sorted by: Best match | Display options
RESULTS BY YEAR 5,330 results
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MY NCBI FILTERS [2
| ] Cardiac amyloidosis.

TEXT AVAILABILITY 1 Martinez-Naharro A, Hawkins PN, Fontana M.
Cite Clin Med (Lond). 2018 Apr 1;18(Suppl 2):530-535. doi: 10.7861/clinmedicine.18-2-s30.
D Abstract PMID: 29700090 Free PMC article. Review.
[ Free full text Share Cardiac amyloid deposition, causing an infiltrative/restrictive cardiomyopathy, is a frequent feature of

amyloidosis and a major determinant of survival. ..This article aims to review recent developments in

[ | Full text

diagnosis and management of cardiac amyloidosis ...



Epidemiologia e prevalenza:
I’amiloidosi e una patologia rara o poco diagnosticata?

True prevalence Diagnosed prevalence

Challenging diagnosis

Ideal Preva Ience Fragmented knowledge amor_rg differenf specialists Suspected Preva Ience
Shortage of centers dedicated to disease

management
Erroneous belief of rarity, incurability and complexity

W True
M Diagnosed

B True M Diagnosed
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i International Journal of Cardiology m

joumnal homepage; hitp;//ees elsevier.com

Editorial

Cardiac amyloidosis: Watching the tip of the iceberg emerging from the “heart of the
sea’
Cristiano Amarelli®+, Giuseppe Limongelli®

% Department of Cardine Swpery and Tronsplants, Moraldi, Asiende dei Colli. 8015 Mopies, faly
B inherited and Rore Qardiovascudar Discares, Departmerst of Tromiztional Medical Scienees, University of Gompania “ladg Vanveelli™, Moncldi Hospital, 50731 Noples, liely
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Clinical Scenarios - Cardiac Red Flags

-HFpEF

-HCM/LVH

-Aortic Stenosis
-Arrhythmias (AVB, AF)

-Syncope, orthostatic hypotension
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European Heart Journal (2015) 36, 25852594 CLINICAL RESEARCH

rorcreay  doi:10.1093/eurheartj/ehv338 Heart failure/cardiomyopathy 1 3 O/
CARTACK Y ™

Wild-type transthyretin amyloidosis as a cause

of heart failure with preserved ejection fraction H F P E F ,

Esther Gonzalez-Lopez', Maria Gallego-Delgado', Gonzalo Guzzo-Merello',
F. Javier de Haro-del Moral?, Marta Cobo-Marcos!, Carolina Robles/,

Belén Bornstein343, Clara Salas®, Enrique Lara-Pezzi’, Luis Alonso-Pulpon’,
and Pablo Garcia-Pavia''™
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Aims Transthyretin cardiac amyloidosts (ATTR-CA) has been reported in patients with aortlc stenosls (AS) but its prevalence
and phenotype are not known. We examine elderly patents with severe symptomatic AS undergoing transmtheter aor-
tic valve replacement (TAVR) and determine the prevalence and phenotype of ATTR-CA non-invasively.

Methods We performed technetium-99m pyrophosphate (= Te-PYP) crdiac scintigraphy prospectively on patients who

and results

Transthyretin cardiac amyloidasis is prevalent in 16% of patients with severe calcific AS undergoing TAVR and is
assoclated with a severe AS phenotype of low-flow low-gradient with mildly reduced ejection fraction. Average
tissue Doppler mitral annular §' of <6comfs may be a sensitive measure that should prompt a confirmatory
e PYP scan and subsequent testing for ATTR-CA. Prospective assessmant of outcomes after TAVR is needad
in patients with and without ATTR-CA,

Conclusions

@ ESC Eurepean Heart jourral (2017) 38, 2879-2887 CLINICAL RESEARCH
European Society doi:10.1093/eurheartjehx350 Heart failure/cardiomyopathy

of Cardialogy

Unveiling transthyretin cardiac amyloidosis
and its predictors among elderly patients with
severe aortic stenosis undergoing transcatheter

aortic valve replacement

Adam Castano"?*, David L. Narotsky', Nadira Hamid’, Omar K. Khalique®,

Rachelle Morgensternl, Albert DeLucaz,jonah Rubin', Codruta Chiuzan?,

Tamim Nazif®, Torsten Vah!?, Isaac George3, Susheel Kodali®, Martin B. Leon?,

Rebecca Hahn?, Sabahat BokhariZ, and Mathew S. Maurer'

P =0.002) with a value <6 conferring 100% sensitivity for predicting a positive FHTe-PYP amyloid scan,

underwent TAVR, to screen for ATTR-CA. Transthoracie echocardiography and speckle-strain imaging were per-
formed, We assessed the association of several parameters with ATTR-CA using multivariable logistic regression
and constructed recelver operating curves to evaluate the best predictors of ATTR-CA, Among 151 patients
(mean age B4+ 6years, 68% men), 16% (n=124) screened positive for ATTR-CA with FrTePYP scintigraphy.
Compared with patignts without ATTR-CA, ATTR-CA patients had a thicker intsrventricular septum (1.3 vs
1.1cm, P=0007), higher left ventricular (LV) mass index (130 vs gﬂlgfmz* P=0.002), and lower stroke volume
index (30 vs. 36 mL/m?, P=0.009). ATTR-CA patients had advanced diastolic dysfunction with higher £fA ratio (2.3
vs. 08, P=0.001) and lower deceleration time (176 vs. 257 ms, P <0.0001); impairment in systolic function with
lower ejection fraction (48% vs 56%, P=10.011), myocardial contraction fraction {26 va 41, P<00001), and aver-
age of lateral and septal mitral annular tissue Doppler §' (4.0 vs. 6.6 cm/s, P<0.0001). While ATTR-CA patients
had more impaired global longitudinal strain (-12 vs. -16%, P=0.007), relative apical longitudinal strain was the
same regardless of ATTR-CA diagnosis (0.98 vs. 098, P=0991). Average 5' best predicted ATTR-CA in multivari-
able logistic regression (odds ratio 1667 per 1cm/s decrease with AUC 0.96, 95% confidence interval 0.90-099,

WIATTR
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Aims Increased left ventricular wall thickness (LVWT) isa common finding in cardiology. It is not known how often hereditary
transthyretin-related familial amyloid cardiomyopathy (mTTR-FAC) i responsible for LVWT. Several therapeutic mo-
dalities for mTTR-FAC are currently in clinical trials; thus, it is important to establish the prevalence of TTR mutations
{mTI'R] and ﬁme chmm{ tfwmbhcs of the przﬂents wTﬁ\ mTI'R FAC

Methods Ina pmspechve mu{ﬂmmm -:‘_mﬁ!:-secﬂanal smd-,r the 1'I'R gene was semmn;ed ]:r| 1?& tanseurl:lve patlents dlagnmed

and results

Conclusion

Five per centof paﬁents duagr-.osed wrth hﬂ}E r‘trl:rpd'ut mfﬂlﬂmyﬂpaﬂ‘ly have mTI'R FAC M.rtatad t;mﬁuyrehn genetm
screening is warranted inelderly subjects with increased LVWT, particularly, those of African descent with neuropathy,
carpal tunnel syndrome, ECG low voltage, or LGE

Keywords Hypertrophic cardiomyopathy * Cardiac amyloidosis * Transthyretin

Eurcpean Heart Journal (2016) 37, 1826—1834 FASTTRACK CLINICAL RESEARCH
sunorsay  doi0.1093/eurheartj/ehv583 Heart failure/cardiomyopathy

[«

Prevalence and clinical phenotype of hereditary
transthyretin amyloid cardiomyopathy in patients
with increased left ventricular wall thickness

Thibaud Damy'*, Bruno Costes?, Albert A. Hagége?, Erwan Donal¥,
Jean-Christophe Eicher®, Michel Slama®, Aziz Guellich!, Stéphane Rappeneau’,
Jean-Pierre Gueffet’, Damien Logeart?, Violaine Planté-Bordeneuve?,

Hélene Bouvaist!?, Olivier Huttin'!, Genevieve Mulak'?, Jean-Luc Dubois-Rande?,
Michel Goossens?, Florence Canoui-Poitrine3t, and Joel N. Buxbaum 41

with mTTR-FAC, B were of African descent while 7 were of European descent. In the African descendants, mT TR-FAC
median age was 74 [72:79] vs. 55 [46:65] years in non-mTTR-FAC (P< 0.001). In an adjusted multivariate madel,
African origin, neuropathy, carpal tunnel syndrome, electrocardiogram (ECG) low voltage, and late gadolinium en-

hil:‘!"l-l.‘ﬂ"l‘!ent {LGE} at ﬁ:ﬂ]aﬂ-ﬂ*ﬂgﬂﬂlc esonance Imagng were all mciepmdenﬂ;.r amcnted with mTI‘R-F.ﬁC

with increased LVWT in primary cardiology clinics in France. Among the included patients, median (25-75th percen-
tiles) age was 62 [50:74]; 74% were mer; 23% were of African origin; and 36% were In NYHA Class lli- V. Median
LVWT was 18 (16—21) mm. Seventeen (5.7%; 95% confidence interval [Cl]: [3.49.0]) patients had mTTR of whom
15 (5.0%; 95% CI [29:8.2]) had mTTR-FAC The maost frequent mutations were V1421 (n= 8), V50M (n =12}, and
N27V (n= 2). All mTTR-FAC patients were older than 63 years with a median age of 74 [69.79]. Of the 15 patients

onrly ;‘
onset

"Neurologico” Fenotipo

Figura 1. Spettra di comrelazion genotipo-fenatipo nell'amiloidos
ranstiretino-relata. Uespressione fenotipica varia da un intenessa-
menta quas esclusivamente neurologico (mutaznone Vai30Met
"early onsel”) ad uno esclusvamente cardiaco imutanon The6DAla,
taul11Met, lle68ieu e Vali22lle), Altre mutazioni sona legate ad un
fenotpo misto con gradi variabili di comvolgimento neurologco e
cardiaco.

SSA, amiloidasi Sstemicd senile



When To Suspect
Cardiac Amyloidosis?
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Prevalence and clinical significance of red flags in patients with
hypertrophic cardiomyopathy
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Prevalence and clinical significance of red flags in patients with L)
hypertrophic cardiomyopathy —
Giuseppe Limongelli ***“*, Emanuele Monda*", Stefania Tramonte ®, Felice Gragnano £, Daniele Masarone ”,

Giulia Frisso *', Augusto Esposito ", Rita Gravino ¥, Emesto Ammendola ", Gernma Salerno ®, Marta Rubino ®,
Martina Caiazza ", Mariagiovanna Russo 2, Paolo Calabrd &, Perry Mark Elliott ¢, Giuseppe Padileo®
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m |diopathic HCM m Sarcomeric HCM Specific causes of HCM

“Prevalence of specific disease was higher:
-in infants (78%; i.e. Pompe, RAS-Mapk)

-in adulis =55 years old (58%; Amyloydosis & Fabry) Limongelli et al. 2019



When to suspect cardiac
amiloydosis?

ESC GUIDELINES

@ ESC Eurcpean Heart jouma (2021 00, 1 - 128
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2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Developed by the Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiclogy (ESC)

With the special contribution of the Heart Failure Association
(HFA) of the ESC

Authors/Task Force Members: Theresa A. McDonagh® (Chairperson) (United
Kingdom), Marco Metra © * (Chairperson) (ltaly), Marianna Adamo (Task Force
Coordinator) (ltaly), Roy 5. Gardner (Task Force Coordinator) (United Kingdom),
Andreas Baumbach (United Kingdom), Michael Bohm (Germany), Haran Burri
(Switzerland), Javed Butler (United States of America), Jelena Celutkiene
{Lithuania}, Ovidiu Chioncel (Romania), john G.F. Cleland {United Kingdom),
Andrew ].5. Coats (United Kingdom}), Maria G. Crespo-Leiro (5pain),

Dimitrios Farmakis (Greece), Martine Gilard (France), Stephane Heymans
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Multiparametric Echocardiography L

Scores for the Diagnosis of
Cardiac Amyloidosis

Michele Boldrini, MD,"" Francesco Cappelli, MD," Liza Chacko, MD," Maria Alejandra Restrepo-Cordoba, MD,'

Angeln Lopez-Sainz, MD, PuD,™" Alberto Giannoni, MD, Pul," Alberto Aimo, MD, MRCP,™" Andrea Baggiano, MD,"

Ana Martinez-Naharmo, MD," Carol Whelan, MD," Cristina Quarta, MD, PuD,." Clandio Passino, MD,'

Vincenzo Castiglione, MD," Viadyslav Chubuchnyi, MD,' Valentina Spini, MD," Claudia Taddei, BSc,

Giuseppe Vergaro, MO, PeD,™® Aviva Perrie, BSc (Hons),' Luis Ruiz-Guerrers, MD,” Vanessa Mofivas, MD, Puld,
Susana Mingo-Santos, MO, Publ, Jesus G. Mirelis, MD, PuD,"" Femando Dominguez, MD, Pub, ™

Esther Gonzalez-Lopez, MD, PuD,™" Stefano Perlini, MD, PrD,” Gianluca Pontone, MD, PrD,"

Julian Gillmore, MD, PuD," Philip N. Hawkins, PeD, FMinSo,” Pable Garcia-Favia, MD, Pal, ="

Michele Emdin, MD, PuD),"* Maranna Fontana, MD, PuD?’

Here, we provide a multiparametric
echocardiographic approach for the 2 challenging
clinical scenarios of patients with systemic AL
amyloidosis or a hypertrophic phenotype.

By using highly sensitive and highly specific cutoffs
in patients with systemic AL amyloidosis,
amyloidosis can be excluded or confirmed in 50% of
patients without the
need for further tests.

In patients with a hypertrophic
phenotype, highly specific or highly sensitive cutoffs
can be used to guide the diagnostic algorithm, avoid

unnecessary tests, and limit the time to diagnosis

CENTRAL ILLUSTRATION OCiagnostic Algorithms Wlth Echocandiographic Scores In 2 Different
Clinical Sconarios
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External validation of the increased wall thickness score for the diagnosis
of cardiac amyloidosis

Emanuele Monda ' » Giuseppe Palmiero ' « Michele Lioncino « ... Martina Caiazza « Francesca Dongiglio «

Giuseppe Limongelli ~ = = Show all authors = Show footnotes

Published: July 18, 2021 * DOI: https://doi.org/10.1016/}.ljcard.2021.07.035 *




Validation Cohort
(n=152)

i

25/152 patients (16%): Severe Aortic Stenosis
25/152 patients (16%): Hypertensive Remodeling
52/152 patients (34%): Hypertrophic Cardiomyopathy
50/152 patients (33%): Cardiac Amyloidosis

0-1

4/50 patients (8%)

Se 8% (2-19%)
Sp 42% (32-52%)
PPV 6% (2-15%)

NPV 48% (42-54%)
PA 31% (24-39%)

i

IWT Score

2-7

27/50 patients (54%)

Se 54% (39-68%)
Sp 58% (48-68%)
PPV 39% (31-47%)
NPV 72% (65-78%)
PA 57% (48-64%)

19/50 patients (38%)

Se 38% (25-53%)
Sp 99% (95-100%)
PPV 95% (72-99%)
NPV 77% (73-80%)
PA 79% (72-85%)

IWT Score (0-10 Points)

Parameters Cut-Off Points
RWT >0.6 3
E/e’ >11 1
TAPSE, mm <19 2
GLS, % >-13 1
SAB >2.9 3
|
23/50
58 (46%)
19/50
46 (38%)
35
23
12
0

] PredictegA m Observed
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TcDPD Scintigraphy

B = |C D 3

Perugini et al, J Am Coll Cardiol 2005;46:1076—84



@ E SC European Heart Journal (2021) 42, 15541568 SPECIAL ARTICLE

European Society doi:10.1093/eurheartj/ehab072 Heart failure and cardiomyopathies
of Cardiology

Diagnosis and treatment of cardiac amyloidosis:
a position statement of the ESC Working
Group on Myocardial and Pericardial Diseases

Pablo Garcia-Pavia © 1'1'3*, Claudio Rapezzi“'s, Yehuda Adlerﬁ', Michael Arad’,
Cristina Basso @ *%°, Antonio Brucato ® '°, lvana Burazor ® 11,

Alida L.P. Caforio ® *'?, Thibaud Damy ® *'*, Urs Eriksson © 4,

Marianna Fontana ® 3, Julian D. Gillmore © 15 Esther Gt:nrnzzlltahz-Lt:»pnaiI 3
Martha Grngan”, Stephane Heymans”'m'”, Massimo Imazio ® %°,

Ingrid Kindermann“, Arnt V. Kristen © H'H, Mathew S. Maurer“,

Giampaolo Merlini © 15'“, Antonis Pantazis“, Sabine Pankuweitn,
Angelos G. Rigopoulos?’, and Ales Linhart @ *°

Essential concepts

® Although nine types of cardiac amyloidosis are known, AL and Bone
ATTR currently account for the vast majority of cardiac
amyloidosis. &

® Both invasive and non-invasive diagnostic criteria are accepted to
diagnose cardiac amyloidosis. While invasive diagnostic criteria B I o o) d

apply to all forms of cardiac amyloidosis, non-invasive criteria are
accepted only for ATTR.



Diagnostic Pathway

Signs & symptoms, ECG, echo or CMR suggestive of cardiac amyloidosis

\ g

Haematologic tests
" Te-DPD/PYP/HMDP o 9

{serum free=light chain

Scintigraphy with SPECT quantification & serum and

urine immunofixation)

Scintigraphy grade O Scintigraphy grade 1- | Scintigraphy grade 0 | Scintigraphy grade 1-3
Haematologic tests - Haematologic tests - ] | Haematologic tests +

' Grade 2-3 Grade 1 . = '

AL/ATTR cardiac
amyloidosis "cMR | I cMR+or |
unlikely | negative | [l inconclusive |

Histological
contfirmation
lusua |1}f cardiac)

“ ' . i | to subtype

It suspicion persists
consider CMR
followed by biopsy

Figure 4 Dagnostic algonthm for cardlac amyloidosis. AL light~-chainamyloidosis/AT TR, transthyretin amyloidosis; AT | Ry, hereditary transthyre-
tin amyloldosis; ATTRwt, wild-type transthyretin amyloidosis; CMR, cardiac magnetic resonance; ECG, electroardiogram; SPECT, single photon
emission computed tomography; | TR, ransthyretin,

@ESC | e s Position Paper Amy 2021

of Cardiology
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2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Developed by the Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

With the special contribution of the Heart Failure Association
(HFA) of the ESC

AuthorsiTask Force Members: Theresa A. McDonagh® (Chairperson) (United
Kingdom), Marco Metra © * (Chairperson) (Italy), Marianna Adamo (Task Foroe
Coordinator) (Italy), Roy 5. Gardner (Task Force Coordinator) (United Kingdom),
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[18F]-Florbetaben PET/CT for Differential

Diagnosis Among Cardiac Immunoglobulin
Light Chain, Transthyretin Amyloidosis, CENTRAL ILLUSTRATION Cardiac [18F)-Florbetaben Uptake in Patients With and Without CA

and Mimicking Conditions
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immunoglobuln Light-Chain Amyloidosis

Wh a t n e X t? - |ransthyretin-Related Amyloldosis

— Non-Cardiac Amyloidosis

immunoglobulin Light-Chaln
Amyloidosis

Transthyretin-Related Amyloidosis

Non-Cardiac Amyloidosis
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ORIGINAL ARTICLE ((FREE PREVIEW )

Tafamidis Treatment for Patients with Transthyretin Amyloid Cardiomyopathy

Mathew S. Maurer, M.D., Jeffrey H. Schwartz, Ph.D,, Balarama Gundapaneni, M.5,, Perry M. Elliott, M.D,, Giampaole Merlini, M.D., Ph.D,, Marcia Waddington-Cruz,
M.D., Arnt V. Kristen, M.D., Martha Grogan, M.D., Ronald Witteles, M.D., Thibaud Damy, M.D., Ph.D., Brian M. Drachman, M.D,, Sanjiv . Shah, M.D., et al,, for the

ATTR-ACT Study Investigators™

B Analysis of All-Cause Mortality
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Probability of Survival

0.3+
0.24

0.1+
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Hazard ratio, 0.70 (95% Cl, 0.51-0.96)

Pooled tafamidis

Placebo

0

No. at Risk (cumulative no. of events)

Pooled tafamidis 264 (0) 259 (5) 252 (12
Placebo 177 (0) 173 (4) 171 (6)
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2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Developed by the Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

With the special contribution of the Heart Failure Association
(HFA) of the ESC

AuthorsiTask Force Members: Theresa A. McDonagh® (Chairperson) (United
Kingdom}), Marce Metra @ * {Chairperson) (taly), Marianna Adamo (Task Force
Coordinator) (Italy), Roy S. Gardner (Task Force Coordinator) (United Kingdom),
Andreas Baumbach (United Kingdom), Michael Bahm {Germany), Haran Burri
{Switzerland), Javed Butler {United States of America), Jelena Celutldens
{Lithuania}, Ovidiu Chioncel (Romania), john G.F. Cleland (Unitad Kingdom),
Andrew |.5 Coats (United Kingdom), Maria G. Crespo-Leiro (Spain),

Dimitrios Farmakis (Greece), Martine Gilard (France), Stephane Heymans
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12 15 18 21 24 27 30 33
Months since First Dose

) 244 (20) 235 (29) 222 (42) 216 (48) 209 (55) 200 (64) 193 (71) 99 (78)
163 (14) 161 (16) 150 (27) 141 (36) 131 (46) 118 (59) 113 (64) 51 (75)

0 (78)
0 (76)

loidosis
Tafamidis s recommended in patients with genetic testing pro-
ven hereditary hTTR-CMP and NYHA dass | o ll symptoms to
reduce symptorms, CV hospitalization and mortality,

Tafamidis is recommended in patients with weTTR-CA and
NYHA class | or |l symptoms to reduce symptoms, CV hospi-

talization and mortality.
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Diagnosis and treatment of cardiac amyloldosis:

a position statement of the ESC YWorking
Group on Myceardial and Perlcardial Diseases

Cardiac amyloidosis

ESC Myocardial WG position paper
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DIAGNOSIS

Diagnostic criteria

Invasive MNon-Invasive
il Tp (o ly For ATTR)
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Diagnostic algorithm
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Scintigraphy with SPECT

L]

Diagnosis made or proceed to
CMR and/for biopsy according to results

.

/

Essential concepts

/~ TREATMENT  \

.

Cardiac complications
and comorbidities

Heart Failure
Thromboembaolism
Atrial fibrillation
Conduction disorders
Ventricular arrhythmias
Aortic stenosis

Disease modifying
treatment

ATTR: genetic silencers,
stabilizers and removers.
AL: chemotherapy and ASCT.

AA: anti-inflammatory,
anti-infective and

immunosuppressive drugs.

J

®* Cardiac amyloidosis should be considered in patients with
increased wall thickness in the presence of cardiac or extracardiac
red flags and/or in specific clinical situations.

®* A diagnostic algorithm based initially on the use of bone scintig-
raphy coupled o assessment for monoclonal proteirs allows
appropriate diagnosis in patients with suggestive signs/symptoms.

@ESC

European Scciety dei:10.1093/eurheartj/ehab072
of Cardiology

European Heart Journal (2021) 42, 1554-1568
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