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CARDIAC AMYLOIDOSIS - HISTOLOGICAL APPEARANCE

Interstitial and perivascular amyloid infiltration
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Cardiac hypertrophy at autopsy
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Cardiac hypertrophy at autopsy
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Diagnostic pathways to wild-type transthyretin
amyloid cardiomyopathy: a multicentre
network study

Giacomo Tinil'2, Paolo Milani3:4, Mattia Zampieri®, Angelo G. Caponettié7,
Francesca Fabris?4, Andrea Foli4, Alessia Argiro®, Carlotta Mazzoni®,

Christian Gagliardié8, Simone Longhié8, Giulia Saturi®’?, Giuseppe Vergaro?19,
Alberto Aimo?1°, Domitilla Russo?, Guerino G. Varrall, Matteo Serenelli'?,
Gioele Fabbri'2, Laura De Michieli'3, Giuseppe Palmiero'4, Giuseppe Cilibertil5.1¢,

1,281 patients (mean age 78 years, 89% males) from 17 Italian centers between Jan 2017 and Dec 2021

1. Prevalence 2. Characteristics 3. Prognosis
ATRIAL FIBRILLATION | HYPERTROPHIC A
|M:§£T~£T§: @O & ARRHYTMIAS | CARDIOMYOPATHY HCM pathway (n=94):
RECONSIDERED = 75+7 years, 93% males
4 ,' = Red flags lead to case re-evaluation %) 0.8-
l é P ‘S‘TOE':‘T(')%'S = 37% previous HF hospitalization g
P, ‘ - = 16% NYHA IlI-1V, 33% CKD, 64% AFib = =
SYNDROME - f,_,t =
- Clinical HEART FAILURE Heart failure pathway (n=651): = 3
~ R SYMPTOMS & SIGNS . 7947 87% mal < 9. _
.t 19% ” ARG UE STy - median follow-up 47 months
SCINTIGRAPHY 3 * 61% during HF hospitalization = 291 (23%) patients died
~ * 52% had LVEF250% S o2
Pathways to * 44% NYHA lII-IV, 50 % CKD, 65% AFib HF pathway vs. others:
ATTRwt ke : : 0.0- HR 1.8 [1.4-2.3], p<0.0001
cardiomyopathy Incidental imaging pathway (n=300): S e S e e i g s s 7 s
diagnosis 3 © 777 yea‘rs' 92% malgs Follow-up (months)
/ Heart failure * 74% during echocardiography for o
Mﬁg’:}:',‘:g 51% routine evaluation 4 HE p value
RESONANCE HEART FAILURE « 13% NYHA II1-V, 38% CKD, 51% AFib < |HF vs. other pathways : z
HOSPITALIZATION Z | Age at diagnosis 1.1 [1.0-1.1] <0.0001
| Incideml clinical pathway (n=236): = [NYHA 1I-IV 2.2 [1.7-2.7] <0.0001
. 7847 years, 90%males é Hypertension 1.4 [1.1-1.9 0.01
* 94% cardiovascular evaluation | g Diabetes mellitus 1.5[1.1-2.0] 0.01
including AFib, PM, arrhythmias 5 [ckD 1.4[1.1-1.8] 0.01
SO . 15% NYHA IlI-1V, 38% CKD, 70% AFib = |Cancer (active) 1.9[1.2-2.9]  0.01

Tini Get al. Diagnostic pathways to wild-type transthyretin amyloid cardiomyopathy: a multicentre network study. Eur J Heart Fail. 2023 Jun;25(6):845-853
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Valeria Rella29, Enrico Monti2l, Elisa Gardini2l, Michela Bartolotti22, Lia Crotti20,23,
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Diagnostic pathways to wild-type transthyretin .
@ @ o a ways
amyloid cardiomyopathy: a multicentre 1,0-
)4 Yop )4 ———— _\_\k d1HCM
network study ~rHF o
-.rIncidental imaging
Giacomo Tinil2, Paolo Milani34, Mattia Zampieri®, Angelo G. Caponetti®’, Incidental clinical
Francesca Fabris®4, Andrea Foli4, Alessia Argiro®, Carlotta Mazzoni’, -
Christian Gagliardi®8, Simone Longhi®8, Giulia Saturi®’, Giuseppe Vergaro%10, 0,8- ~0.32
Alberto Aimo?1°, Domitilla Russo?, Guerino G. Varrall, Matteo Serenelli'?, P
Gioele Fabbri'2, Laura De Michieli3, Giuseppe Palmiero'4, Giuseppe Cilibertil5:1¢, \
~— p <0.0001
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=
-
-
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Follow-up (months)

HCM 94 84 74 65 57 48 35 25
HE 651 539 447 392 314 231 182 143
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aging 300 259 219 180 142 112 83 66
Incidental ¢ 197 162 142 124 94 76 67
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CARDIAC AMYLOIDOSIS - HISTOLOGICAL APPEARANCE

Interstitial and perivascular amyloid infiltration
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Mechanisms of Myocardial Injury in Cardiac Amyloidosis

[

Extracellular amyloid
fibril deposition

.

Interstitial expansion and
myocyte separation/distortion

!

Increased wall thickness
and stiffness

b

Diastolic dysfunction, atrial
dysfunction, and conduction
tissue involvement

Predominant infiltrative /
mass-effect component —
often more evident in ATTR

|

/

| Restrictive
| cardiomyopathy / HF

Soluble amyloid precursors /
oligomers

Oxidative stress and
p38 MAPK activation

4
Mitochondrial dysfunction,

impaired autophagy / lysosomal
stress, and Ca?* handling
abnormalities

b
Cardiomyocyte dysfunction

Perivascular and intramural
coronary amyloid infiltration

i

«lﬁ Endothelial dysfunction and

\@ /e @y reduced coronary flow reserve

.

Myocardial hypoperfusion /
ischaemia

.

Fibrosis and
biomarker release

and apoPt?is Present in both
°°°°° AL and ATTR
oteotoxic component: AL > ATTR L
: l
Final myocardial phenotype \
| Troponin and
Arrhythmias i psonceiction NT-proBNP
disease elevation

Concept based on published data including Shi et al. (PNAS 2010), Dorbala et al. (JACC Cardiovasc Imaging 2014), Saito et al. (Int J Mol Sci 2021), and Griffin et al. (J Clin Med 2021).
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Rapezzi, C. et al Nat Rev Cardiol 2010; 7,398-408.
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Peak Systolic Strain
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Peak Systolic Strain 20.0
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i 05
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AVC AUTO 230 msec
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Peak Systolic Strain
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Peak Systolic Strain 20.0 Peak Systolic Strain 20.0 Peak Systolic Strain 20.0
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Distribution of myocardial work in arterial hypertension: insights
from non-invasive left ventricular pressure-strain relations

Filip Loncaric'® - Macle) Marcinlak? - Loredana Nunno'- - Marla Mimbrero'~ - Joao F. Fernandes? -
Dora Fabljanovic? - Laura Sanchis'3 - Adelina Doltra'? - Slivia Montserrat'-3* . Maja Clkes* - Pablo Lamata?-
Bart BlJnens'® . Marta Sitges'~

A B Healthy controls Hypertensive no BSH Hypertensive BSH & Aplcal re gion
Anterior (n=20) (n=139)

® Mid region

- 0% ® Basal region
~ A 7N « o . p
AN S NH Sy o L |41.8%
,55’? y X -, N\ %. < 45%- . ' e 20 140.2%* | o,
Q - ~ o - T ®
5/ - Y g 37.3% | &rabee—— . n
".' - | l. Jb = . °
/ | : \ l' E-a 40%— ® o - = a ¢
| / u '| s ': - oo f ’
l ll | : S o o
l '. | | | — . o
|. n , ’g 35%— . o,.. ¢
-' S Sote 32.3% 31.5% | eeceee | 31.6%
6 "‘- - B ..‘.l % % *. o ® : o . .‘ :: :~: ]
S /& S 3% *°0 - s 8 o
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* - P<0.005 versus healthy controls
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Reduced GLS with a base-to-apex gradient due to pressure and/or volume overload

Longitudinal strain in the apical view

1) Longitudinal strain bull's-eye

'0%

; - _1No°
Example: - preservation 1
aortic stenosis
-20%
Increased H 5
pressure load -30%
Strain (%)

Base-to- E A Y | -
apex 3 3 | 2) Example strain values by level

gradient

Mid |

Global GLS = -15%

o D
Volume overload

Example:
mitral
regurgitation

Increased
volume load
g >

Pressure anad/or volume overload may reduce GLS, with greater impairment
of basal segments and relative preservation of apical strain.
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PRECLINICAL SYMPTOMATIC DECLINE

NYHA | NYHA I/l NYHA IV
Functional status Myocardial infiltration
BNP
Troponin
Degree of <
Clinical
Parameter
EF

Duration of Disease Death



SYSTOLIC DYSFUNCTION - PRESERVED
LVEF A

15% fibre
shortening

Longitudinal _ EF=15%

15% fibre
Circufrrlt:‘erential MA EF=30%
ibres

15% fibre /
shortening
_ _— EF260%

Triposkiadis et al. Eur J Heart Fail. 2018,20(3).:436-444



Cardiomyopathies

Echo Parameters for Differential Diagnosis
in Cardiac Amyloidosis

A Head-to-Head Comparison of Deformation
and Nondeformation Parameters

Efstathios D. Pagourelias, MD, PhD; Oana Mirea, MD, PhD; Jiirgen Duchenne, MSc;
Johan Van Cleemput, MD, PhD; Michel Delforge, MD, PhD; Jan Bogaert, MD, PhD;
Tatyana Kuznetsova, MD, PhD; Jens-Uwe Voigt, MD, PhD

Strain (%)

Novel deformation parameters Time

EFSR, EF/Strain ratio Peak Syztete Souin
RELAPS, Relative Apical Sparing |
SAB, Septal Apical-to-Basal ratio

Average Apical LS Apical septal LS

RELAPS= ™ sum of the average Basal and Mid LS SAB= Basal septal LS

Pagourelias et al. Circ Cardiovasc Imaging. 2017,;10(3):e005588




PRECLINICAL SYMPTOMATIC DECLINE
NYHA | NYHA I/l NYHA IV

Functional status Myocardial infiltration

\ Troponin
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NORMAL — Sinus Rhythm with
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CARDIAC AMYEOIDOSIS — Sinus Rhytm with LAMC
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ORIGINAL RESEARCH

Clinical Importance of Left Atrial @
Infiltration in Cardiac
Transthyretin Amyloidosis

Francesco Bandera, MD, PuD,*"* Raffaele Martone, MD,“* Liza Chacko, MD,“ Sharmananthan Ganesananthan, MS,¢
Janet A. Gilbertson, CSc,? Markella Ponticos, PuD," Thirusha Lane, RN, PuD,® Ana Martinez-Naharro, MD, PuD,¢
Carol Whelan, MD,“ Cristina Quarta, MD, PuD,® Dorota Rowczenio, PuD," Rishi Patel, MD," Yousuf Razvi, MD,¢
Helen Lachmann, MD,? Ashutosh Wechelakar, MD," James Brown, MD,? Daniel Knight, MD,? James Moon, MD,®
Aviva Petrie, PuD,’ Francesco Cappelli, MD,“ Marco Guazzi, MD, PuD,*" Luciano Potena, MD,# Claudio Rapezzi, MD,M!
Ornella Leone, MD,? Philip N. Hawkins, MD, PuD," Julian D. Gillmore, MD, PuD,%* Marianna Fontana, MD, PuD®%*

LA stiffness vs LA function

FIGURE 2 Left Atrial Reservoir, Conduit, and Contraction Function in Patients With ATTR-CM According to Increasing Left Atrial Stiffness

20 20 20
p<.05 o p < .05 ~ p<.05
e for all pairwise 3 for all pairwise S for all pairwise
£ 15 cOMmpari>ons ~ 15 comparisons 5 15 comparisons
rar o -bo
- — -
« 10 = 10 S 10
S = =
f S g
& 5 ﬁ S s S 5 %
Z <
= : 2 -
0
1 2 3 4 1 2 3 4 1 2 3 4
Quartiles of In LA Stiffness Quartiles of In LA Stiffness Quartiles of In LA Stiffness
LA reservoir LA conduit LA contraction

Bandera F, et al. Clinical Importance of Left Atrial Infiltration in Cardiac Transthyretin Amyloidosis. JACC Cardiovasc Imaging. 2022 Jan;15(1):17-29



CARDIAC AMYEOIDOSIS — Atrial Fibrilla!ion
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CARDIAC AMYLOIDOSIS Sinus Rhythm Wlthout LAMC
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ORIGINAL RESEARCH

Clinical Importance of Left Atrial )
Infiltration in Cardiac
Transthyretin Amyloidosis
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Clinical Importance of Left Atrial E
Infiltration in Cardiac ‘]OO
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Log-rank test
p = 0.0018
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Number at risk

— SR with LAMC 439 348 161 59 206 11
— SR without LAMC 125 87 35 12 7 2
— Non-SR 342 241 115 43 20 8



Right ventricular involvement in hypertrophic cardiomyopathy phenotypes

Right ventricular hypertrophy as a diagnostic clue in infiltrative and storage diseases

Infiltrative and storage diseases

1) Cardiac amyloidosis

Biventricular thickening
with thickened
valvular walls

2) Fabry disease

Hypertrophic heart
with lysosomal
storage

3) Glycogen storage diseases /
other storage disorders

Hypertrophic heart
with metabolic
storage

Right ventricular wall thickening often associated
with left ventricular hypertrophy

P> Diffuse biventricular involvement

Red flag for infiltrative or storage disease
when not explained by loading conditions

Hypertrophic phenotype

Forms secondary to loading conditions

with RV involvement Q Left ventricular pressure overload
Right ventricular Systemic
free-wall hypertension
hypertrophy
& Aortic
. ) \S&»’ Stenosis
Biventricular e
involvement . 2
{ ) 0 Right ventricular pressure/volume overload
- . 2. Pulmonary
Supports the . hypertension
diagnosis of an
infiltrative or Valvular or
storage congenital
cardiomyopathy heart disease R
k 2 & e RV hypertrophy must be interpreted in the )
context of hemodynamic load
. : e |[f fully explained by afterload or preload
Apical 4-chamber view abnormalities, suspicion of infiltrative
disease is reduced

A /)

Suggestive of infiltrative / storage disease

® Biventricular hypertrophy

® RV thickening not explained by loading conditions

.

(-

® Diffuse phenotype, often with additional red flags

Utility in the differential diagnosis

Right ventricular thickening not
explained by loading conditions =
important clue to infiltrative or
storage disease

-4 Q

Suggestive of load-related forms

e Hypertrophy consistent with the hemodynamic overload
@ Thickened RV only when right-sided overload is present

e Pattern better explained by the valvular or
pressure-overload context
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Prognostic Implications of Right Ventricular Systolic L RV FWS >16 % RV FWS <16 %

Dysfunction in Cardiac Amyloidosis e

Catherina Tjahjadi, MD®, Federico Fortuni, MD™“", Jan Stassen, MD*,
Philippe Debonnaire, MD, PhD*“, Rodolfo P. Lustosa, MD", Nina Ajmone Marsan, MD, PhD*,
Victoria Delgado, MD, PhD", and Jeroen J. Bax, MD, PhD**
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o RV FWS <16%
Log Rank Chi-square: 28,32; p <0,001
o e vl Follow-up (months)
-~ RVFWS 216 60 << 33 23 10

Tjahjadi C et al. Am J Cardiol. 2022;173:120-127 ~ RV FWS <16 33 16 7 6 3
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Prevalence and clinical significance of right ventricular
pulmonary arterial uncoupling in cardiac amyloidosis
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Prevalence of RV-PA Uncoupling

RV-PA
Coupling
(65%)

RV-PA
Uncoupling
(35%)

e ¥

CARDIOLOGY

Patients with RV-PA uncoupling
showed worse NYHA class and more
severe LV and RV dysfunction

TAPSE/PASP

<0.31

T NYHA Class
I Systemic BP
T Pro-BNP

! LVEF

$ GLS

Overall survival

TAPSE-PASP is an independent

1,0

0.8

0,6

0.4

0,2

0,0

predictors of CV mortality

TAPSE/PASP>031

p-value <0.001

TAPSE/PASP <0.31

0 12 24 36
Months of follow-up

HR 1.07 [95%CI 1.03-1.11]

per 0.01 mm/mmHg decrease
p-value 0.002




