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Une épidéemie...

7=\ Bone scintigraphy
1% for non-cardiac reasons:
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Autopsy in unselected HFpEF: 12%
elderly individuals: 21% (95% Cl 6-20%)
(95% CI1 7-39%) M 73% (39-100%)

77 years (66-86)
AL-CA 10% (0-40%)

_ Aortic stenosis: 8%
o | S (95% CI 5-13%)
M 67% (50-89%)

> a4 years (75-88)
AL-CA 2% (0-6%)

HFrEF/HFmrEF: 10%

(95% C! 6-15%)
M 100%

87 years (76-85)
AL-CA 0%
Prevalence of cardiac amyloidosis
HCM: 7%
(95% CI 5-9%) in screening studies
' M 80% (73-87%) Conduction disorders: 2%
74 years Surgery for carpal tunnel (95% CI 0-4%)
AL-CA 0-9% syndrome: 7% M 50%
(95% CI 5-10%) 90 years
M 64% (33-100%) AL-CA 0%
76 years (73-79)

AL-CA 18% (0-33%)

Aimo EHJ CV im 2022
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Imagerie de 'amylose TTR

 ETT — suspicion diagnostique
* IRM — caractérisation tissulaire, diagnostics différentiels
* SCINTIGRAPHIE BIPHOSPHONATES — l'essentiel



Specific populations
Aortic stenosis HFpEF

* Prevalence and Outcomes of Concomitant Aortic A Simple Score to Identify Increased Risk of

Stenosis and Cardiac Amyloidosis Transthyretin Amyloid Cardiomyopathy in Heart
| Am Coll Cardiol. 2021 Jan 19; 77(2): 128-139. Failure With Preserved Ejection Fraction

JAMA cardio 2022 Oct 1;7(10):1036-1044

Clinical variable Value Points*

.~ W — —h

If60-69 +2

Age,y « [70-79 +3
If in SR*: E/A ratio »>14

If no BBA or PM: Sokolow index <1.9 mV If 280 +4

AUC 0.85 (0.79-0.91)

0.0

S 0-2 0~4 0'6 0'8 1‘0 * AUC for AFib sub-cohort: 0.83
+-Specificity Sex « Male +2
[ score [ specificty | sensitvty | PRI

e O
Cspoms | Sas% | man |
pos | _men | 7% |
Relative wall thickness® « = >0.57  +2

Ejection fraction « <60% +1

Posterior wall thickness « 212mm +1

Carpo | 67% | wion

High-risk score 26


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7805267/

Transthoracic echocardiography
* apical sparrlng, LF/LG AS, atrial dysfunctlon
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Echo = the screening for cardiac amyloidosis

Heart failure in 2 65

Multiparametric echocardiographic score >8 points: Aortic stenosls in 2 65 years

a. Relati\/e LV Wall thiCknCSS (|V’S 1 PWT)/LVEDD >0’6 Hypotension or normotensive if previously hypertensive

Sensory involvement, autonomic dysfunction

3 points

Peripheral polyneuropathy

b. Doppler E wave/e’ wave velocities >11

1 point
c. TAPSE<19mm Left Ventricular |
2 point Wall Thickness %+ 21 of Bilateral carpal tunnel syndrome
points 212 mm
2 = y Ruptured biceps tendon
d. LV global longitudinal strain absolute value < -13%
. Subendecardial/transmural LGE or increased ECV
1 point
) . . . Reduced longitudinal straln with apical sparing
e. Systolic longitudinal strain apex to base ratio > 2.9
B Decreased QRS voltage to mass ratio
ints
pO Pseudo Q waves on ECG
Boldrini J Am Coll Cardiol Img. 2020 AV conduction disease
Apl‘, 13 (4) 909_920 Possible family history

Figure 3 Screening for cardiac amyloidosis. AV, atrio-ventricular; ECG, electrocardiogram; ECV, extracelllar volume; LGE, late gadolinium
enhancement

Diagnosis and treatment of cardiac amyloidosis: a position

statement of the ESC Working Group on Myocardial and

Pericardial Diseases. EHJ 2021


https://www.jacc.org/journal/imaging

81 yrs old female
Dyspnea
2023 Feb: TTE




Cardiac Magnetic Resonance

« Une bonne echo vaut une IRM pour le morpho... », « L'IRM c’est une
super écho... »

* Morphology, hypertrophy, atrial < Atrial fibrillation

septum, strain * Contra-indications to gadolinium
e Gadolinum kinetics or MRI
e Late gadolinium enhancement i ¢ LGE is not 100% sensitive

(5 to 10 min)  T1 mapping: magnetic fields,
* T1 mapping (T2 mapping) MOCO, spatial definition

e Extra-cellular volume e ECV : hematocrit



81 yrs old female
Dyspnea
2023 Feb: TTE

2023 Apr: CMR




TEMPS PRECOCE

81 yrs old female
Dyspnea
2023 Feb: TTE

2023 Apr: CMR

2023 May: HMDRP...

TEMPS TARDIF
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Extracellular volume

FIGURE 1 Abaormal Echocardicgraphic Parameters Accoeding 1o ECV Yalues
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Extracellelar Yolame (%)

LvVEF
TAPSE

The probabality of cardiac strctinal and Ranctional variabies Deivg abnorisad acrass the spectium of cardiac amylod burden (a5 defined by
ECV). Variables Gan be categonzed mie 3 groups acconding to their Buedhood of Demng aboovmed: either predominantly 2t tow, intermedete,

or gh burden of amyloid infizrason. ECY — exracetiular volume; other dbbrevianions as in Tabde 1

Boldrini J Am Coll Cardiol Img. 2020 Apr, 13 (4) 909-920

PARAMETERS

AUC = 0.87
(95% Cl: 0.85-0.90)

" RWT >0.6 3 points
E/e’' >11 1 point
TAPSE<I9 mm 2 points
LS >-13% 1 point

| SAB> 2.9 3 points



https://www.jacc.org/journal/imaging

Extracellular volume

FIGURE ' Correlation Between Native T1 and ECY in ATTR
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BONE) SCINTIGRAPHY

Tracers: DPD, HMDP

early (10 min) vs late (3
hrs)

SPECT

139% des amyloses AL

sont perugini 1
Quarto EHJ Cvim 2021

110% des ATTRv n‘ont pas
de fixation

Table 4 Possible false positives and false negatives of bisphosphonate scintigraphy for detecting transthyretin cardiac

amyloidosis

Situation How to suspect and confirm!?

False positive AL arm#oidosis Abnormal SFIE, UFE or serum free light ratio. Requires histologic corfirmation.
Hyadroxychloroguine cardac toxicty Interragaton Requires hstologc confirmation
AApcAl and AApoAll smyledasis Coacomitant kdney disease prosent. Genetic tecting
ApcAlV amyloidosis Concemitant kidney dsease present. Requires histologic confirmation
APZM amyloidosis Long-tarm dialysis (=9 years), Reguires histologic confirmation,
Blood poct Carciac dysfunction could be present. Use SPECT to detect uptake in myocardium.

Delay acquisition

Rib fractures, valvularfannidar caloificatons Use SPECT to detect uptake in myocandsum
Recent myocardal infarction (<4 weeks) Interragation. Use SPECT to detect diffuse uptake in myocardiom,

False negative PhoB4leu ATTRy, SarS7Tyr ATTRY Concomitant neuropathy. Familial dizeasa Gonatic tasting

Very mid disease
Delayed acqusition
Premature acqusition

Requires histologic confirmation,
Shorter acquisition time interval
Prolong acquisition tUrme Interval,

AApocAl spolipapraten Al amyloidosiv AApaAll, apalpoprotein All amplaidoss; AAPOAN, apalipopraten AV anyoidess; ARIM, [2-mcrogiobulin amyloidosis; AL, Bght-
chain anyioxdoss; ATTRY, hereditary transthyretin amyloidoss SPECT, single photon emission computed tomography, SPIE. serum protein slsarophoress wath ononofia.
tore UPE. urine protein dectrophoresis with inenunafsation



Qualitative Visual Scoring
Planar-99mTc-PYpP

Gradle 3
.
.
o
SPECT-99mTc-PYP
Semiquantitative Evaluation
HCL = 1.7 [ATTR])

HCL =10 (Noemall HCL = 1.2 (Equivocal)

Dorbala JACC im 2020 Perugini qual et quant
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Withost CA oA oA oA
Lale Score 0 Score { Soore 2 Soore 3
Early Soore 0 Saoee 1
Visual Score of *=Te-HMDP Scintigraphy
Early
Ratio H/M

Gallat JACC 2017




Algorithme diagnostic

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

Haematologic tests
9" Te-DPD/PYP/HMDP & (serum free-ficht chain

Scintigraphy with SPECT guantification & serum and
uring immuncfixation)

\ )
T
Scintigranhy grade 0 Scintigraphy grads 1-] Santigraphy grade O Scintigraphy grace 1-3
Haematologic tests - Haamatologic tests - Haematologic tests + Haematologic tests +
3 9 9
AL/ATTR cardiac ‘, AL amyloidos:s? o
amyloidosis Cardinc ATTR \ ViR =T Histological
oy ) . NSO 4+ or i
unliltaly amylaicdiosis anfirmation n t i nclusive confirmat ,,1n
eganvEe xani izt {usually cardiac)
e g . to subtype
‘ ‘ to disgnose ‘ ‘
If suspicion persists TTR aenetic teal/ng Amyloidosis Histelogical
consider CMR ATTR W | ATTR, inlikely canfirmation
followed by o opLy (carciac/extracaraiac)
to diagnose
Figure 4 Dignoste alporithm for candac ampdadess. AL light-cran amyloidosisATTR transthyretin amyloidosis AT TRy, hereditary tradsthyre-
tin amyloidosis AT TRwt, wild4ype transthyretin amytordoss; CMA, cardac magnetic resonance: ECG, electmcardiogram; SPECT, single phaton

emission computed tamography; TTR, transthyretin,

Garcia-Pavia European Heart Journal (2021) 42, 1554-1568



GERNIGON, Jean-luc

IO 941, M, 72 171951, M

STUDY 27/09/2023

STUDY 2700912023

15514175

71 yrs old male
HF

LVH
2023 sept
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“I&04/1991, M, 72Y “18041951, M, T2Y
STUDY 27/08/2023 STUDY 27X09/2023
1339.14 133914
. R
> -
3
. .
1 .
’
8 . 3 -

B






| NPT BNWTTE BT RO W e |

Lcoavion typei Irvemvmon Secovesy (T

Corvecson 3c¥! || hoen ek i

pa L 11

Creote magu! Mot Vo

Sapart

hft acpumton tyves:
esweoit (W) a9

Rescarch only / Not for claucal vse

Statistics (ROIs) « ECV [¥] - slice; 1

Region Mean SD Median Min Max

SR TRE
RIS a8 o] 4y 74
==

I
a0

———

T

Bratistics (ROIs) - T1 Native [ms] - slice: 1
Region Mean
1Y Myocar
Lot IL 1625.% 32,44

ROI 2|

Statistics (ROIs) - T1 Post [ms] - slice: |

Region Mean SD  Median Min Max

T I T N N

o dotowd =0




Imaging to distinguish wild type from
variant ATTR?




n=983
Kharoubi, ESC Heart Failure 2021; 8: 5501-5512

ATTRv ATTRwt No

n=1394
Bonnefous, J Am Coll Cardiol 2021;78:2177-2192

Clinical Profile of Patients with Wild-Type and Hereditary

ATTR-CM
ATTRwt-CM ATTRv-CM

m

o
Capcasian Eniity

No Autonomic Newropathy
No Peripheral Neuropathy
Atrial Fibrillation
chaomic Noart Disoase

n=2029
Porcari, European Journal of Heart
Failure (2023) 25,515-524
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Figure 1 Tands in dagnoss of ewrurt i wybotd carch pathy (ATTRCH) according to ape ranges 5t dagnave. AT THwt-CM.
wid-type travarhyreas amyod cadarspepatty. g years




207 WWATTR BEHATTR BAL 0 noamylod
LR L LR L L % t
- - > ! :
- \ |
o 1 :
( . :
A NGrines Naharmo | Am Coll Cacdal 2017, X1 466-77
SUVmax SUVmax (nbl) SUVmax (nbo) . , , . .
n=136 Diag précoce de |'atteinte amyloide

Kessler, J Nucl Cardiol. 2023; 30(1): 101-111



Prognostic staging

Table 6 Prognostic staging scores in light-chain and transthyretin amyloidoses

Kumar et al.”®* (Mayo) Lilleness et al.'® (BU) Grogan et al."” (Mayo) Gillmore et al.'® (NAC) Cheng et al."” (Columbia)

AL AL ATTRwt ATTRv and ATTRwt ATTRv and ATTRwt

Staging parameters: Staging parameters: Staging parameters: Staging parameters: Scoring parameters:
FLC-diff > 18 mg/dL Troponin [>0.1 ng/mL Troponin T >0.05 ng/mL eGFR < 45 mU/min/1.73 m? Mayo or NAC score (0-2 points)
Troponin T > 0.025 ng/mL BNP > 81 pg/mL NT-proBNP > 3000 pg/mL NT-proBNP > 3000 pg/mL Daily dose of furosemide or
NT-proBNP > 1800 pg/mL equivalent: 0 mg/kg (0 points),

>0-0.5 mg/kg (1 point), >0.5-1 mg/kg
(2 points), and > 1 mg/kg (3 points)
NYHA class I-IV (1 to 4 points)
Stage 5-year Stage Median survival Stage 4-year survival/ Stage Median Score Median
survival median survival survival survival

Stage | 68% Stage | Not reached Stage | 57% Stage | 69.2 months Score 1-3 90.5 months

(O parameters) (O parameters) (0 parameters) 66 months (0 parameters)

Stage Il 60% Stage Il 112.8 months Stage Il 42% Stage Il 46.7 months Score 4-6 38.5 months (Mayo)

(1 parameter) (1 parameter) (1 parameter) 40 months (1 parameter) 36 months (NAC)

Stage Il 28% Stage llI 51.6 months Stage Il 18% Stage Il 24.1 months Score 7-9 20.3 months (Mayo)

(2 parameters) (2 parameters) (2 parameters) 20 months (2 parameters) 19.8 months (NAC)

Stage IV 14% Stage llIb 12 months

(3 parameters) (2 parameters and

BNP > 700 pg/mL)

AL, light-chain amyloidosis; AT TRy, hereditary transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis; BU, Boston University School of Medicine; eGFR, estimated glomerular filtration rate calculated by the Modification of
Diet in Renal Disease formula; FLC-diff, difference between involved and uninvolved free light chain; NAC, UK National Amyloidosis Centre; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.



Change of extracellular volume and
its prognostic impact in cardiac amyloidosis

Baseline cardiac MRI
n=103

Patient characteristics (=%

ATTR: n=80 RN Vi Table 7 Proposed follow-up scheme in cardiac amyloidosis

AL: n=23 . —_—— — —

Median age: 75.0 years .. R T s e e A S e e A S L
i PMMW Euqnmm(dmlumwww Every b montts

Motrix with Collagen

amytoidasis ® Complete blood count, besic ticchewistry, NT-proBNP, and ECG

& - \ % S °
rapenin ® Bood osts inchuding NT-proBINP and wopenin
Follow-up carchac MRI after 12,0 months . e .
e g et
® Clinical evaluation by Haometology ® MWD (cptional)
( = ‘ ® Evabation by Candiclogy if chnically indicatod ® KLCQ (optional)
Every 3-4 monchi (aher coopleting nitid hasmatological tresements  Every 12 monthe
® Camplete blood court, besic bochesiatry, NT-proBNP, ind ® EchocardiograghyXOMA
Stabilization/Decrease in Extracellular Volume Increase in Extracellular Volume traponia ® 24 Holter ECG
y: ® Serum fren Lght chain quasafication ® Ophthalmaological evakaron (it ATTRY)
® Clinical evaluation by Haomatalogy
Every 6 months:
® G
® EchocardioprapbyCHR
® Evakation by Candiclogy
|
Foery 17
Stabllization/Decrease In extracellular volume
100 Increase In extracellular volume ® 24N Hcher ECG
,5:_' ATTHy asprmptomaetc Feary.
§ gevetic carrlon' * ca
8 80 ® Bood was inchadog NT peclINP 2o wrogrenin
o -_g ® Cohocardiagrachy
f§ P ® Nowclogical md ophttelmologcal svalsation
% é Every 2 yrors
28 ® Hotur ECG
g5 aof
z2 Every 3 yeors ov if sy of above camplementasy teas &
g5 ctwerma:
| R ® Scigraphy
'; Log rank test: . (MR
2 p<0.001
3o
"
0 12 24 36 48 60 72 B4

Time to event (months)

Duca, European Heart Journal - Cardiovascular Imaging



Take home messages

* Echo for screening

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

: : : : @
* CMR for differential diagnosis e DPO/PYE/HMDP o oot

Scintigraphy with SPECT & guantification & serum and

uring immunofixation)

* SCINTIGRAPHY is mandatory ‘ , ’

Scintigranhy grade 0 Scintigraphy gracls 1-] Santigraphy grade O Scntigraphy grace 1-3
Haemarologic tests - | Hasmatologic tests - Haematologic tests + Haematologic tests +

R 5 [Grade 23] [ Grode 1] - $
AL/ATTR cardiac i' ‘ﬁr AL amyloid:

amyloidosis
unlikely

Histologica
CMR CMR + or canfirmation

negative incanclusive (usually cardiac)

3 s - i 9

If susoican persists Amvioidosis 1istologit
consider CMR
followed by b opey

to diagnose

Figure 4 Dugnoste algorithm for cardac amdadoss. AL, light-cran amyloidosisATTR transthyretin amyloidosis AT TRy, hereditary tradsthyre-
tin amyloidosis AT TRwe. wildtype transthyretin amylosdoss; CMAL cardac magnetic resonance: ECG, elecemcardiogram; SPECT, single phaton
emission computed tamaography; TTR, transthyretin,

Diagnosis and treatment of cardiac amyloidosis: a position statement of the ESC
Working Group on Myocardial and Pericardial Diseases. EHJ 2021



