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AMYLOIDOSIS
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AMYLOIDOSIS

Classification of cardiac amyloid types

Amyloidosis type Precursor Comment

Light chain or light Immunoglobulin light Systemic plasma cell dyscrasia
chain/heavy chain chain

Mutant transthyretin- ~ TTR point mutation Inherited autosomaldominant

related mutation, expressed after fifth decade
Wild-type transthyretin- None Formerly known as senile

related cardiac amyloidosis

Amyloid A Serum amyloid A Sustained inflammatory process,

cardiac involvement rare

Gertz MA, Nat. Rev Cardiol 2015;12:91-102



TRANSTHYRETIN

Tetrameric protein physiologically present in human serum and responsible for the
transport of thyroxine and retinol-binding protein

Synthesized mainly by the liver

Aggregation capacity of insoluble amyloid fibrils

Native Folded Monomeric Oligomer Amyloid Fibrils
Tetramer Monomer Amyloidogenic Aggregate
Intermediate

= = — o o (IR

| g4 [ |
HOpitaux e o I

] [ | [ ] Galant NJ, Clinical Science 2017;131:395-409



TRANSTHYRETIN AMYLOIDOSIS
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TRANSTHYRETIN AMYLOIDOSIS

“Neurologic” “Cardiac”

= & = Phenotype
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FIBRILS ACCUMULATION WITHIN THE
MYOCARDIUM
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ATURAL HISTORY OF CARDIAC AMYLOIDOSIS
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AUTOPSY SERIES

85 postmortem examinations of subjects over 80-year-old
Age ranging from 80 to 98-year-old (mean 85-year-old)

Frequency of Localized and Generalized
Cardiovascular Amyloid in 85 Elderly

Patients
Number of
Type of Amyloid Patients Percentage
Senile aortic amyloid 85 100
Isolated atrial amyloid 66 78
ASc, 21 25
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AUTOPSY SERIES

256 postmortem examinations of subjects over 85 years
Age ranging from 85 to 106-year-old (mean 93-year-old)

ATTR cardiomyopathy:
- 25% (63/256) of the whole study population

- 17% (11/65) among 85-89-year-old
- 23% (29/127) among 90-94-year-old
- 32% (18/56) among 95-100-year-old
- 63% (5/8) among > 100-year-old
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IS TTR DEPOSITION A PART OF THE
PHYSIOLOGICAL AGING PROCESS?
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Left Ventricular Amyloid Deposition
in Patients With Heart Failure
and Preserved Ejection Fraction

ot Covirol
=
70 1 £ % &
gs & = Control -
¥ =
50 - 05 50s 60s 70s B0s 90v WHFpEF ﬁ‘% 401
40 - bl HFpEF =< 30-
in £
30 1 = - S 20
- = =
M7 5= *E 0.
10 - "'w:m:w:m:uhm- o
0 ' ' ' : <65 65-79 > 80
40s 50s 60s 70s 80s 90+
Age at Death Age at HFpEF Diagnosis (years)
[ |
% b Noid loaise
- L Mohammed SF, J Am Coll Cardiol HF 2014;2:113-22



IN CLINICAL PRACTICE

Patient populations deemed at-risk of ATTR-CM

Heart failure OR Male
>65 years

presence of “red flag”
signs/symptoms

AND OR

Increased wall Female
thickness =14 mm >»70 years
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Occult Transthyretin Cardiac Amyloid in Severe
Calcific Aortic Stenosis

Prevalence and Prognosis in Patients Undergoing Surgical
Aortic Valve Replacement

Prevalence of ATTR cardiomyopathy of 6%
among patients > 65-year-old referred for
surgical aortic valve replacement

W Amyloidosis W No amyloidosis
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Unveiling transthyretin cardiac amyloidosis

and its predictors among elderly patients with
severe aortic stenosis undergoing transcatheter
aortic valve replacement

Prevalence of ATTR-CA

All Patients Females Males
ATTR-CA

ATTR-CA
16%

No ATTR-CA
8%

No ATTR-CA

B84%
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High prevalence of amyloid in 150 surgically removed heart
valves—a comparison of histological and clinical data reveals
a correlation to atheroinflammatory conditions

50,0
150 surgically resected heart valve O slight
specimens 40.,0- @ moderate
Amyloid found in 55% specimens with M 8Bvers
highest prevalence in AS = 30,0
S
2 20,0-
AS
Without amyloid With amyloid 10,0
(n=26) (n=T74)
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Aortic stenosis and transthyretin cardiac
amyloidosis: the chicken or the egg?
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Clinical practice update on heart failure 2019:
pharmacotherapy, procedures, devices and
patient management. An expert consensus
meeting report of the Heart Failure
Association of the European Society

of Cardiology

Consensus recommendation

Older patients with symptomatic HF, particularly those with
HFpEF (who are not hypertensive) or those who have features of
hypertrophic or restrictive cardiomyopathy, or degenerative aor-
tic stenosis and end-diastolic interventricular septal wall thickness
exceeding 12 mm, should be considered for screening for cardiac

transthyretin amyloidosis (ATTR).
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GATEWAY &
JOURNEY




FIRST SYMPTOM
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ATTRwt

Urologist

Rheumatologist
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FIRST SPECIALIST

Cardiologist
100%

10%,
Geriatrician

Orthopaedist

Neurologist

Cardiologist ATTRv
100%
Urologist 10% Neurologist
1%
0%
Rheumatologist Gastroenterologist

Anaesthesiologist

Genatrician
and Intensivit

Dang D, et al. ESC Heart Fail. 2020;7:2418-2430
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NUMBER OF SPECIALISTS AND TESTS

Number of Physician Specialists

B Mean B Maximum

ATTRwt
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Dang D, et al. ESC Heart Fail. 2020;7:2418-2430



GATEWAY IN CARDIOLOGY

. Others
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DELAY
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SYSTEMIC DISEASE
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Tenosynovial and Cardiac Amyloidosis
in Patients Undergoing
Carpal Tunnel Release

Cardiac
symptoms

Time (Years)
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SUSPECT
AMYLOIDOSIS
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ECG& IMAGING DISCREPANCY
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Carroll JD, Am J Cardiol. 1982;49:9-13



Relative apical sparing of longitudinal strain using
two-dimensional speckle-tracking echocardiography
is both sensitive and specific for the diagnosis of
cardiac amyloidosis

[ [ | [ | Phelan D. Heart 2012;98:1442e1448



Multiparametric Echocardiography
Scores for the Diagnosis of
Cardiac Amyloidosis

Variable Cut-0ffs and Details About Calculstion of the
AL and ITWT Scores
Cut-0Off Paints
AL score
RWT =052 F)
Efe =10 2
TAPSE, mm =19 1
LS, % =—14 1
T score
RWT =06 3
Efe’ =11 1
TAPSE, mm =19 2
LS, % ==13 1
SAR =2.9 3
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Boldrini M, et al. JACC Cardiovasc Imaging. 2020;13:909-920
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LEFT VENTRICULAR STRUCTURE & FUNCTION

93%

77%

35% 34%

Abnormal longitudinal I

skrain

Abnormal 5°

Restrictive filling LY ejection
pattern fraction <50%

Quarta CC, et al. Circulation. 2014;129:1840-1849



VALVULAR THICKENING




Clinical, ECG and echocardiographic
clues to the diagnosis of TTR-related

cardiomyopathy

NYHA IV (152/166) |

SBP <140mmHg  (190/220) |

Age 255 y1e  (214/252) |

Mako gondor (2061252 |

Laft abrial deametar 240 mem (171296} —

RV hyperrophy (RY thickness 27 mm)}  {30/38) —

Poslenion wall medlarala of savers ypedirophy [165235) |5
Paak Sa maan <7 cmisec I;-III'EI —
Granular sparkling of the myocasdivm  (123/187) I_
Senpary newiropadhy (1467252
Left vaniricular ajpchon frachon =S{'% rHE 18] _

Vahaitar mitral thicker  Valvular mitral thickening  (65/148) J O e s ] 44%

ey G a——
EfEa mean >15 oy |

ECG O wawes  (BRMBOL I_

valwiar sortic ihickes  Valvular aortic thickening  (54/1486) T 37%

Low voltage  (54/164) |
WST/PWT ratio »1.3  (48238) :
EAIN  (7/35) —
SBP :40mmig  (I0/220) —— )
= P = Vahvular treuspid thickeni Valvular tricuspid thickening  (20/141) s 149%
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Damy T, Open Heart 2016;3:e000289
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Posbencs wall medarale of severs hypedrirophy [ 1650239)
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Clinical, ECG and echocardiographic
clues to the diagnosis of TTR-related
cardiomyopathy

WYHA I [152/168) |

SBP <140mmHg [190220]

Age 255 yve  (214/252)

Malp gondor  [2057352)

Laft abrial dameter 240 mm (1717216}

RV hypertrophy (R thickness =T mmi) {30735}

Paaik Sa maan <7 cmisac (i)

Granular sparkling of the myocasdivm  (123/187)
Seneary newiropathy  (1467252)

Left vaniriuiar sjoction fraction <50%  (98/159)
Vakeular mitral thickening  (B5/148)

kilor neuropathy [ 102252)

E/Ea mean =15 {490

ECG O waves  (BEMB0)

Vahular sortic thickening  (54/148)

Low vollage (547104

IVETPWT ralio =13 (46/239)

EMA =2 M (T3]

SBP »14DmmHg  (3220) |

Vahular trcuspid thickening  (20/141)  m——

Conclusions: Increased 1VST, especially in men

=55 years with normal systolic blood pressure, increase
in right ventricle free wall and valve thicknesses, and
sparkling, should alert practitioners to the possibility of
ATTR. Absence of restrictive pattern and low voltage
should not rule out the suspicion.
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VALUE OF CARDIAC MRI
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LATE GADOLINIUM ENHANCEMENT
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VALUE OF CARDIAC MRI
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VALUE OF CARDIAC MRI

Relationship Between LGE and ECV

No LGE Subendocardial LGE  Transmural LGE

= L ] ] Normal ECV High ECV Very High ECV
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TISSUE BIOPSY & IMMUNOSTAINING
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HISTORY OF BONE SCINTIGRAPHY IN THE FIELD OF
AMYLOIDOSIS

SCANNING FOR SOFT-TISSUE AMYLOID

Sir,—Two patients, a 15-year-old girl with hereditary amy-
loidosis and a 59-year-old man with amyloidosis associated
with a kappa lightchain myeloma, showed excessive, diffuse
soft-tissue localisation when individual limbs were scanned
5—6 h after the administration of 10 mCi technetium-99m
diphosphonate.! The soft-tissue localisation was so great that
it obscured the normal bone localisation

Hédspritnax abe Tioubimise
Kula RW, et al. Lancet 1977;1:92-3



Noninvasive Etiologic Diagnosis of Cardiac
Amyloidosis Using *”™T¢-3,3-Diphosphono-
1,2-Propanodicarboxylic Acid Scintigraphy

Heart / Whole body retention

ke o
< [.05
D 5 ’ ‘
=P <005 —
12 T
! 0.0
’ ] #

.t

—_— 5 % 5.4

Group A Group B Controls
TTR CA ALCA
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Nonbiopsy Diagnosis of Cardiac Transthyretin Amyloidosis

Heart failure, syncope, or bradyarrhythmia, with echocardiogram and/or cardiac
magnetic resonance imaging (CMR) suggesting/indicating cardiac amyloid

Bone scintigraphy with " Tc-DPD/HMDP/PYP

Grade 0 Grade 1 Grade2to 3

Serum immunofixation + Urine immunofixation +serum free light chain assay (Freelite)

Monoclonal protein present?

No * ' " Yes Yes - + No Yes - « No
|
Cardiac Need specialized assessment Cardia.c ATTR
AL/ATTR Review/request B for Diagnosis : amyloidosis
amyloidosis CMR Histological confirmation

unlikely and typing of amyloid TR

genotyping
Cardiac amyloidosis Variant ATTR Wild-Type ATTR
[ ] A [ ] (AL/AApoAI/ATTR/other) amyloidosis amyloidosis

Hépitaux de Toulouse
u = L Gillmore ID, et al. Circulation 2016;133:2404-2412



THE ROLE OF BONE SCINTIGRAPHY

Grade 0 Grade 1 Grade 2 Grade 3
~
o
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Wild-type transthyretin amyloidosis as a cause
of heart failure with preserved ejection fraction

Thirteen percent of >>™Tc-DPD scintigraphy )
myocardial uptake among patients over 60-year-old 2 .
admitted for HFpEF with left ventricular
hypertrophy (= 12 mm) '
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Longhi S, et al. JACC Cardiovasc Imaging 2014;7:531-2



Low Sensitivity of Bone Scintigraphy in
Detecting Phe64Leu Mutation-Related
Transthyretin Cardiac Amyloidosis

E 25 -
55 patients with Phe64Leu TTR mutation. E 20 “
26 patients with cardiac involvement (IVS212 mm). £ ®
19 underwent bone scintigraphy. S 15 ' o o
17 (89.5%) patients had low or absent myocardial E ® w
bone tracer uptake. 2 l
2 (10.5%) showed high-grade myocardial uptake. £ 101
g
E 5

0 1 2 3
Perugini Visual Grade Score

[ P [ ]
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DIAGNOSTIC ALGORITHM

Symptoms, ECG, Echo, MRI or biomarkers suggestive of

cardiac amyloidosis

Order the following tests to screen for monoclonal protein:
* Serum free light chain ration (k/A)
* Serum protein immunofixation
¢ Urine protein immunofixation

1 or more abnormal All normal

Refer to hematology

Is bone scintigraphy available/can

patient be referred?

Yes

No

Biopsy of clinically involved organ Non-invasive Invasive
(heart or kidney) Evaluate with bone scintigraphy Heart biopsy
Positive Congo red stain + typing by mass Positive signal confirms ATTR-CM Positive Congo red stain + typing by

spectrometry or immunostaining

mass spectrometry or
immunostaining

1.r. ™
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TRAPS OF BONE SCINTIGRAPHY

A AL related AC * TTR-related AC |

400

p=0.034 -
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50-59 yr
BO-69 yr
70-79yr
=80 yr
Total

82/4038 (2.0)
105/2864 (3.7)
104/1858 (5.6)

59,709 (8.3)
350/9469 (3.7)F

Prevalence of Monoclonal Gammopathy

of Undetermined Significance

Wamen

Tatal

number/total number (percent)®

50/4335 (L.4)
7373155 (2.3)
101/2650 (3.8)
11171854 (6.0)
344/11,994 (2.9)7

141/8373 (1.7)
178/6019 (3.0
205/4508 (4.6)
170/2563  (6.6)
694/21,463 (3.2)11

Hipitaux de Toulouse
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Diagnostic sensitivity of abdominal fat
aspiration in cardiac amyloidosis

Diagnostic sensitivity of fat pad fine needle
aspiration in different cardiac amyloidoses

Amyloid type n Number Diagnostic
positive sensitivity
by Congo (<n
red staining

Systemic AL amyloidosis 216 181 84% (78-88%)

ATTRm 113 5 45% (36-54%)

Val122lle 69 23 33%
Thr60Ak 21 14 67%
ATTRwt 271 42 15% (11-20%)

[ L2 ]
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Disease profile and differential diagnosis

of hereditary transthyretin-related amyloidosis
with exclusively cardiac phenotype: an

Italian perspective

100

—a— Neurologic
~=— Mixed
~— Cardiologic

Cumulative incidence (%)
co388883388

0 10 20 30 40 50 60 70 80 90

- & - Age (Years) at Onset

Hipitaux de Toulouse
u u u Rapezzi C, et al. Eur Heart J. 2013 Feb;34(7):520-8



Cardiac denervation evidenced by MIBG occurs earlier than
amyloid deposits detection by diphosphonate scintigraphy in TTR
mutation carriers

14 b= # AirgdiLys
i2f .
®wnTe-DPD 1231.MIBG 1 A
’ 10

al _ : s HM4 =1,85 and DPD negative

= . . +« HM4 <1,85 and DPD negative
6t . . * HM4 =185 and DPD positive

T O « HM4 <185 and DPD positive
dF= =
1 L r . L] L]
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Hedd
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Treatment of cardiac transthyretin
amyloidosis: an update

Diuretic therapy for dyspnea

Avoid beta-blockers

ACEI & ARB can be poorly tolerated but are not contra-indicated

Avoid digoxin (?)

Non-dihydropyridine calcium channel blockers contraindicated because of their negative inotropic
effect

Impaired chronotropic reserve with amiodarone

Increased risk of atrial thrombosis even in sinus rhythm, likely because of a loss of atrial mechanical

function

| ki L]
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ATRIAL FIBRILLATION
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AF during follow-up
N AF at presentation

Sanchis K, Amyloid. 2019;26:128-138



Direct Current Cardioversion of
Atrial Arrhythmias in Adults With
Cardiac Amyloidosis

Cancellation SuCcess Failure Complication
W Cardiac Amyloidosis m Control

[ L2 ]
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Direct Current Cardioversion of
Atrial Arrhythmias in Adults With
Cardiac Amyloidosis
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CARDIAC MRI

Relationship Between LGE and ECV

No LGE Subendocardial LGE  Transmural LGE

)

= L3 ] : .
Hopitaus de Toulouse Normal ECV High ECV Very High ECV
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NATIVE T1 & EXTRACELLULAR
VOLUME

Cine Native T1 mapping LGE ECV mapping

Cardiac ATTR
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Cardiac ATTR
amyloidosis

Normal heart
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CARDIAC MRI
FOR THE QUANTIFICATION & THE FOLLOW-UP
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TAKE HOME MESSAGES

Recognition of ATTR-CM Noninvasive- Imaging
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TAKE HOME MESSAGES

Patient populations deemed at-risk of ATTR-CM

Heart failure OR Male
>65 years

“Red flags™ for ATTR-CM

Redusction im lomgitudirmal sbraim with apsool
tparing

Discrepancy between kefl verricular
thickness and QRS voltsgs (with a lack of kel
wentricular bypertrophy on EXG)

Atriowentrcular block, in the presence of
increnged hlt vemtricular wall itlickness

presence of “red flag”
signs/symptoms

Exhacandiognaphic hypertrophic phenolype
with ausociated imfiltrative features,
imclsding increased thickness of the
atriervanbricular vales, interatriol Seplum
and right vendricular free wall

R
AND G Marked extrocelbakar volurre expansion,
abrarenal nudlineg teme for Ehe myooandium or
diffuse kate gododirsum enbancement on CRH

Increased wall Female

thickness =14 mm >70 years ool e e i

dySOLTonomiE

History of bilaterl carpal tunnel

yndrome

Mild mcrease in trogonin levels on repeated
feoaiced

[ L2 ]
Hépitaux de Toulouse
= L | Witteles RM, et al. J Am Coll Cardiol HF. 2019;7:709-16



‘ CLINICAL PRACTICE

Diastolic Heart Failure

Figure 1. Echocardiographic Images i a Noemal Person (Panel A) and the Patient with Diastolic Heart Fadure (Panel B).
The patient with diastolic heart fallure has a thickened left ventricular wall and a noemal left chamber volume.
| ||
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