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Masterclasses

HFpEF Masterclasses
in centers of expertise

Gilbert HABIB

Cardiac amyloidosis

How to diagnose it?
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Masterclasses
In centers of expertise
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HFpEF Masterclasses
in centers of expertise

Gilbert HABIB

Cardiac amyloidosis

First, think about it !!!



Cardiac amyloidosis: diagnosed too late ?

20,07 ,/2011 10:47:21

20/07/2011 10:49:50

- . Centre de Référence
T1LEE Constitutif des : :
LA . .
= ( Aix--Marseille % Cardiomyopathies FACULTE DE MEDECINE




Cardiac amyloidosis is no longer a rare disease !
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Cardiac amyloidosis

How to diagnose it?

1. Think about amyloidosis
2. Easy diagnosis in typical cases
3. Frequent difficult cases

4. Diagnostic algorithm
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Cardiac amyloidosis

How to diagnose it?

1. Think about amyloidosis
2. Easy diagnosis in typical cases
3. Frequent difficult cases

4. Diagnostic algorithm
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Red flags for amyloidosis suspicion

Symptoms that raise suspicion of cardiac amyloidosis

Red Flags for Cardiac Amyloidosis

Echocardiography:
» Low voltage on ECG and thickening of the septumiposterior wall > 1.2 cm
« Thickening of right ventricle free wall, valves

Intolerance te beta-blockers or ACE inhibitors
Low normal blood pressure in patents with a previeus history of hypertension
History of bilateral carpal tunnel syndrome, often requiring surgery

AL ATTR

White male age 2 60 with HFpEF

HFpEF 4+ nephrotic syndrome
+ history of carpal tunnel syndrome andlor spinal stenosis

Mar:rug'lu:sia andlor piﬁﬂrhilﬁl purptira African American age 2 B0 with HFDEF
without a history of hypertension
Orthostatic hypotension Yew diagnosis of hypertrophic cardiomyopathy
in an alderly patient
Peripheral neuropathy New diagnozis of low flow, low gradient asrtic stenosis
in an elderly patient
mGus Family history of ATTRm amyloidosis
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Red flags for amyloidosis suspicion

Bradyarrhythmia
conducti’o(n abyr:om:a ities/
pacemakers

Aix-Marseille
universite

e

Musculoskeletal

Carpal tunnel
syndrome

Back pain/lumbar
spinal stenosis

Ruptured distal
biceps tendon/
Popeye sign

—

Shoulder, knee and
hip pain or surgery

Trigger finger

Polyneuropathy

Painful neuropathy in
hands and feet

Muscle weakness,
difficulty walking, and falls

Centre de Référence
Constitutif des
Cardiomyopathies

Nativi-Nicolau Heart Fail Rev 2022

Autonomic
Dysfunction

Orthostatic hypotension/
intolerance to blood
pressure meds

Chronic diarrhea/
constipation/weight loss

Erectile dysfunction

FACULTE DE MEDECINE
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Imaging red flags

ECG

Decrease voltage
AV conduction abnormalities

Pseudo Q waves

Echocardiography

Biventricular hypertrophy
Valvular thickening
Apical sparing

Cardiac MRI

Biventricular hypertrophy
Diffuse subendocardial LGE

Increase T1

e
M (Aix Marseille

&
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FACULTE DE MEDECINE
DE MARSEILLE




Cardiac amyloidosis

How to diagnose it?

1. Think about amyloidosis

2. Easy diagnosis in typical cases
3. Frequent difficult cases

4. Diagnostic algorithm
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Amyloidosis: echo features

1.  Concentric LV hypertrophy

2. Normal LVEF

3.  Sparkling myocardial appearance
4. Atrial septal hypertrophy

5.  Valvular thickening

6.  Restrictive physiology (not always)
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2D strain in cardiac amyloidosis

Pic du Strain Syst.

SG=-8.1%

Strain longitudinal
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Comparison GLS vs LVEF

Pagourelias ED JACC CVI 2016

FIGURE 1 Relation Between Ejection Fraction and Global Longitudinal Strain in Thick Hearts
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Ejection Fraction (%) 100-Specificity
v 5.7 +/' 1.7 in CA ©CcA  © HoM [—EFSR0.91 (0.88-0.97) — RELAPS 0.8 (0.68 - 0.89)

—— SAB 0.65 (0.51-0.77) ——E/e’ 0.71 (0.56 - 0.82)
EF(%) 0.68 (0.54 - 0.8) - -~- DT(msec) 0.75 (0.62 - 0.862)

v 3.7 +/- 0.6 in HCM

(A) Scatter plot showing the relation between ejection fraction (EF) and global longitudinal strain (GLS) in the cardiac amyloidosis (CA) and

hypertrophic cardiomyopathy (HCM) group with linear regression lines. The gray shaded area represents burnt-out HCM, where an evolution
— . .

\/ EFSR > 4. 1 = threshold for amyloldosls towards a dilated phenotype reduces the differential diagnostic dilemma between CA and HCM. (B) Receiver operating characteristic curves

of different echocardiographic indices for the distinction between CA and HCM. Numbers represent areas under the curve and 95% confidence

intervals. EFSR = ejection fraction/global longitudinal strain ratio; RELAPS = Apical longitudinal Strain / (Basal + Mid Longitudinal Strain);

SAB = septal apical longitudinal over basal strain value; DT = deceleration time of mitral inflow; E/e’ = E-wave of mitral inflow over e’ wave of

v" RELAPS: average apical / average mid + basal strains S .

v" RELAPS > 0.87 = threshold for amyloidosis
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Value of cardiac MRI

Razvi Y et al. . Frontiers CVMed 2020

REGRESSION PROGRESSION
4Ch Cine 4Ch Cine LGE

1. Concentric LV hypertrophy
2. Diffuse, transmural late gadolinium enhancement (LGE)

3. Elevated T1, increased extracellular volume (ECV)
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Technetium scintigraphy

Gillmore et al. Circulation 2016

Grade 0 Grade 1 Grade 2 Grade 3
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Haematologic tests

Kittleson MK - JACC 2023

1.  Serum kappa/lambda free light chain ratio (abnormal if <0.26 or >1.65)
2. Serum immunofixation electrophoresis (abnormal if monoclonal protein detected)

3.  Urine immunofixation electrophoresis (abnormal if monoclonal protein detected)

v" Rule out AL amyloidosis

v" Refer immediately the patient to a reference
center if positive or doubtful
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Cardiac amyloidosis

How to diagnose it?

1. Think about amyloidosis

2. Easy diagnosis in typical cases

@

Frequent difficult cases

4. Diagnostic algorithm
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Classical picture is only
the tip of the iceberg !!

Garcia-Pavia ESC 2024
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Frequently difficult diagnosis

Aimo A et al, Eur J Heart Failure 2022

3 Bone scintigraphy
N for non-cardiac reasons:
~—~ >81years: ~1.3% M, ~0, 43¢

HFpEF: 12%
(95% CI 6-20%)
M 73% (39-100%)
77 years (66-86)
AL-CA 10% (0-40%

A Autopsy in unselected
¥
3.4 elderly individuals: 21%

(95% C1 7-39%)

Aortic stenosis: 8%
(95% ClI 5-13%)

M 67% (50-89%)

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

HFrEF/HFmrEF: 10%
(95% Cl 6-15%)
M 100%

81 years (76-85)
AL-CA 0%

Prevalence of cardiac amyloidosis

_ HCM: 7% : 2 di
- \ (95% CI 5-9%) In screening studies
M 80% (73-87%) Conduction disorders: 2%
74 years Surgery for carpal tunnel (95% Cl 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%)

- Centre de Référence
Constitutif des
ix! i ; . FACULTE DE MEDECINE
%’ (Al)f_ M/E:I'SEIHE “taxi Cardiomyopathies DE MARSEILLE




HFpEF / HPmrEF
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Marseille

HFpEF / HPmrEF
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HFpEF / HPmrEF

Gonzalez-Lopez et al — Eur Heart J 2015

European Heart Journal CLINICAL RESEARCH
surorean doi:10.1093/eurhearty/ehv33s Heart failure/cardionvopa(hy

CASDAOLOGY *

Wild-type transthyretin amyloidosis as a cause
of heart failure with preserved ejection fraction

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

Belén Bornstein®#5, Clara Salas®, Enrique Lara-Pezzi’, Luis Alonso-Pulpon?,
and Pablo Garcia-Pavia'’*

120 patients 2 60 years with HFpEF & LVH 212 mm
16 (13.3%) ATTRwt cardiomyopathy
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Frequently difficult diagnosis

Aimo A et al, Eur J Heart Failure 2022

=N Bone scintigraphy
el for non-cardiac reasons:
— >81years: ~1.3% M, ~0.4% W

HFpEF: 12%
(95% CI 6-20%)
M 73% (39-100%)
77 years (66-86)
AL-CA 10% (0-40%)

A Autopsy in unselected
¥
3.4 elderly individuals: 21%

(95% C1 7-39%)

Aortic stenosis: 8%
(95% ClI 5-13%)

M 67% (50-89%)

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

HFrEF/HFmrEF: 10%
(95% Cl 6-15%)

M 100%

81 years (76-85)
AL-CA 0%

evalence of cardiac amyloidosis

HCM: 7% E = tudi
\ (95% CI 5-9%) In screening studies
M 80% (73-87%) Conduction disorders: 2%
74 years Surgery for carpal tunnel (95% Cl 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%)
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HCM + amyloidosis

v Sarcomeric HCM (MYBPC3)
v Progressive worsening HF

v New low voltage on ECG

v NT proBNP = 9200 ng/1

LVEF = 55%

LA dilatation

No obstruction

high LV filling pressures

v TTE:
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r
r
r
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W (Aix Marseille
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HCM + amyloidosis

[ ' i
CORPS ENTIER [] 12/02/2018 CORPS ENTIER [] 12/02/2018
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v Normal haematologic tests - F

v Normal free-light chain level gl

v No Bence-Jones proteinuria

0
o 0-1] Posterior 2266+ IS

Anterior 2398K

J

(- ) (-
Scintigraphy: grade 2 Peruggini

No gammapathy
TTR amyloidosis confirmed

AL amyloidosis ruled out
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Frequently difficult diagnosis

Aimo A et al, Eur J Heart Failure 2022

3 Bone scintigraphy
o\ B for non-cardiac reasons:
— >81years: ~1.3% M, ~0.4% W

HFpEF: 12%
(95% CI 6-20%)
M 73% (39-100%)
77 years (66-86)
AL-CA 10% (0-40%)

s elderly individuals: 21%
- (95% Cl 7-39%)

A Autopsy in unselected
~=

Aortic stenosis: 8%
/ Q (95% ClI 5-13%)

e ' M 67% (50-89%)

84 years (75-88)

HFrEF/HFmrEF: 10%
(95% Cl 6-15%)

AL-CA 2% (0-6%) ol
81 years (76-85)
¢ X . AL-CA 0%
evalence of cardiac amyloidosis
D (95% C1 5-9%) in screening studies

M 80% (73-87%) Conduction disorders: 2%
74 years Surgery for carpal tunnel (95% ClI 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%)
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80 year-old female:LF LG aortic stenosis

LVOT VTI 18 cm F Vmax = 3.5 m/s

LVOT 20 mm Mean Gradient 32 mmHg

SVI 34 ml/m?* e AVA 0.62 cm?, AVAi 0.36 cm?/m?

2 la L

211052013 09:32:04 Pic du Strain Syst.

21/05/2013 09:38:34
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80 year-old female:LF LG aortic stenosis

Severe cardiac uptake

Suspected amyloidosis

99mTc-HMDP scintigraphy

e

Aix-Marseille
universite

R

Positive for TTR amyloidosis

Endomyocardial biopsy
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Frequently difficult diagnosis

Aimo A et al, Eur J Heart Failure 2022

Bone scintigraphy
for non-cardiac reasons:
>81 years: ~1.3% M, ~0.4% W

HFpEF: 12%
(95% CI 6-20%)
M 73% (39-100%)
77 years (66-86)
AL-CA 10% (0-40%)

A Autopsy in unselected
¥
3.4 elderly individuals: 21%

(95% C1 7-39%)

Aortic stenosis: 8%
(95% ClI 5-13%)

M 67% (50-89%)

84 years (75-88)

HFrEF/HFmrEF: 10%
(95% Cl 6-15%)

AL-CA 2% (0-6%) il
81 years (76-85)
: . . AL-CA 0%
Prevalence of cardiac amyloidosis
i in screening studies
2 L
\ (95% C1 5-9%)
M 80% (73-87%) Conduction disorders: 2%
74 years Surgery for carpal tunnel (95% Cl 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%)
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Diagnosis at an early stage

@ 73 year-old man, carpal tunnel syndrome 2016, with histological amyloidosis
@ Asymptomatic, normal BNP , normal Kappa lambda ratio

_, Pic du Strain Syst.

2016

- LVEF = 65% - GLS =-18% Minimal LVH - no LGE Perugini 1
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Diagnosis at an early stage

@ 73 year-old man, carpal tunnel syndrome 2016, with histological amyloidosis
@ Asymptomatic, normal BNP , normal Kappa lambda ratio

__Pic du Strain Syst.

2016 ,, A
- LVEF = 65% - GLS =-18% Minimal LVH - no LGE Perugini 1
] G
-
% A 4
2020 ,
- LVEF = 65% - GLS = -14% Minimal LVH - minimal LGE Perugini 2
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Cardiac amyloidosis

How to diagnose it?

1. Think about amyloidosis
2. Easy diagnosis in typical cases

3. Frequent difficult cases

4. Diagnostic algorithm
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Nonbiopsy Diagnosis of Cardiac Amyloidosis

Garcia-Pavia, Position paper , Eur Heart J 2021

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

99mTe-DPD/PYP/HMDP
Scintigraphy with SPECT

\

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

e
}g&i (Aix ‘Marseille
= universite

Scintigraphy grade 0
Haematologic tests -

\

AL/ATTR cardiac
amyloidosis
unlikely

¥

If suspicion persists
consider CMR
followed by biopsy

Scintigraphy grade 1-3
Haematologic tests -

Scintigraphy grade 0
Haematologic tests +

Scintigraphy grade 1-3
Haematologic tests +

Grade 2-3 Grade 1 ‘

' ‘ AL amyloidosis?

Cardiac ATTR Histological CMR CMR + or

amyloidosis confirm

ation negative inconclusive

(cardiac/extracardiac)
‘ to diagnose ‘ V‘

TTR genetic testing
ATTRwt / ATTRv

Amyloidosis  Histological
unlikely confirmation

A

Histological
confirmation
(usually cardiac)

to subtype

(cardiac/extracardiac)

to diagnose
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When is histological confirmation required ?

Gonzalo-Lopez et al. J Am Coll Cardiol 2024; 83:1085-99

Scenario 1 Scenario 2 Scenario 3 Scenario 4
AL amyloidosis Grade 1 scintigraphy Grade 2-3 scintigraphy Infrequent
uptake uptake + monoclonal or types of amyloidosis*

FLC abnormalities
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Cardiac amylosidosis: how to diagnose it ?

v Think about amyloidosis

v~ Clinical and imaging red flags

v Confirm the diagnosis by invasive / non invasive tests

v Value of a multimodality imaging approach

v Bone scintigraphy coupled with AL blood /urine tests are the basis of amyloidosis diagnosis

v Refer patients to reference centers
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La Timone Hospital; Marseille, France

Aix--Marseille FACULTE DE MEDECINE
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