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Heterogeneous group of misfolded proteins/ various organs
/Extensive extracellular

The recent development of effective treatment options

Need for better and earlier detection

largely under-diagnosed

Timely diagnosis of cardiac amyloidosis is challenging

Improve with emergence of newer non-invasive imaging techniques



HOW ??
1 Better knowledge of physiology
2 Better Knowledge of the natural history

3To have a detective attitude for sceening Overview of CA and
discuss the role of imaging modalities in cardiac amyloidosis 4-

Explore future directions for imaging in cardiac amyloidosis.



Physiopatholy and natural history



Organs involvement

Mollee et al Journal Medecine Interne 2014

Organs consequences…
↗ Stifness
↗ Increase
↗Cellular death



Transthyretin Amyloïd

Frederick L. Ruberg, et al. J Am Coll Cardiol. 2019 June 11; 73(22): 2872–2891.



AL –CA: Gammopathy 
and myeloma

2 3 5 7 %

•AL-Amyloidosis: Over production of one type of light chain (Lambda>Kappa) 
by Lymphocytes
•AL-CA with HF symptoms without treatment = DEATH in 6months
•AL-CA = EMERGENCY! ; PROGNOSTIC = MAYO STAGING

CLL
Lambda>kappa

75% 65% 17%

Lymphocyte Fibrilles amyloïdes

Prevalence of Monoclonal Gammopathy of Undetermined Significance 
RA. Kyle et al New Engl J Med 2006
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Cardiac infiltation and consequences for the heart

PericardiumMyocardial Endocardium Vascular

↗ Wall thickness

↗ Stifness

Diastolic dysfunction 

Systolic dysfunction 

Thrombosis : PE, Stroke 

Cellular death: ↗ Troponin

Valvular disease

Aortic Stenosis= 6 à 16%

Ischemia  

Necrosis Pericarditis

Tamponnade

Electric cell

Conduction and Rhythm disorders:

AV Block, Atrial fibrilation Flutter

Autonomic system
⇲ Heart rate 

Hypotension

Chronotropic incompetence



Hematology 2017

Misdiagnosis , too later



ECHOGRAPHY  
MRI
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AL amyloidosis

Screening MGUS ++++



European Heart Journal (2021)



1st step

problematic  
step





Opportunities for Earlier Diagnosis and Treatment of Cardiac Amyloidosis
• HFpEF and other cardiac conditions, 

including atrial fibrillation, arrhythmia 
and atrioventricular block

• Intolerance to standard heart failure 
therapies (e.g., angiotensin converting 
enzyme inhibitors/angiotensin receptor 
blockers and beta-blockers)

• Discordance of QRS voltage and left 
ventricular wall thickness seen on 
echocardiography

• Diagnosis of carpal tunnel syndrome,
biceps tendon rupture or lumbar spinal
stenosis

• Echocardiography showing 
increased left ventricular wall 
thickness and/or low-flow gradient 
aortic stenosis and additional 
echocardiography parameters

• Nervous system—autonomic 
nervous system dysfunction

• including gastrointestinal 
complaints

• unexplained weight loss





On the real life ?



Changes in amyloidosis phenotype over 11 years in a cardiac amyloidosis referral centre cohort in France



(A) Annual number of studies on transthyretin amyloidosis (ATTR) over the period 1987–2021. (B) Country-specific studies on the clinical outcome of ATTR; 
the survival estimates, and 95% confidence intervals (CI) are derived from random-effects meta-analysis. Studies with non subtyped forms of cardiac 
amyloidosis have been excluded. (C) World map demonstrates the 2-year survival rates of ATTR in the different countries. Bubbles with numbers represent 
the number of published studies/cohorts for each country. (D) Forest plot for ATTR 2-year survival by continent subgroup.

A.S. Antonopoulos et alEuropean Journal of Heart Failure 
(2022).



Role of Multimodality cardiac Tools



Gonzales-Lopez et al EHJ 2015

Prevalence of WT-TTR in HFPEF 
13,3%



• Autopsy LV specimens : 109 HFPEF without known Amyloidosis; 131 control 
subjects.



WT-TTR and HFpEF after 65 
year-old

Bennani Smires et al., Int J Cardiovasc Imaging 2016;32:1403-1413

52 patients > 65 year-old with HFpEF

→ 29% cardiac amyloidosis 
with 1/3 AL amyloidosis and 
2/3 WT-TTR



Damy et al  HEJ (2016) 37, 1826–1834

17 with ATTR mutation
15 with ATTR mutation and CARDIAC AMYLOIDOSIS

Prevalence of ATTR+CA in HCM = 5,0% 
7.6% >55yrs old

ClinicalTrials.gov Identifier: NCT01623245

23%

33%

6,1%4,3%

2,4%



Summary of Prevalence



Low-flow low-gradient

LVEF ≥50

Low Mean transvalvular gradient

Stroke volume index <35ml/m²

NYHA III-IV

Atrial fibrillation

Diffuse late gadolinium enhancement

Strong heart retention at bone scintigraphy 

Amyloid deposits when cardiac biopsy

Senile systemic amyloidosis

0% 10% 20%  30%  40%  50%  60%  70%  80%  90% 100%

Combination of AS and TTR-CA may occur in elderly patients particularly those with a low-flow low-gradient AS pattern and carries bad prognosis. Diagnosis of TTR-CA in

AS is relevant to discuss specific treatment and management

Galat A et al, European Heart Journal 2016

Aims : report cases of patients with both TTR-CA and AS in order to describe their specific phenotype, management and
outcomes.

•Valve replacement was surgical in 63% and via
transcatheter in 13%.
•Median follow-up in survivors was 33 (16;65) 

months.
•Mortality was of 44% (n=7).



Proposed timeline of appropriate diagnostic tests based on typical disease process





Role of cardiac imaging

Echocardiography, CMR and radionuclide tracer imaging (Single 
Photon Emission Tomography, SPECT, and Positron Emission 
Tomography, PET)

1) Diagnose cardiac amyloidosis

2) Prognosis

3)Confirm cardiac involvement in patients with known systemic 
amyloidosis

4) Monitor response to systemic therapy





Multimodality Imaging : Finding, Stenghts and Limitations



EXPERT CONSENSUS RECOMMENDATIONS

ASNC/AHA/ASE/EANM/HFSA/ISA/SCMR/ SNMMI Expert Consensus 
Recommendations for Multimodality Imaging in Cardiac Amyloidosis Part 1 of 
2—Evidence Base and Standardized Methods of Imaging

An overall interpretation of the echo
findings into categories of:
❑ Not suggestive: Normal LV wall 

thickness, normal LV mass normal atrial 
size, septal or lateral tissue Doppler e' 
velocity >10 cm/s

❑ Strongly suggestive: Increased LV wall 
thickness, increased LV mass, typical LV  
longitudinal strain pattern, mitral 
annular TDI



Phelan et al, Heart 2012

Cardiac Amyloidosis

CMH ASYMETRIQUE STENOSE AORTIQUE

« APICAL Sparing » Longitudinal strain

>1 = Cardiac Amyloidosis
Se : 93% Sp: 82%.

Apical Strain

Strain L basal + médian

CA vs HCM vs AS

Amylodosis and longitudinal strain

Ratio :

No difference between LVH/ LVEF

Diastolic Function + GLS more altered If CA



Ratio LVEF / GLS > 4.1 (Se 90% ; Sp 92%)
THE BEST ECHOCARDIOGRAPHIC INDEX ?

CA, n=40 
HMC, n=40 
HBP, n=20

Pagourelias ED, Circ Cardiovasc Imaging, 2017

Amylodosis and longitudinal strain

AUC ROC :
SAB : strain LVS apical / basal 
RELAPS : ratio apical/basal 
EFSR : LVEF/GLS
GRS : radial
SG GCS : circonferential 
SG GLS : GLS
LAVI : LA volume
CONC HYP : concentric LVH
MCF : Myocardial contraction Fraction 
DT : Deceleration Time
ECC IND : (LVS/Pw)



❑Aimo and colleagues developed a simpler echocardiographic score to 
maximize specificity of the diagnosis.

❑The Amyloidosis Index (AMYLI) score equals RWT × E/e′

❑limitation: exclusion of patients in atrial fibrillation during 
echocardiogram.

❑A cutoff >2.36 in patients with systemic AL amyloidosis and <2.22 in 
unexplained LVH excluded CA

Echocardiography : Multi-Parametric Scores



• The probability of cardiac 
structural and functional variables 
being abnormal across the 
spectrum of cardiac amyloid 
burden (as defined by ECV).

• Variables can be categorized into 3 
groups according to their likelihood 
of being abnormal: either 
predominantly at low, 
intermediate, or high burden of 
amyloid infiltration.



SGLS 10.4%

LAS 13%RV St 17% RAS 12.4%



Advance of echocardiography in cardiac amyloidosis Shichu Liang1 · Zhiyue Liu1 · Qian Li1 · Wenfeng He1 · He Huang

summary of Diagnosis and prognostic parameters of CA



CMR & cardiomyopathy

ESC Cardiomyopathy Guidelines 2023

Always specify for LGE + T1/T2 + ECV !



Cine-CMR: morphological analysis > patterns of left ventricule hypertrophy

CMR: morphological analysis

Ana Martinez Naharro, JACC, 2017



CMR: late gadolinium enhancement
Diffuse enhancement 49 %

Patchy focal 14% 
(posterior/basal+++)

Suboptimal myocardial 
nulling (16%)

None 21%

Transmural & homogenous SubepicardialTransmural & heterogeneous

Syred IS, JACC CV Imaging, 2010



CMR: Native T1 mapping (before gadolinium)

• Native T1 is higher in cardiac amyloidosis (AL > ATTR-CA) then others HCM
• Example cut-off values to diagnose CA:

• 1,048 ms (Se 80%-Sp 83%)
• < 1,036 (98% NPV) ; > 1,164 (98% PPV)

Fontana M et al, JACC Imaging, 2014 Baggiano A, JACC Imaging, 2020

Limits: T1 depends of vendor, type of
gadolinium, HR, magnetic field, eGFR … 
Advantage: no gadolinium!



Extracardiac amyloidosis and MRI

Chacko L, Circulation CV Imaging, 2021

• Spleen & Liver ECV mapping is
possible on CMR

• ECV can detects splenic & hepatic 
amyloidosis.

Liver ECV cutoff, 0.395; Se 90.7%; Sp, 77.7%; P<0.001;

Spleen ECV cutoff, 0.385; Se, 93.6%; Sp, 87.5%; P<0.001).



Computed tomography scan



Morphological analysis (id CMR/TTE)

Late iodine enhancement / ECV (id CMR)

Atrial thrombus ?

Coronary heart disease ?

Late (5 min)Arterial

Cardiac
amyloidosis

Hypertensive  
heart disease

Chevance V, Eur Radio, 2018

CT scan



Nuclear imaging



ESC Cardiomyopathy Guidelines 2023

Bone scintigraphy



DPD scan seemed to discriminate TTR-CA from AL-CA with perfect accuracy … ?

Perugini E, JACC, 2005

Late phase of DPD/HMDP scan for diagnosis



• No cardiac uptake (Score 0) = probably not ATTR-CA > check for monoclonal gammapathy• Diffuse heart uptake = cardiac amyloidosis.

• Mild uptake (Score 1) = AL / ATTR-CA ? AL > 7-41% of AL CA have a positive scan.

• Moderate to strong uptake (Score 2/3) = ATTR-CA >> AL (if no clone).
Galat A, Amyloid, 2015 

Hutt DF, EHJ CV imaging, 2014 Capelli F, JNC, 2017

HMDP

HMDP

Late phase of DPD/HMDP scan for diagnosis



Gillmore JD, Circulation, 2016

Visual score ≥2 DPD/HMDP scan & no clone = ATTR cardiac amyloidosis (PPV 100% ; Se 74%)

Histology is not mandatory anymore to diagnose ATTR-CA

Nonbiopsy diagnosis of TTR-CA



MIBG

• Cardiac sympathetic denervation is a useful prognostic marker in hTTR V30M

• Could be abnormal in early stage of CA in TTR mutated carriers

Piekarski, EJNMMI, 2018

TTR V30M asymptomatic carrier
H/M = 2,5

TTR V30M
H/M = 1,2

Coutinho MC, Circ Cardiovasc Imaging, 2013

Others radiotracers



123I-labeled serum amyloid P component (SAP)

• Show extra-cardiac involvement of amyloidosis.

• Sensitive to diagnose AA and AL amyloidosis. Less sensitive for TTR.

Dorbala, S, Eur J Nucl Med Mol Imaging, 2014

Spleen, liver, and bone marrow 
(AL)

Spleen and kidney uptake 
(AA)

Others radiotracers



- PET tracer developed for Alzheimer’s disease. Bind to b-pleated motif of amyloid fibrils (AL and ATTR-CA).

- Tracers : C–Pittsburgh compound-B ; 18F–florbetaben ; 18F–florbetapir …

Thioflavin-T and Stilbene Derivatives

Genovesi D, JACC CV Imaging, 2021

Dorbala, S, Eur J Nucl Med Mol Imaging, 2014

18F–florbetaben Scan : delayed cardiac uptake may discriminate AL-CA vs TTR-CA

LateIntermediateEarly



Yue et al.



-The training data set consisted of 3,048 images: 
281 positives (Perugini grade $2) and 2,767 
negatives.

-External validation data set consisted of 1,633 
images: 102 p and 1,531 n.

-Performance of the 5-fold cross-validation and 
external validation : 98.9% ( 1.0) and 96.1% for sen, 
99.5% ( 0.4) and 99.5% for spe.

- AUC= 0.999 of the receiver-operating 
characteristic curves.




