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Summary at-a-glance:
Advances in multimodality 

imaging have aided the 
diagnosis of CA. It is essential 
that cardiac imagers are aware 

of the key features of the disease 
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Introduction
• Cardiac amyloidosis (CA) results from deposition of misfolded protein fibril 

aggregates, causing restrictive cardiomyopathy. The most common forms of CA 
are light-chain (AL) amyloidosis or transthyretin amyloidosis (ATTR amyloidosis) 

• Early diagnosis of CA is vital in improving survival outcomes. Multimodality 
cardiac imaging approaches are increasingly being applied to the diagnosis, 
differentiation, and prognosis of CA

• These techniques include echocardiography, cardiac magnetic resonance 
(CMR) and radionuclide imaging

• This literature review investigated the use of these modalities in regards to the 
diagnosis, differentiation, and prognosis of CA 

Conclusions and implications
• Echocardiography and CMR can produce classical patterns for CA, 

while radionuclide cardiac scintigraphy can non-invasively diagnose 
ATTR amyloidosis 

• Cardiac imagers need to be able to recognise the classical features of CA in 
order to suspect the disease and facilitate diagnosis, but should also be aware 
of the limitations of each modality

• Further advances in multimodality imaging may allow for detection of early 
stages of CA, which could lead to earlier diagnosis and treatment initiation, and 
ultimately improve patient outcomes

AL amyloidosis, light-chain amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; CA, cardiac amyloidosis; CMR, cardiac magnetic 
resonance. 



Methodology 

• A literature review* of various multimodality imaging approaches with reference to their roles in the 
diagnosis, differential diagnosis, and prognosis of CA types was carried out. These approaches were:

Read more: 
pages 1–8 of published paper 

Echocardiography

• Diagnosis – morphologic and 
functional characteristics

• Prognosis – morphologic and 
functional characteristics 

CMR
Post-contrast imaging 

Native tissue 
characterization

Extracellular volume (ECV)

Radionuclide imaging

• Bone tracer                  
cardiac scintigraphy 

• Amyloid binding PET 

*Details of review process not provided. 
CA, cardiac amyloidosis.; CMR cardiac magnetic resonance; ECV, extracellular volume; PET positron emission 
tomography. 
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Echocardiography – diagnosis 

Read more: 
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• Classical findings in CA include a 
granular, speckled pattern 
appearance of the infiltrative 
myocardium and mildly increased 
left ventricular (LV) wall thickness
in early disease (Figure A)

• These findings are not specific to 
CA and are difficult to distinguish 
from other causes in the early stages 
of disease

• Echocardiography is often the initial modality that will raise suspicion of CA, although it is not possible to 
reliably distinguish between AL and ATTR amyloidosis subtypes

• CA has a characteristic pattern of 
global longitudinal strain (GLS) on 
speckle tracking echocardiography with 
severe impairment of the basal and mid 
segments with relative apical sparing 

• This produces a classical ‘cherry-
on-top’ bullseye plot (Figure C)

• Phelan, et al. found a relative apical 
longitudinal strain ratio >1.0 was 93% 
sensitive and 82% specific at 
distinguishing CA from other causes of 
LV wall thickness

AL amyloidosis, light-chain amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; CA, cardiac amyloidosis; GLS, 
global longitudinal strain; LV, left ventricular.

Figure A. Apical 4 chamber view showing classical 
pattern of severe biventricular hypertrophy with a specked 
myocardial appearance, severe biatrial dilatation, and a 
small pericardial effusion.

Echocardiographic features 
of CA

Figure C. Speckle tracking echocardiography 
showing characteristic longitudinal strain pattern 
with severe impairment of the basal and mid 
segments with relative apical sparing in a patient 
with wild-type ATTR amyloidosis.
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Echocardiography – prognosis 

Read more: 
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Morphologic characteristics

• LV wall thickness >15mm

• Hypertrophy

• Left atrial enlargement  

Functional characteristics

• Right ventricular dysfunction

• Shortened deceleration time, <150 ms

• Increased early diastolic filling velocity 
to atrial filing velocity ratio (E/A) 

• A number of echocardiographic parameters have been found to be independent predictors of prognosis

E/A, ratio of early diastolic filling velocity to atrial filing velocity; LV, left ventricular. 
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• A transmural LGE pattern has been shown to 
be an independent predictor of mortality

• Early CA can be detected using LGE in 
patients without typical echocardiographic 
features 

• A study of 45 subjects found 20% of patients 
with active AL amyloidosis without cardiac 
involvement had evidence of deposition by LGE 
and elevated ECV

• Gadolinium-based contrast agents allow 
characterization of tissue composition

• CA has a typical pattern on late gadolinium 
imaging (LGE)

• A post-gadolinium T1 inversion time scout 
over a range of increasing inversion times 
performed approximately 5 minutes after 
gadolinium administration displays a high 
sensitivity and specificity for CA diagnosis, 
and is also a strong predictor of mortality

CMR: late gadolinium enhancement

Read more: 
pages 4–7 of published paper 

LGE pattern has been 
shown to be an independent 

predictor of prognosis in 
several studies

AL amyloidosis, light-chain amyloidosis; CA, cardiac amyloidosis; CMR, cardiac magnetic resonance; ECV, 
extracellular volume; LGE, late gadolinium enhancement.

CMR plays an integral role in the diagnosis of CA given its ability to provide high spatial resolution, three-dimensional 
structural and functional imaging, and quantifiable tissue characterization and extracellular volume calculation, useful for both 

diagnosis and the potential to track treatment response

https://pubmed.ncbi.nlm.nih.gov/34410523/


• In CA, native myocardial T1 is 
elevated compared with in  
hypertrophic cardiomyopathy and 
healthy controls 

• Poor survival has been linked to 
increased native T1 values in 
both AL and ATTR amyloidosis 

• ECV has been shown to correlate with N-terminal pro B-type natriuretic peptide 
(NT-proBNP) levels and 6-minute walk test distance, and can be used to measure 
amyloid burden

• There is potential to use ECV to detect amyloid deposition in early disease as 
although ECV is highest in myocardial segments with visualized LGE, it has also been 
found to be raised in segments without LGE 

• In comparison with native T1 values, greater ECV values have increased prognostic 
value in ATTR amyloidosis  

• In AL amyloidosis, values of 45% are associate with reduced survival

After adjusting for age, 
NT-proBNP, LV ejection fraction, 
E/e’, LV mass index, DPD grade, 

and LGE, ECV remained an 
independent predictor of 

prognosis in ATTR amyloidosis 

CMR: native T1 mapping and ECV

Read more: 
pages 4–7 of published paper 

AL amyloidosis, light-chain amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; CA, cardiac amyloidosis; CMR, 
cardiac magnetic resonance; DPD, 3,3-diphosphono-1,2-propanodicarboxylicacid; E/e’, ratio between early mitral 
inflow velocity and mitral annular early diastolic velocity; ECV, extracellular volume; LGE, late gadolinium 
enhancement; LV, left ventricular; NT-pro BNP, N-terminal pro B-type natriuretic peptide.

CMR imaging in CA

Mid ventricular native T1 map (D), ECV map (E), and polar plot (F) in a patient 
with wild-type ATTR CA showing increased values
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• Heart to contralateral 
lung ratio (H/CL) can also 
be used in diagnosis

• ATTR amyloidosis can 
be distinguished from AL 
amyloidosis where H/CL 
is >1.5 for 99mTc-PYP  
nuclear scintigraphy 

• Single photon emission computed 
tomography (SPECT) imaging is 
recommended in patients with 
positive or equivocal myocardial 
uptake to minimize false positives 

• SPECT allows differentiation of 
myocardial uptake from background 
blood pool or adjacent bone uptake

• Scintigraphy can differentiate between AL and ATTR 
amyloidosis; it is the recommended imaging test

• Perugini grade 2–3 cardiac uptake in bone 
scintigraphy is strongly suggestive of 
ATTR amyloidosis 

• A study by Gilmore, et al. showed in patients with 
suggestive echocardiogram or CMR and negative 
light-chain tests, a grade 2–3 uptake was able to 
diagnose ATTR-CM with 100% specificity  

Radionuclide imaging: bone scintigraphy

Read more: 
pages 7–8 of published paper 

99mTc-PYP, 99m technetium pyrophosphate; AL amyloidosis, light-chain amyloidosis; ATTR amyloidosis, 
transthyretin amyloidosis; CA, cardiac amyloidosis; CMR cardiac magnetic resonance; H/CL heart to contralateral 
ratio; SPECT, single photon emission computed tomography. 

Nuclear imaging in CA
Qualitative Perugini grading system of myocardial uptake of 99mTc-labeledled

pyrophosphate tracer on planar imaging at 3 h

Fused SPECT/Planar imaging 
in a patient with Perugini grade 

3 uptake helps distinguish 
myocardial uptake from blood 

pool activity

Quantitative assessment of 
myocardial uptake of Tc99-PYP at 

1-h post-tracer administration 
using the heart contralateral ratio

https://pubmed.ncbi.nlm.nih.gov/34410523/


• Thioflavin-analogue PET tracers (18F-
florbetapir, 18F-florbetaben, and 11C-
labelled Pittsburgh Compound-B) are 
under investigation for their imaging use 
in amyloidosis 

• Can visualize both AL and        
ATTR amyloid fibrils

• May be used in early diagnosis and 
monitoring of therapy response

• Some variants (e.g. Ser77Tyr and early-
onset Val30Met) may produce false 
negative scintigraphy results despite 
amyloid infiltration – in these cases, 
amyloid-binding PET may be 
more sensitive 

Key points:

AL amyloidosis must 
always be excluded 

when using bone 
scintigraphy to diagnosis 

ATTR amyloidosis

Where there is a 
negative scintigraphy 
result despite a high 
index of suspicion, 

tissue biopsy should         
be considered

Radionuclide imaging: amyloid-binding PET radiotracers

Read more: 
pages 7–8 of published paper 

AL amyloidosis, light-chain amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; PET, positron emission 
tomography.

Nuclear imaging in 
CA

18F-florbetapir PET
showing diffuse biventricular 
uptake in a patient with AL 

amyloidosis and pulmonary uptake
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Conclusions and implications

Read more: 
pages 8–9 of published paper 

ATTR amyloidosis, transthyretin amyloidosis; CA, cardiac amyloidosis; CMR, cardiac magnetic resonance.

Discussion points
• Many classical features of CA can be displayed through 

echocardiography and CMR

• ATTR amyloidosis may be diagnosed non-invasively using 
radionuclide cardiac scintigraphy with 100% specificity  

• Further research is needed to determine the use of these 
imaging techniques in the monitoring of disease 
progression and measurement of treatment response

Implications
• Cardiac imagers need to be able to recognize the classical 

features of CA in order to suspect the disease and 
facilitate diagnosis

• Advances in multimodality imaging may allow for detection of 
early stages of CA, in turn allowing for early diagnosis and 
initiation of treatment  

• The limitations of and additional considerations relating to 
each technique need to be taken into account when these 
techniques are being used to suspect or diagnose disease

Links to further useful papers/materials:
Dorbala S, et al. JACC Cardiovas Imaging 2020;13(6):1368–83; Jurcut R, et al. Eur Heart J Cardiovasc Imaging 2020;21(8):833–44.
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https://pubmed.ncbi.nlm.nih.gov/31607664/
https://pubmed.ncbi.nlm.nih.gov/32393965/


Glossary

• Gadolinium: an extracellular agent that accumulates in the interstitium that is infiltrated by amyloid fibrils 
• Native T1 mapping: a measure of intracellular and interstitial components of the myocardium before 

gadolinium contrast has been administered 
• Perugini grade: a grading system from 0–3 to measure cardiac uptake of radionuclide and presence of 

ATTR amyloid, where grade 0 is negative

ATTR amyloid, transthyretin amyloid.
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