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M O D U L E  9
A summary of expert consensus 
recommendations for multimodality 
imaging in cardiac amyloidosis, including 
the recently published addendum to 
clarify the protocols, interpretation, and 
reporting of 99mTc-PYP imaging
Written by a writing group of experts in cardiovascular imaging and amyloidosis 
assembled by the American Society of Nuclear Cardiology and endorsed by 
9 societies including the American College of Cardiology, American Heart 
Association, American Society of Echocardiography, European Association of 
Nuclear Medicine, Heart Failure Society of America, International Society of 
Amyloidosis, Society of Cardiovascular Magnetic Resonance, and Society of 
Nuclear Medicine and Molecular Imaging
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Medical Use of Training Materials Disclaimer

• This information is provided by Pfizer Global Medical to help healthcare professionals 
better understand the latest developments in related disease areas.

• This information is intended for health care professionals only for learning purposes and 
should not be forwarded to non-medical professionals.

• This document does not replace professional medical guidance in any way and is also 
considered a diagnosis and treatment recommendation.

• When medical professionals prescribe any drug involved in the document, please strictly 
follow the instructions for use approved for the drug in China.
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Expert consensus recommendations for 
multimodality imaging in CA
• CA is emerging as an underdiagnosed cause of heart failure and 

mortality, characterized by the deposition of amyloid fibrils into 
myocardial tissue1,2

• An ideal non-invasive diagnostic method would identify cardiac 
involvement in amyloidosis and confirm the etiologic subtype1

• No existing diagnostic tools can provide this information 
individually, necessitating a multimodality approach

• 26 experts, representing nine societies, aimed to:1

CA, cardiac amyloidosis.
1. Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–23; 2. Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.

     

 
 

 Achieve multi-societal consensus on 
standardized imaging methods, 
image acquisition, interpretation 

and reporting

 Develop consensus criteria for the 
diagnosis of CA

 Define appropriate use of imaging 
in CA
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Aims of the two-part guidance

CA, cardiac amyloidosis; CMR, cardiac magnetic resonance; Echo, echocardiography.
1. Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–2123; 2. Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.

      

Part
Evidence base and standardized 

imaging methods1

• Comprehensive review of existing evidence on the utility of 
Echo, CMR, and nuclear scintigraphy in screening, diagnosis, and 
management of CA

• Define standardized technical protocols for the acquisition, 
interpretation, and reporting of non-invasive imaging techniques in 
the evaluation of CA

Part
Diagnostic criteria and appropriate utilization2

• Develop consensus diagnostic criteria for CA incorporating 
advanced Echo, CMR, and nuclear scintigraphy

• Identify consensus clinical indications for non-invasive 
imaging in CA to guide patient management through a 
rigorous application of the modified Delphi method

• Address the appropriate utilization of Echo, CMR, and 
nuclear scintigraphy

1 2
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Addendum to the recommendations
Why is this required?

AL, light chain amyloidosis; ATTR, transthyretin amyloidosis; CA, cardiac amyloidosis, H/CL, heart-to-contralateral lung;  
SPECT, single-photon emission computed tomography.
1. Dorbala S, et al. J Nucl Cardiol 2021; doi: 10.1007/s12350-020-02455-z. Online ahead of print.

 

The addendum was issued to clarify the protocols, interpretation, and reporting of 99mTc-PYP imaging, 
and to update technical parameters

Incorrect diagnosis of ATTR-CA based on 99mTc-PYP planar imaging and H/CL ratio without confirmation 
of diffuse myocardial uptake on SPECT imaging at some sites

Excess blood pool activity on the 1-hr planar and SPECT images being interpreted as positive scans 

Missed diagnosis of AL amyloidosis, leading to incorrect diagnosis, inappropriate therapy, and 
worse patient outcomes 

Since the publication of the original recommendations and introduction of approved therapies for 
ATTR-CA, the clinical use of bone tracer cardiac scintigraphy has been extended to populations with 

lower prevalence of ATTR-CA

However, concerns arose over:
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Part
Evidence base and 
standardized 
methods of imaging 

1 Aims
 Comprehensive review of 

existing evidence

 Define standardized 
technical protocols
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Evidence base for CA diagnostic imaging 

AL, amyloid light-chain; ATTR, transthyretin amyloidosis; CA, cardiac amyloidosis.
Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–2123.

     

      

      

     

Diagnosis
• CA is underdiagnosed especially in the 

early stages of disease

• An ideal non-invasive diagnostic method 
would identify cardiac involvement in 
amyloidosis and confirm the subtype

• No existing diagnostic tools provide this 
information individually

Prognosis
• Cardiac involvement is common in 

systemic amyloidosis and impacts 
quality of life and outcome

• Cardiac assessment is crucial for risk 
stratification and treatment decisions

• Imaging plays a key role in risk 
stratification of patients

Management 
• Evaluating disease course and 

treatment response should provide a 
quantitative measure of amyloid 
burden

• None of the imaging techniques have 
been validated for assessing 
response to therapy

Standardization would facilitate comparability and reproducibility within and across institutions and 
enable pooling of data for research purposes
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Echo to assess structure and function, focusing on morphological findings related to amyloid 
infiltration to evaluate CA1

A multimodal cardiac imaging approach to 
raise suspicion and reach a definitive 
diagnosis of CA is needed

AL, amyloid light-chain; ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis; Echo, echocardiography; 
SPECT, single-photon emission computed tomography.
1. Dorbala S, et al. J Nucl Cardiol.2019; 26(6):2065–2123; 2. Dorbala S, et al. J Nucl Cardiol 2021; doi: 10.1007/s12350-020-02455-z. Online ahead of print.

CMR to provide tissue characterization as well as high-resolution morphologic and functional assessment, 
while also offering differentiation of CA from other cardiomyopathies and potentially 
early detection of CA1

Nuclear scintigraphy (99mTc-PYP/99mTc-DPD/99mTc-HMDP) using planar and SPECT imaging to assist in 
the non-invasive diagnosis of ATTR-CM with high sensitivity and specificity when combined with testing to 
rule out AL amyloidosis. Whole-body imaging allows concurrent evaluation of multi-organ systemic 
involvement1,2

!
It is critical to exclude the monoclonal process with 
serum/urine immunofixation and a serum free light 
chain assay in all patients with suspected amyloidosis
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Histological 
diagnosis of cardiac 

amyloidosis: 
Endomyocardial 

biopsy*    

• Endomyocardial biopsy positive for cardiac amyloidosis with Congo red 
staining for apple-green birefringence under polarized light; typing by 
immunohistochemistry and/or mass spectrometry at specialized centres

AL, ATTR, 
other 

subtypes

Histological 
diagnosis of cardiac 

amyloidosis: 
Extracardiac biopsy

• ATTR-CM is diagnosed when:
• Extracardiac biopsy proven ATTR amyloidosis AND
• Typical cardiac imaging features (as defined below)

• AL amyloidosis is diagnosed when :
• Extracardiac biopsy proven AL amyloidosis AND
• Typical cardiac imaging features OR
• Abnormal cardiac biomarkers: abnormal age-adjusted NT-proBNP or 

abnormal troponin T/I/Hs-Troponin with all other causes for these changes 
excluded

ATTR

AL

Clinical diagnosis of 
ATTR-CM: 

99mTc-
PYP/DPD/HMDP

• ATTR-CM is diagnosed when:
• Planar and SPECT images confirm diffuse radiotracer uptake in the 

myocardium and systemic AL amyloidosis is excluded
• Planar imaging and H/CL ratio alone are insufficient for diagnosis of ATTR 

cardiac amyloidosis; SPECT imaging is necessary to identify myocardial 
uptake of 99mTc-PYP/DPD/HMDP

ATTR

Diagnostic criteria for cardiac amyloidosis 

*Endomyocardial biopsy should be considered in cases of equivocal 99mTc-PYP/DPD/HMDP scan. When 99mTc-PYP/DPD/HMDP is positive in the context of any abnormal 
evaluation for serum/urine immunofixation or serum free light chain assay, or MGUS, this should not be seen as diagnostic for ATTR-CM. In these instances, referral to a 
specialist amyloid center for further evaluation and consideration of biopsy is recommended. AL, amyloid light-chain; ATTR, transthyretin; ATTR-CM, transthyretin amyloid 
cardiomyopathy; FLC, free light chain; H/CL, heart-to-contralateral lung; NT-proBNP, N-terminal-pro brain natriuretic peptide; SPECT, single-photon emission computed 
tomography. 1. Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73; 2. Dorbala S, et al. J Nucl Cardiol 2021; doi: 10.1007/s12350-020-02455-z. Online ahead of print.
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Typical imaging features of cardiac amyloidosis

*Off-label use of FDA-approved commercial products. †18 F-flutemetamol not studied systematically in the heart. 11C-Pittsurgh B compound is not FDA 
approved and not available to sites without a cyclotron in proximity.
AL, amyloid light-chain; ATTR, transthyretin; CMR, cardiac magnetic resonance; Echo, echocardiography; ECV, extracellular volume; LGE, late gadolinium 
enhancement; LS, longitudinal strain; LV, left ventricular; SSFP, steady-state free precession; ULN, upper limit of normal.
Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.

Echo (ATTR/AL)
• LV wall thickness >12 mm
• Relative apical sparing of global LS ratio (average of apical 

LS/average of combined mid+basal LS >1)
• ≥ Grade 2 diastolic dysfunction*

CMR (ATTR/AL)
• LV wall thickness >ULN for sex on SSFP cine CMR
• Global ECV >0.40
• Diffuse LGE*
• Abnormal gadolinium kinetics typical for amyloidosis, myocardial 

nulling prior to blood pool nulling

PET 18F-florbetapir* or 18F-florbetaben PET*† (ATTR/AL)
• Target to background (LV myocardium to blood pool) ratio >1.5
• Retention index >0.025 min-1

     

Typical cardiac Echo or CMR or PET features: ANY of the below imaging features with all other causes 
for these cardiac manifestations, including hypertension, reasonably excluded

Cine Native T1 Map LGE PSIR ECV Map Perfusion Map

Image from Dorbala S, et al.
Eur J Nucl Med Mol Imaging. 
2014;41:1652–62

Reproduced/adapted/or referenced with permission from ASNC. © 2019 American Society of 
Nuclear Cardiology

Reproduced/adapted/or referenced with 
permission from ASNC. © 2019 
American Society of Nuclear Cardiology

Control ATTR
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Echocardiography
Advantages, limitations and 
diagnostic features

• Normal LV wall thickness

• Normal LV mass

• Normal atrial size

• Septal or lateral tissue Doppler 
e’ velocity >10 cm/s

AL, amyloid light-chain; ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis; CMR, cardiac magnetic resonance; Echo, 
echocardiography; LV, left ventricle; TDI, tissue doppler imaging.
Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–23.

• Portability, bedside availability, widespread availability
• Superior diastolic function assessment
• A critical component of the diagnostic evaluation and 

management of patients with CA

• Not sufficient to diagnose CA on its own

• Lacks tissue characterization provided by CMR

• Cannot distinguish AL amyloidosis from ATTR-CM, 
requiring evaluation to exclude AL amyloidosis and 
further imaging studies to definitively diagnose ATTR-CM

    
  

 

     

Echo diagnostic features suggestive of CAAdvantages

Limitations
• Increased LV wall thickness/

LV mass

• Typical LV longitudinal 
strain pattern

• Mitral annular TDI <5 cm/s

• Biatrial enlargement

• Small A wave in sinus rhythm

• Small pericardial and or 
pleural effusions

• Findings not described above

Not suggestive

Strongly suggestive

Equivocal

     Reproduced/adapted/or 
referenced with permission 
from ASNC. © 2019 
American Society of 
Nuclear Cardiology
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Echocardiography 
Assessment of prognosis, management  

AL, amyloid light-chain; CA, cardiac amyloidosis; Echo, echocardiography; hATTR, hereditary transthyretin; HF, heart failure; LV, left ventricle; wtATTR, 
wild-type transthyretin.
Dorbala S, et al. J Nucl Cardiol. 2019; 26(6):2065–23.

Prognosis
• Abnormalities in several Echo imaging parameters 

(e.g., LV longitudinal strain, early mitral inflow [E-
wave], deceleration time, myocardial performance 
index, pericardial effusion) are associated with worse 
outcomes and are associated with potential of 
advanced disease

• Currently no formal staging system for hATTR, wtATTR, 
or AL amyloidosis that uses Echo parameters

• Therefore, Echo findings in isolation should not be 
used to determine risk in the individual patient 
with CA

Management
• Echo remains the cornerstone of serial assessment of 

LV dysfunction in patients with HF

• However, there is relatively little information 
regarding its assessment of disease progression 
and response to therapy in CA
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• CMR may be advantageous in the following scenarios if echocardiographic acoustic 
windows are poor:

• To characterize the right ventricle
• To characterize tissue based on the contrast-enhanced patterns of 

myocardial infiltration
• To precisely quantify cardiac chamber volumes and ventricular mass

CMR
Advantages, limitations and 
diagnostic features

• Normal LV wall thickness

• Normal LV mass

• No ventricular LGE

• Normal atrial size

    
  CMR diagnostic features suggestive of CA

Advantages

• Cannot distinguish AL amyloidosis from ATTR-CM, requiring evaluation to exclude 
AL and further imaging studies to definitively diagnose ATTR-CM

• CMR with LGE may be contraindicated in patients with ATTR-CM who have 
concurrent renal dysfunction

• Restricted to specialty locations and requires specialty equipment / expertise

• Contraindicated with some pacemakers and other implanted hardware

• Long test compared with other imaging modalities

• Some patients may experience claustrophobia

Limitations

Not suggestive 

Strongly suggestive
• Increase LV wall thickness

• Increased LV mass

• Biatrial enlargement

• Typical diffuse or global 
LGE pattern

• Difficulty in achieving 
myocardial nulling

• Significantly increased ECV 
(>0.40)

• Small pericardial and or 
pleural effusions

• Findings not described above
Equivocal

Cine Native T1 Map LGE PSIR ECV Map Perfusion Map

     

Reproduced/adapted/or referenced with permission from ASNC. © 2019 American Society of 
Nuclear Cardiology

AL, amyloid light-chain; ATTR-CM, transthyretin amyloid cardiomyopathy CA, cardiac amyloidosis; CMR, cardiac magnetic resonance; ECV, extracellular 
volume; LGE, late gadolinium enhancement; LV, left ventricle; PSIR. phase-sensitive inversion recovery.
Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–23.
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CMR
Assessment of prognosis, management

AL, amyloid light-chain; ATTR, transthyretin; CA, cardiac amyloidosis; CMR, cardiac magnetic resonance; ECV, extracellular volume; LGE, late 
gadolinium enhancement.
Dorbala S, et al. J Nucl Cardiol.2019; 26(6):2065–23.

Prognosis
• Multiple CMR measures have prognostic significance in 

CA, including LGE presence and pattern, native T1, 
post-contrast T1, and multiple morphologic parameters

• Several studies now show that LGE pattern can serve 
as an independent predictor of prognosis after 
adjustment for echocardiographic characteristics and 
blood biomarkers

• LGE pattern confers prognosis in both AL and 
ATTR amyloidosis

Management
• T1 mapping with ECV measurement by CMR can track 

multiple parameters of structural change (amyloid 
burden and cardiomyocyte response)

• The quantitative nature of CMR makes it a promising 
tool to monitor disease progression and response 
to therapy
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• Whole-body imaging can occur concurrently, which can identify 
potential multi-organ involvement1

• Not 100% specific for patients with evidence of a plasma 
cell dyscrasia1

• In some mutations, it is possible for patients with hATTR-CM to 
have negative nuclear scintigraphy findings1

Nuclear scintigraphy
Advantages, limitations and 
diagnostic features

• A semi-quantitative visual grade of 0 on planar and SPECT2

• Determines amyloid type – critical information that complements 
cardiac structural and functional analysis1

• Offers a definitive diagnosis with high sensitivity and specificity in 
select patients in whom AL amyloidosis has been ruled out1

   

 Nuclear scintigraphy diagnostic features 
suggestive of CA*

Advantages

Limitations
Not suggestive

• If diffuse myocardial uptake of radionucleotide is visually confirmed, a semi-
quantitative visual grade of 2 or 3 on planar and SPECT2

Strongly suggestive

• If diffuse myocardial uptake of 99mTc-PYP/DPD/HMDP is visually confirmed 
AND the semi-quantitative visual grade is 1 or there is interpretive 
uncertainty of grade 1 versus grade 2 on visual grading

Equivocal

Grade 0 Grade 1 Grade 2 Grade 3

     

*If cardiac amyloidosis is suspected clinically or based on 
Echo/CMR, blood and urine should be analyzed for evidence 
of a monoclonal protein and scintigraphy should 
be considered1

      

SPECT required in all cases to differentiate myocardial 
enhancement from blood pool2!

Reproduced/adapted/or 
referenced with permission 
from ASNC. © 2019 
American Society of 
Nuclear Cardiology

AL, amyloid light-chain; CA, cardiac amyloidosis; Echo, echocardiography; H/CL, heart/contralateral lung; hATTR-CM, hereditary transthyretin amyloid 
cardiomyopathy; SPECT, single-photon emission computed tomography. 
1. Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–23; 2. Dorbala S, et al. J Nucl Cardiol 2021; doi: 10.1007/s12350-020-02455-z. Online ahead of print.
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Nuclear scintigraphy
Diagnosis, assessment of prognosis, management 

Prognosis
• 99mTc-PYP/DPD/HMDP cardiac uptake moderately 

correlates positively with LV wall thickness and mass, 
troponin T, NTproBNP, and ECV; it correlates negatively 
with LV ejection fraction

• The degree of cardiac uptake correlates with overall 
mortality and survival free from major adverse 
cardiac events

• Multiple semiquantitative markers of cardiac uptake 
have been studied, including heart and 
heart-to-whole-body retention, heart/skull ratio, H/CL ratio, 
and visual scoring

• Combining the degree of cardiac uptake with an 
anatomical or functional variable improved prognostic 
risk stratification

Management
• Although 99mTc-PYP/DPD/HMDP scintigraphy correlates well with 

anatomic and functional variables, it has not been definitively 
proven to quantify changes in response to current therapies

       

CA, cardiac amyloidosis; ECV, extracellular volume; H/CL, heart/contralateral lung; LGE, late gadolinium enhancement; NT-proBNP, N-terminal-pro brain 
natriuretic peptide.
Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–23.
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Summary of key recommendations
Standardized imaging techniques

     

     

     

• Nuclear scintigraphy should be 
performed using standard protocols 
(recommended imaging time between 
injection and acquisition is 2 or 3 hrs for 
99mTC-PYP/DPD/HMDP)1,2

• SPECT imaging is required in all cases to 
differentiate myocardial from blood pool 
signal and to describe regional heterogeneity2

• Visual and semi-quantitative interpretation 
of nuclear scintigraphy planar and SPECT 
images should be employed to evaluate 
heart-to-bone ratio and/or H/CL lung ratio1

• An overall reporting on likelihood of 
amyloidosis based on findings is 
recommended (not suggestive, strongly 
suggestive, or equivocal) for CA and for 
extra-cardiac findings1

• CMR should be performed 
using standard parameters1

• Cardiac structure, function, 
and PSIR LGE should be 
assessed and reported per 
SCMR guidelines1

• CA-specific CMR markers, such 
as native T1 mapping and ECV, 
should be assessed and reported 
when available1

• An overall reporting on 
likelihood of amyloidosis based 
on findings is recommended (not 
suggestive, strongly suggestive, 
or equivocal)1

• Echo in patients with suspected or known CA should be 
obtained using ASE/EACVI guidelines1

• Reporting should include assessment of wall thickness 
and myocardial ‘‘texture’’; thickening of other cardiac 
structures; pericardial effusion; tissue Doppler 
velocities (s’, e’, and a’); diastolic function; 
and hemodynamics1

• Speckle-tracking Echo should be performed routinely in 
patients with suspected or known CA when available, and 
efforts should be made to optimize the apical 2D imaging 
views for speckle-tracking analysis. The GLS and pattern 
of segmental strains (i.e., ‘bullseye’ map) should be 
reported. RV and LA strain can be reported 
when performed1

• An overall reporting on likelihood of amyloidosis based 
on findings is recommended (not suggestive, strongly 
suggestive, or equivocal)1

ASE, American Society of Echocardiography; EACVI, European Association of Cardiovascular Imaging; CA, cardiac amyloidosis; CMR, cardiac magnetic 
resonance. Echo, echocardiography; ECV, extracellular volume; GLS, global longitudinal strain; H/CL, heart/contralateral lung; LA, left atrium; LGE, late 
gadolinium enhancement; PSIR, phase-sensitive inversion recovery; RV, right ventricle; SCMR, Society for Cardiovascular Magnetic Resonance; SPECT, 
single-photon emission computed tomography.
1. Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–23; 2. Dorbala S, et al. J Nucl Cardiol 2021; doi: 10.1007/s12350-020-02455-z. Online ahead of print.
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Part
Diagnostic criteria 
and appropriate 
utilization

2
Aims
 Develop consensus diagnostic criteria 

for CA

 Identify consensus clinical indications 
for non-invasive imaging

 Address the appropriate utilization of 
Echo, CMR, and nuclear scintigraphy in 
these clinical scenarios

 Determine which modalities may be 
reasonable for a specific use, rather 
than to identify a single, optimal test
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Once the indications were finalized, the rating panel scored them 
independently; for each indication, the rating panel rated its 
appropriateness in the evaluation and management of cardiac amyloidosis 
using a scale from 1–9:

Methodology
• The rating panel engaged in an exercise using the modified Delphi technique for a robust evaluation of appropriateness

• A standardized approach was used to ensure inclusion of the majority of clinical scenarios encountered in the evaluation and 
management of cardiac amyloidosis

AL, amyloid light-chain; ATTR-CM, transthyretin amyloid cardiomyopathy. 
Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.

These scenarios were organized into several broad categories 
representing key areas of cardiac amyloidosis clinical care:

Assessment for cardiac 
involvement in 

asymptomatic individuals

Screening for cardiac 
amyloidosis in patients 

with symptomatic 
heart failure

Evaluation of 
biopsy-proven 

AL amyloidosis and 
ATTR-CM

Other diverse clinical 
scenarios/conditions

Follow-up testing for new 
or worsening cardiac 

symptoms

Prior testing suggestive 
of CA Rarely 

appropriate

Score 1–3

May be 
appropriate

Score 4–6

Appropriate

Score 7–9
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Appendix Contents
 Expert consensus recommendations for 

diagnosis of cardiac amyloidosis

 Evidence base and standardized 
methods of imaging: summary of key 
recommendations on diagnosis, 
prognosis and management
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Appropriate utilization rating of multimodality imaging 
Identifying cardiac involvement: No cardiac symptoms

AL, amyloid light-chain; CMR, cardiac magnetic resonance; Echo, echocardiography; FLC, free light chain; MGUS, monoclonal gammopathy of uncertain 
significance; NT-proBNP, N-terminal pro-brain natriuretic peptide. 
Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.

     

Asymptomatic TTR gene carrier, 
initial evaluation Appropriate (7) May be appropriate (6) Appropriate (8)

Asymptomatic TTR gene carrier, 
recurrent testing Appropriate (7) May be appropriate (6) Appropriate (7.5)

Biopsy-proven systemic 
AL amyloidosis: NT-proBNP 
age-adjusted abnormal or 

troponin abnormal

Appropriate (9) Appropriate (7) Rarely appropriate (1)

MGUS with abnormal FLC levels: 
NT-proBNP age-adjusted abnormal 

or troponin abnormal
Appropriate (8) Appropriate (7) Rarely appropriate (2)
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Individuals of any age with elevated 
FLC levels Appropriate (9) Appropriate (8) Rarely appropriate (2.5)

African-Americans age >60 years with 
unexplained HF Appropriate (9) Appropriate (8) Appropriate (8)

African-Americans age >60 years with 
unexplained increased LV wall thickness Appropriate (9) Appropriate (8) Appropriate (9)

Non-African-Americans age >60 years with 
unexplained HF and increased LV 

wall thickness
Appropriate (9) Appropriate (8) Appropriate (8)

Individuals >60 years with low-flow low-
gradient aortic stenosis* N/A Appropriate (8) Appropriate (7)

Individuals with HF and unexplained 
peripheral sensorimotor neuropathy Appropriate (8) Appropriate (8) Appropriate (8)

Individuals with known or suspected 
familial amyloidosis Appropriate (8) Appropriate (8) Appropriate (8)

Individuals with monoclonal gammopathy, 
including multiple myeloma Appropriate (8) Appropriate (8) Rarely appropriate (2)

Appropriate utilization rating of multimodality imaging 
Screening for cardiac amyloidosis: New symptomatic heart failure

*Although most patients with cardiac amyloidosis will have preserved LV ejection fraction or ‘‘paradoxical’’ low-flow, low-gradient AS, LV ejection fraction 
may be reduced or mid-range in some cases.
CMR, cardiac magnetic resonance; Echo, echocardiography; HF, heart failure; LV, left ventricular.
Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.
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Appropriate utilization rating of multimodality imaging 
Evaluation of biopsy-proven AL amyloidosis

*Time interval may vary based on the clinical status of the patient and local clinical practice.
†Lack of consensus for rating among experts.
AL, amyloid light-chain; CMR, cardiac magnetic resonance; Echo, echocardiography.
Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.

Quantify cardiac amyloid burden Appropriate (7) Appropriate (9) Rarely appropriate (1)

Assess cardiac response to 
therapy/disease progression in 

AL amyloidosis every 6 months*
May be appropriate (5)† Rarely appropriate (3) Rarely appropriate (1)

Assess cardiac response to 
therapy/disease progression in 

AL amyloidosis every 12 months*
May be appropriate (5) May be appropriate (6) Rarely appropriate (1)

Assess cardiac response to 
therapy/disease progression in 

AL amyloidosis every 24 months*
Appropriate (7) Appropriate (8) Rarely appropriate (1)

Guide eligibility for stem cell 
transplant in systemic AL 

amyloidosis
Appropriate (8) May be appropriate (5) Rarely appropriate (1)
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Appropriate utilization rating of multimodality imaging 
Evaluation of biopsy-proven ATTR-CM

*Time interval may vary based on the clinical status of the patient and local clinical practice.
†Lack of consensus for rating among experts.
ATTR-CM, transthyretin amyloid cardiomyopathy; CMR, cardiac magnetic resonance; Echo, echocardiography.
Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.

Quantify amyloid burden Appropriate (8) Appropriate (9) Rarely appropriate (2)

Assess cardiac response to 
therapy/disease progression in 

ATTR-CM every 6 months*
May be appropriate (4)† Rarely appropriate (2) Rarely appropriate (2)

Assess cardiac response to 
therapy/disease progression in 

ATTR-CM every 12 months*
Appropriate (7) May be appropriate (5) Rarely appropriate (2.5)

Assess cardiac response to 
therapy/disease progression in 

ATTR-CM every 24 months*
Appropriate (8) Appropriate (8) Rarely appropriate (3)

Contraindication to CMR
(intracardiac devices or 

renal insufficiency)
Appropriate (8) N/A Rarely appropriate (3)
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Appropriate utilization rating of multimodality imaging 
Follow-up testing: New or worsening cardiac symptoms

AL, amyloid light-chain; ATTR, transthyretin; CMR, cardiac magnetic resonance; Echo, echocardiography.
Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.

TTR gene carrier Appropriate (8) Appropriate (7) Appropriate (8)

AL amyloidosis Appropriate (8) Appropriate (7) Rarely appropriate (1)

ATTR amyloidosis Appropriate (8) Appropriate (7) Appropriate (7.5)
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Appropriate utilization rating of multimodality imaging 
Other clinical conditions associated with amyloidosis

*Lack of consensus for rating among experts.
CMR, cardiac magnetic resonance; Echo, echocardiography; FLC, free light chain; HF, heart failure.
Dorbala S, et al. J Nucl Cardiol 2019; 27(2):659–73.

Individuals >60 years with 
unexplained bilateral carpal 

tunnel syndrome
Appropriate (7) May be appropriate (5)* May be appropriate (6.5)*

Individuals with unexplained 
bilateral carpal tunnel syndrome and 

elevated FLC levels
Appropriate (7) May be appropriate (5) May be appropriate (5.5)

Individuals >60 years with HF and 
unexplained biceps tendon rupture Appropriate (7) May be appropriate (5) May be appropriate (6)

Adults, especially elderly men, with 
unexplained neuropathy, other 

arrhythmias in the absence of usual 
risk factors and no signs/symptoms 

of HF

Appropriate (7) May be appropriate (5) May be appropriate (6)
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Summary of key recommendations
Diagnosis

ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis; CMR, cardiac magnetic resonance; CTS, carpal tunnel syndrome; Echo, 
echocardiography; ECV, extracellular volume; HFpEF, heart failure with preserved ejection fraction; LGE, late gadolinium enhancement; LV, left ventricle; 
SPECT, single-photon emission computed tomography.
1. Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–23; 2. Dorbala S, et al. J Nucl Cardiol 2021; doi: 10.1007/s12350-020-02455-z. Online ahead of print.

     

      
  

Nuclear scintigraphy
• Myocardial nuclear scintigraphy is highly 

sensitive and specific to diagnose ATTR-CM 
and may aid in its early detection1

• SPECT imaging is required in all studies to 
highlight the importance of directly visualizing 
tracer uptake in the myocardium2

• In the absence of AL, myocardial uptake of 
radionucleotide of Grade ≥2 is diagnostic of 
ATTR-CM, obviating the need for 
endomyocardial biopsy1

• To facilitate early diagnosis of 
ATTR-CM, cardiac scintigraphy should be more 
broadly considered in patients with 
unexplained increased LV wall thickness, 
HFpEF, familial amyloid polyneuropathy, 
family history of amyloidosis, degenerative 
aortic stenosis with low-flow low-gradient in 
the elderly, and a history of bilateral CTS1

CMR1

• Comprehensive CMR-based evaluation of cardiac structure, 
function, and myocardial tissue characterization is helpful for 
diagnosis of CA, particularly when Echo findings are 
suggestive or indeterminate

• In patients with biopsy-proven systemic amyloidosis, 
typical CMR findings, including diffuse LGE, nulling of 
myocardium, and extensive ECV expansion are combined 
with structural findings of increased wall thickness and 
myocardial mass to diagnose cardiac involvement

• In the absence of documented systemic amyloidosis, 
typical CMR features should prompt evaluation for CA

• CMR is unable to definitively distinguish CA type
• CMR parameters should be combined with 

electrocardiographic, clinical, biomarker, and other 
imaging findings to maximize diagnostic accuracy

Echo1

• Comprehensive 2D Echo, 
including quantitative tissue 
Doppler and speckle-tracking 
strain analysis, should be 
performed in all patients with 
unexplained LV wall thickening 
and a clinical suspicion of CA

• Any Echo abnormalities 
suggestive of CA should prompt 
further evaluation

• Echo parameters should be 
combined with 
electrocardiographic, clinical, 
biomarker, and other imaging 
findings to maximize 
diagnostic accuracy
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Summary of key recommendations
Prognosis and management

Assessment of prognosis
• Multiple imaging parameters predict a worse prognosis, including increased LV mass, lower GLS, increased right 

ventricular wall thickness, higher native T1 and ECV, and higher H/CL ratio
• Although not formally incorporated into current risk assessment algorithms, nuclear scintigraphy results should be 

combined with electrocardiographic, clinical, biomarker, and other imaging findings for optimal prognostication

Management
• Transthoracic Echo is reasonable to monitor disease progression and/or response to therapy in CA as Echo is 

often undertaken for other reasons
• Transthoracic Echo (for the evaluation of left atrial size and function) and transesophageal echo (for the evaluation of the 

left atrial appendage) are useful to guide initiation and management of anticoagulation in patients with CA
• CMR assessment of LV wall thickness, LV mass, and particularly ECV is emerging as a tool to assess disease 

progression and response to therapy
• Serial SPECT nuclear scintigraphy is currently not recommended to assess disease progression or response 

to therapy

CA, cardiac amyloidosis; CMR, cardiac magnetic resonance; Echo, echocardiography; ECV, extracellular volume; GLS, global longitudinal strain; H/CL, 
heart/contralateral lung; LGE, late gadolinium enhancement; LV, left ventricle; SPECT, single-photon emission computed tomography.
Dorbala S, et al. J Nucl Cardiol 2019; 26(6):2065–23.
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