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Introduction

• The diagnosis of cardiac amyloidosis (CA), of which light-chain amyloidosis (AL 

amyloidosis) and transthyretin amyloidosis (ATTR amyloidosis) are the most common 

subtypes, is challenging

• With advances in treatments for CA, there is a need to improve its diagnosis, including 

differentiation between subtypes, so that appropriate treatment can be initiated

• Cardiac magnetic resonance imaging (MRI) is central to the evaluation of CA, and 

native T1 mapping and extracellular volume (ECV) are novel MR techniques that do 

not require gadolinium-based contrast and which have demonstrated utility in the 

evaluation and risk stratification of a variety of cardiovascular diseases

• This meta-analysis aimed to establish i) diagnostic performance, ii) reference ranges 

and iii) prognostic utility of native T1 mapping and ECV for detecting CA and subtypes

Summary at-a-glance: 
Native T1 mapping and 
extracellular volume are 
valuable, novel tools to 
assist the diagnosis and 
prognostic evaluation of 

cardiac amyloidosis, 
including transthyretin 
cardiac amyloidosis
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AL amyloidosis, light-chain amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; CA, cardiac amyloidosis; ECV, extracellular 
volume; MRI, magnetic resonance imaging.

Conclusions and implications

• Native T1 mapping and ECV showed high accuracy for diagnosing CA, including 

subtypes, and were significantly associated with all-cause mortality in CA patients

• Both techniques appear to be valuable, novel tools for the diagnostic and prognostic 

evaluation of CA



Methodology

AUC, area under the receiver-operating characteristic curve; CA, cardiac amyloidosis; CI, confidence interval; 
ECV, extracellular volume; MRI, magnetic resonance imaging.

Read more: 
pages 2–3 of published paper 

Records identified from 

database searching (n=459)

Records after duplicates 

removed (n=230)

Records screened 

(n=229)

Records excluded (n=189)

• Not amyloidosis = 110

• Not human = 5

• Not cardiac MRI = 19

• Not original article cohort study = 46

• Study sample size N<10 = 9

Full-text articles assessed for 

eligibility (n=40)

Key methods

• This study was a systematic review and 
meta-analysis of CA publications

• PubMed, Cochrane and Embase databases 
were searched until March 31, 2020 for 
publications of adult and human studies. The 
following search terms were used:

• T1, mapping, extracellular volume or ECV and 
amyloidosis or amyloid and heart or cardiac

• Studies were selected for diagnostic analysis, 
reference range analysis, and prognostic 
analysis if they fulfilled the following criteria

• Diagnostic: study reported area under the 
receiver-operating characteristic curve (AUC) with 
95% confidence intervals (CIs) for native T1 
mapping and/or ECV for detecting CA

• Reference: study reported average and spread of 
native T1 mapping and/or ECV values in CA 
patients +/- healthy controls

• Prognostic: study reported univariable or 
multivariable hazard ratios with 95% CI for 
predicting all-cause mortality
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Studies included in quantitative 

synthesis (meta-analysis) 

(n=22)

Full-text articles excluded (n=19)

Not pre-contrast T1 or ECV = 2

No separate CA group = 2

Not report eligible statistical measure = 10

Duplicate cohort in different studies = 5

Diagnostic studies = 6

Reference range studies = 16

Prognostic studies = 6

Study disposition 

following the 

literature search
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Native T1 mapping and ECV are valuable quantitative techniques to 
assist the diagnosis of patients with suspected or confirmed CA
Diagnostic performance

• Pooled AUC (95% CI) for diagnosing CA were:

• 0.92 (0.89−0.96) for native T1 mapping

• 0.96 (0.93−1.00) for ECV

• Similarly high detection rates were observed for AL-CM and 
ATTR-CM, respectively:

• 0.94 (0.88−0.99) and 0.92 (0.83−1.00) for native T1 mapping

• 0.98 (0.97−0.99)  and 0.95 (0.87−1.00) for ECV

Reference range analysis

• Based on the pooled values of native T1 using a 1.5T scanner in 
CA and control subjects, the following thresholds suggesting CA 
were identified:

• Absence: <994 msec

• Indeterminate: 994−1073 msec

• Presence of CA: >1073 msec

AL-CM, light-chain cardiac amyloidosis; ATTR-CM, transthyretin cardiac amyloidosis; AUC, area under the receiver-
operating characteristic curve; CA, cardiac amyloidosis; CI, confidence interval; ECV, extracellular volume. 

Read more: 
pages 2–9 of published paper 

Native T1 mapping and ECV have very 

high pooled AUCs for the diagnosis of 

CA, both for AL-CM and 

ATTR-CM subtypes

A value below the lower boundaries for 

CA indicates the patient is unlikely to 

have CA; a value above the upper 

boundaries for controls indicates the 

patient is unlikely to have a normal heart

https://pubmed.ncbi.nlm.nih.gov/33274809/


Native T1 mapping and ECV were consistently associated 
with higher rates of all-cause mortality

Pooled hazards ratios for predicting all-cause death in CA from the prognostic studies by (a) native 
pre-contrast T1 mapping as a continuous parameter, (b) ECV as a continuous parameter, and (c) ECV

CA, cardiac amyloidosis; ECV, extracellular volume.

Read more: 
pages 2–10 of published paper 
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Conclusions and implications

AL-CM, light-chain cardiac amyloidosis; ATTR-CM, transthyretin cardiac amyloidosis; CA, cardiac amyloidosis; ECV, extracellular volume; LGE, late gadolinium enhancement. 

Discussion points

• Native T1 mapping and ECV have similar performance as late gadolinium 

enhancement (LGE), and are equally diagnostic in AL-CM and 

ATTR-CM subtypes

• However, none of the studies included in the meta-analysis evaluated 

whether either technique could distinguish between AL-CM and 

ATTR-CM subtypes

• The meta-analysis enabled determination of expected ranges for CA 

patients, indicating patients most likely to have CA and those less likely to 

have CA; however, the ranges overlap, forming indeterminate zones

• Native T1 mapping and ECV were constantly associated with higher rate of 

all-cause mortality in all studies

Links to further useful papers/materials: Zhao L, et al. BMC Cardiovasc Disord 2016;16:129; Brownrigg J, et al. ESC Heart Fail 2019;7(5):1041−51.

Implications

• Native T1 mapping and ECV can be used as accurate 

contrast-free alternative MRI techniques for the 

diagnosis of CA

• Differentiating between AL and ATTR-CM is important 

because these CA subtypes require very different 

treatments

• Diagnosis of CA would remain uncertain for patients with 

readings within the indeterminate ranges 

• These measurements can give insight into 

life-expectancy and also inform physicians regarding the 

urgency for initiating and monitoring treatment response

https://pubmed.ncbi.nlm.nih.gov/27267362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6816075/


Glossary

• AUC (area under the receiver-operating characteristic curve): receiver-operating analysis is a useful tool for evaluating the 

performance of diagnostic tests and more generally for evaluating the accuracy of a statistical model (e.g., logistic regression, 

linear discriminant analysis) that classifies subjects into 1 of 2 categories. The area under the receiver-operating curve is a 

summary measure that averages diagnostic accuracy across a spectrum of test values

• ECV (extracellular volume): a contemporary magnetic imaging technique that does not require gadolinium-based contrast. ECV 

is a marker of myocardial tissue remodeling

• Gadolinium-based contrast: required for late gadolinium enhancement, this is potentially associated with kidney toxicity, thus 

alternatives to this are especially helpful in those with significant renal impairment

• LGE (late gadolinium enhancement): a technique used in cardiac magnetic resonance imaging for cardiac tissue 

characterization, in particular, the assessment of regional scar formation and myocardial fibrosis. It is the reference standard for 

non-invasive imaging of myocardial scar and focal fibrosis

• Native T1 mapping: a contemporary magnetic imaging technique that does not require gadolinium-based contrast. T1 mapping 

measures the longitudinal or spin-lattice relaxation time, which is determined by how rapidly protons re-equilibrate their 

spins after being excited by a radiofrequency pulse


