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ON MY MIND

Screening for Cardiac Involvement in Carriers 
of Pathogenic TTR Variants: Proposal for an 
Approach Based on High-Sensitivity Troponin
Alberto Aimo , MD, PhD; Chiara Sanguinetti , PhD; Maria Franzini , PhD

Amyloidosis is a systemic disorder caused by the 
deposition of misfolded proteins in various organs. 
Genetic variants that reduce TTR (transthyretin) 

stability cause the variant (v) form of TTR amyloidosis 
(ATTRv). ATTRv amyloidosis can manifest as early as the 
fifth decade of life with isolated cardiac disease (character-
ized by heart failure and/or conduction disturbances), iso-
lated peripheral or autonomic neuropathy, or both. Besides 
2 stabilizing and protective TTR variants, around 140 TTR 
variants are reported as pathogenic. Their incomplete pen-
etrance and variable expressivity pose challenges for the 
screening of variant carriers, who may develop subclinical, 
and then overt, cardiac or neurologic disease.1,2

Cardiac biomarkers (troponins and natriuretic peptides) 
represent a possible way to detect myocardial damage, 
regardless of the specific variant. The evidence is basi-
cally limited to a study reporting that heterozygous carri-
ers of TTR V142I display both increased high-sensitivity 
troponin (hs-Tn) I values and increased risk for incident 
heart failure.3 Despite the lack of solid evidence, both the 
European Society of Cardiology (ESC) and the American 
College of Cardiology (ACC) recommend serial mea-
surements of cardiac biomarkers in TTR variant carriers. 
The ESC suggests measuring hs-Tn and NT-proBNP 
(N-terminal pro-B-type natriuretic peptide), echocardiog-
raphy, and ECG Holter monitoring, beginning ≈10 years 
before the age of onset in the proband (predicted age of 
disease onset). Scintigraphy with a bone tracer and car-
diac magnetic resonance (CMR) imaging should be per-
formed every 3 years or when other tests are abnormal.1 

The ACC proposes instead a baseline cardiac screening 
including ECG, cardiac biomarkers, and echocardiography 
with strain, to be repeated “based on symptoms.” Cardiac 
screening and neurology consultations are advised when 
cardiac screening is abnormal.2 Both the ESC and ACC 
documents lack clear guidelines on what constitutes 
abnormal findings that require further investigation. This is 
particularly relevant for cardiac biomarkers, which are pos-
sibly the most sensitive indicators of myocardial remodel-
ing, but expose also to the risk of false positive findings.

A slight elevation of cardiac biomarkers may signal an 
ongoing myocardial damage, which will eventually lead to 
structural and functional cardiac disease, and ultimately, 
signs and symptoms of cardiac disease. Similarly, even 
small increases in cardiac biomarkers over time may 
signal a progression of cardiac disease. Such increases 
should be greater than the analytic variability (ie, the 
changes over repeated measures of the biomarker in a 
same sample), plus the intra-individual biologic variability 
(ie, the random changes in biomarker values, in samples 
collected at different times, around the setting point of 
each individual). The reference change value (RCV) is a 
measure that incorporates both sources of variability. It 
is calculated as RCV = 2.77 × √(CVa² + CVi²), where 
CVa and CVi represent the coefficients of analytical and 
intraindividual variability, respectively.4 Few data on the 
biologic variability of NT-proBNP are available. Individu-
als without known heart disease have typically hs-Tn 
values <99th percentile upper reference level. By defini-
tion, hs-Tn methods exhibit a CVa <10% for biomarker 
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values at the upper reference level.4 Based on reference 
datasets (https://biologicalvariation.eu/), CVi values for 
hs-TnT and hs-TnI are 11.4% and 12.7%, respectively. By 
applying the CVa and CVi values to the aforementioned 
formula, we calculate an RCV of 42% for the single hs-
TnT assay and an average RCV of 45% for hs-TnI assays. 
This indicates that increased hs-TnT >42% or increased 
hs-TnI >45% in the same individual cannot be attributed 
to random fluctuations in biomarker values. Instead, these 
increases signify ongoing and worsening cardiac dam-
age. The availability of point-of-care assays for troponins 
with the analytic performance of high-sensitivity methods 
increases the possibility of repeated measurement.

Based on these premises, we propose the following 
screening algorithm: hs-Tn should be measured begin-
ning 10 years before the predicted age of disease onset; 
if hs-Tn remains stable or increases <50% in 1 year 
(rounding up from the previously noted values 42% to 
45%), another measurement after 1 year may suffice, 
and additional tests may not be essential. An hs-Tn value 
that increases ≥50% in 1 year in the absence of possible 
causes (eg, worsening renal function), suggests car-
diomyocyte damage related to amyloid deposition. This 
may warrant searching for extracellular volume expan-
sion or regional bone tracer uptake via CMR or single-
photon emission computed tomography with bone tracer, 
respectively (Figure).

When there is laboratory and imaging evidence of 
heart disease, starting a treatment that halts or slows 
ATTR progression is reasonable to stop amyloid depo-
sition and prevent further cardiac remodeling. How-

ever, phase 3 trials for cardiac amyloidosis have only 
recruited symptomatic patients with NT-proBNP values 
≥300 ng/L. Therefore, there are no approved drugs for 
patients with subclinical cardiac amyloidosis who do not 
have clinically evident neuropathy, which in and of itself 
indicates the need for therapy.1,2

The ongoing ACT-EARLY (Acoramidis Transthyretin 
Amyloidosis Prevention Trial in the Young) study is investi-
gating the potential to prevent the development of symp-
tomatic disease by administering acoramidis treatment to 
TTR variant carriers, beginning 10 years before the antic-
ipated onset of the disease based on the proband’s age 
of onset.5 If this study yields positive results, the standard 
approach for managing carriers will involve administering 
acoramidis 10 years before the expected onset of the 
disease. However, if the ACT-EARLY results are neutral, 
negative, or inconclusive, alternative studies should be 
pursued to explore treatment options for patients with 
asymptomatic heart disease. A possible strategy involves 
the screening algorithm proposed above: annual mea-
surement of hs-TnT/I through standard or point-of-care 
assays, followed by CMR or single-photon emission com-
puted tomography with a bone tracer if troponin levels 
increase >50% from the previous year. Treatment should 
be initiated if both troponin changes and imaging find-
ings indicate cardiac involvement. Prospective studies 
are required to determine the proportion of carriers with 
≥50% annual change who have evidence of subclinical 
cardiac involvement on imaging, and whether treatment 
initiation in this stage can stop disease progression and 
has a favorable cost-effectiveness profile.

Figure. Proposed screening strategy for cardiac disease in carriers of TTR gene variants.
ATTRv indicates transthyretin amyloidosis variant; CA, cardiac amyloidosis; CMR, cardiac magnetic resonance; hs-TnT/I, high-sensitivity troponin 
T/I; N, No; PADO, predicted of age disease onset; SPECT, single-photon emission computed tomography; TTR, transthyretin; and Y, Yes.
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