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Transthyretin amyloid cardiomyopathy (ATTR-CM) is a life-threatening condition with a heterogeneous clinical presentation. The recent
availability of treatment for ATTR-CM has stimulated increased awareness of the disease and patient identification. Stratification of patients
with ATTR-CM is critical for optimal management and treatment; however, monitoring disease progression is challenging and currently lacks
best-practice guidance. In this report, experts with experience in treating amyloidosis and ATTR-CM developed consensus recommendations
for monitoring the course of patients with ATTR-CM and proposed meaningful thresholds and frequency for specific parameters. A
set of 11 measurable features across three separate domains were evaluated: (i) clinical and functional endpoints, (ii) biomarkers and
laboratory markers, and (iii) imaging and electrocardiographic parameters. Experts recommended that one marker from each of the three
domains provides the minimum requirements for assessing disease progression. Assessment of cardiac disease status should be part of a
multiparametric evaluation in which progression, stability or improvement of other involved systems in transthyretin amyloidosis should
also be considered. Additional data from placebo arms of clinical trials and future studies assessing ATTR-CM will help to elucidate, refine
and define these and other measurements.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

*Corresponding author. Heart Failure and Inherited Cardiac Diseases Unit, Department of Cardiology, Hospital Universitario Puerta de Hierro Majadahonda, Manuel de Falla, 1,
28222 Majadahonda, Madrid, Spain. Tel: +34 91 1917297, Fax: +34 91 1917718, Email: pablogpavia@yahoo.es

© 2021 European Society of Cardiology



2 P. Garcia-Pavia et al.

Graphical Abstract

This consensus document from an international expert panel recommends a set of clinically feasible tools for the long-term monitoring of patients
with transthyretin amyloid cardiomyopathy (ATTR-CM), including meaningful thresholds for defining disease progression and the frequency of
measurements. 6MWT, 6-min walk test; ECG, electrocardiogram; EQ-5D, EuroQol five dimensions; GLS, global longitudinal strain; HF, heart failure;
KCCQ, Kansas City Cardiomyopathy Questionnaire; LV, left ventricular; LVEF, LV, left ventricular ejection fraction; NAC, UK National Amyloidosis
Centre; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; QoL, quality of life.
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Introduction
Transthyretin amyloid cardiomyopathy (ATTR-CM) is a
life-threatening condition that is characterized by deposits of
amyloid protein in the extracellular space of the myocardium,
causing progressive infiltrative cardiomyopathy.1,2 ATTR-CM is
characterized by increased left ventricular (LV) wall thickness and
diastolic dysfunction, with around a third of patients showing a
restrictive filling pattern.3

ATTR-CM presents in two predominant phenotypes: variant
ATTR-CM (ATTRv), which is a hereditary form of the disease
caused by mutations in the transthyretin (TTR) gene that can
present as a multisystem disease in people from early middle
age onwards; and wild-type ATTR-CM (ATTRwt), which pre-
dominantly affects the heart in isolation and typically affects men
over 60 years of age, but is also found in women.3,4 The early
stages of the disease manifest as heart failure (HF) with preserved
ejection fraction5 and may mimic hypertensive heart disease3 or
hypertrophic cardiomyopathy.6 The natural history of ATTR-CM
is variable,7 particularly in hereditary forms where genotype influ-
ences the likelihood (and predominance) of cardiac involvement7

but prognosis, if untreated, is poor with a median survival time
from diagnosis of 3.6 years,4 and 2.6 years for patients with V122I
genotype.8 ..
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Traditionally, ATTR-CM has been considered to be a rare dis-
ease; however, recent data suggest that the prevalence may be
substantially higher than previously assumed.2,9,10 Historical under-
diagnosis means that the natural history of the disease remains
uncertain, with data limited to small observational cohorts and
latterly to the placebo arm of clinical trials. Nevertheless, it is
clear that the disease progresses silently and that diagnosis often
follows presentation with late-stage cardiac manifestations.8,9,11 It
is hoped that with improved diagnosis and heightened awareness,
ATTR-CM can be detected earlier, allowing more precise patient
stratification and profiling with regard to disease progression at all
stages.

Several red flags that support ATTR-CM suspicion and tech-
niques that facilitate earlier diagnosis have been identified and
these have assumed greater importance with the availability of
disease-modifying treatments that improve clinical outcomes.12,13

Parameters that change with ATTR-CM disease progression span
several domains, such as functional capacity, quality of life (QoL),
laboratory biomarkers and cardiac imaging, and these require mul-
tidisciplinary expertise for their interpretation.7 However, there
is a lack of guidance on the use of potential disease markers
in monitoring disease progression. Several models using indepen-
dent measures for estimating prognosis in ATTR-CM are available

© 2021 European Society of Cardiology
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Table 1 Clinical staging systems for transthyretin amyloid cardiomyopathy

Grogan et al., 2016
(Mayo)4 ATTRwt

Gillmore et al., 2018 (NAC)14

ATTRv and ATTRwt
Cheng et al., 2020 (Columbia)15

ATTRv and ATTRwt
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Staging parameters:
Troponin T >0.05 ng/mL
NT-proBNP >3000 pg/mL

Staging parameters:
eGFR <45 mL/min
NT-proBNP >3000 pg/mL

Scoring parameters:
Mayo or NAC score (0 to 2 points)
Daily dose of furosemide or equivalent:
0 mg/kg (0 points), >0–0.5 mg/kg (1 point),
>0.5–1 mg/kg (2 points), and >1 mg/kg (3 points)

NYHA class I–IV (1 to 4 points)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Stage Median
survival

Stage Median
survival

Score Mean survival

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Stage I (0 parameters) 66 months Stage I (0 parameters) 69.2 months Score 1–3 78 months
Stage II (1 parameter) 40 months Stage II (1 parameter) 46.7 months Score 4–6 48 months (Mayo)

45.6 months (NAC)
Stage III (2 parameters) 20 months Stage III (2 parameters) 24.1 months Score 7–9 26.4 months (Mayo)

22.8 months (NAC)

ATTRv, variant transthyretin amyloid cardiomyopathy; ATTRwt, wild-type transthyretin amyloid cardiomyopathy; eGFR, estimated glomerular filtration rate; HF, heart failure;
NAC, UK National Amyloidosis Centre; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.

(Table 1)4,15,16 but they are limited by inter-subject variability and
were not designed to monitor progression.

To address this unmet need, a group of international experts in
cardiac amyloidosis elaborated a series of recommendations for the
monitoring of patients with ATTR-CM. The document is based on
two surveys and two expert panel discussions, in which the experts
provided experience-based opinions on the tests and biomarkers
that they felt to be most useful and feasible for long-term assess-
ment of ATTR-CM patients. This report summarizes the group’s
recommendations, including the thresholds for defining disease
progression (Graphical abstract).

Methods/selection of tools
A panel of experts from Europe (Austria, France, Germany, Italy,
Portugal, Spain and UK), Japan and the USA were convened in spon-
sored meetings. No participant was appointed by a national society or
by a regulatory authority.

The experts were asked to complete two surveys and to agree
on a final list of recommended clinical parameters deemed to be
feasible and clinically meaningful when monitoring disease progression
in ATTR-CM. In survey one, experts were asked to list key measurable
clinical features for longitudinally assessing disease status in patients
with ATTR-CM that they either used or would recommend. In survey
two, experts were asked to rank the list of features and to outline the
tools/techniques/investigations they would use to measure change in
each clinical feature; they were also asked to describe the frequency
and threshold for minimally important change for each measurement.
Following completion of the surveys, panel discussions were held in
which experts explored the value of individual parameters and achieved
consensus on the clinical indicators and thresholds that inform on
change in ATTR-CM. Subjectivity, standardization and sensitivity were
considered, particularly where lack of standardization and inter- and
intra-subject variability could impact consistency. To the best of our
knowledge, this is the first time that a set of measurement tools has ..
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.. been defined with the explicit objective of characterizing, in detail, the
progression of ATTR-CM in diagnosed patients.

Results
The surveys identified many candidate clinical features for moni-
toring patients with ATTR-CM, which are listed in the Appendices.
During consensus discussions, the list was refined and defined using
thresholds and frequency of measurements (Appendices 1–3). By
consensus, this set of 11 measurable features, was recommended
across three separate domains: (i) clinical and functional endpoints,
(ii) biomarkers and laboratory markers, and (iii) imaging and elec-
trocardiographic parameters (Table 2). While a change in each
clinical feature was considered meaningful, worsening in any sin-
gle marker was insufficient to define disease progression and at
least one marker in each of the three domains was required.

Clinical and functional endpoints
Heart failure-related hospitalizations

The number of HF decompensation-related hospitalizations16

requiring intravenous diuretic treatment17 is a meaningful
indication of disease progression and is used as a common
endpoint in HF and ATTR-CM trials.13 The recommended thresh-
old for this parameter is one or more hospital admissions during
a 6-month period, while the absence of any hospitalizations is
considered stabilization of ATTR-CM during this period. The panel
acknowledged that other reasons for hospitalizations – including
pacemaker implantation due to rhythm disturbances and arrhyth-
mias/syncope [if related with arrhythmias on electrocardiogram
(ECG)/Holter] are well-established markers of progression. As
hospitalization for arrhythmic/conduction disturbances would qual-
ify under two domains, the panel aimed to avoid overestimation
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Table 2 Recommended measurement tools for detecting transthyretin amyloid cardiomyopathy progression in
treated patients

Tool and domain Clinical feature Threshold indicating
disease progression

Recommended
frequency
of measurement

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Clinical and functional
Clinical and medical history Cardiovascular-related

hospitalizations
Worsening indicated by any hospitalization (related

to HF decompensation) in a 6-month period
6 months

HF class: NYHA class Stepwise class change (plus or
minus) should indicate
progression or
amelioration/improvement,
respectively

One class increase (note: must be measured during
a 30-day period of stability)

6 months

QoL: EQ-5D tool and KCCQ Description of measurements Five-point decrease in KCCQ represents
deterioration; 10-point decrease in KCCQ
represents moderate deterioration; 10% decline
in EQ-5D score represents deterioration

6–12 months

Functional capacity 6MWT Decrease of 30–40 m every 6 months (in the
absence of obvious non-cardiovascular cause)

6 months

Biomarkers and laboratory markers
Biomarkers and laboratory

markers
NT-proBNP 30% increase with 300 pg/mL cut-off

To be measured during a 30-day period of clinical
stability and under same atrial rhythm

6 months

Troponin (high-sensitivity) assay 30% increase 6 months
Clinical staging system Advance in NAC staging score 6 months

Imaging parameters and ECG
Echocardiography LV measures wall thickness/mass ≥2-mm increase in LV wall thickness 6–12 months

Systolic function measurements ≥5% decrease in LV ejection fraction decrease;
≥5 mL decrease in stroke volume and ≥1%
increase in LV global longitudinal strain

12 months

Diastolic dysfunction worsening,
e.g. using diastolic functioning
grade

Stepwise increase in diastolic functioning grade;
consistent deterioration in diastolic function

12 months

ECG/Holter ECG New-onset of
arrhythmic/conduction
disturbances

New-onset bundle branch block
New-onset AV block (of any degree)
Sinus pauses, sinus node dysfunction, AF with a

very slow ventricular response without
pharmacologic treatment (<50 bpm)

6 months

AF, atrial fibrillation; AV, atrioventricular; ECG, electrocardiogram; EQ-5D, EuroQol five dimensions; HF, heart failure; KCCQ, Kansas City Cardiomyopathy Questionnaire;
LV, left ventricular; NAC, UK National Amyloidosis Centre; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; QoL, quality of life;
6MWT, 6-min walk test.

of a single parameter. While the experts agreed that the use of
intravenous diuretic therapy (in both inpatient and outpatient
settings) was a better indicator of disease progression than an
increase in the use of oral diuretics, the dose of diuretic is a strong
predictor of outcome in HF studies18 and an independent pre-
dictor of mortality in ATTR-CM patients15; moreover, peripheral
oedema, observed as an increase in weight or ankle, leg and foot
circumference, is a significant change that patients can monitor
daily,19 in addition to assessments at any hospital visits.

NYHA functional class/heart failure class

The New York Heart Association (NYHA) classification catego-
rizes patients into one of four groups, based on the degree of ..
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.. exertion required to produce symptoms. Considered a corner-
stone of clinical assessment of HF status, the NYHA classification
is commonly used to determine eligibility status in clinical trials.20

Although easily implemented in everyday practice, HF is more
complex and multifactorial than the four classes described by
this tool. Subjectivity and a lack of detail have meant that
use of the NYHA classification to assess disease status has
been questioned.18,20 NYHA classification depends on patient
self-reporting and physician examination, and its use is associ-
ated with risks of inter- and intra-subject variability.18,19 Although
NYHA class has been shown to be prognostic in ATTR-CM,20,21

the group decided that it lacks sensitivity as a standalone tool for
detecting subtle progression of ATTR-CM in individual patients,
and therefore should be interpreted in a multiparametric approach
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with other markers18; it was also recommended that NYHA mea-
sures should be made after 30 days of stability, as defined by stable
symptoms. In ATTRv patients with overlapping phenotypes, NYHA
classification may be limited in the assessment of motor disabilities
caused by polyneuropathy.

Quality of life tools

Quality of life assessment, using tools such as EuroQol five dimen-
sions (EQ-5D), the Kansas City Cardiomyopathy Questionnaire
(KCCQ), is an established chronic disease measure22 that is con-
sidered an essential indicator of response in HF treatment.23 The
Hospital Anxiety and Depression Scale (HADS) provides valuable
patient insight, although it has not been validated specifically in the
ATTR-CM population. In addition to being important endpoints for
treatment trials, QoL assessments provide valuable learnings for
patient engagement and education and may also help guide thresh-
olds and cut-offs for different markers.

The KCCQ includes domains of physical and social limitations,
symptoms and self-efficacy, using either an improvement or a
reduced decline in QoL; this tool has been employed in ran-
domized controlled trials (RCTs), including a recent evaluation
of tafamidis in ATTR-CM.10,13 A significant reduction in KCCQ
decline was found in tafamidis-treated patients vs. placebo in the
ATTR-ACT study13; in the placebo arm of this study, KCCQ
decline was greater in ATTRv patients than ATTRwt patients,
and the placebo group also demonstrated higher mortality and
increased N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels over time in ATTRv compared with ATTRwt.10

In isolation, QoL measurements are subjective, and defining
thresholds using these measures for patient management is a chal-
lenge; therefore, experts proposed that QoL should be used in
concert with other measures to confirm stability or progression
and, in this way, facilitate earlier detection of ATTR-CM progres-
sion. It should be noted that without the dedicated teams and
resources provided in a research setting, routine QoL assessments
may be too time-consuming for a typical clinic and patients may tire
of repeated questionnaires. The KCCQ provides patient-centric
data and can be used to monitor changes in disease status but
training is required to improve physicians’ understanding of the
instrument24 and where possible, disease-specific QoL tools should
be used.

Physical function/functional capacity

Physical assessments such as the number of meters walked in 6 min
(6MWT) are an objective way to detect disease severity, progres-
sion and treatment effects10,25: for example, in the ATTR-CT study,
6MWT showed a reduced decline in tafamidis-treated patients
compared with those receiving placebo.13 However, because of
logistical constraints, these tests tend to be performed in research
settings more than routine clinical practice.10,25

Frailty is an important domain, particularly in elderly and
multi-comorbidity patients; it is associated with higher risk of mor-
tality and hospitalization in older patients with chronic HF.26 While
the inclusion of additional frailty assessments may be challeng-
ing to incorporate into routine clinics, the 6MWT – particularly ..
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.. if already being performed to assess physical function – may be
helpful for stratifying frailty in ATTR-CM patients and determining
prognosis.26 Because formal frailty measurements are currently dif-
ficult to incorporate into routine clinics, these were not part of the
recommended criteria in Table 2; however, they form an important
part of patient examination.

Biomarkers and laboratory markers
NT-proBNP

NT-proBNP measurement is a reference biomarker for determin-
ing the probability of HF27; moreover, owing to its low cost and
easily interpretable results, it is feasible in routine clinical practice.
NT-proBNP measurements are also deemed to be useful measures
of disease progression14 – as demonstrated in the placebo arm in
the ATTR-ACT trial10 and amyloidosis staging systems.4 Where
NT-proBNP measurements are not possible, B-type natriuretic
peptide (BNP) can also be used to determine risk and predict
outcomes in HF with reduced ejection fraction. It should be
noted, however, that these peptides present in different ratios, with
NT-proBNP levels more than six times higher than BNP in patients
with HF with reduced ejection fraction and that BNP has been less
studied in ATTR-CM.28

Caution is advised when measuring NT-proBNP, as increased
levels occur with renal failure and atrial fibrillation,29,30 which could
impact on the interpretation of changes as evidence of ATTR-CM
progression. In this regard, it should be noted that the relationship
between NT-proBNP and estimated glomerular filtration rate is
complex, reflecting a combination of cardiac and renal factors.14

Given that analytical variability and biological variability affect the
precision of this marker,31 the panel recommended using both
relative (30%) and absolute (300 pg/mL) increases in NT-proBNP
to ensure that progression can be detected in both early-stage
and more advanced patients. Proposed thresholds for NT-proBNP
variation may be updated as more information becomes available.
The experts stressed that biomarker measurements should be
interpreted following 30 days of clinical stability, without a change in
diuretic dose, and under the same heart rhythm (i.e. sinus or atrial
fibrillation) as when previously examined. Otherwise, NT-proBNP
should be interpreted accordingly.

Troponin and biomarker stage

Persistent elevation of cardiac troponin levels is suggestive of
myocardial damage and may have prognostic value for ATTR-CM.32

The standardization of absolute cardiac troponin levels, however,
is an ongoing issue – generations of troponin assays developed
by different manufacturers have confounded its use, with different
centres preferring particular assays.14

Furthermore, the association between absolute troponin value
changes and changes in disease status is unknown, making it unclear
what constitutes significant change. As patients with ATTR-CM
are often clinically stable for years,7 and because troponin levels
may be in the reference range for long durations, a step change
may not be suitable for patients with early stages of the dis-
ease. Therefore, this panel of experts believes that a 30% relative

© 2021 European Society of Cardiology
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increase, using a high-sensitivity assay, would be a better indica-
tion of ATTR-CM progression than a pre-specified absolute level.
Nevertheless, reduced troponin clearance in patients with con-
comitant HF and chronic kidney disease suggests that troponin
measurements are also affected by renal function,33,34 underpin-
ning the need for caution in interpreting such data, particularly in
multimorbid patients.

Staging systems

Advanced clinical staging systems (Table 1) allow documentation
of changes and associations between biomarker levels, clinical and
physical functioning, and QoL. Because the Mayo Clinic staging
system was derived only for ATTRwt patients and the Columbia
system includes functional parameters that are separately evalu-
ated in the functional domain, the group agreed that these staging
systems were less suited for our proposed model of monitoring
progression of ATTR-CM. Moreover, the UK National Amyloido-
sis Centre (NAC) system described by Gillmore et al.14 is currently
the only staging system that has been shown to predict survival
throughout the natural history of ATTR-CM35 and comprises fea-
tures from only the ‘biomarkers and laboratory markers domain’,
therefore it was agreed that a change in the NAC score would be
a helpful indication of disease progression in ATTR-CM.4,14,35

Imaging and electrocardiographic
parameters
Echocardiography

Due to low costs, as well as ease of image acquisition and interpre-
tation, echocardiography is the universal imaging tool for cardiac
amyloid assessment and plays a crucial role in monitoring disease
progression1; however, there is a need for clear and objective
thresholds with regard to ATTR-CM progression criteria. Experts
recommended that trends in disease progression should be identi-
fied and defined using serial measurements, and that findings should
be interpreted in the context of other clinical examinations. RCT
data may help to define thresholds for disease progression when
long-term data on responders vs. non-responders becomes avail-
able.

Due to the capacity for serial measurements, the panel rec-
ommended that physicians simultaneously collect a range of
echocardiography parameters that provide meaningful indications
of ATTR-CM worsening; for example, stroke volume, inferior vena
cava diameter, Doppler assessment including E/e’ and transmitral
flow, global longitudinal strain (GLS) and pericardial effusion.

Based on clinical trial data in which 8% of patients experienced
≥2 mm increase in LV wall thickness,36 experts agreed that this
threshold was suggestive of disease progression, whereas changes
of a lesser magnitude may represent measurement error. How-
ever, such changes occur slowly and so are less likely to be useful
in guiding short-term management decisions. Confounders such
as systemic hypertension should also be considered when assess-
ing LV wall thickness. Routine measurement of LV systolic function
should be assessed with ≥5% decreases in LV ejection fraction or
≥5 mL decrease in stroke volume indicative of disease progression, ..
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.. as determined from the ATTR-ACT trial data.13 Indeed, these mea-
sures may be better indicators of ATTR-CM progression than LV
wall thickness. LV GLS has also been shown to diagnose LV dysfunc-
tion in ATTR-CM at the early stages of the disease37 and to be diag-
nostically accurate when differentiating cardiac amyloidosis from
other aetiologies.38 Based on linear extrapolations of findings from
the APOLLO trial and ATTR-ACT, the panel recommended that
a ≥1% increase in GLS was indicative of disease progression.13,36

Diastolic dysfunction in conjunction with wall thickening leads to
restrictive cardiomyopathy39; therefore, echocardiographic detec-
tion of diastolic worsening should be routinely performed, with the
caveat that it may be altered by changes in fluid status, heart rate
and heart rhythm.

The value of different echocardiographic parameters varies
according to disease stage; for example, early disease markers
include LV strain and low-grade diastolic dysfunction, whereas late
markers comprise LV ejection fraction, right ventricular systolic
function, restrictive LV filling, reduced myocardial contraction frac-
tion, increased LV mass and LV wall thickness.40,41 The recom-
mended testing frequency of 6–12 months using echo agrees with
published consensus statements on ATTR-CM imaging.42

Electrocardiogram

Using a standard 12-lead ECG, ATTR-CM can be characterized by
a ‘pseudo-infarct’ pattern of Q-wave or T-wave changes or low
QRS voltage.1,21 The development of atrioventricular (AV) block
- particularly advanced AV block, and PR interval prolongation
>20 ms – were considered meaningful changes in patients with
ATTR-CM that signal disease progression43 and may appear in iso-
lation or together with bundle branch block pattern. The appear-
ance of left bundle branch block or trifascicular block may also
be indicative of disease worsening; however, because conduction
disturbances are often present before diagnosis,44 these measures
may be inconclusive in isolation. Moreover, 24-h ambulatory ECG
monitoring was considered a pragmatic recommendation for the
detection of atrial fibrillation and conduction disturbances. In some
individual patients with paroxysmal symptoms suggesting arrhyth-
mia, more prolonged monitoring may be appropriate.45,46 Indica-
tions for permanent pacing, such as sinus node dysfunction, atrial
fibrillation with a slow ventricular response and AV block also indi-
cate disease progression.

Cardiovascular magnetic resonance and radionuclide
imaging (nuclear cardiology)

As a pivotal diagnostic tool in ATTR-CM, cardiovascular magnetic
resonance (CMR) using native T1 mapping and T1 with late gadolin-
ium enhancement (LGE) is used for tissue characterization and
measurement of extracellular volume (ECV).47 Cine CMR is also
more reproducible and accurate for measuring both LV geom-
etry and functional parameters than echo measurements.7,48,49

ECV has prognostic value in ATTR-CM,50,51 but its use as a mea-
sure of treatment response requires validation. Although CMR is
contraindicated with some pacemakers, new conditional devices
enable imaging where necessary. However, based on costs, avail-
ability, and the lack of serial data in ATTR-CM, CMR was not
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included in the progression criteria. When available, long-term
treatment data will clarify a future role for CMR and it is likely
that interval scanning may be an important aspect of disease
monitoring; for example, recently a biennial CMR screening was
recommended in a consensus recommendations document for
ATTR-CM.42

Cardiac scintigraphy with bone avid tracers

Quantitative cardiac single photon emission computed
tomography/positron emission tomography (SPECT/PET)
using bone avid radiotracers, 99mTc-pyrophospate (PYP),
99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid (DPD)
and 99mTc-hydroxymethylene diphosphonate (HMDP) are robust
non-invasive diagnostic tools that are currently embedded in
routine ATTR-CM diagnosis.52–54 Recent findings demonstrated
suboptimal sensitivity of DPD scintigraphy in patients carry-
ing the early-onset Val50Met (formerly Val30Met) variant and
other rarer genotypes like Phe64Leu, suggesting that the accu-
racy of the technique may be influenced by the ATTRv genetic
variant.55,56

Although these tools play an important role in identifying early
ATTR-CM, their value in assessing the progression of ATTR-CM is
not fully elucidated, and therefore the expert group did not make a
recommendation for their use in disease monitoring.7 The same is
true for other amyloid-specific radiotracers, such as 11C-Pittsburgh
compound B and 18F-florbetapir.57–61

Discussion
General considerations for monitoring
transthyretin amyloid cardiomyopathy
in identified patients
There remains a need for practical clinical evaluation tools that
are feasible to conduct every 6–12 months; for example, CMR,
radionuclide imaging and QoL measures may be more chal-
lenging to perform, whereas clinical examination, NYHA func-
tional class assessment, ECG and circulating biomarkers are more
practical. Nevertheless, the entire battery of tests should be
performed yearly in patients with diagnosed ATTR-CM, with
some tests performed twice during this period. Attempts should
be made to coordinate specialists to minimize the number of
hospital visits.

Accurate baseline levels are crucial; this includes the initial dis-
ease staging and knowledge of relevant markers for early vs. late
stage of ATTR-CM. Reproducibility of certain measures, such as
NT-proBNP, echocardiography and CMR has not been demon-
strated in ATTR-CM, so parameters that are evaluated over multi-
ple timepoints may be more meaningful than those used at specific
cut-off values.

The experts highlighted that ATTR-CM phenotype (ATTRv vs.
ATTRwt) and disease stage may impact the feasibility or reliabil-
ity of the measurements used to monitor cardiac disease pro-
gression in ATTR-CM patients, supporting the importance of a ..
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.. multiparametric approach that includes clinical variables, question-
naires, laboratory biomarkers, and imaging.

Consideration of clinical variables that
influence criteria defining progression
in transthyretin amyloid cardiomyopathy
Physical frailty and biological age, and the patient’s own perception
of disease worsening were generally not considered to influence
the measurement tools. However, it was noted that elderly people
frequently present with degenerative conduction diseases such
as AV blocks (even in the absence of amyloidosis), which may
complicate the interpretation of ECG findings.

Treatment effects and transthyretin
amyloid cardiomyopathy progression
An additional factor when considering meaningful change is the
potential delay in treatment effect, and this should be taken into
account whilst the disease stabilizes, particularly during the initial
6–12-month interval after starting treatment. This recommen-
dation underpins the importance of robust measures to discern
between cardiac remodelling or lack of efficacy in patients with
advanced-stage disease, and it is believed that imaging parameters
may play a key role in this distinction in the future.

Currently, long-term data in treated ATTR-CM patients are lack-
ing, so clear endpoints indicating disease progression or stability
are unknown. Findings from phase 3 trials, such as the ATTR-ACT
study, may provide relevant endpoints for treatment goals13 and
long-term data will also inform these decisions. The panel stressed
that where these tools indicate ATTR-CM progression, measure-
ments should not be interpreted as a recommendation to discon-
tinue disease-modifying therapies.

Future studies
To improve the management of patients with ATTR-CM, several
studies assessing the relationship between patient outcome and
progression help inform therapeutic decisions (Table 3). Therefore,
a set of parameters measuring physical function, biomarkers and
imaging should be categorized into different ATTR-CM disease
stages based on their relationship with progression and survival.
Data from placebo arms of RCTs will provide an opportunity to
observe progressive changes in cardiac geometry and will allow
a comparison of progressive changes in treated vs. untreated
ATTR-CM patients.10 Another area of future research includes
the validation of systemic ATTR biomarkers for the production
and plasma concentration of circulating TTR and unstable TTR.
These include kinetic and peptide biomarkers that selectively bind
to misfolded pathogenic oligomers in the serum; however, these
are in the early stages of clinical investigation.62

The experts propose that long-term studies in patients with
ATTR-CM should explore global measurements of frailty, stratifying
patients by age, severity and ATTR-CM phenotype. Ideally, multidi-
mensional assessment of frailty should be incorporated into ongo-
ing holistic assessment of ATTR-CM patients, but further studies
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Table 3 List of proposed studies to improve the understanding of disease progression in patients with transthyretin
amyloid cardiomyopathy

1 Multiparametric evaluation to characterize disease progression and predict survival for different stages of ATTR-CM (early vs. late) and for
disease severity

2 Pooled analyses of RCT data, using placebo arms to define changes in cardiac geometry and compare progressive changes with those in treated
ATTR-CM patients

3 Studies validating systemic ATTR biomarkers for determining the production and plasma concentration of circulating TTR and unstable TTR,
such as kinetic and peptide biomarkers

5 Long-term studies exploring global measurements of frailty, stratifying patients by age, severity and ATTR-CM phenotype to assess its influence
on disease progression

6 Assessment of cardiac progression in mixed ATTRv phenotype to determine the stability or improvement of other involved organs (i.e.
peripheral neuropathy, kidneys and the autonomic system)

7 Validation of imaging parameters for ATTR-CM progression, including CMR, T1 mapping and ECV changes, and radionuclide imaging with SPECT
and PET

8 Patient engagement studies that include relevant patient-centric endpoints, such as surveys and patient-reported outcomes

ATTR, transthyretin amyloidosis; ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv, variant transthyretin amyloidosis; CMR, cardiovascular magnetic resonance; ECV,
extracellular volume; PET, positron emission tomography; RCT, randomized controlled trial; SPECT, single photon emission computed tomography; TTR, transthyretin.

are required to understand better how different frailty phenotypes
influence disease progression. In a similar vein, owing to the typical
late-stage diagnosis, the data to support these measures of progres-
sion tend to be from older patients; it is hoped that with improved
diagnosis and awareness, disease progression in early-stage patients
can be characterized. Assessment of cardiac progression in mixed
ATTRv phenotype should be part of a multisystemic evaluation,
in which progression, stability or improvement of other involved
organs (i.e. peripheral neuropathy, kidneys and the autonomic sys-
tem) should also be considered as they contribute to the overall
interpretation of the disease course.63

This report also highlights the need for more research validating
imaging parameters for ATTR-CM progression, including CMR, T1

mapping and ECV changes, and radionuclide imaging with SPECT
and PET. A recognized limitation of the study was the lack of patient
engagement for selecting relevant endpoints. It is hoped that future
studies that focus on such endpoints, including patient surveys and
patient-reported outcomes studies will gain perspective on what
matters most to patients.

Conclusions
A minimum set of parameters should be used to detect disease pro-
gression in patients diagnosed with ATTR-CM and these measures
should be performed in a relatively short timeframe (6–12 months)
after diagnosis or commencing treatment for ATTR-CM. Parame-
ters should include the following:

1. Quantitation of functional decline (clinical and functional end-
points).

2. Quantitation of disease severity by biomarkers and laboratory
markers.

3. Quantitation of disease severity by imaging and electrocardio-
graphic parameters. ..
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.. Upcoming data on non-treated patients will help to elucidate,
refine and define these measurements.
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Appendix 1

Flow chart of consensus process

Appendix 2

25 clinical features identified by the experts in survey 1

6-min walk test/functional capacity
Body composition monitoring
Conduction abnormalities
Cardiovascular-related hospitalizations/hospitalization

for heart failure
E/e′

Estimated glomerular filtration rate
Extracellular volume
Left ventricular global longitudinal strain
High-sensitivity troponin T
Interventricular septum thickness
Liver congestion (laboratory evaluation)
Left ventricular ejection fraction
Left ventricular mass and wall thickness
Mean pulmonary arterial pressure
Native T1 times
Need for intravenous therapy to treat heart failure

(emergency department – no hospitalization)
NT-proBNP
NYHA class/heart failure class
Peripheral oedema/need for diuretics to treat heart

failure
Physical function
Quality of life/EQ-5D
Quantitative myocardial uptake of amyloid-binding

positron emission tomography radiopharmaceuticals
Right ventricular function/right ventricular ejection

fraction
Spiroergometry
Transthyretin levels
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.. Appendix 3

16 clinical features identified by the experts in survey 2

Left ventricular mass and wall thickness
Left ventricular strain
Interventricular septum thickness
T1 mapping
E/e′

12-lead ECG
Extracellular volume
Left ventricular global longitudinal strain
High-sensitivity troponin T
Onset of persistent atrial fibrillation
24-h Holter monitoring
Requirement of pacemaker
Posterior wall thickness
Diuretics requirement
Renal function
Onset or progression of neuropathy in hereditary ATTR-CM

References
1. Ruberg FL, Berk JL. Transthyretin (TTR) cardiac amyloidosis. Circulation

2012;126:1286–1300.
2. Garcia-Pavia P, Rapezzi C, Adler Y, Arad M, Basso C, Brucato A, Burazor I,

Caforio ALP, Dam T, Eriksson U, Fontana M, Gillmore JD, Gonzalez-Lopez
E, Grogan M, Heymans S, Imazio M, Kindermann I, Kristen AV, Maurer MS,
Merlini G, Pantazis A, Pankuweit S, Rigopoulos AG, Linhart A. Diagnosis and
treatment of cardiac amyloidosis. A position statement of the European Society
of Cardiology Working Group on Myocardial and Pericardial Diseases. Eur Heart
J 2021;42:1554–1568.

3. Gonzalez-Lopez E, Gagliardi C, Dominguez F, Quarta CC, de Haro-Del Moral
FJ, Milandri A, Salas C, Cinelli M, Cobo-Marcos M, Lorenzini M, Lara-Pezzi E,
Foffi S, Alonso-Pulpon L, Rapezzi C, Garcia-Pavia P. Clinical characteristics
of wild-type transthyretin cardiac amyloidosis: disproving myths. Eur Heart J
2017;38:1895–1904.

4. Grogan M, Scott CG, Kyle RA, Zeldenrust SR, Gertz MA, Lin G, Klarich
KW, Miller WL, Maleszewski JJ, Dispenzieri A. Natural history of wild-type
transthyretin cardiac amyloidosis and risk stratification using a novel staging
system. J Am Coll Cardiol 2016;68:1014–1020.

5. Gonzalez-Lopez E, Gallego-Delgado M, Guzzo-Merello G, de Haro-Del Moral FJ,
Cobo-Marcos M, Robles C, Bornstein B, Salas C, Lara-Pezzi E, Alonso-Pulpon L,
Garcia-Pavia P. Wild-type transthyretin amyloidosis as a cause of heart failure
with preserved ejection fraction. Eur Heart J 2015;36:2585–2594.

6. Damy T, Costes B, Hagege AA, Donal E, Eicher JC, Slama M, Guellich A,
Rappeneau S, Gueffet JP, Logeart D, Plante-Bordeneuve V, Bouvaist H, Hut-
tin O, Mulak G, Dubois-Rande JL, Goossens M, Canoui-Poitrine F, Buxbaum
JN. Prevalence and clinical phenotype of hereditary transthyretin amyloid car-
diomyopathy in patients with increased left ventricular wall thickness. Eur Heart J
2016;37:1826–1834.

7. Ruberg FL, Grogan M, Hanna M, Kelly JW, Maurer MS. Transthyretin amy-
loid cardiomyopathy: JACC state-of-the-art review. J Am Coll Cardiol 2019;73:
2872–2891.

8. Lane T, Fontana M, Martinez-Naharro A, Quarta CC, Whelan CJ, Petrie A,
Rowczenio DM, Gilbertson JA, Hutt DF, Rezk T, Strehina SG, Caringal-Galima J,
Manwani R, Sharpley FA, Wechalekar AD, Lachmann HJ, Mahmood S, Sach-
chithanantham S, Drage EPS, Jenner HD, McDonald R, Bertolli O, Calleja A,
Hawkins PN, Gillmore JD. Natural history, quality of life, and outcome in cardiac
transthyretin amyloidosis. Circulation 2019;140:16–26.

9. Hawkins PN, Ando Y, Dispenzeri A, Gonzalez-Duarte A, Adams D, Suhr OB.
Evolving landscape in the management of transthyretin amyloidosis. Ann Med
2015;47:625–638.

10. Gilstrap LG, Dominici F, Wang Y, El-Sady MS, Singh A, Di Carli MF, Falk RH,
Dorbala S. Epidemiology of cardiac amyloidosis-associated heart failure hospital-
izations among fee-for-service medicare beneficiaries in the United States. Circ
Heart Fail 2019;12:e005407.

© 2021 European Society of Cardiology



10 P. Garcia-Pavia et al.

11. Maurer MS, Elliott P, Comenzo R, Semigran M, Rapezzi C. Addressing common
questions encountered in the diagnosis and management of cardiac amyloidosis.
Circulation 2017;135:1357–1377.

12. Witteles RM, Bokhari S, Damy T, Elliott PM, Falk RH, Fine NM, Gospodinova M,
Obici L, Rapezzi C, Garcia-Pavia P. Screening for transthyretin amyloid cardiomy-
opathy in everyday practice. JACC Heart Fail 2019;7:709–716.

13. Maurer MS, Schwartz JH, Gundapaneni B, Elliott PM, Merlini G,
Waddington-Cruz M, Kristen AV, Grogan M, Witteles R, Damy T, Drach-
man BM, Shah SJ, Hanna M, Judge DP, Barsdorf AI, Huber P, Patterson TA,
Riley S, Schumacher J, Stewart M, Sultan MB, Rapezzi C; ATTR-ACT Study
Investigators. Tafamidis treatment for patients with transthyretin amyloid
cardiomyopathy. N Engl J Med 2018;379:1007–1016.

14. Gillmore JD, Damy T, Fontana M, Hutchinson M, Lachmann HJ,
Martinez-Naharro A, Quarta CC, Rezk T, Whelan CJ, Gonzalez-Lopez E,
Lane T, Gilbertson JA, Rowczenio D, Petrie A, Hawkins PN. A new staging
system for cardiac transthyretin amyloidosis. Eur Heart J 2018;39:2799–2806.

15. Cheng RK, Levy WC, Vasbinder A, Teruya S, De Los Santos J, Leedy D, Maurer
MS. Diuretic dose and NYHA functional class are independent predictors of
mortality in patients with transthyretin cardiac amyloidosis. JACC CardioOncol
2020;2:414–424.

16. Hicks KA, Mahaffey KW, Mehran R, Nissen SE, Wiviott SD, Dunn B, Solomon
SD, Marler JR, Teerlink JR, Farb A, Morrow DA, Targum SL, Sila CA, Hai MTT,
Jaff MR, Joffe HV, Cutlip DE, Desai AS, Lewis EF, Gibson CM, Landray MJ, Lincoff
AM, White CJ, Brooks SS, Rosenfield K, Domanski MJ, Lansky AJ, McMurray JJV,
Tcheng JE, Steinhubl SR, Burton P, Mauri L, O’Connor CM, Pfeffer MA, Hung
HMJ, Stockbridge NL, Chaitman BR, Temple RJ; Standardized Data Collection for
Cardiovascular Trials Initiative (SCTI). 2017 Cardiovascular and stroke endpoint
definitions for clinical trials. Circulation 2018;137:961–972.

17. Cotter G, Metra M, Davison BA, Senger S, Bourge RC, Cleland JG, Jondeau G,
Krum H, O’Connor CM, Parker JD, Torre-Amione G, van Veldhuisen DJ, Milo O,
Kobrin I, Rainisio M, McMurray JJ, Teerlink JR; VERITAS Investigators. Worsening
heart failure, a critical event during hospital admission for acute heart failure:
results from the VERITAS study. Eur J Heart Fail 2014;16:1362–1371.

18. Raphael C, Briscoe C, Davies J, Ian Whinnett Z, Manisty C, Sutton R, Mayet J,
Francis DP. Limitations of the New York Heart Association functional classifica-
tion system and self-reported walking distances in chronic heart failure. Heart
2007;93:476–482.

19. Goldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative reproducibility and
validity of systems for assessing cardiovascular functional class: advantages of a
new specific activity scale. Circulation 1981;64:1227–1234.

20. Caraballo C, Desai NR, Mulder H, Alhanti B, Wilson FP, Fiuzat M, Felker GM,
Pina IL, O’Connor CM, Lindenfeld J, Januzzi JL, Cohen LS, Ahmad T. Clinical
implications of the New York Heart Association classification. J Am Heart Assoc
2019;8:e014240.

21. Cheng Z, Zhu K, Tian Z, Zhao D, Cui Q, Fang Q. The findings of electro-
cardiography in patients with cardiac amyloidosis. Ann Noninvasive Electrocardiol
2013;18:157–162.

22. Gallagher AM, Lucas R, Cowie MR. Assessing health-related quality of life in heart
failure patients attending an outpatient clinic: a pragmatic approach. ESC Heart Fail
2019;6:3–9.

23. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk V,
Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C, Nihoy-
annopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GM, Ruilope LM, Rus-
chitzka F, Rutten FH, van der Meer P; Authors/Task Force Members; Document
Reviewers. 2016 ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure: the Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC). Developed
with the special contribution of the Heart Failure Association (HFA) of the ESC.
Eur J Heart Fail 2016;18:891–975.

24. Spertus JA, Jones PG, Sandhu AT, Arnold SV. Interpreting the Kansas City
Cardiomyopathy Questionnaire in clinical trials and clinical care: JACC
state-of-the-art review. J Am Coll Cardiol 2020;76:2379–2390.

25. Hanna M, Fine N, Stewart M, Gundapaneni B, Sultan MB, Witteles R. Func-
tional capacity, health-related quality-of-life and cardiac biomarker improvement
with tafamidis in the Tafamidis in Transthyretin Cardiomyopathy Clinical Trial
(ATTR-ACT). J Card Fail 2020;26(Suppl):S65 (abstr).

26. Boxer R, Kleppinger A, Ahmad A, Annis K, Hager D, Kenny A. The 6-minute walk
is associated with frailty and predicts mortality in older adults with heart failure.
Congest Heart Fail 2010;16:208–213.

27. Gaggin HK, Januzzi JL Jr. Biomarkers and diagnostics in heart failure. Biochim
Biophys Acta 2013;1832:2442–2450.

28. Rorth R, Jhund PS, Yilmaz MB, Kristensen SL, Welsh P, Desai AS, Kober L,
Prescott MF, Rouleau JL, Solomon SD, Swedberg K, Zile MR, Packer M, McMurray
JJV. Comparison of BNP and NT-proBNP in patients with heart failure and
reduced ejection fraction. Circ Heart Fail 2020;13:e006541. ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. 29. Jacobs LH, Mingels AM, Wodzig WK, van Dieijen-Visser MP, Kooman JP. Renal
dysfunction, hemodialysis, and the NT-proBNP/BNP ratio. Am J Clin Pathol
2010;134:516–517.

30. Gao X, Zeng R, Liao P, Zhu H, Zhang M. Relation of N-terminal pro-brain
natriuretic peptide and new-onset atrial fibrillation in patients with acute coro-
nary syndrome: a systematic review and meta-analysis. Scand J Clin Lab Invest
2016;76:460–464.

31. Richards AM. Variability of NT-proBNP levels in heart failure: implications for
clinical application. Heart 2007;93:899–900.

32. Takashio S, Yamamuro M, Izumiya Y, Hirakawa K, Marume K, Yamamoto M,
Ueda M, Yamashita T, Ishibashi-Ueda H, Yasuda S, Ogawa H, Ando Y, Anzai T,
Tsujita K. Diagnostic utility of cardiac troponin T level in patients with cardiac
amyloidosis. ESC Heart Fail 2018;5:27–35.

33. Chung JZ, Dallas Jones GR. Effect of renal function on serum cardiac troponin
T – population and individual effects. Clin Biochem 2015;48:807–810.

34. Tsutamoto T, Kawahara C, Yamaji M, Nishiyama K, Fujii M, Yamamoto T, Horie M.
Relationship between renal function and serum cardiac troponin T in patients
with chronic heart failure. Eur J Heart Fail 2009;11:653–658.

35. Law S, Petrie A, Chacko L, Cohen OC, Ravichandran S, Gilbertson JA,
Rowczenio D, Wechalekar A, Martinez-Naharro A, Lachmann HJ, Whelan CJ,
Hutt DF, Hawkins PN, Fontana M, Gillmore JD. Disease progression in cardiac
transthyretin amyloidosis is indicated by serial calculation of National Amyloidosis
Centre transthyretin amyloidosis stage. ESC Heart Fail 2020;7:3942–3949.

36. Solomon SD, Adams D, Kristen A, Grogan M, Gonzalez-Duarte A, Maurer MS,
Merlini G, Damy T, Slama MS, Brannagan TH 3rd, Dispenzieri A, Berk JL, Shah AM,
Garg P, Vaishnaw A, Karsten V, Chen J, Gollob J, Vest J, Suhr O. Effects of patisiran,
an RNA interference therapeutic, on cardiac parameters in patients with hered-
itary transthyretin-mediated amyloidosis. Circulation 2019;139:431–443.

37. Rocha AM, Ferreira SG, Nacif MS, Ribeiro ML, Freitas MR, Mesquita CT.
Speckle tracking and transthyretin amyloid cardiomyopathy. Arq Bras Cardiol
2017;108:21–30.

38. Pagourelias ED, Mirea O, Duchenne J, Van Cleemput J, Delforge M, Bogaert J,
Kuznetsova T, Voigt JU. Echo parameters for differential diagnosis in cardiac
amyloidosis: a head-to-head comparison of deformation and nondeformation
parameters. Circ Cardiovasc Imaging 2017;10:e005588.

39. Oerlemans M, Rutten KHG, Minnema MC, Raymakers RAP, Asselbergs FW,
de Jonge N. Cardiac amyloidosis: the need for early diagnosis. Neth Heart J
2019;27:525–536.

40. Rubin J, Steidley DE, Carlsson M, Ong ML, Maurer MS. Myocardial contraction
fraction by M-mode echocardiography is superior to ejection fraction in predict-
ing mortality in transthyretin amyloidosis. J Card Fail 2018;24:504–511.

41. Aljaroudi WA, Desai MY, Tang WH, Phelan D, Cerqueira MD, Jaber WA. Role
of imaging in the diagnosis and management of patients with cardiac amyloidosis:
state of the art review and focus on emerging nuclear techniques. J Nucl Cardiol
2014;21:271–283.

42. Dorbala S, Ando Y, Bokhari S, Dispenzieri A, Falk RH, Ferrari VA, Fontana M,
Gheysens O, Gillmore JD, Glaudemans A, Hanna MA, Hazenberg BPC, Kristen
AV, Kwong RY, Maurer MS, Merlini G, Miller EJ, Moon JC, Murthy VL,
Quarta CC, Rapezzi C, Ruberg FL, Shah SJ, Slart R, Verberne HJ, Bourque
JM. ASNC/AHA/ASE/EANM/HFSA/ISA/SCMR/SNMMI expert consensus rec-
ommendations for multimodality imaging in cardiac amyloidosis: part 2 of
2 – diagnostic criteria and appropriate utilization. J Card Fail 2019;25:854–865.

43. Takigawa M, Hashimura K, Ishibashi-Ueda H, Yamada N, Kiso K, Nanasato M,
Yoshida Y, Hirayama H. Annual electrocardiograms consistent with silent pro-
gression of cardiac involvement in sporadic familial amyloid polyneuropathy: a
case report. Intern Med 2010;49:139–144.

44. Rapezzi C, Merlini G, Quarta CC, Riva L, Longhi S, Leone O, Salvi F, Ciliberti P,
Pastorelli F, Biagini E, Coccolo F, Cooke RM, Bacchi-Reggiani L, Sangiorgi D,
Ferlini A, Cavo M, Zamagni E, Fonte ML, Palladini G, Salinaro F, Musca F, Obici L,
Branzi A, Perlini S. Systemic cardiac amyloidoses: disease profiles and clinical
courses of the 3 main types. Circulation 2009;120:1203–1212.

45. Kusumoto FM, Schoenfeld MH, Barrett C, Edgerton JR, Ellenbogen KA, Gold
MR, Goldschlager NF, Hamilton RM, Joglar JA, Kim RJ, Lee R, Marine JE,
McLeod CJ, Oken KR, Patton KK, Pellegrini CN, Selzman KA, Thompson A,
Varosy PD. 2018 ACC/AHA/HRS guideline on the evaluation and management
of patients with bradycardia and cardiac conduction delay: executive summary: a
report of the American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines, and the Heart Rhythm Society. Circulation
2019;140:e333–e381.

46. Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, Boriani G, Breithardt
OA, Cleland J, Deharo JC, Delgado V, Elliott PM, Gorenek B, Israel CW,
Leclercq C, Linde C, Mont L, Padeletti L, Sutton R, Vardas PE. 2013 ESC
Guidelines on cardiac pacing and cardiac resynchronization therapy: the Task
Force on cardiac pacing and resynchronization therapy of the European Society of

© 2021 European Society of Cardiology



Expert consensus on the monitoring of ATTR-CM 11

Cardiology (ESC). Developed in collaboration with the European Heart Rhythm
Association (EHRA). Eur Heart J 2013;34:2281–2329.

47. Sado DM, Flett AS, Banypersad SM, White SK, Maestrini V, Quarta G, Lachmann
RH, Murphy E, Mehta A, Hughes DA, McKenna WJ, Taylor AM, Hausenloy
DJ, Hawkins PN, Elliott PM, Moon JC. Cardiovascular magnetic resonance
measurement of myocardial extracellular volume in health and disease. Heart
2012;98:1436–1441.

48. Lin L, Li X, Feng J, Shen KN, Tian Z, Sun J, Mao YY, Cao J, Jin ZY, Li J,
Selvanayagam JB, Wang YN. The prognostic value of T1 mapping and late
gadolinium enhancement cardiovascular magnetic resonance imaging in patients
with light chain amyloidosis. J Cardiovasc Magn Reson 2018;20:2.

49. Duca F, Kammerlander AA, Panzenbock A, Binder C, Aschauer S, Loewe C,
Agis H, Kain R, Hengstenberg C, Bonderman D, Mascherbauer J. Cardiac
magnetic resonance T1 mapping in cardiac amyloidosis. JACC Cardiovasc Imaging
2018;11:1924–1926.

50. Martinez-Naharro A, Treibel TA, Abdel-Gadir A, Bulluck H, Zumbo G, Knight
DS, Kotecha T, Francis R, Hutt DF, Rezk T, Rosmini S, Quarta CC, Whelan CJ,
Kellman P, Gillmore JD, Moon JC, Hawkins PN, Fontana M. Magnetic resonance
in transthyretin cardiac amyloidosis. J Am Coll Cardiol 2017;70:466–477.

51. Fontana M, Pica S, Reant P, Abdel-Gadir A, Treibel TA, Banypersad SM,
Maestrini V, Barcella W, Rosmini S, Bulluck H, Sayed RH, Patel K, Mamhood S,
Bucciarelli-Ducci C, Whelan CJ, Herrey AS, Lachmann HJ, Wechalekar AD, Man-
isty CH, Schelbert EB, Kellman P, Gillmore JD, Hawkins PN, Moon JC. Prognostic
value of late gadolinium enhancement cardiovascular magnetic resonance in car-
diac amyloidosis. Circulation 2015;132:1570–1579.

52. Scully PR, Morris E, Patel KP, Treibel TA, Burniston M, Klotz E, Newton JD,
Sabharwal N, Kelion A, Manisty C, Kennon S, Ozkor M, Mullen M, Hartman N,
Elliott PM, Pugliese F, Hawkins PN, Moon JC, Menezes LJ. DPD quantification
in cardiac amyloidosis: a novel imaging biomarker. JACC Cardiovasc Imaging
2020;13:1353–1363.

53. Dorbala S, Park MA, Cuddy S, Singh V, Sullivan K, Kim S, Falk RH, Taqueti V,
Skali H, Blankstein R, Bay C, Kijewski MF, Di Carli MF. Absolute quantitation
of cardiac 99mTc-pyrophosphate using cadmium zinc telluride-based SPECT/CT.
J Nucl Med 2021;62:716–722. [Epub ahead of print].

54. Rapezzi C, Quarta CC, Guidalotti PL, Longhi S, Pettinato C, Leone O, Fer-
lini A, Salvi F, Gallo P, Gagliardi C, Branzi A. Usefulness and limitations
of 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid scintigraphy in the ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. aetiological diagnosis of amyloidotic cardiomyopathy. Eur J Nucl Med Mol Imaging
2011;38:470–478.

55. Azevedo Coutinho MC, Cortez-Dias N, Cantinho G, Goncalves S, Menezes MN,
Guimaraes T, Lima da Silva G, Francisco AR, Agostinho J, Santos L, Conceicao I,
Pinto FJ. The sensitivity of DPD scintigraphy to detect transthyretin cardiac
amyloidosis in V30M mutation depends on the phenotypic expression of the
disease. Amyloid 2020;27:174–183.

56. Musumeci MB, Cappelli F, Russo D, Tini G, Canepa M, Milandri A, Bonfiglioli R,
Di Bella G, My F, Luigetti M, Grandis M, Autore C, Perlini S, Perfetto F, Rapezzi C.
Low sensitivity of bone scintigraphy in detecting Phe64Leu mutation-related
transthyretin cardiac amyloidosis. JACC Cardiovasc Imaging 2020;13:1314–1321.

57. Lee SP, Lee ES, Choi H, Im HJ, Koh Y, Lee MH, Kwon JH, Paeng JC, Kim HK,
Cheon GJ, Kim YJ, Kim I, Yoon SS, Seo JW, Sohn DW. 11C-Pittsburgh B PET
imaging in cardiac amyloidosis. JACC Cardiovasc Imaging 2015;8:50–59.

58. Park MA, Padera RF, Belanger A, Dubey S, Hwang DH, Veeranna V, Falk RH, Di
Carli MF, Dorbala S. 18F-Florbetapir binds specifically to myocardial light chain
and transthyretin amyloid deposits: autoradiography study. Circ Cardiovasc Imaging
2015;8:e002954.

59. Dorbala S, Vangala D, Semer J, Strader C, Bruyere JR Jr, Di Carli MF, Moore SC,
Falk RH. Imaging cardiac amyloidosis: a pilot study using 18F-florbetapir positron
emission tomography. Eur J Nucl Med Mol Imaging 2014;41:1652–1662.

60. Rosengren S, Skibsted Clemmensen T, Tolbod L, Granstam SO, Eiskjaer H,
Wikstrom G, Vedin O, Kero T, Lubberink M, Harms HJ, Flachskampf FA,
Baron T, Carlson K, Mikkelsen F, Antoni G, Frost Andersen N, Hvitfeldt
Poulsen S, Sorensen J. Diagnostic accuracy of [11C]PIB positron emission tomog-
raphy for detection of cardiac amyloidosis. JACC Cardiovasc Imaging 2020;13:
1337–1347.

61. Takasone K, Katoh N, Takahashi Y, Abe R, Ezawa N, Yoshinaga T, Yanagisawa S,
Yazaki M, Oguchi K, Koyama J, Sekijima Y. Non-invasive detection and dif-
ferentiation of cardiac amyloidosis using 99mTc-pyrophosphate scintigraphy and
11C-Pittsburgh compound B PET imaging. Amyloid 2020;27:266–274.

62. Hendren NS, Roth LR, Grodin JL. Disease-specific biomarkers in transthyretin
cardiac amyloidosis. Curr Heart Fail Rep 2020;17:77–83.

63. Conceicao I, Coelho T, Rapezzi C, Parman Y, Obici L, Galan L,
Rousseau A. Assessment of patients with hereditary transthyretin amyloi-
dosis – understanding the impact of management and disease progression.
Amyloid 2019;26:103–111.

© 2021 European Society of Cardiology


