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Abstract

Wild-type transthyretin amyloid cardiomyopathy (ATTRwt-CM) is caused by the deposition of wild-type transthyretin (TTR)
amyloid fibrils in the heart. The age at diagnosis of ATTRwt-CM is reported to be approximately 70-80 years, and patients com-
monly present with non-disease-specific cardiac abnormalities, such as heart failure with preserved ejection fraction and
diastolic dysfunction. The disease can be fatal if left untreated, with an approximate survival of 3-5 years from diagnosis.
An oral TTR stabilizer, tafamidis, has enabled early intervention for the treatment of ATTRwt-CM. However, awareness of
ATTRwWt-CM remains low, and misdiagnosis and a delay in diagnosis are common. This review discusses the epidemiology,
characteristics, treatment strategy, and red-flag symptoms and signs of ATTRwt-CM based on the published literature, as well
as recent advances in diagnostic modalities that enable early and accurate diagnosis of the disease. We also discuss an
algorithm for early and accurate diagnosis of ATTRwt-CM in daily clinical practice. In our diagnostic algorithm, a suspected
diagnosis of ATTRwt-CM should be triggered by unexplained left ventricular hypertrophy (LVH), which is LVH that cannot
be explained by an increased afterload due to hypertension or valvular disease. In addition, heart failure symptoms,
laboratory test results (N-terminal pro-B-type natriuretic peptide, high-sensitivity troponin T, or high-sensitivity troponin 1),
electrocardiogram and imaging (echocardiogram or cardiac magnetic resonance) data, age (>60 years), and medical history
suggestive of ATTRwt-CM (e.g. carpal tunnel syndrome) should be examined. Detailed examinations using bone scintigraphy
and monoclonal protein detection tests followed by tissue biopsy, amyloid typing, and TTR genetic testing are warranted
for a definite diagnosis of ATTRwt-CM.
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Introduction sites distant from the site of misfolded protein production)

or localized (amyloid deposition in the organ or tissue of
Amyloidosis is caused by the deposition of insoluble amyloid  misfolded protein production).® The most common types of
fibrils formed by misfolded soluble proteins in organs or systemic amyloidosis are amyloid light-chain (AL) amyloidosis,
tissues.! Amyloidosis can be systemic (amyloid deposition at amyloid A amyloidosis, and transthyretin (TTR) amyloidosis,
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which result from the deposition of immunoglobulin A or k
free light chains (FLCs), serum amyloid A protein, and TTR,
respectively, as amyloid fibrils.

Cardiac involvement of amyloidosis (cardiac amyloidosis) is
a common presentation in AL and TTR amyloidosis®> and may
occur in individuals with either a mutated [variant
transthyretin amyloid cardiomyopathy (ATTRv-CM)] or a
wild-type [wild-type transthyretin amyloid cardiomyopathy
(ATTRwt-CM), formerly known as senile systemic amyloid-
osis] TTR gene.>* Several research groups have discussed
the early signs and symptoms (red-flag symptom clusters)
of ATTRwt-CM and proposed diagnostic algorithms.>>8
With the aim of improving early diagnosis of suspected
ATTRwt-CM in Japan, a medical advisory board meeting was
held in Tokyo, Japan, on 3 February 2019. The diagnostic
algorithm presented in this article was developed based on
discussions held at this meeting. The epidemiology, clinical
and paraclinical features including cardiac symptoms, and
the diagnostic and treatment algorithm of ATTRv-CM have
been discussed previously’ and are thus beyond the scope
of this article. Of note, the Japanese Circulation Society
(JCS) also published guidelines for the diagnosis and treat-
ment of cardiac amyloidosis in August 2020.%

Wild-type transthyretin amyloid
cardiomyopathy: a life-threatening but
often overlooked disease

Although data are insufficient to discuss the true prevalence
of ATTRwt-CM in the general population, previous findings
suggest that the prevalence of ATTRwt-CM is considerable
in the elderly population worldwide (Table 1).20713
ATTRwt-CM is slowly progressive but can be fatal if left
untreated; in general, patients with ATTRwt-CM have an ap-
proximate survival of 3—5 years from diagnosis.”**"*® Never-
theless, awareness of ATTRwt-CM remains low, with
misdiagnosis and a delay in the diagnosis of the disease being
relatively common. For example, although a nationwide sur-
vey in Japan identified 51 patients with ATTRwt-CM between
2012 and 2014, a diagnosis was only made in 11 of 2341 de-
partments that responded to the survey.'” Moreover, 29%

Table 1 Prevalence of ATTRwt-CM

and 26% of participants of an online survey by the Amyloid-
osis Research Consortium (patients with ATTRwt-CM or their
caregivers, n = 55) reported missed diagnoses and misdiagno-
ses, respectively, and 65% of patients had to see >2 cardiolo-
gists before diagnosis.*® In Europe, among 100 patients with
ATTRwt-CM diagnosed at two centres, 34 (34%) had been
previously misdiagnosed, with the most common previous
diagnoses being hypertensive cardiomyopathy (12 patients)
and hypertrophic cardiomyopathy (eight patients).*®

Characteristics of wild-type
transthyretin amyloid cardiomyopathy

Evidence suggests that patients with ATTRwt-CM are primarily
men (male:female ratio = 25-50:1)?° who present with domi-
nant cardiac involvement at an older age (Table 2).*>17:19:21723
The symptoms of ATTRwt-CM are often vague and non-
specific, because of which a delay in diagnosis or a misdiagno-
sis is not uncommon. Patients commonly present with cardiac
abnormalities, such as heart failure with preserved ejection
fraction (HFpEF) and diastolic dysfunction, which are also
characteristic of an elderly population.'® In addition, carpal
tunnel syndrome (CTS; i.e. compression of the median nerve
of the carpal tunnel),>* lumbar canal stenosis, or rotator cuff
tears, which are caused by the deposition of amyloid fibrils
in the ligaments and tendons, are also common initial symp-
toms of ATTRwt-CM. 72727

What are the treatment options
available to patients with wild-type
transthyretin amyloid cardiomyopathy
in Japan?

Conventional pharmacotherapeutic approaches targeting
cardiac damage, including diuretics, are of limited therapeutic
benefit for the treatment of ATTRwt-CM.?® Tafamidis
(Vyndagel® capsules 20 mg, Pfizer Japan Inc.), an oral TTR
stabilizer, demonstrated efficacy in patients with transthyretin
amyloid cardiomyopathy (ATTRwt-CM or ATTRv-CM) in the

Publication

Study population

Prevalence of ATTRwt-CM

Tanskanen (2008)'°
Gonzalez-Lopez (2015)
Castano (2017)"?

11

General Finnish population (age > 85 years)
Spanish patients (age > 60 years) admitted owing to HFpEF with LVH
US patients (mean age 84 years) with severe calcific aortic

63 of 256 individuals (25%)
16 of 120 individuals (13%)
24 of 151 individuals (16%)

stenosis admitted to undergo transcatheter aortic valve replacement

Ueda (2011)"

Japanese patients (age > 80 years) who had undergone autopsy
at the Kumamoto University Hospital

3 of 26 individuals (12%)

ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; HFpEF, heart failure with preserved ejection fraction; LVH, left ventricular

hypertrophy.
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Table 2 Clinical characteristics of ATTRwt-CM

Number of patients

Number of male

Age at

Number of
patients

with CTS

Common cardiac findings
5/80 (6%)

patients

diagnosis
Median 73.8 years

Study location or setting
1 centre in the USA

Publication

Abnormal echocardiogram (99%)

Abnormal ECG (93%)
Atrial fibrillation (56%)

79 (96%)

82

Connors (201 1)15

36 (33%)

88 (81%)

Mean 78.6 years

08

1

2 centres in Spain and Italy

Gonzalez-Lopez (201 7)19

5 (24%)

Pseudo-infarct pattern (63%)

Heart failure (66%)

17 (81%)

Mean 74 years

1 centre in Japan 21

Minamisawa (201 6)21

23 (45%)

Low QRS voltage (19%)
Cardiac failure (76%)

41 (82%)

Mean 73.6 years

51

11 departments across 10

institutes in Japan

Sekijima (2018)"”

Cardiac conduction defects/arrhythmia

(59%)

Not specified

HFpEF (61%)

12 (67%)

Mean 82.3 years

1 centre in Japan 18

Tsutsui (2019)%?

Low voltage (6%)
Atrial fibrillation (50%)

57/106 (54%)

LVEF < 50% (41%)
Low voltage (36%)

110 (85%)

Mean 78.5 years

129

1 centre in Japan

Yamada (2020)23

Bundle branch block (36%)

ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; CTS, carpal tunnel syndrome; ECG, electrocardiogram; HFpEF, heart failure with preserved ejection fraction; LVEF, left

ventricular ejection fraction.

Transthyretin  Amyloidosis Cardiomyopathy Clinical Trial
(ATTR-ACT; ClinicalTrials.gov identifier NCT01994889)*° and
was approved in 2019 in Japan for the treatment of
transthyretin amyloid cardiomyopathy.3® In this randomized,
double-blind, placebo-controlled, Phase 3 study, patients
receiving tafamidis for 30 months (n = 264) had reductions
in all-cause mortality [hazard ratio 0.70, 95% confidence
interval (Cl) 0.51-0.96] and cardiovascular-related hospitali-
zations (relative risk ratio 0.68, 95% Cl 0.56—0.81) compared
with those receiving placebo (n = 177). The adverse event
profiles were similar between the tafamidis and placebo
groups.”’ Moreover, additional long-term (60 month)
safety and efficacy of tafamidis were confirmed in an
open-label extension study of ATTR-ACT in patients with
transthyretin amyloid cardiomyopathy (ClinicalTrials.gov
identifier NCT02791230).3?

In Japan, patients with transthyretin amyloid cardiomyopa-
thy can receive an initial prescription for tafamidis only if
the criterion of both the site and the physician being
certified by the JCS is met.® Patients eligible for tafamidis
treatment should have a history of hospitalization with
heart failure (HF) or symptoms of HF requiring treatment,
biopsy-confirmed amyloid deposits (cardiac or non-cardiac),
immunohistochemically confirmed TTR precursor protein,
and end-diastolicinterventricular septum thickness > 12 mm.*°
Once diagnosed with ATTRwt-CM, patients should be referred
to a JCS-certified physician for initiation of treatment with
tafamidis.3® In addition, patients may be granted a Medical
Care Recipient Certificate if they have a definite diagnosis
per the intractable disease criteria for ATTRwt-CM.3? In
Japan, treatment costs for patients with a definite diagnosis
are eligible for medical expense deductions.

The need for a differential diagnosis
between wild-type transthyretin
amyloid cardiomyopathy and cardiac
amyloidosis of other causes

Differentiation between ATTRwt-CM and AL amyloidosis is
crucial because cardiac AL amyloidosis has a poor prognosis
if left untreated; without treatment, patients with cardiac
AL amyloidosis live for <1 year.®* For example, the median
overall survival from diagnosis in patients with stage IV AL
amyloidosis is reported to be 5.8 months.>* Patients with
AL amyloidosis commonly present with HF with multiorgan
involvement, such as hepatomegaly, peripheral and auto-
nomic neuropathy, nephrotic syndrome, macroglossia, and
periorbital purpura.®® AL amyloidosis is caused by the deposi-
tion of misfolded immunoglobulin light chains produced by
clonal plasma cells in organs (mainly caused by plasma cell
dyscrasia),®® meaning that a completely different treatment
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strategy  (high-dose chemotherapy with stem cell
transplant®>2® and referral of patients to a haematologist)

than that for ATTRwt-CM is required.

Moreover, differentiation from monoclonal gammopathy
of undetermined significance (MGUS), a pre-malignant
plasma cell disorder that may progress to primary
amyloidosis,?” is also essential in patients developing cardiac
amyloidosis. The results of a retrospective analysis of 140 pa-
tients with ATTRwt-CM in Boston, USA, demonstrated that 55
(39%) of them had an MGUS, as indicated by an abnormality
in the serum FLC ratio and/or serum immunofixation
electrophoresis.®® A moderate increase in circulating FLCs is
not necessarily pathological because up to 5% of adults aged
>50 years and up to 40% of patients with ATTRwt-CM have
MGUS.3#3° Misdiagnosis of AL cardiac amyloidosis is the most
common pitfall as up to 10% of misdiagnoses occur even in re-
ferral centres. "%

How can we notice early signs of
wild-type transthyretin amyloid
cardiomyopathy?

As ATTRwt-CM is caused by amyloid deposition in the heart
over time, it is essential that patients are diagnosed at an
early stage of the disease, and treatment is initiated promptly
before the progression of HF. Generally, in Japan, patients
presenting with cardiac symptoms undergo an echocardio-
gram as an initial step, regardless of HF symptoms; therefore,
it is advisable to carefully examine echocardiographic findings
for warning signs of ATTRwt-CM, such as unexplained left
ventricular hypertrophy (LVH), which is LVH that cannot be
explained by an increased afterload due to hypertension or
valvular disease.

In consideration of Japanese daily medical practice, cardiac
pump dysfunction (HF), abnormal heart rhythms (arrhyth-
mia), investigation of cardiac involvement in patients already
diagnosed as having amyloidosis in other organs, and cardiac
findings during medical check-ups could serve to highlight a
suspected diagnosis of ATTRwt-CM.

Red-flag symptoms and signs of
wild-type transthyretin amyloid
cardiomyopathy in Japan

To ensure early diagnosis of ATTRwt-CM, we recommend a
sequential algorithm (Figure 1). A suspected diagnosis of
ATTRwt-CM should be triggered by unexplained LVH. Next,
the presence of HF symptoms, elevated laboratory test re-
sults [N-terminal pro-B-type natriuretic peptide (NT-proBNP),
high-sensitivity troponin T (hs-TnT), or high-sensitivity

troponin | (hs-Tnl)], abnormal electrocardiogram (ECG) find-
ings, imaging [echocardiogram or cardiac magnetic resonance
(CMR)] findings characteristic of ATTRwt-CM, advanced age
(>60 years), and medical history suggestive of ATTRwt-CM
(CTS and spinal canal stenosis) should be examined. If a pa-
tient with unexplained LVH meets >1 criterion listed earlier,
a detailed examination using “°™Technetium-pyrophosphate
(®®*™Tc-PYP) bone scintigraphy and monoclonal protein
detection tests should be offered to exclude AL amyloidosis
and grade the cardiac *°™Tc-PYP uptake. To differentiate
between ATTRv-CM and ATTRwt-CM, tissue biopsy, amyloid
typing, and TTR genetic testing should be considered
(Figure 1).

Unexplained left ventricular hypertrophy

Because an increase in ventricular wall thickness, resulting
from amyloid fibril deposition, is a prominent characteristic
of ATTRwt-CM,”*%#2 particular attention should be given to
patients presenting with LVH, especially those with unex-
plained LVH. Previous recommendations have proposed a wall
thickness > 14 mm for a suspected diagnosis of ATTRwt-CM.”
However, this may not be applicable to Japanese patients be-
cause of the smaller body shape of this population compared
with Western populations, as illustrated by the lower body
mass index range for the definition of obesity®® and smaller
left ventricular (LV) diastolic diameter® in the Japanese
population. Instead, an LV wall thickness > 12 mm may be
more practical,* although this warrants further investigation.
According to research conducted in Japan, the mean interven-
tricular septal wall thickness (IVST) and posterior wall thick-
ness (PWT) in patients with positive “™Tc-PYP scintigraphy
results were 13.4 and 12.8 mm, respectively,®> suggesting
the validity of setting >12 mm as a cut-off point for early
diagnosis of ATTRwt-CM without a risk of oversight.

Symptoms of heart failure

As ATTRwt-CM is an underdiagnosed disease that accounts
for a significant number (13%) of HFpEF cases,*' suspicion
of ATTRwt-CM should be triggered in elderly patients who
have been hospitalized for HF with mid-range ejection
fraction.? In 108 patients with ATTRWt-CM in Spain and
Italy, HF was reported as the most common (68%) profile that
led to a diagnosis despite the heterogeneous clinical manifes-
tation of the disease.'® Moreover, according to an autopsy
study in the USA, the age-adjusted and sex-adjusted preva-
lence of ATTRwt-CM was significantly higher in patients with
HFpEF than in control subjects (odds ratio 3.8, 95% Cl 1.5—
11.3, P = 0.03).%°
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Figure 1 Sequential diagnostic algorithm for ATTRwt-CM. Tc-PYP,

99m

Technetium-pyrophosphate; ATTRv-CM, variant transthyretin amyloid

cardiomyopathy; ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; CMR, cardiac magnetic resonance; CTS, carpal tunnel syndrome;
ECG, electrocardiogram; FLC, free light chain; hs-Tnl, high-sensitivity troponin I; hs-TnT, high-sensitivity troponin T; LVH, left ventricular hypertrophy;

NT-proBNP, N-terminal pro-B-type natriuretic peptide; TTR, transthyretin.
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Electrocardiogram

Low QRS voltage is a commonly reported ECG finding in
patients with ATTRwt-CM,***#%4® although its absence does
not exclude the possibility of ATTRwt-CM.** However, the
usefulness and sensitivity of low QRS voltage are limited in
patients with ATTRwt-CM, and cardiac amyloidosis is com-
monly hallmarked by a disproportionate QRS voltage to LV
wall thickness ratio.*” Unexplained atrial arrhythmia, conduc-
tion system disease, or need for a pacemaker should also
prompt further investigation.?” In addition, abnormal ECG
findings, such as atrial fibrillation, atrioventricular block, and
pseudo-infarct pattern, should be monitored as they could
be indicative of ATTRwt-CM (Figure 2).

Echocardiogram

In an echocardiogram (Figure 3), in addition to increased wall
thickness,”"*142 granular sparkling, the IVST/PWT ratio, and
global longitudinal strain (not mandatory) are indicators of
ATTRwt-CM. Acquisition of two-dimensional (2D), colour,

and spectral Doppler imaging (LV wall thickness, myocardial
echogenicity, atrial size and function, interatrial septum and
valves, pericardial effusion, diastolic function, and estimated
pulmonary artery systolic and right atrial pressure); tissue
Doppler imaging (tissue Doppler velocities); and strain
imaging [longitudinal LV strain and longitudinal LV
strain bullseye map (automated function imaging)] is
recommended.*® Echocardiographic signs suggestive of
ATTRwt-CM include infiltrative phenotype (e.g. biventricular
hypertrophy, biatrial enlargement, pericardial effusion, valve
thickening, and interatrial septal thickening); restrictive LV
filling with right ventricular (RV) wall thickening; depressed
longitudinal LV function despite normal ejection fraction;
low myocardial contraction fraction; aortic stenosis with RV
thickening, particularly with paradoxical low flow/low
gradient; and reduction in longitudinal strain with apical
sparing (not mandatory).*’ Of note, the LV cavity size is
generally larger in patients with ATTRwt-CM than in those
with ATTRv-CM. A combined echocardiographic (IVST/
PWT < 1.6) and ECG (QRS voltage < 30 mm) model also as-
sists in the identification of patients with ATTRwt-CM in daily
clinical practice with high sensitivity (93.9%) and specificity

ESC Heart Failure 2021; 8: 2647-2659
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Figure 2 Representative ECG image of a patient with ATTRwt-CM. ECG showing QS pattern in the right pre-cordial leads, left atrial loading, and cardiac
conduction system disorder, including first-degree atrioventricular block and left anterior fascicular block. Low voltage in limb leads on ECG may be less
common at an early stage of ATTRwt-CM. ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; ECG, electrocardiogram.

10.0mm/mV 25.0mm/s 35Hz

m,

ﬂﬂ,u:,avp,

Figure 3 Representative TTE image of a patient with ATTRwt-CM (A-D). TTE 2D images show asymmetrical LV hypertrophy with granular sparkling
appearance, valve thickening, interatrial septum, and right ventricular wall (arrow heads). Left atrium is enlarged despite sinus rhythm, indicating
LV diastolic dysfunction. (E, F) Transmitral flow velocity pattern and LV tissue Doppler imaging show severe LV diastolic dysfunction. (G) 2D
speckle-tracking imaging reveals reduced longitudinal strain at basal and mid-ventricular wall segments, known as the relative apical sparing pattern.
(A) Parasternal long-axis view, (B) mitral valve level, (C) atrioventricular level in parasternal short-axis view, and (D) apical four-chamber view. 2D, two-
dimensional; ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; LV, left ventricular; TTE, transthoracic echocardiography.

*HR (Avg) = 68 bpm

EDV (Bi-Plane) = 71.1 ml
ESV (Bi-Plane) = 35.2 ml
EF (Bi-Plane) = 50.5 %

Time SD =20.1ms.

*AP2 Long. Str:
AP4 Long. Strai
AP3 Long. Strai
Global Long. Strain = -9.0 %

(83.3%).%° However, to detect potential ATTRWt-CM signals A longitudinal strain analysis using speckle-tracking echo-
on an echocardiogram, a multiparametric approach (segmen-  cardiography is also useful to differentiate cardiac amyloid-
tal systolic function, RV function, and ventricular diastolic osis from other types of LVH (cut-off value: septal apical to
function) may be required.*° basal segmental longitudinal peak systolic strain ratio > 2.1)>*
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or sub-types of cardiac amyloidosis (cut-off value: LV apical
ratio > 0.96, RV apical ratio > 0.8).%?

Cardiac magnetic resonance

Cardiac magnetic resonance with late gadolinium enhance-
ment (LGE) has emerged as the gold standard to differentiate
cardiac amyloidosis from other causes of LVH, such as hyper-
tension and hypertrophic cardiomyopathy.>® Therefore, it is
advisable to perform CMR as part of the diagnosis of
ATTRwt-CM, whenever possible. Acquisition of LV function
and morphology (LV function, wall thickness, and mass; stroke
volume index; atrial size and function; and pericardial effu-
sion), amyloid imaging (LGE imaging and myocardial signal
suppression pattern), and amyloid quantitation [pre-contrast
native T1 mapping and post-contrast native T1 mapping for
extracellular volume (ECV) estimation] are recommended.*®
Patients with ATTRwt-CM are characterized by diffuse
sub-endocardial and transmural LGE and abnormal nulling
time for the myocardium (Figure 4), elevated native T1, and
ECV on T1 mapping sequences.*”**>® ATTRwt-CM and AL am-
yloidosis can also be differentiated by CMR with LGE, with a
sensitivity of 87% and specificity of 96%.°” Moreover, an in-
crease in native T1 mapping (59 ms increase) and ECV (3% in-
crease) can predict mortality in patients with ATTRwt-CM.>®

N-terminal pro-B-type natriuretic peptide and
high-sensitivity troponin T

Persistent mild elevation of troponin levels in patients with
an echocardiographic hypertrophic phenotype is suggestive
of ATTRwWt-CM.>° Elevation of NT-proBNP, hs-Tnl, or hs-TnT
should be checked when a diagnosis of ATTRwt-CM is
suspected. High hs-TnT levels (>0.03 ng/mL) are suggestive

of ATTRwt-CM, with a sensitivity of 74% and specificity of
76%.%° NT-proBNP levels that are disproportionate to the
degree of HF are suggestive of ATTRwt-CM.*” NT-proBNP is
also considered an independent predictor of mortality
in ATTRwWt-CM.®%®1 |n addition, staging systems using
NT-proBNP (>3000 pg/mL), in combination with estimated
glomerular filtration rate (<45 mL/min/1.73 m?)®2 or tropo-
nin T (>0.05 ng/mL),** are also helpful in predicting survival
in patients with ATTRwt-CM.

Medical history

A diagnosis of ATTRwt-CM should be suspected in elderly pa-
tients presenting with bilateral CTS (particularly in men), lum-
bar canal stenosis, or rotator cuff tears.?’” In particular,
bilateral CTS or CTS preceding cardiac symptoms is highly
suggestive of ATTRwt-CM.?® According to a report from the
Netherlands, the overall prevalence rate of CTS in the general
population was higher in women than in men (5.8% vs.
0.6%).%* In contrast, CTS was observed at the time of diagno-
sis in 23 of 51 (45%) patients with ATTRwt-CM identified in a
Japanese nationwide survey, which included 82% of male
patients,’” and 27 of 107 (25.2%) patients with ATTRwt-CM
visiting a university centre in Italy.®® The rate of patients with
ATTRwWt-CM  with co-morbid CTS reported in previous
studies (24-54% in Japan vs. 6-33% in Western countries;
Table 2)¥>17:192L.2385 g ooasts that CTS is more frequently
observed in Japanese patients with ATTRwt-CM than in pa-
tients in Western countries. Typical findings and symptoms
suggestive of CTS are pain and paraesthesia in the hand (in
particular, the palmar aspect of the thumb, index and middle
fingers, and radial half of the ring finger), which are often ex-
acerbated at night and in the early morning, and the flick sign
(shaking of the hand to provide relief), which is 93% sensitive
and 96% specific for CTS.%*

Figure 4 Representative CMR image of a patient with ATTRwWt-CM in (A) short-axis view and (B) four-chamber view showing a characteristic pattern of
global sub-endocardial LGE, which also can be located in the atrial wall and right ventricle (arrows). ATTRwt-CM, wild-type transthyretin amyloid car-
diomyopathy; CMR, cardiac magnetic resonance; LGE, late gadolinium enhancement.
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Aging

As illustrated by its former name (senile systemic amyloid-
osis), ATTRwt-CM is commonly reported in the elderly. The
age at diagnosis is reported to be approximately 70—80 years
in both Western and Japanese patient populations (Table 2).
To identify patients with ATTRwt-CM early in the disease
course, a suspected diagnosis should be considered earlier
than the perceived age at diagnosis of the disease. Indeed,
the youngest age at diagnosis reported in the Japanese na-
tionwide survey of ATTRwWt-CM was 42 years.'” According to
the 2020 JCS guidelines, *°™Tc-PYP scintigraphy for suspected
diagnosis is recommended or should be considered in pa-
tients (aged >70 years) with persistent and mild elevation in
hs-TnT and patients (aged >60 years) with low-flow, low-gra-
dient aortic stenosis; HF of unidentified cause with LVH; or
atrioventricular block, bundle branch block, or atrial fibrilla-
tion with cardiac hypertrophy.*

Diagnostic procedures for wild-type
transthyretin amyloid cardiomyopathy

99mTechnetium-pyrophosphate scintigraphy
99MTechnetium-pyrophosphate  scintigraphy (Figure 5) is
helpful for diagnosing ATTRwt-CM®®®7 as well as for assessing
the risk of mortality or HF hospitalization.®®®° The sensitivity
and specificity of *°™Tc-PYP scintigraphy for ATTRWt-CM are
58-99% and 79-100%, respectively, and a majority of false
positives are AL amyloidosis.>*® When AL amyloidosis is ex-
cluded, the specificity and positive predictive value for
ATTRWt-CM are both 100%.° Screening tests using °°™Tc-
PYP scintigraphy can also be applied to high-risk populations
as the risk of future cancer is low.”® Per the JCS 2020 guide-
lines, ®°™Tc-PYP scintigraphy is recommended (recommenda-
tion class I: evidence and/or general agreement that a given

procedure or treatment is useful and effective) with a
four-grade data assessment of myocardial uptake: Grade 0
(no uptake), 1 (mild uptake less than rib uptake), 2 (moderate
uptake equal to rib uptake), or 3 (high uptake greater than rib
uptake). Grades 2 and 3 are deemed positive for ATTRWt-CM.
As false positives may occur in planar imaging due to
physiological accumulation of %°™Tc-PYP in blood pools,
single-photon emission computed tomography (SPECT) imag-
ing is recommended for Grades 0-2 for a more accurate as-
sessment of uptake in the myocardium and blood pools.*
Similarly, a two-step data interpretation (Step 1, visual diag-
nosis of ATTRwt-CM using planar and SPECT images; Step 2,
semi-quantitative grading of myocardial uptake) is recom-
mended by an expert group assembled by the American Soci-
ety of Nuclear Cardiology for evaluating the myocardial
uptake of #°™Tc-pyp.*®

A suspected diagnosis of ATTRWt-CM using °°™Tc-PYP
scintigraphy can be accurately predicted if a patient
shows hs-TnT > 0.0308 ng/mL, LV posterior wall
thickness >13.6 mm, and QRS > 120 ms; the positive scintigra-
phy rate was 96%, 63%, 21%, and 13% when 3, 2, 1,
and none of the criteria were met, respectively.”*
Another integrated approach consisting of hs-TnT measure-
ment and “°™Tc-PYP scintigraphy also has the potential to in-
crease the diagnostic rate of ATTRwt-CM.”? Scintigraphy
using %°™Technetium-3,3-diphosphono-1,2-propanodicarbo-
xylic acid or %*™Technetium-hydroxymethylene diphospho-
nate is also applicable for the diagnosis of ATTRwt-CM,”374
but these techniques are not commonly used in Japan as they
are not covered by the Japanese health insurance.

Differentiation from amyloid light-chain
amyloidosis and hypertrophic cardiomyopathy

To detect the presence of monoclonal protein for differentia-
tion between ATTRwt-CM and AL amyloidosis, three tests
should be ordered (serum FLC assay, serum protein

Figure 5 Representative 9MTC-pyp scintigraphy image of a patient with ATTRwt-CM. Planar images of (A) anterior and (B) LAO views. (C) SPECT image

of axial view. Myocardial uptake of 99m

Tc-PYP is greater than bone uptake (Grade 3).

99m. 99m.

Tc-PYP, " "Technetium-pyrophosphate; ATTRwt-CM, wild-type

transthyretin amyloid cardiomyopathy; LAO, left anterior oblique; SPECT, single-photon emission computed tomography.
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electrophoresis with immunofixation, and urine protein elec-
trophoresis with immunofixation); if only one is positive, the
patient must be referred to a haematologist. If the results of
any of these tests are abnormal, bone scintigraphy should not
be used to make the diagnosis of ATTRwt-CM, and biopsy is
recommended. Furthermore, as the presence of monoclonal
protein in a patient with suspected cardiac amyloidosis can-
not differentiate between AL amyloidosis and ATTRwt-CM
with a concurrent MGUS, a biopsy (organ or fat pad) is also
required.®>® Of note, as up to 40% of patients with
ATTRwt-CM can have an MGUS, scintigraphy alone cannot
ensure a specificity of 100%, thus requiring endomyocardial
biopsy (EMB) for a definitive diagnosis.*’

In patients with AL amyloidosis, abnormal immunoglobulin
light chains produced by clonal plasma cells result in an ab-
normal ratio of k and A FLCs.””> AL amyloidosis should be
suspected when FLC assay results beyond the normal range
(3.3-19.4 mg/L for x FLCs, 5.7-26.3 mg/L for A FLCs, or a
K/A ratio of 0.26-1.65) are observed.”® In addition to these
three tests, serum or urine protein electrophoresis can also
be applied for the differential diagnosis of AL amyloidosis.””

Differentiation between ATTRwt-CM and hypertrophic car-
diomyopathy (HCM) is also crucial, as their treatment strate-
gies are completely different.”® Evidence suggests that
ATTRwt-CM was the most common unrecognized mimic
(approximately 9%) among patients initially diagnosed with
HCM.”® Although HCM may most commonly present as asym-
metric septal hypertrophy,®° it is not advisable to rely solely
on this phenotype to form a differential diagnosis. For an ac-
curate differential diagnosis, CMR techniques (LGE, T1 map-
ping, and ECV)®! and echocardiography (strain analysis)®?
are deemed useful.

Biopsy

To confirm amyloid deposits and the type of amyloidosis, it is
advisable to perform a tissue biopsy followed by immunohis-
tochemical staining. For AL amyloidosis and ATTRv-CM, the
rate of amyloid detection is sufficiently high for biopsy at less
invasive sites (e.g. lip salivary glands, stomach/duodenum,
and skin), while the detection rate for biopsy other than
EMB may not be sufficient for ATTRwt-CM.* As the reported
sensitivity of abdominal fat pad biopsy is highly variable 3787
repeated biopsy tests are recommended when a patient’s re-
sults are strongly suggestive of ATTRwt-CM in view of clinical
features and other laboratory findings. When amyloid de-
posits are not detected in these tissues, EMB should be
considered.®*#8 EMB can be safely enforced, with a <1% in-
cidence of serious cardiac complications.®® In patients with
ambiguity in diagnosis, especially for differentiation of
ATTRwt-CM from MGUS or AL amyloidosis, EMB should be
performed without hesitation because its sample error rate
is low.®® Of note, although biopsy is useful for a definite

diagnosis of ATTRwt-CM, °™Tc-PYP scintigraphy is also help-
ful in diagnosing and differentiating ATTRwt-CM.

Staining with Congo red should be performed to detect
amyloid deposits.®#>#° Stained amyloid deposits show char-
acteristic green birefringence under polarized microscopy.*°
Immunotyping using histochemical staining of amyloid de-
posits or mass spectroscopy is also helpful to confirm the
type of amyloidosis.*® The Amyloidosis Research Committee
of the Ministry of Health, Labour and Welfare of Japan®®
provides an immunohistochemical staining service using an
antibody panel consisting of anti-AL k, anti-AL A, anti-ATTR,
anti-amyloid A, and anti-B-2 microglobulin antibodies.

Genotyping

As the final diagnostic step, TTR genotyping should be per-
formed for patients to differentiate between ATTRwt-CM
and ATTRv-CM.*® TTR genotyping is covered by the Japanese
health insurance and can be ordered from facilities across
the country. Physicians can seek advice from the Amyloidosis
Research Committee of Japan regarding the conduct and
data interpretation of histological examinations and TTR
genotyping.®® When diagnosed with ATTRv-CM, genetic
counselling should be offered to the patient and relatives.’

Conclusions

Wild-type transthyretin amyloid cardiomyopathy is a progres-
sive and fatal disease. As tafamidis is now available for the
treatment of ATTRwt-CM, early diagnosis of the disease and
treatment initiation are essential for improved patient out-
comes. However, a low awareness of ATTRwt-CM, together
with difficulties in diagnosis, suggests that the condition is
undiagnosed in many patients. We hope that the diagnostic
algorithm presented in this article will raise awareness of
ATTRwt-CM, resulting in an earlier and more accurate diagno-
sis of the disease.
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