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Abstract

Aims The focus on wild-type transthyretin amyloid cardiomyopathy (ATTRwt-CM) is increasing because of novel treatment
options. There is currently no report on a large number of Japanese patients with ATTRwt-CM. The study aimed to examine
the characteristics and prognosis of ATTRwt-CM in Japan.
Methods and results Consecutive patients (78.5 ± 6.4 years old at diagnosis) with ATTRwt-CM diagnosed at Kumamoto Uni-
versity Hospital between December 2002 and December 2019 were retrospectively reviewed. Data, including demographic
characteristics, co-morbidities, clinical manifestations at diagnosis, laboratory results, electrocardiographic and echocardio-
graphic data, imaging and pathological findings, and treatment were obtained. Of 129 patients included in this study, 110 pa-
tients (85%) were male. The median period from initial symptom onset to diagnosis was 15.5 (2–75) months. Heart failure was
the most common clinical manifestation leading to diagnosis (61%) and initial manifestations (49%). Of 106 patients, carpal
tunnel syndrome was observed in 57 patients (54%), and the median period from initial symptom onset to diagnosis was
96 (48–120) months. Histopathological confirmation of transthyretin amyloid was achieved in 94 patients (73%), including
66 (51%) and 28 cases (22%) with endomyocardial and extracardiac biopsies. During the observation period (median 15.0 [in-
ter-quartile range, 5.4–33.2] months after diagnosis), 34 patients (26%) died. Of these, 27 patients (79%) had cardiovascular
deaths (heart failure, 25; sudden death, two). The median survival duration was 58.9 months and the 5 years’ survival rate
was 48%. According to a multivariate Cox hazard analysis, age [hazard ratio (HR), 1.14; 95% confidence interval (CI), 1.05–
1.23, P = 0.002] and low serum sodium levels (HR, 0.89; 95% CI, 0.79–0.996; P = 0.04) contributed to all-cause mortality,
and low serum sodium levels contributed to hospitalization for heart failure (HR, 0.86; 95% CI, 0.77–0.96; P = 0.005).
Conclusions Clinical characteristics and prognosis of ATTRwt-CM patients in Japan were examined. Carpal tunnel syndrome
can be considered an indication for diagnosis of ATTRwt-CM. Age and low serum sodium level were significant predictive fac-
tors of all survival outcomes. The clinical features of ATTRwt-CM should be recognized to provide appropriate treatment.
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Introduction

Amyloidosis is a systematic organ dysfunction due to the de-
position of β-sheet structured amyloid fibrils, and cardiac in-
volvement is the factor that most affects patient outcomes.

Cardiac amyloidosis is a progressive infiltrative cardiomyopa-
thy characterized by restrictive cardiomyopathy and causes
arrhythmias by infiltration of the conduction system.1 There
are mainly two types of cardiac amyloidosis, namely, amyloid
light-chain (AL) amyloidosis and transthyretin (TTR)
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amyloidosis (ATTR). ATTR is classified into two subtypes on
the basis of the presence or absence of a genetic mutation:
mutant ATTR (ATTRv) and wild-type ATTR (ATTRwt). Com-
pared with that of other types of cardiac amyloidosis, the on-
set of ATTRwt is delayed and is more frequent in patients
aged >60 years.2

Although transthyretin amyloid cardiomyopathy (ATTR-
CM) is considered a rare disease, recent studies have shown
that a considerable number of elderly patients with heart fail-
ure is associated with wild-type ATTR cardiomyopathy
(ATTRwt-CM). A previous autopsy study has revealed that at
least 25% of individuals aged >80 years have histological ev-
idence of amyloid deposit in their cardiac tissue.3 Another
study reported that 13% of patients with heart failure with
preserved ejection fraction (HFpEF) were diagnosed with
ATTRwt-CM.4 Given the advent of the super-aging society in
Japan, the number of elderly HFpEF patients is expected to
increase5; similarly, patients with ATTRwt-CM are predicted
to increase in the future.

Previous reports have described the clinical characteristics
and prognosis of patients with ATTRwt-CM; however, these
studies were mainly conducted in Western countries.6–9 Cur-
rently, there are no reports on a large number of Japanese
patients with ATTRwt-CM. Thus, this study aimed to examine
the clinical characteristics, diagnostic approach, and progno-
sis in patients with ATTRwt-CM in Japan.

Methods

Study population

We enrolled 129 consecutive patients diagnosed with
ATTRwt-CM at Kumamoto University Hospital between De-
cember 2002 and December 2019. Data including demo-
graphic characteristics, co-morbidities, clinical
manifestations at diagnosis, laboratory results, electrocardio-
graphic and echocardiographic data, imaging and pathological
findings, and treatment were obtained. Clinical examination
was performed while the patient was in a clinically stable,
non-congested condition. Manifestation of onset of ATTRwt
was defined as the date of the first clinical symptom related
to ATTRwt [e.g. heart failure, arrhythmia, carpal tunnel syn-
drome (CTS)] from clinical history. Similarly, clinical signs that
contributed to diagnosis of ATTRwt-CM were also reviewed.

The study was conducted in accordance with the principles
outlined in the Declaration of Helsinki. It was approved by the
Institutional Review Board and the ethics committees of Ku-
mamoto University (No. 1590). The requirement for informed
consent was waived because of the low-risk nature of this
retrospective study and the inability to directly obtain con-
sent from all subjects. Instead, the study protocol was exten-
sively promoted at Kumamoto University Hospital and on the

website (http://www.kumadai-junnai.com); notably, patients
were provided the opportunity to withdraw from the study.

Diagnosis of wild-type transthyretin amyloid
cardiomyopathy

The diagnosis of amyloid deposition was based on Congo red
staining and apple-green birefringence with cross-polarized
light microscopy. To confirm the presence of TTR in the amy-
loid, immunohistochemical staining was performed using an-
tibodies that react with TTR. ATTRwt was diagnosed based on
an absence of mutation in the TTR gene, which was revealed
by genetic testing, or the absence of family history of amy-
loidosis in the elderly patients if genetic testing was not per-
formed. Detailed diagnostic examination for ATTRwt-CM
including biopsy was performed based on the overall discre-
tion of the attending physicians. Endomyocardial biopsy was
considered to be standard; however, extracardiac biopsies
were considered for patients at high risk of endomyocardial
biopsy.

ATTR-CM was diagnosed by (i) the presence of TTR deposi-
tion in the myocardium (Group 1); (ii) the presence of TTR de-
position in extracardiac tissue, such as subcutaneous tissue or
gastrointestinal tract with positive finding of 99mTc-labelled
pyrophosphate (99mTc-PYP) scintigraphy (Group 2); or (iii)
positive finding of 99mTc-PYP scintigraphy without the confir-
mation of pathological TTR deposition and excluded AL amy-
loidosis by serum and urine protein electrophoresis by
immunofixation electrophoresis (Group 3).

Clinical findings

Echocardiography was performed using a commercially avail-
able ultrasound equipment. Chamber size and wall thickness
were measured in the transthoracic view. Left ventricular
ejection fraction (LVEF) was calculated using a modified
Simpson’s method. Early and late atrial transmitral peak flow
velocities were measured from mitral inflow velocities in the
apical view. The peak early diastolic velocity (e′) was mea-
sured on the septal corner of mitral annulus, and the E/e′ ra-
tio was calculated.

In addition, 12-lead electrocardiograms (ECGs) were
reviewed by two cardiologists (T. Y. and S. T.) blinded to the
clinical data. The presence of a complete left or right bundle
branch block was defined according to standard published
criteria. Low voltage was defined as QRS amplitude < 0.5 mV
in all limb leads or<1mV in all precordial leads. TheQS pattern
was defined as the absence of R waves in leads V1–V3.10,11

99mTc-PYP scintigraphy was performed using a GE Discov-
ery 670 dual-headed single photon emission computed
tomography/computed tomography camera with low-energy,
high-resolution collimators (GE Healthcare, Waukesha, WI,
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USA). Anterior and lateral planar views of the heart were ob-
tained 3 h following the administration of the radiotracer.
99mTc-PYP scintigraphy was scored by board-certified cardio-
vascular radiologists at the institution using the following
grading system: grade 0, no cardiac uptake; grade 1, mild up-
take less than bone; grade 2, moderate uptake equal to bone;
and grade 3, high uptake greater than bone.12 99mTc-PYP pos-
itivity was defined as a visual score of 2 or 3.

Clinical follow-up and prognosis

Mortality andhospitalization forheart failurewere identifiedby
a search of the medical records and were confirmed by a ques-
tionnaire anddirect contact via a telephone interviewof thepa-
tient, or if deceased, of a family member. All deaths were
reviewed, and the mode of death was classified as cardiac or
noncardiac death. Cardiac death was defined as a death due
to worsening heart failure, cardiovascular event, or sudden
death. On the contrary, noncardiac death was defined as a
death that could be attributed to anoncardiac reason. These in-
cluded subcategories such as renal, respiratory, cancer,
trauma, and infection/sepsis. Hospitalization for heart failure
was defined as unexpected hospitalization for heart failure.

Statistical analysis

The deadline date for data collection was December 2019.
Normally distributed parameters were expressed as
mean ± standard deviation (SD), whereas non-normally dis-
tributed parameters were expressed as median with
inter-quartile range (IQR). Categorical values were presented
as numbers (percentages). Univariate Cox hazard analyses
were performed to identify parameters significantly related
to survival from age, demographic or clinical characteristic,
biomarker, or echocardiogram findings. On the contrary, a
multivariate Cox hazard analysis was performed by the forced
entry method. Survival and event-free periods without heart
failure were evaluated by Kaplan–Meier curves. B-type natri-
uretic peptide (BNP) and high-sensitivity cardiac troponin T
(hs-cTnT) were logarithmically transformed because they
were not normally distributed. A two-tailed value of
P < 0.05 was considered statistically significant. Notably, all
statistical analyses were performed using SPSS, version 25
(SPSS Inc., Chicago, IL, US).

Results

Clinical characteristics of study patients

Demographic characteristics for the study population are pre-
sented in Table 1. Mean age at diagnosis and onset of

manifestation were 78.5 ± 6.4 and 74.3 ± 6.4 years, respec-
tively. One hundred ten patients (85%) were male. In total,
60 patients (47%) experienced atrial fibrillation. Of 106 pa-
tients whose medical history of CTS were verified, 57 patients
(54%) had a positive medical history of CTS. The majority of
the study population was symptomatic (New York Heart As-
sociation functional class > II, 88%). In laboratory tests, the
median hs-cTnT level was 0.056 ng/mL (IQR, 0.040–
0.089 ng/mL), and the BNP level was 288 pg/mL (181–
464 pg/mL) at diagnosis. In echocardiography, mean intra-
ventricular septal thickness and median LVEF were
15.7 ± 2.7 mm and 53.2% (44.5–59.7%), respectively.
LVEF < 50% occurred in 53 patients (41%). ECG findings, in-
cluding both low voltage and bundle branch block, were ob-
served in 43 patients (36%). Regarding drug treatment,
diuretics were used in 90 patients (70%) and were the most
common class of therapeutic agent. This hospital participated
in the transthyretin amyloid cardiomyopathy clinical trial for
tafamidis13 and enrolled seven patients. In this trial, there
were two patients in the tafamidis 80 mg and tafamidis
20 mg groups and three patients in the placebo group.

Clinical manifestations leading the diagnosis are shown in
Figure 1. Heart failure was the most common clinical manifes-
tation (n = 79, 61%), followed by left ventricular hypertrophy
without heart failure (n = 14, 11%). Eight patients (6%) were
diagnosed with ATTRwt-CM during evaluation of aortic
stenosis.

Diagnostic approach

The diagnostic approach is illustrated in Figure 2. Sixty-six
cases (51%) were diagnosed with ATTRwt-CM on the basis
of the presence of TTR deposition as revealed by
endomyocardial biopsy (Group 1). Twenty-eight cases (22%)
were pathologically diagnosed based on the extracardiac tis-
sue (Group 2), in which TTR deposition was observed in the
subcutaneous tissue (n = 11), gastrointestinal tract (n = 20),
lip (n = 1), or urinary bladder (n = 1). The remaining 35 cases
(27%) were diagnosed according to positive findings in 99mTc-
PYP scintigraphy without pathological confirmation of TTR de-
position (Group 3). Average age at diagnosis was significantly
higher among the cases in Group 3 than the other two groups
(83.4 vs. 76.8 years old; P < 0.001).

Genetic testing was performed in 96 cases (74%) to con-
firm the absence of mutation in the TTR genes, all of which
were negative. 99mTc-PYP scintigraphy was performed in
125 cases (97%), with a total of 124 patients (99%) showing
positive findings; however, only one case with negative find-
ing of 99mTc-PYP scintigraphy was observed despite amyloid
deposition in the myocardium. The number of cases of
ATTRwt-CM diagnosis had been gradually increasing every
year, especially since 2017, at our institute.

Clinical characteristics and natural history of ATTRwt-CM 2831
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Initial manifestation of transthyretin amyloid

The initial manifestations of ATTR are shown in Figure 3. The
most common initial manifestation was heart failure (n = 64,

49%), followed by peripheral neuropathy (n = 40, 31%). Of
the peripheral neuropathy cases, 39 cases were CTS. The
median period from initial symptom onset to diagnosis was
15.5 (range, 2–75) months. For cases in which the initial man-
ifestation was CTS, the median period from initial symptom
onset to diagnosis was 96 (range, 48–120) months.

Clinical outcomes

The median follow-up period was 15.0 (range, 5.4–
33.2) months, and 34 patients (26%) died during the observa-
tion period. Of these, 27 patients (79%) were cardiovascular
deaths (heart failure, 25; sudden death, two). Noncardiac
deaths occurred in seven patients (pneumonia, four; sepsis,
two; and lung cancer, one). Thirty-eight patients (29%) were
hospitalized for heart failure, and five patients received car-
diovascular implantable electronic device including pace-
maker (n = 3), implantable cardioverter defibrillator (n = 1),
and cardiac resynchronization therapy with a defibrillator
(n = 1).

Kaplan–Meier analyses illustrate the period of overall sur-
vival (Figure 4A) and period without hospitalization for heart
failure (Figure 4B). The median overall survival period was
58.9 months, with overall 3 and 5 years’ survival rates of
68.7% and 48.0%, respectively. According to the multivariate
Cox hazard analysis, age [hazard ratio (HR), 1.14; 95% confi-
dence interval (CI), 1.05–1.23; P = 0.002] and low serum so-
dium level (HR, 0.89; 95% CI, 0.79–0.99; P = 0.04)
contributed to all-cause death (Table 2). Low sodium levels
equally contributed to hospitalization for heart failure (HR,
0.86; 95% CI, 0.77–0.96; P = 0.005) (Table S1).

In the identification of patients who benefitted from
tafamidis, the prognostic factors associated with 18 month
mortality were additionally evaluated in the study patients.
According to multivariate logistic regression analysis, age
(HR, 1.31; 95% CI, 1.08–1.59; P = 0.01) and reduced LVEF
(HR, 0.90; 95% CI, 0.82–0.98; P = 0.02) were significant poor
prognostic factors (Table S2). The patients were classified into
three groups depending on age at diagnosis, as follows:
<75 years (n = 34, low group), 75–80 years (n = 40, mid
group), and >80 years (n = 55, high group). Kaplan–Meier
analysis showed that the 18 month survival rates of each
group were 95.8%, 87.4%, and 76.0% in the low, mid, and
high groups, respectively (Figure 5, log-rank P = 0.06).

Discussion

This study revealed the characteristics, diagnostic approach,
and prognosis for patients with ATTRwt-CM in Japan. The ma-
jor findings of the present study were as follows: (i) the diag-
nosis of ATTRwt-CM dramatically increased in recent years,
(ii) about half of the study patients had a medical history of

Table 1 Baseline clinical characteristics and clinical tests results of
ATTRwt-CM patients in this study

Variables All patients (n = 129)

Age at diagnosis, years 78.5 ± 6.4
Age at onset of symptom 74.3 ± 6.4
Male, n (%) 110 (85%)
Past medical history

Hypertension, n (%) 69 (53%)
Diabetes mellitus, n (%) 29 (22%)
Dyslipidaemia, n (%) 43 (33%)
Atrial fibrillation, n (%) 60 (47%)
Carpal tunnel syndrome, n (%) 57 (n = 106, 54%)
Prior HF hospitalizations, n (%) 53 (41%)

NYHA, n (%) (n = 126)
I 15 (12%)
II 61 (48%)
III 48 (38%)
IV 2 (2%)

Blood testing
hs-cTnT, ng/mL 0.056 (n = 123, 0.040–0.089)
BNP, pg/mL 288 (181–464)
Sodium, mEq/L 139.9 ± 3.0
Potassium, mEq/L 4.31 ± 0.42
Creatinine, mg/dL 1.09 (0.89–1.29)
eGFR, mL/min/1.73 m2 50.3 ± 14.9

Haemoglobin, mg/dL 13.4 (11.9–14.2)
Echocardiogram parameter

LVDd mm 42.4 ± 6.7
LVDs, mm 31.6 ± 6.7
IVSd, mm 15.7 ± 2.7
LVPWd, mm 15.7 ± 2.9
LVEF, % 53.2 (44.5–59.7)
LVEF < 50% 53 (41%)
E/A ratio 1.45 (n = 70, 0.76–2.50)
E/e′ ratio 20.6 (16.1–25.7)

Electrocardiographic parameter
Pacing rhythm, n (%) 9 (7%)
V1–3 QS pattern, n (%) 38 (n = 120, 32%)
Low voltage, n (%) 43 (n = 120, 36%)
Bundle branch block, n (%) 43 (n = 120, 36%)
CLBBB, n (%) 14 (n = 120, 12%)
CRBBB, n (%) 29 (n = 120, 24%)

Treatment
RAS-I, n (%) 65 (50%)
MRA, n (%) 42 (33%)
Beta-blocker, n (%) 38 (29%)
Diuretics, n (%) 90 (70%)
PMI, n (%) 15 (12%)
ICD, n (%) 7 (5%)
CRT-D/P, n (%) 5 (4%)

ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; BNP,
B-type natriuretic peptide; CLBBB, complete left bundle branch
block; CRBBB, complete right bundle branch block; CRT, cardiac
resynchronization therapy; EF, ejection fraction; eGFR, estimated
glomerular filtration rate; HF, heart failure; hs-cTnT,
high-sensitivity cardiac troponin T; ICD, implantable cardioverter
defibrillator; IVSd, interventricular septum diameter; LVDd, left ven-
tricular diastolic diameter; LVDs, left ventricular systolic diameter;
LVPWd, left ventricular posterior wall diameter; MRA, mineralocor-
ticoid receptor antagonist; NYHA, New York Heart Association; PMI,
pacemaker implantation; RAS-I, renin–angiotensin system inhibitor.
Data are expressed as median [inter-quartile range],
mean ± standard deviation, or n (%).
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CTS, (iii) the 5 year survival rate of patients with ATTRwt-CM
was 48.0%, and (iv) age and low serum sodium level were
significant predictive factors of all survival outcome. To our
knowledge, this is the first report to evaluate the patient’s
characteristics and the prognosis of patients with
ATTRwt-CM in the largest number of cases in Japan.

There were several reports about patient’s characteristic
and prognosis of ATTRwt-CM mainly from Europe7,8 and the
USA.6 In Japan, Sekijima et al. reported a nationwide survey
on ATTRwt amyloidosis (n = 51).14 Compared with these re-
ports, several clinical features were consistent with the pres-
ent study (Table 3). The most common age group was late
70s, with male predominance (≥80%) and symptomatic heart
failure at diagnosis. Previous studies showed that the major
manifestation leading to diagnosis was heart failure (54–
86%),6–8,14 which was confirmed in 61% of the study partici-
pants. Based on echocardiographic findings, 41% of study
participants demonstrated LVEF < 50%, which was consistent
with a previous report (37%).8 It is generally recognized that
ATTRwt-CM is mainly observed in HFpEF patients; however,
it should be recognized that ATTRwt-CM was not limited to
patients with HFpEF. Low voltage and bundle branch block
were observed in 36% of the cases, which were similar to
those of a previous study (low voltage, 13–33%; bundle
branch block, 32–36%).6–8,14

CTS is known as an early symptom in ATTRwt preceding
cardiac involvement, and a history of bilateral CTS is a ‘red
flag’ in ATTRwt-CM diagnosis.15 The incidence of CTS was re-
ported to range between 33% and 48% in patients with ATTR-
CM.6–8,14 If possible, the history of CTS was re-examined to
prevent any case being overlooked; consequently, the
frequency was slightly higher in this study than in previous re-
ports. Although CTS has been reported to be more common
among women,16–18 this study observed no sex differences
in co-morbidities between male (49%) and female (47%)
patients. Nakagawa et al. reported that the CTS preceded

FIGURE 1 Fraction of manifestations leading to the diagnosis of wild-type transthyretin amyloid (ATTR) cardiomyopathy.

FIGURE 2 Annual number of wild-type transthyretin amyloid cardiomy-
opathy (ATTRwt-CM) diagnosis and method of diagnosis. The pie chart il-
lustrates fraction of method of diagnosis. Group 1, presence of
transthyretin (TTR) deposition in the myocardium; Group 2, presence of
TTR deposition in extracardiac tissue with positive finding of

99m
Tc-la-

belled pyrophosphate scintigraphy; Group 3, positive finding of 99mTc-la-
belled pyrophosphate scintigraphy without confirmation of pathological
TTR deposition.
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cardiac symptoms by a mean of 6.1 years19; this result was
consistent with our finding (median 8 years). It has been re-
ported that patients subjected to surgical treatment for CTS
were associated with a higher risk of amyloidosis and future
heart failure relative to matched control subjects.20 There-
fore, patients who undergo surgical treatment for CTS are
to be considered a high-risk group for ATTRwt-CM. The pres-
ence of TTR amyloid deposition in flexor tenosynovium spec-
imens was identified in 33% of the patients and the
occurrence of amyloid deposits increased with age in patients
with CTS.21 It would be useful for an early diagnosis of cardiac
amyloidosis to evaluate serial cardiac symptoms and

structural future in CTS patients with amyloid deposition in
the tenosynovial tissue.

In this study, eight patients were diagnosed with
ATTRwt-CM in the process of examination for aorticstenosis.
Aortic stenosis is common among the elderly and causes left
ventricular hypertrophy; therefore, aortic stenosis with
ATTR-CM is occasionally underdiagnosed. There is a report
that ATTR-CM was prevalent in 16% of patients with severe
aortic stenosis who underwent transcatheter aortic valve
implantation,22 and the prognosis of aortic stenosis patients
with ATTR-CM is poor.23 The clinical utility of the identifica-
tion of occult ATTR-CM of myocardial extracellular volume

FIGURE 3 Fraction of initial manifestation related to transthyretin amyloid (ATTR) before diagnosis.

FIGURE 4 (A) Kaplan–Meier curve of all-cause survival; table showing number at risk and survival rate by year. Median survival period was
58.9 months. (B) Kaplan–Meier curve of readmission for heart failure; table showing number at risk and event-free ratio by year. Median
event-free period was 43.7 months.
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quantification using pre-procedural contrast-enhanced com-
puted tomography for transcatheter aortic valve implantation
has been previously reported.24 This knowledge facilitates

easier identification of aortic valve stenosis patients
suspected of ATTR-CM and to perform 99mTc-PYP scintigraphy
in our institution.

The median survival period of ATTRwt-CM has been re-
ported to range between 3.9 and 6.1 years,6–8 which was
equivalent to our study (4.9 years). In previous reports, sev-
eral factors contributing to mortality were identified (serum
uric acid, BNP, LVEF, and relative wall thickness)6; in addition,
the staging system with combinations NT-proBNP and serum
hs-cTnT levels or estimated glomerular filtration rate has
been proposed for predicting the mortality of ATTR-CM
patients.25,26 Age and serum sodium level have been sug-
gested as factors contributing to the mortality in this study.
In addition, low sodium levels have been reported to be a
classic poor prognostic factor in heart failure.27,28

Recently, a TTR stabilizer (tafamidis) has been used clini-
cally. It was reported that tafamidis reduced all-cause mortal-
ity, cardiovascular-related hospitalizations, declining
functional capacity, and quality of life than did placebo in pa-
tients with ATTR-CM.12 This study reported that the effect of
tafamidis on overall survival emerged after approximately
18 months of treatment; this implies that survival of
18 months or more is required to benefit from tafamidis.
Thus, it is important to predict survival after 18 months of
treatment. According to our data, elderly patients
(>80 years old) with reduced ejection fraction obtained less
effective results than patients (≤80 years old) with preserved
ejection fraction.

In the advent of disease-specific treatment to prevent dis-
ease progression, early diagnosis and treatment could be-
come even more important than ever. In recent years, the
number of ATTRwt-CM diagnosed has increased in our insti-
tution. First, it can be attributed to more awareness of physi-
cians regarding this disease. This study similarly included a
quarter of patients diagnosed by non-invasive diagnostic
criteria. This may have contributed to an increased number
of diagnoses, especially in these several years; however, his-
tologically diagnosed groups equally increased during this pe-
riod. Previously, we reported that hs-cTnT could be a clue in
early diagnosis29 and suggested the application of the Kuma-
moto criteria,30 a minimally invasive approach for predicting
the probability of 99mTc-PYP positivity with a combination of
electrophysiological (QRS width), structural (left ventricular
posterior wall thickness), and biochemistry (hs-cTnT level) pa-
rameters. These practices equally contributed to increasing
the number of diagnoses in our institution.

Limitations

This study was a retrospective single-centre study and com-
prised a smaller number of cases compared to previous co-
hort studies in Western countries. Nonetheless, this
research remains to date the only large-scale study on

Table 2 Univariate and multivariate Cox hazard analyses of predic-
tors for all-cause mortality

Variables

Univariate Multivariate

HR 95% CI P value HR 95% CI
P

value

Age (years) 1.121.05–1.19 0.0011.141.05–1.23 0.002
Female (yes) 1.780.52–6.05 0.36
NYHA 2.261.32–3.86 0.0030.990.47–2.06 0.97
Diabetes mellitus
(yes)

1.090.44–2.69 0.85

Atrial fibrillation (yes)1.100.55–2.21 0.78
Prior HF
hospitalizations

2.621.28–5.36 0.0081.290.49–3.37 0.60

Ln hs-cTnT 3.141.68–5.89<0.0011.620.58–4.56 0.36
Ln BNP 2.591.50–4.46 0.0011.950.93–4.09 0.077
Sodium (mEq/L) 0.830.75–0.92<0.0010.890.79–0.9960.04
Potassium (mEq/L) 0.650.28–1.51 0.32
eGFR (mL/min/
1.73 m2)

0.940.92–0.97<0.0010.990.95–1.03 0.68

Haemoglobin (mg/
dL)

0.770.63–0.93 0.0070.960.75–1.22 0.96

LVDd (mm) 0.970.93–1.02 0.27
LVDs (mm) 1.000.96–1.05 1.00
IVSd (mm) 1.000.90–1.12 0.96
LVPWd (mm) 0.950.84–1.07 0.36
LVEF (%) 0.980.95–1.02 0.27
e′ 0.820.59–1.13 0.22
E/e′ ratio 1.051.00–1.11 0.0490.990.92–1.07 0.79
Low voltage 1.760.83–3.70 0.14
V1–3 QS pattern (yes)1.000.48–2.09 1.00
Pacing rhythm (yes) 2.290.69–7.64 0.18

CI, confidence interval; HR, hazard ratio; Ln, log natural.
For other abbreviations, see Table 1. Bold emphasis means signifi-
cant difference in multivariate analysis.

FIGURE 5 Kaplan–Meier curve representing association between ages
and all survival rate. Patients were classified into three groups based on
age at diagnosis (low group, age < 70 years; mid group, age 75–80 years;
high group, age > 80 years).
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ATTRwt-CM in Asia. There were some incomplete data includ-
ing history CTS and level of serum hs-cTnT. Further, not all pa-
tients underwent genetic testing; therefore, the sample may
have included sporadically aged ATTRv patients.
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