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ORIGINAL RESEARCH

Correlation Between Cardiac Images, 
Biomarkers, and Amyloid Load in Wild- Type 
Transthyretin Amyloid Cardiomyopathy
Mami Morioka, MD; Seiji Takashio , MD, PhD; Naoya Nakashima , MD; Masato Nishi, MD; Akira Fujiyama, MD; 
Kyoko Hirakawa, MD, PhD; Shinsuke Hanatani , MD, PhD; Hiroki Usuku , MD, PhD; Eiichiro Yamamoto, MD, PhD; 
Masafumi Kidoh , MD, PhD; Seitaro Oda , MD, PhD; Kenichi Matsushita , MD, PhD; Mitsuharu Ueda, MD, PhD; 
Kenichi Tsujita, MD, PhD

BACKGROUND: Several imaging parameters and biomarkers provide diagnostic and prognostic information for wild- type tran-
sthyretin amyloid cardiomyopathy. However, the relevance of these parameters and their association with cardiac amyloid load 
requires further substantiation. We aimed to elucidate the association of imaging parameters obtained using 99mTc- labeled 
pyrophosphate scintigraphy, cardiovascular magnetic resonance imaging, global longitudinal strain (GLS), and cardiac bio-
markers with cardiac amyloid load in patients with wild- type transthyretin amyloid cardiomyopathy.

METHODS AND RESULTS: Eighty- eight patients with wild- type transthyretin amyloid cardiomyopathy who underwent 99mTc- 
labeled pyrophosphate scintigraphy and cardiovascular magnetic resonance were retrospectively evaluated. Quantitative 
cardiac amyloid load was obtained from 61 patients after myocardial biopsy. Correlations were assessed using Pearson’s 
correlation coefficient applied to medical record data. The mean heart to contralateral ratio, native T1, extracellular volume, 
and GLS were 1.91±0.36, 1419.4±56.4 ms, 56.5±13.6%, and −9.4±2.5%, respectively. Median high- sensitivity cardiac tro-
ponin T (hs- cTnT) and BNP (B- type natriuretic peptide) levels were 0.0478 (0.0334- 0.0691) ng/mL and 213.8 (125.8– 392.7) pg/
mL, respectively. The mean cardiac amyloid load was 22.9±15.0%. The heart to contralateral ratio correlated significantly with 
native T1 (r=0.397), extracellular volume (r=0.477), GLS (r=0.363), cardiac amyloid load (r=0.379), and Ln (hs- cTnT) (r=0.247). 
Further, cardiac amyloid load correlated significantly with native T1 (r=0.509), extracellular volume (r=0.310), GLS (r=0.446), 
and Ln (hs- cTnT) (r=0.354). Compared with BNP, hs- cTnT levels better correlated with several imaging parameters and cardiac 
amyloid load.

CONCLUSIONS: Increased cardiac amyloid load correlated with increased 99mTc- labeled pyrophosphate positivity, native T1, 
extracellular volume, and hs- cTnT levels, and an impaired GLS, suggesting that imaging parameters and cardiac biomarkers 
may reflect histological and functional changes attributable to amyloid deposition in the myocardium.

Key Words: amyloidosis ■ biomarkers ■ magnetic resonance imaging ■ 99mTc- labeled pyrophosphate pyrophosphate ■ troponin T

Transthyretin amyloid cardiomyopathy (ATTR- CM) 
is a progressive and infiltrative disease charac-
terized by increased ventricular wall thickness, 

diastolic dysfunction, and cardiac conduction sys-
tem alterations caused by the deposition of insoluble 
transthyretin amyloid fibrils in the extracellular space 
of the myocardium.1 Although wild- type ATTR- CM 

(ATTRwt- CM) was previously considered a rare dis-
ease, recent diagnostic imaging modalities have re-
vealed it to be considerably underdiagnosed among 
elderly patients with heart failure.2,3 In addition, 
ATTRwt- CM has received considerable attention be-
cause of the development of novel disease- modifying 
treatments like tafamidis and patisiran.4,5
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A systematic evaluation suggested that several 
imaging modalities and biomarkers are useful for the 
diagnostic and prognostic prediction of ATTR- CM. 
99mTc- labeled pyrophosphate (99mTc- PYP) scintigra-
phy, or native T1 mapping and extracellular volume 
(ECV) measurements in cardiovascular magnetic res-
onance (CMR), are remarkably sensitive and specific 
for ATTR- CM diagnosis.6– 8 Moreover, marked 99mTc- 
PYP positivity and an elevated native T1 and ECV have 
been identified as predictors of poor prognosis in this 
condition.7,9 Other parameters such as an impaired 
global longitudinal strain (GLS) on echocardiography10 
and elevated levels of high- sensitivity cardiac troponin 

T (hs- cTnT) and NT- proBNP (N- terminal pro- B- type 
natriuretic peptide),11 are also associated with poor 
prognosis in patients with ATTRwt- CM. These reports 
suggest that 99mTc- PYP positivity as well as native T1, 
ECV, GLS, and cardiac biomarkers are related to dis-
ease progression in ATTR- CM.

Regarding histological findings, it has been reported 
that an extensive cardiac amyloid load is predictive of 
poor clinical outcomes and resistance to chemotherapy 
in light- chain amyloidosis.12 We hypothesized that car-
diovascular imaging findings, cardiac biomarkers, and 
pathological findings would reflect the progression of 
cardiac amyloidosis and that the cardiac amyloid load 
would have a close relationship with these parameters. 
If our hypothesis was true, these correlations might allow 
for noninvasive estimation of amyloid deposits, which to 
date can only be assessed by invasive means.

Thus, this study aimed to elucidate the associa-
tions among images obtained using several disease- 
specific modalities (99mTc- PYP scintigraphy, CMR, and 
echocardiography), cardiac biomarker levels (hs- cTnT 
and BNP [B- type natriuretic peptide]), and the histolog-
ical cardiac amyloid load in patients with ATTRwt- CM.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

The study conformed to the principles outlined in 
the Declaration of Helsinki and was approved by the 
Institutional Review Board and Ethics Committee of 
Kumamoto University (Approval No. 1385). The re-
quirement for informed consent was waived because 
of the low- risk nature of this retrospective study and 
the inability to obtain consent directly from all subjects. 
Instead, we extensively announced this study protocol 
at Kumamoto University Hospital and on our website 
(http://www.kumad ai- junnai.com) and provided pa-
tients with the opportunity to withdraw from it.

Study Population
A total of 88 consecutive patients with ATTRwt- CM, who 
simultaneously underwent both 99mTc- PYP scintigraphy 
and CMR for evaluation of cardiac amyloidosis between 
March 2017 and October 2021 at Kumamoto University 
Hospital, were evaluated. Data were retrieved from elec-
tronic medical records. All study patients underwent 
echocardiography and laboratory testing in a clinically 
stable, noncongested condition at diagnosis.

Diagnosis of ATTR- CM and Genetic 
Testing
The diagnosis of amyloid deposition was based on the 
observation of apple- green birefringence in biopsies 

CLINICAL PERSPECTIVE

What Is New?
• The heart to contralateral ratio, native T1, extra-

cellular volume, global longitudinal strain, and 
high- sensitivity cardiac troponin T levels corre-
late well with each other and with cardiac amy-
loid load in patients with wild- type transthyretin 
amyloid cardiomyopathy.

• While high- sensitivity cardiac troponin T levels 
correlated well with the heart- to- contralateral 
ratio, native T1, extracellular volume, global 
longitudinal strain, and cardiac amyloid load, 
B- type natriuretic peptide levels correlated only 
with extracellular volume and global longitudinal 
strain.

What Are the Clinical Implications?
• These imaging parameters and cardiac bio-

markers are diagnostically and prognostically 
valuable in evaluating disease progression in 
patients with wild- type transthyretin amyloid 
cardiomyopathy.

• Their correlations may be used to predict car-
diac amyloid load and determine the indications 
and therapeutic effects of disease- modifying 
therapies.

Nonstandard Abbreviations and Acronyms
99mTc- PYP 99mTc- labeled pyrophosphate
ATTR- CM transthyretin amyloid 

cardiomyopathy
ATTRwt- CM wild- type transthyretin amyloid 

cardiomyopathy
CPA cardiac pyrophosphate activity
ECV extracellular volume
GLS global longitudinal strain
H/CL heart to contralateral (ratio)

http://www.kumadai-junnai.com
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stained with Congo red using cross- polarized light 
microscopy. To confirm the nature of the amyloid, we 
performed immunohistochemical staining using anti-
bodies that reacted with transthyretin. ATTR- CM was 
diagnosed in the following cases: (1) presence of tran-
sthyretin deposition in the myocardium, (2) presence 
of transthyretin deposition in extracardiac tissue with 
positive findings on the 99mTc- PYP scintigraph, or (3) 
positive findings on the 99mTc- PYP scintigraph with-
out confirmation of pathological transthyretin deposi-
tion but with the exclusion of light- chain amyloidosis 
by serum and urine protein electrophoresis and im-
munofixation. ATTRwt was diagnosed based on the 
absence of mutations in the TTR gene (assessed by 
genetic testing) or, in elderly patients, the absence of a 
family history of amyloidosis if genetic testing was not 
performed.

According to the diagnostic criteria of cardiac amy-
loidosis in the Japanese Circulation Society guideline,13 
the confirmation of histologically amyloid deposition in 
cardiac or extracardiac tissue is necessary to defini-
tively diagnose ATTR- CM. In addition to the necessity 
of pathological diagnosis in patients with hematolog-
ical abnormalities, we had to confirm the histological 
diagnosis to use tafamidis in Japan. Therefore, we per-
formed an extracardiac biopsy, even though noninva-
sive diagnostic criteria were applied.

99mTc- PYP Scintigraphy Protocol
99mTc- PYP scintigraphy was performed using a GE 
Discovery 670 dual- headed single- photon emission 
computed tomography camera with low- energy, high- 
resolution collimators (GE Healthcare, Waukesha, WI). 
Anterior and lateral planar views of the heart were ob-
tained 3 hours after radiotracer administration. 99mTc- 
PYP scintigraphy was assessed both planar and 
single- photon emission computed tomography images 
and scored by board- certified cardiovascular radiolo-
gists at our institution using the following grading sys-
tem: grade 0, no cardiac uptake; grade 1, mild uptake, 
less than that of bone; grade 2, moderate uptake equal 
to that of bone; and grade 3, high uptake, greater than 
that of bone. 99mTc- PYP positivity was defined as a 
visual score of 2 or 3.14 Quantitative analysis of cardiac 
retention was assessed using the heart to contralateral 
(H/CL) ratio of total counts in a region of interest over 
the heart to background counts in an identically sized 
region of interest over the contralateral chest, includ-
ing soft tissue, ribs, and blood pool.15 Furthermore, 
the direct radiotracer uptake in the myocardium was 
quantitatively evaluated using single- photon emission 
computed tomography images in patients with analyz-
able images, according to the protocol in a previous 
report.16 First, a spherical region of interest was placed 
in the left ventricular blood pool to determine back-
ground radiotracer counts. Scan- specific thresholds 

for abnormal myocardial activity were determined as 
1.5 × blood pool maximal radiotracer counts. Next, a 
polygonal region of interest was placed to encompass 
the left and right ventricular myocardium. Radiotracer 
activity in the myocardium was quantified as volume of 
abnormal activity and termed volume of involvement. 
Cardiac pyrophosphate activity (CPA), which reflects 
the volume and intensity of abnormal activity, was cal-
culated as follows: CPA=volume of involvement×mean 
radiotracer counts of regions with abnormal myocar-
dial activity/maximal blood pool radiotracer activity.

CMR Protocol
CMR was performed using a 3.0T MR scanner (Ingenia 
CX; Philips Healthcare, Best, The Netherlands) with a 
16- channel coil. Pre-  and postcontrast (15  minutes) 
T1 mapping was performed in a single midventricu-
lar short- axis slice (section thickness, 8 mm) using the 
shortened modified Look- Locker inversion recovery 
sequence (normal values, 1200– 1260 ms in our insti-
tute). A gadolinium- based contrast material (0.2 mmol/
kg, Gadovist; Bayer Yakuhin, Ltd., Osaka, Japan) was 
used.

The T1 mapping- derived myocardial ECV was cal-
culated using the following formula: ECV (%)=(1−hema-
tocrit) × (ΔR1 in myocardium) / (ΔR1 in the left ventricle) 
× 100. The calculated ECV values for the septal seg-
ment were assessed, which is recommended as a 
reproducible standard evaluation method for diffuse 
heart disease.17 The 2 reviewers (M.K. and S.O.) were 
always blinded to the patient’s clinical history and data 
to minimize bias.

Biomarker and Imaging Analysis
Serum hs- cTnT levels (normal cutoff value 0.014 pg/mL) 
were measured at diagnosis using the Elecsys 2010 
Troponin T hs kit (Roche Diagnostics, Indianapolis, 
IN). Plasma BNP levels (normal cutoff value 18.4 pg/
mL) were measured using the MI02 Shionogi BNP kit 
(Abbott Japan, Matsudo, Japan). The glomerular filtra-
tion rate was calculated using the Modification of Diet 
in Renal Disease Study equation, level- modified for 
Japanese people.

Echocardiographic Analysis
Echocardiography was performed using commercially 
available ultrasound equipment, including a Vivid E95 
or 7 (GE Vingmed, Horten, Norway), Aplio 500 (Toshiba, 
Tokyo, Japan), or Epiq 7G (Philips, Bothell, WA). Cardiac 
chamber size and wall thickness were measured in the 
transthoracic view. The left ventricular ejection fraction 
(LVEF) was calculated using the modified Simpson’s 
method. Two- dimensional strain analysis was per-
formed using a vendor- independent software pro-
gram (2D Strain Analysis; TOMTEC Imaging Systems, 
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Unterschleissheim, Germany). The left ventricular (LV) 
GLS was calculated as the average longitudinal strain of 
16 segments of the LV, in accordance with the American 
Society for Echocardiography guideline.18

Quantitative Evaluation of Cardiac 
Amyloid Load
The cardiac amyloid load in myocardium biopsy speci-
mens obtained from the right ventricular septum was 
quantitatively evaluated using ImageJ version 1.52a 
(National Institutes of Health, Bethesda, MD). The am-
yloid deposition area (observed by Congo red stain-
ing) and the total myocardium area were evaluated 
by adjusting the color threshold. The cardiac amy-
loid load was calculated as follows: cardiac amyloid 
load (%)=(amyloid deposition area / total myocardium 
area)×100 (Figure  1). The reviewers (M.M. and S.T.) 
were always blinded to the patients’ clinical data.

Statistical Analysis
Normally distributed parameters are reported as 
mean±SD, while variables with skewed distribu-
tions are expressed as medians (interquartile range). 
Categorical values are presented as numbers and 
percentages. Correlations between parameters were 
assessed using Pearson’s correlation coefficient. BNP 
and hs- cTnT levels were logarithmically transformed 
before calculating the Pearson’s correlation because 
they were not normally distributed. Multiple linear re-
gression analyses were used to identify variables 
that might predict cardiac amyloid load, including H/
CL ratio, native T1, ECV, GLS, BNP, and hs- cTnT lev-
els. All statistical analyses were performed using the 
Statistical Package for Social Sciences, version 19 
(SPSS Inc., Chicago, IL).

RESULTS
Clinical Characteristics
Demographic characteristics of the study population 
are presented in Table 1. Patients were predominantly 
male (90%) and elderly (75.4±6.1  years). Median hs- 
cTnT and BNP levels were elevated. Echocardiographic 
findings were characterized by a LVEF and symmetri-
cal LV wall thickening, which was attributed to infiltra-
tive amyloid deposition. Despite a preserved LVEF, the 
GLS was considerably depressed (−9.4±2.5%).

Overall, 69 patients (78%) showed myocardial 
transthyretin deposition. Of the remaining patients, 16 
had extracardiac transthyretin deposition with positive 
99mTc- PYP scintigraphy, and 3 had positive 99mTc- PYP 
scintigraphy and absence of detectable monoclonal 
protein. Genetic testing was performed in 82 patients 
(93%) and was negative for TTR mutation in all cases; 
the remaining 6 patients were octogenarians and had 
no family history of amyloidosis. Therefore, all patients 
were diagnosed with ATTRwt- CM.

By 99mTc- PYP scintigraphy, the mean H/CL ratio 
was 1.91±0.36 and CPA was 233.8±180.8 cm3 (n=69). 
Regarding CMR imaging, 4 patients could not be eval-
uated for ECV because of contraindications of contrast 
media caused by renal failure. Cardiac amyloid load 
was calculated in 61 of 69 patients who had amyloid 
deposition in the myocardium; the mean cardiac amy-
loid load was 22.9±15.0%.

Comparison of Clinical Characteristics 
Between the High and Low Cardiac 
Amyloid Load Groups
Differences in the demographic and clinical character-
istics between the 2 groups divided by median amyloid 

Figure 1. Calculation of cardiac amyloid load.
The cardiac amyloid load in myocardium biopsy specimens was evaluated using ImageJ. The amyloid deposition area was stained 
with Congo red, and the total myocardium area was evaluated by adjusting the color threshold.

Congo red stain Total myocardium area Amyloid deposition area

Cardiac amyloid load (%) =  (amyloid deposition area/ total myocardium area) 100
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load (21.2%) are presented in Table 2. In the high car-
diac amyloid load group, the patients were compara-
tively younger (72.7±5.5 years versus 76.3±5.7 years; 

P=0.014), and the proportion of men was higher (97% 
versus 77%; P=0.020). The hs- cTnT and hemoglobin 
levels, H/CL ratios, CPA, native T1, and LV mass indi-
ces were significantly higher in the high cardiac am-
yloid load group. GLS and LVEF measured by CMR 
were impaired in the high cardiac amyloid load group 
when compared with those of the low cardiac amyloid 
load group.

Correlation Between Image Parameters, 
Histology Findings, and Biomarkers
All correlation data are shown in Table  3. The H/CL 
ratio, native T1, ECV, GLS, hs- cTnT, and cardiac amy-
loid load were significantly correlated with each other 
(P<0.05). The H/CL ratio was significantly and posi-
tively correlated with native T1 (r=0.397, P=0.001), ECV 
(r=0.477, P<0.001), GLS (r=0.363, P=0.001), cardiac 
amyloid load (r=0.379, P=0.003), and Ln(hs- cTnT) lev-
els (r=0.247, P=0.020; Figure 2). Cardiac amyloid load 
was also significantly and positively correlated with 
native T1 (r=0.509, P<0.001), ECV (r=0.310, P=0.018), 
GLS (r=0.446, P<0.001), and Ln(hs- cTnT) (r=0.354, 
P=0.005; Figure 3).

On the other hand, BNP levels had limited correlation 
with native T1 (r=0.249, P=0.021), ECV (r=0.284, 
P=0.01), and GLS (r=0.280, P=0.009). The hs- cTnT 
levels correlated significantly with more assessment 
parameters than reported for BNP (H/CL ratio, r=0.247, 
P=0.02; native T1, r=0.409, P<0.001; ECV, r=0.410, 
P<0.001; GLS, r=0.503, P<0.001; and cardiac amyloid 
load, r=0.354, P=0.005). The CPA, LV mass index and 
LVEF obtained by CMR had significant correlation with 
several assessment parameters (Table 3).

In multiple linear regression analyses including H/
CL ratio, native T1, ECV, GLS, BNP, and hs- cTnT levels, 
native T1 (standardized regression coefficient, 0.374; 
P=0.008) and GLS (standardized regression coeffi-
cient, 0.366; P=0.009) were independent predictor of 
cardiac amyloid load.

DISCUSSION
In this study, we found a significant correlation between 
imaging, histological, and serological parameters that 
have diagnostic and prognostic value in patients with 
ATTRwt- CM. The major findings are as follows: (1) the 
H/CL ratio, native T1, ECV, LV mass index, LVEF, GLS, 
hs- cTnT level, and cardiac amyloid load are significantly 
correlated with each other; (2) an elevated H/CL ratio, 
native T1, ECV, LV mass index, LVEF and hs- cTnT level, 
and an impaired GLS are all related to an increased car-
diac amyloid load; and (3) hs- cTnT levels showed a better 
correlation with several parameters when compared the 
correlation to BNP levels. To the best of our knowledge, 
this is the first study to evaluate the association of several 

Table 1. Demographic and clinical characteristics of 
participants (n=88)

Variable

Age, y 75.4±6.1

Male sex 79 (90)

NYHA functional class (I/II/III/IV) 19/41/27/1

Prior heart failure hospitalization, n (%) 24 (27)

Blood testing

Sodium, mmol/L 140.1±2.5

Creatinine, mg/dL 1.03±0.27

eGFR, mL/min per 1.73 m2 55.8±13.3

Hemoglobin, g/dL 13.7±1.8

hs- cTnT, ng/mL 0.048 (0.033– 0.069)

BNP, pg/mL) 213.8 (125.8– 392.7)

Medications

Loop diuretics 53 (60)

Beta blockers 20 (23)

RAS inhibitors 33 (38)

Aldosterone antagonists 23 (26)

Echocardiogram parameter

LVDd, mm 42.2±5.7

LVDs, mm 31.9±6.3

IVSd, mm 15.1±2.3

LVPWd, mm 15.5±2.8

LAD, mm 42.9±8.5

LVEF, % 51.9±10.6

E/e′ 20.1±7.8

GLS, % - 9.4±2.5

99mTc- PYP scintigraphy parameters

H/CL ratio 1.91±0.36

CPA, cm3* 233.8±180.8

CMR parameters

ECV, %† 56.5±13.6

Native T1 value, ms 1419.4±56.4

LVMI, g/m2 83.0±29.4

LVEF, % 51.5±14.8

Histological parameters

Amyloid load, %‡ 22.9±15.0

Data are presented as median (interquartile range), mean±standard deviation, 
or n (%). BNP indicates B- type natriuretic peptide; CMR, cardiovascular magnetic 
resonance imaging; CPA, cardiac pyrophosphate activity; ECV, extracellular 
volume; eGFR, estimated glomerular filtration rate; GLS, global longitudinal 
strain; H/CL, heart to contralateral; hs- cTnT, high- sensitivity cardiac troponin 
T; LAD, left atrial diameter; IVSd, interventricular septum diameter; LVDd, left 
ventricular diastolic diameter; LVDs, left ventricular systolic diameter; LVEF, 
left ventricular ejection fraction; LVMI, left ventricular mass index; LVPWd, left 
ventricular posterior wall diameter; NYHA, New York Heart Association; RAS, 
renin- angiotensin system; and 99mTc- PYP, 99mTc- labeled pyrophosphate.

*n=69.
†n=84.
‡n=61.
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diagnostic and prognostic parameters evaluated by dif-
ferent imaging modalities, cardiac biomarker levels, and 
historical findings in patients with ATTRwt- CM.

What does the accumulation of 99mTc- PYP and the 
increase of native T1 and ECV reflect in ATTR- CM? 
Although the mechanism of myocardial 99mTc- PYP up-
take in ATTR- CM is not fully understood, the binding 
of the radiotracer to microcalcifications may explain 
the increased uptake compared with light- chain am-
yloidosis.19 Since the ECV is based on the signal from 
the extracellular space, and native T1 is related to both 
intracellular and extracellular edema, they are poten-
tially subject to the influence of other pathophysiolog-
ical mechanisms beyond amyloid load.20,21 Therefore, 
it is considered that native T1 and ECV not only reflect 
amyloid deposition in the myocardium but also reflect 
reactive changes like fibrosis and edema. Based on 
these assumptions, these modalities are considered to 
correlate with each other, although few reports have 
addressed this issue specifically until now.

In this study, we confirmed the assumption of cor-
relation. In this regard, Martinez- Naharro et al7 had re-
ported that, in patients with ATTR- CM, native T1 and 
ECV had good correlation with each other (r=0.726) 
and were associated with the grade of cardiac uptake 
in bone scintigraphy. However, no analyses regarding 
quantitative 99mTc- PYP positivity and CMR findings 
were conducted in their study. Considering the results 
of our study, native T1, ECV, and H/CL ratio may simi-
larly reflect the pathological status and progression of 
ATTR- CM.

The mean cardiac amyloid load in this study was 
22.9%. Analyzing 74 patients with ATTRwt- CM, Kristen 
et al12 reported a comparatively higher mean cardiac 
amyloid load (34.0%). However, subjects in their study 
had a thicker septal wall (median, 20 mm) and lower 
LVEF (median, 42.7%) than our subjects, which is char-
acteristic of more advanced disease. We classified the 
high and low amyloid load groups by median value 
(21.2%). The high amyloid load group was younger 

Table 2. Differences in demographic and clinical characteristics between the high and low cardiac amyloid load groups

Variables High amyloid load group (n=31) Low amyloid load group (n=30) P value

Age, y 72.7±5.5 76.3±5.7 0.014

Male sex 30 (97) 23 (77) 0.020

Prior heart failure hospitalization 10 (32%) 10 (33%) 0.930

Blood testing

Sodium, mmol/L 139.7±2.4 140.5±2.2 0.181

Creatinine, mg/dL 1.03±0.24 0.97±0.17 0.242

eGFR, mL/min per 1.73 m2 55.9±11.9 56.3±12.2 0.907

Hemoglobin, g/dL 14.3±1.9 13.3±1.7 0.031

hs- cTnT, ng/mL 0.048 (0.034– 0.086) 0.042 (0.030– 0.064) 0.037

BNP, pg/mL 213.8 (113.8– 424.1) 205.3 (128.5– 372.2) 0.878

Echocardiogram parameters

LVDd, mm 43.1±6.0 41.2±5.4 0.198

LVDs, mm 33.1±6.4 30.7±6.1 0.137

IVSd, mm 15.4±2.0 15.0±2.6 0.442

LVPWd, mm 16.1±2.3 15.3±2.8 0.267

LVEF, % 49.8±11.2 53.3±10.0 0.204

GLS, % ‒ 8.3±2.0 ‒ 10.1±2.2 0.002

99mTc- PYP scintigraphy parameters

H/CL ratio 2.04±0.36 1.82±0.31 0.014

CPA, cm3 330.0±234.2 (n=23) 187.9±127.6 (n=22) 0.015

CMR parameters

ECV, % 60.2±12.6 55.1±12.6 0.135

Native T1 value, ms 1449.9±42.8 1400.2±53.0 <0.001

LV mass index, g/m2 92.9±32.1 74.4±23.2 0.016

LVEF, % 46.7±12.5 55.8±13.3 0.008

Data are presented as median (interquartile range), mean±standard deviation, or n (%). BNP indicates B- type natriuretic peptide; CMR, cardiovascular 
magnetic resonance imaging; CPA, cardiac pyrophosphate activity; ECV, extracellular volume; eGFR, estimated glomerular filtration rate; GLS, global longitudinal 
strain; H/CL, heart to contralateral; hs- cTnT, high- sensitivity cardiac troponin T; IVSd, interventricular septum diameter; LVDd, left ventricular diastolic diameter; 
LVDs, left ventricular systolic diameter; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; LVPWd, left ventricular posterior wall diameter; 
and 99mTc- PYP, 99mTc- labeled pyrophosphate.
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than the low amyloid load group (72.7±5.5 years ver-
sus 76.3±5.7 years). This result was inconsistent that 
ATTRwt- CM is a progressive disease associated with 
aging. We had to confirm the histological diagnosis to 
use tafamidis in Japan. Therefore, myocardial biopsy 
was performed in younger patients considering tafa-
midis administration and might be avoided in elderly 
advanced patients. This selection bias may cause this 
discrepancy.

In our study, native T1 had a better correlation 
with cardiac amyloid load than ECV. While native T1 
is a myocardial parameter obtained directly without 
the need for contrast enhancement, ECV is calcu-
lated using multiple variables (pre-  and postcontrast 
myocardial and blood T1 values and hematocrit). 
Considering that gadolinium washout may be influ-
enced by extracardiac factors like the total body amy-
loid load and impaired renal function,22 this may be a 
reason for the weaker correlation observed between 
ECV and cardiac amyloid load when compared with 
the correlation with native T1. Recently, several studies 
reported that disease- specific treatment for ATTR- CM 
can delay the structural and functional progression 
evaluated by CMR. Considering these results together 
with our results, disease- specific treatment may sup-
press the progression of amyloid deposition in the 
myocardium.23– 26

In cardiac amyloidosis, GLS has shown to be a 
reliable measurement of systolic function and an 
independent predictor of mortality.10 In our study, 
GLS significantly correlated with 99mTc- PYP pos-
itivity, native T1, ECV, cardiac amyloid load, and 
cardiac biomarker levels. Treatment with patisiran, 
an RNA interference therapeutic agent that inhib-
its transthyretin synthesis for up to 18 months, re-
sults in GLS improvement in patients with hereditary 
ATTR- CM.27 If GLS correlates with the progression 
of pathological and functional conditions, it may be 
useful for monitoring ATTR- CM disease progression 
and assessing the therapeutic effect of disease- 
specific agents.

In previous reports, increased hs- cTnT and NT- 
proBNP levels were associated with a poor outcome 
in patients with ATTRwt- CM, when used separately 
or in combination.11 Therefore, we hypothesized that 
these laboratory parameters would correlate with im-
aging and pathological findings. While hs- cTnT cor-
related well with the H/CL ratio, native T1, ECV, GLS, 
and cardiac amyloid load, BNP did so only with ECV 
and GLS. This is not surprising because these 2 mol-
ecules relate to different pathophysiological aspects. 
While cardiac troponin T is a specific and sensitive 
marker of myocardial injury,28 BNP is considered a 
sensitive indicator of cardiac overload.29 Persistent hy-
pertroponinemia is considered a red flag for cardiac 
amyloidosis.30,31 The exact mechanism responsible for Ta
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persistent hypertroponinemia in patients with cardiac 
amyloidosis remains speculative, but potential mech-
anisms include myocardial damage due to coronary 
microvascular dysfunction32 or increased diastolic 

load.33 These impairments are thought to be asso-
ciated with increased amyloid load. Considering the 
above,  cardiac troponin seems to be more reflective of 
the progression of amyloid cardiomyopathy than BNP.

Figure 2. Correlation between the H/CL ratio and other assessment parameters.
The H/CL ratio was positively correlated with native T1, ECV, GLS, cardiac amyloid load, and hs- cTnT levels. BNP indicates  
B- type natriuretic peptide; ECV, extracellular volume; GLS, global longitudinal strain; H/CL, heart to contralateral; and hs- cTnT,  
high- sensitivity cardiac troponin T.
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Figure 3. Correlation between cardiac amyloid load and other assessment parameters.
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natriuretic peptide; ECV, extracellular volume; GLS, global longitudinal strain; H/CL, heart to contralateral ratio; and hs- cTnT, high- 
sensitivity cardiac troponin T.
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Limitations
This study had several limitations. First, it had a small sam-
ple size and was conducted at a single center. Second, 
endomyocardial biopsy may not accurately reflect the total 
myocardial amyloid load in patients with ATTR- CM because 
transthyretin deposition has been reported to be patchy 
and of varied individual size.12,34 Therefore, the amount of 
amyloid deposition may depend on the biopsy site. Third, 
hs- cTnT levels are affected by impaired renal function and 
myocardial ischemia. Bias in this regard was minimized by 
measuring hs- cTnT levels in clinically stable patients and 
excluding concomitant coronary stenosis in 65 patients 
using coronary angiography. Fourth, 6 patients lacked a 
confirmed pathological diagnosis of transthyretin. However, 
CMR and 99mTc- PYP findings in these patients were con-
sistent with amyloidosis, monoclonal gammopathy as-
sessments were negative, and clinical diagnostic criteria 
for ATTR- CM were met.6 Fifth, we evaluated the patients’ 
clinical performance only with New York Heart Association 
functional class, not the 6- minute walk time and the Kansas 
City Cardiomyopathy Questionnaire. In addition, we did not 
provide serial measurement and clinical outcome data re-
lated to imaging and pathological findings. Finally, the H/
CL ratio is influenced by regional rib radiotracer uptake and 
radiotracer retention in the LV blood pool. To compensate 
for this limitation, we performed quantitative evaluation of 
radiotracer uptake in the myocardium via single- photon 
emission computed tomography and clarified the correla-
tion between CPA and amyloid deposition. However, this 
analysis was performed on a limited number of patients 
and needs further verification.

CONCLUSIONS
In this study, we confirmed our hypothesis that 99mTc- 
PYP positivity (H/CL ratio), CMR parameters (native T1 
and ECV), GLS, and hs- cTnT levels have a good correla-
tion with each other. This result is important regarding the 
monitoring of ATTRwt- CM progression. In addition, these 
parameters are associated with cardiac amyloid load, 
suggesting that they reflect the degree of transthyretin 
amyloid deposition in the myocardium. Further studies 
with larger sample sizes are needed to validate our results 
and evaluate the utility of each modality, not only as diag-
nostic and prognostic tools but also as indicators of clini-
cal efficacy and regression of amyloid deposition during 
the administration of novel disease- modifying treatments.
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