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utility of 1-h and 3-h ®™Tc-PYP imaging
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Abstract

Background Transthyretin amyloid cardiomyopathy (ATTR-CM), characterized by the extracellular deposition

of an insoluble amyloid protein in the heart, is one of the main causes of heart failure in elderly patients. In this study,
our primary objective was to explore the diverse applications and temporal significance of 1-h and 3-h imaging using
PMTC-PYP in the context of ATTR-CM. Additionally, we compared tracer kinetics in the heart and bone to compre-
hensively assess the diagnostic advantages and time-related considerations associated with these two incubation
periods.

Methods Twenty-seven patients at Nagasaki University Hospital who underwent “™Tc-PYP planar, and SPECT
cardiac imaging were classified into two groups (ATTR-CM-positive and -negative groups) based on the American
Heart Association statement. Cardiac retention was assessed with both a semiquantitative visual score and a quanti-
tative analysis. To assess bone accumulation, a ROl with an equal volume was drawn on the sternum and calculated
as the bone-to-contralateral ratio (B/CL). We also evaluated correlation between heart-to-contralateral lung (H/CL)
ratio and left ventricular wall thickness.

Results Among patients who underwent “™Tc-PYP imaging, the H/CL ratio was significantly higher at 1 h

than at 3 h regardless of the group (from 2.20+0.36 to 1.99+0.35, p<0.01 in the positive group and from 1.35+0.12
to 1.19£0.21, p=0.01 in the negative group). The gap of H/CL between highest H/CL of negative case and lowest H/
CL of positive case was narrower in 3 h. On the other hand, correlation between H/CL and left ventricular posterior
wall thickness tends to be clearerin 3 h (p=0.12,r=0.30for 1 h, p=0.04, r=0.39 at 3 h).

Conclusion Our study suggests that both 1-h and 3-h incubation times for “™Tc-PYP imaging have different
benefits for ATTR cardiac amyloidosis. A one-hour incubation may be preferable for differential diagnostic purposes,
while a three-hour incubation may provide greater utility in evaluating disease severity.
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Introduction
Transthyretin amyloid cardiomyopathy (ATTR-CM) is
caused by a mutation in the gene encoding transthyretin,
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fraction (EF) and older than 60 years had ATTR cardiac
amyloidosis [4]. Based on these findings, cardiac amyloi-
dosis, particularly ATTR cardiac amyloidosis, appears to
be severely underdiagnosed.

9MTc-PYP is an avid bone radiotracer that has been
clinically used in myocardial infarct imaging for more
than 40 years. Early single-center studies [5] used mod-
ern amyloid subtypes and demonstrated the excellent
diagnostic efficacy of scintigraphy *™Tc-PYP for ATTR-
CM. Since *™Tc-PYP and other imaging modalities
using bone tracers are reliable, recent guidelines from the
American Heart Association (AHA) [6] and European
Society of Cardiology [7] both issued statements on the
diagnosis of cardiac amyloidosis that limited the require-
ment for biopsy to cases with equivocal/questionable
findings on bone tracer images.

Although the effectiveness of *™Tc-PYP has been dem-
onstrated, the question of standardizing the diagnostic
protocol remains open. ™ Tc-PYP imaging has been used
in the imaging of bone and acute myocardial infarction,
for which the recommended standard incubation time is
3 h. The cardiac **™Tc-PYP protocol continues to evolve,
with centers performing planar and SPECT imaging at
1 or 3 h. However, a standardized incubation time has
not yet been established. In studies based on previously
published amyloid imaging data, Columbia University [8]
and Boston University [9] performed planar imaging of
the heart after an incubation time of 1 h, and the H/CL
ratio to indicate ATTR cardiac amyloidosis was assumed
to be 1.5 or higher. At the same time, the Mayo Clinic
used a 3-h incubation, and the threshold value for the H/
CL ratio was 1.3 or higher [8]. In their study [9] imaging
with different incubation times was mixed and analyzed
as a combined dataset without a detailed explanation.
Furthermore, a Practice Points document [10] from the
American Society of Nuclear Cardiology (ASNC) and a
multi-society consensus document described obtaining
planar images 1 and 3 h after a radiotracer injection, in
addition to single-photon emission computed tomogra-
phy with computed tomography (SPECT/CT) to confirm
that visualized *™Tc-PYP localized to the myocardium
and was not just in the blood pool.

To resolve this confusion, we considered the necessity
of standardizing the incubation time for imaging ATTR
cardiac amyloidosis using **™Tc-PYP. To achieve this,
we performed comparisons of quantitative parameters
measured with planar imaging between images acquired
1 and 3 h after the injection of a tracer.

Materials and methods

Subjects

Data collected from 28 patients suspected of having
cardiac amyloidosis based on clinical findings and who
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underwent *™Tc-PYP nuclear scintigraphy at Nagasaki
University Hospital between October 2017 and Febru-
ary 2020 were retrospectively analyzed. This is a retro-
spective study using routine clinical examination. Ethical
approval was granted by the Ethics Committee of Naga-
saki University Hospital (Approve No.: 20111631), with a
waiver of written informed consent in view of the retro-
spective nature of the study. All procedures conducted in
the studies involving human participants were in accord-
ance with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Image acquisition
Patients were intravenously injected with 700-900 MBq
of #*™Tc-PYP and planar images in the anterior and lat-
eral projections were obtained 1 and 3 h later. SPECT
was performed after the acquisition of planar images at
3 h. The data from SPECT images are not used in the pre-
sent study, except for the Perugini grading of the cases.
Planar imaging and SPECT/CT were conducted using
a Symbia T SPECT/CT camera (Siemens Germany).
Regarding planar images, data were acquired using a
128 x 128 matrix, low energy high-resolution collimator,
and 15% energy window. In SPECT/CT, the same energy
window with a 64x64 matrix and 360° rotation were
used with CT attenuation corrections.

Image interpretation

Images were analyzed using two methods. The semi-
quantitative visual scoring of cardiac retention applying
the Perugini score [11] was performed using planar and
SPECT/CT images. Grades 2 and 3 were considered to
be positive findings according to the AHA statement. In
the quantitative analysis [12], a circular region of inter-
est (ROI) was drawn over the heart on anterior images
in the standard manner, copied, and mirrored over the
contralateral chest. The fraction of mean counts in the
heart ROI-to-contralateral chest ROI was calculated as
the heart-to-contralateral (H/CL) ratio. This calculation
was performed on images acquired at 1 and 3 h, followed
by a comparison of counting. To assess bone accumula-
tion, an equal volume with an irregular ROI was drawn
over the sternum on anterior planar images. The propor-
tion of mean values in the ROI of the sternum in relation
to the contralateral area of the chest was calculated as
the bone-to-contralateral (B/CL) ratio. The B/CL ratio of
images acquired at 1 and 3 h was compared. OsiriX MD
11.0 software (Pixmeo, Switzerland) was used for image
interpretation and analysis.

We chose to employ the diagnostic algorithm outlined
in the American Heart Association (AHA) statement as
the gold standard for diagnosing amyloid cardiomyo-
pathy, subsequently creating the diagnostic flowchart
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depicted in Fig. 1 based on this framework [6]. Briefly, the
possibility of other cardiac diseases, such as hypertrophic
cardiomyopathy and constrictive pericarditis, was inves-
tigated. Patients demonstrating evidence of monoclonal
light chains were excluded from the analysis. The remain-
ing patients were diagnosed with cardiac amyloidosis
(positive group) when **™Tc-PYP imaging indicated a H/
CL ratio (measured on planar image obtained after 1-h
incubation time, according to the ASNC guidelines) > 1.5
or a visual uptake (Perugini grade) equal to 2 or 3. Visual
uptake grading was conducted by two interpreters, TK,
a nuclear cardiologist with 30 years of experience, and
Al a researcher with 4 years of expertise in cardiac amy-
loidosis, using both planar and SPECT images, based on
their mutual agreement. Patients not meeting these cri-
teria were categorized into the negative group. These two
groups were then compared. In our study cohort of 27
patients, grouping by visual assessment (Perugini score)
and quantitative methods (H/CL ratio at 1 h) showed
complete agreement, comprising 13 negative and 14 pos-
itive cases by both methods. No discordant cases were
found, indicating a strong concordance between visual
and quantitative methods for the diagnosis of ATTR car-
diac amyloidosis in our cohort.

Biopsy was performed in cases in which *™Tc-PYP
results were negative, but the possibility of ATTR car-
diac amyloidosis was still negligible based on clinical
symptoms/findings, or in cases in which differentiation
between mutant and wild-type ATTR cardiac amyloi-
dosis was required for therapeutic reasons. There are no
cases where biopsy changed diagnosis using **™Tc-PYP
imaging.

All candidates (n=28)
yes

| Presence of a monoclonal light chain n=1

| 9mTc-PYP available?

]

#"Tc-PYP
- Grade 2/3 uptake or
- H/CL ratio (at 1hr) > 1.5

no yes

| }

ATTR-CM unlikely ATTR-CM
(Negative group: n = 13) (Positive group: n = 14)

Fig.1 Final diagnostic tree. Patients are diagnosed with ATTR
cardiac amyloidosis (in this tree described as ATTR-CM: ATTR
cardiomyopathy) according to the AHA statement. Due to risks
associated with myocardial biopsy, it was only performed on a few
patients. N: number; *™Tc-PYP: ®™Technetium-pyrophosphate; H/
CL ratio: a heart-to-contralateral lung (H/CL) ratio; hr: hour; ATTR-CM:
Transthyretin amyloid cardiomyopathy
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Statistical analysis

Statistical analyses were performed using JMP Pro15 soft-
ware. Demographic, laboratory, and imaging data were
collected and analyzed with descriptive statistics using
means * standard deviations for continuous variables and
relative percentages for categorical variables. P-values
were calculated using the Shapiro—Wilk test to examine
the normality of each variable. Fisher’s exact test was per-
formed for categorical variables, an independent-sample
t-test for normally distributed continuous variables, and
an independent-sample Mann—Whitney U test for non-
normally distributed continuous variables. A non-paired
t-test was used to assess differences in continuous vari-
ables between study subgroups. The Pearson correlation
coefficient analysis was also performed to assess the rela-
tionship between H/CL values and other variables. p-val-
ues < 0.05 were considered to be significant.

Results

Twenty-eight patients who underwent **™Tc-PYP nuclear
scintigraphy to evaluate cardiac amyloidosis at Nagasaki
University Hospital between October 2017 and February
2020 were enrolled in the present study. One patient with
AL amyloidosis was excluded from the analysis (Fig. 1).
The remaining patients were classified into the ATTR-
CM group (positive group) and non-ATTR-CM group
(negative group). The demographic, clinical, and echo-
cardiographic features of subjects are shown in Table 1.
Among the 27 patients examined, 21 (77.8%) were older
male adults with a mean age of 75 years. Seventeen (63%)
patients in the study cohort had New York Heart Asso-
ciation (NYHA) Class III/IV heart failure with an aver-
age EF of 44.3+15.6%. Troponin T and calcium levels as
well as the H/CL ratio were higher in the positive group.
Interventricular septum thickness and LV posterior wall
thickness were significantly greater in the positive group
than in the negative group. Eight patients in the exam-
ined population had a history of angina pectoris, and two
had angina at the time of imaging.

The results of comparisons of the H/CL ratio in the
positive and negative groups at 1 and 3 h are summa-
rized in Fig. 2. Data obtained at 1 and 3 h significantly
differed between the two groups. However, the overlap
between the two groups was smaller for data collected
at 1 h. Figure 3 shows changes in the H/CL ratio in
each patient between 1 and 3 h. Among patients who
underwent *™Tc-PYP imaging, the H/CL ratio was sig-
nificantly higher at 1 h than at 3 h in both of positive
and negative groups (2.20+0.36 vs 1.99+0.35, p<0.01
for positive, 1.35+0.12 vs, 1.19+0.21, p=0.01 for nega-
tive group). Regardless of the group classification, the
majority of patients had a lower H/CL ratio at 3 h. Only
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Table 1 Baselines mean clinical, laboratory, and echocardiographic characteristics

Category Overall cohort (n=27) Negative group Positive group p

(n=13) (n=14)

Clinical
Age (yrs) 75+ 11 713+136 79.2+6.1 0.05
Male sex (%) 21 (77.8%) 8(61.5%) 13(92.9%) 0.07
BMI, kg/m2 229(15.9-34.8) 22.7 (15.9-34.9) 23 (19.5-26.5) 0.816
NYHA class lll, IV 17 (63%) 7 (53.83%) 10 (71.4%) 044
History of angina 8 (29.6%) 3(23.1%) 5(35.7%) 0678
Present angina 2 (7.4%) 2 (15.4%) - 0.222
Coronary artery disease 5(18.5%) 2 (15.4%) 3(21.4%) 1.0
Hypertension 20 (74.1%) 9 (69.2%) 11 (78.6%) 0.678
Hyperlipidemia 7 (25.9%) 2 (15.4%) 5(35.7%) 0.385

Laboratory
Troponin T (ng/mL) 0.070 (0.016-0.153) 0.031 (0.016-0.098) 0.094 (0.034-0.153) 0.06
Creatinine (mg/dL) 12+0.7 13+1 1.2+03 0.590
Calcium (mg/dL) 9.12+0.57 9.08+0.39 9.16+0.75 0.754
NT-proBNP (pg/mL) 7131 (182-25,909) 4689 (182-25,909) 9573 (577-17,307) 0219
GFR (mL/min) 46.2+154 483+214 46.1+104 0.308

Echocardiographic
EF (%) 443+156 476+164 4124146 0.298
EDV (mL) 97.36+38.2 112+453 83.2+262 0.056
ESV (mL) 503+27.2 54.7+36.2 41.2+20 0.207
LA volume (mL) 91.87+38.1 104.1+£476 784+179 0.108
Interventricular septum thickness (mm) 152+2.7 141+23 16.2+2.8 0.044
LV posterior wall thickness (mm) 14.1+3 13.1+2.1 15.1+3.6 0.105

Continuous data are expressed as the mean + standard deviation and categorical data as percentages

N: number; p: p-value; yrs: years; BMI: body mass index; kg/m? kilograms per square meter; NYHA: New York Heart Association; ng/mL: nanograms per milliliter; mg/
dL: milligrams per deciliter; NT-proBNP: N-terminal prohormone of brain natriuretic peptide; pg/mL: picograms per milliliter; GFR: glomerular filtration rate; mL/min:
milliliters per minute; EF: ejection fraction; EDV: end-diastolic volume; mL: milliliter; ESV: end-systolic volume; LA: left atrial; LV: left ventricular; mm: millimeter
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Fig. 2 Comparison of data collected at 1 and 3 h in visually
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and 3 h are shown. At 1 h, there was no patient in the negative
group with a higher H/CL value than the minimum in the positive
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was histologically proven to not have ATTR cardiac amyloidosis. H/CL

ratio: a heart-to-contralateral lung ratio

35
p=001
30
25
20
o
g <001
£ P
3
215 E i
" \L
05
00
1 Hour 1 Hour 3 Hours
- -
Negative Positive

Fig. 3 H/CL ratio change between 1 and 3 h in negative and positive
groups. The left panel shows the negative group, and the right

panel shows the positive group. The majority of patients regardless
of the group classification showed a decline in the H/CL ratio at 3 h.
Only a single patient in each group showed a change in the opposite
direction. H/CL ratio: a heart-to-contralateral lung ratio
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a single patient in each group showed a change in the
opposite direction. Figure 4 shows changes in bone
uptake, expressed as the B/CL ratio, at 1 and 3 h in each
patient. In contrast to the H/CL ratio, the majority of
patients, regardless of the group classification, had a
higher B/CL ratio at 3 h (1.96+0.24 to 2.31+0.28 for
negative, p<0.01, and 1.54+0.27 to 1.82+0.28, p<0.01
for positive group). Figure 5 compares H/CL1h and H/
CL3h ratios in 10 cases where we were able to obtain
cardiac biopsies, confirming the diagnosis. Due to the
challenges of performing biopsies in cardiac amyloido-
sis cases, our dataset is limited. The 3-h dataset shows
a narrower gap between the highest-ranked negative
and lowest-ranked positive cases than that in 1-h data-
set. Figure 6 shows a typical patient showing a strong
decline in the myocardial uptake of PYP. In this patient,
the H/CL ratio (2.3>1.8) and visual uptake markedly
decreased and reached a score=1at 3 h.

We also examined the relationships between car-
diac function parameters and the H/CL ratio (Table 2
and Fig. 7). Correlation analysis showed that both H/
CL measured at 3 h and 1 h showed significant correla-
tion with intraventricular septum thickness but showed
slightly smaller correlation coefficient in 1 h (p=0.02.
r=0.44 for 1 h, p=0.01, r=0.47 for 3 h). The correlation
coefficient between H/CL and left ventricular posterior
wall thickness also tended to be smaller at 1 h than at 3 h,
and a significant correlation was found only at 3 h but not
at1h (p=0.12,r=0.30 for 1 h, p=0.04, r=0.39 at 3 h).

Discussion

Our study suggests that images obtained 1 h and
3 h after PYP injection may have different utility for
the diagnosis of ATTR cardiac amyloidosis, and also

3 hours

Fig. 6 Planar anterior images of a patient 1 and 3 h after the injection of ™ Tc-PYP. Planar anterior images of 84 years old man in 1-h and 3-h
after injection of PYP. Images show a strong reduction in the uptake of *™Tc-PYP. The visual scoring of cardiac retention at 1 h was grade 3

and the H/CL ratio was 2.3, while that at 3 h was 1 and the H/CL ratio was 1.8. Please take note that within the figure, the red circle delineates
the visual representation of reduced heart uptake
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Table 2 Correlation between H/CL (1 and 3 h) and myocardial

wall thickness parameters

Interventricular septum

LV posterior wall

thickness thickness

p r p r
H/CL1h 0.02 044 0.12 0.30
H/CL3h 0.01 047 0.04 0.39

indicate limitations of relying solely on the H/CL ratio
measured on planar images to diagnose ATTR cardiac
amyloidosis.

The present results indicated that H/CL measurements
at 1 h may offer less equivocal cases considering wider
gap between the highest H/CL of negative cases and
the lowest H/CL in 1 h. When planar imaging was per-
formed at 1 h, grade O, 1 uptake in combination with a H/
CL ratio<1.5 and grades 2, 3 with a H/CL ratio > 1.5 were
associated with negative and positive SPECT, respec-
tively. In the study by Castano et al. [5], a H/CL ratio=1.3
at 3 h was used as the threshold for diagnosis. Recent
result from SCAN-MP study also suggested H/CL=1.3
as recommended threshold at 3 h [13]. However, when
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we applied this threshold to our data, one patient in the
negative group was misdiagnosed as positive based on a
H/CL ratio=1.4 at 3 h (Fig. 5). This case was histologi-
cally proven to not be ATTR cardiac amyloidosis. There
were two more patients in the negative group without
histology who had a H/CL ratio at 3 h>1.3. The AHA’s
recommended diagnostic tree uses Perugini grade 2/3
"OR" H/CL ratio exceeding threshold as a positive cri-
terion. It shows that if we follow the diagnostic tree "by
the book", the equivocal cases with H/CL ratio on the
threshold automatically fall into the positive case. When
the overlap between the two groups was too small, the
diagnosis of overlapping cases requires additional analy-
sis such as visual assessment, which is susceptible to
interobserver variance. Our findings suggest that such a
problem should less occur in 1-h images. Imaging at 1 h
is advantageous due to patient comfort, fast laboratory
throughput, and high-count images allowing the use of a
lower radiotracer dose [14].

According to the present results, H/CL value decreases
between 1 and 3 h after the injection of the tracer. In the
negative cases, it should be due to clearance of PYP from
blood pool. In the positive case, it should be due to clear-
ance from both myocardium and blood pool. That should
be the reason why the gap between negative case and

N
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a
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Fig. 7 Correlation between the H/CL ratio (1 and 3 h) and the thickness of interventricular septum and posterior wall thickness. H/CL ratio:

a heart-to-contralateral lung ratio
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positive case became larger in 1 h images. On the other
hand, the bone uptake of *™Tc-PYP, images taken at 3 h
showed higher uptake. This difference in the temporal
change between the myocardium and bone, which is con-
cordant with previous study [15], indicates differences in
the mechanisms underlying the accumulation of *™Tc-
PYP to amyloid deposition in the myocardium and bone.
This could elucidate the reason behind the decrease in
the H/CL value over time. The ROI placed on the heart
and contralateral lung often includes the rib/cartilage
area. If the values obtained from the heart and contralat-
eral lung are influenced by bone uptake, the H value
becomes H+bone (B)+blood pool (P), and the CL value
becomes CL + B. Consequently, the actual calculation for
H/CL becomes (H+B+P)/(CL+B). It follows mathe-
matically that as bone uptake (B) increases over time, the
H/CL ratio will diminish, gradually approaching 1.

PMTcPYP is a bone avid tracer that was previously
used for myocardial infarct imaging in the 1970s and
several binding sites have since been identified in animal
experiments [16], including microcalcifications, calcium
deposits, and intracellular calcium or intracellular mac-
romolecules. Pepys et al. [17] suggested that a circulat-
ing amyloid P component, a universal component of all
types of amyloids, binds to amyloid fibrils via a calcium-
mediated mechanism, which also explains the uptake
of ®™Tc-bone avid tracers into amyloid deposits in the
myocardium.

We also found correlation between H/CL measured
at 3 h and LV wall thickness. It is somewhat concordant
with previous findings which showed PYP imaging (as
well as other bone tracer imaging) is not only useful in
differential diagnosis, but many studies indicate that it
is also useful in assessing disease severity and progno-
sis. There are several studies which indicate bone scan
imaging is useful for prognostication [18], monitoring
of therapy [19]. Those findings indicate the usefulness
of bone scan in ATTR amyloidosis beyond simple dif-
ferential diagnosis. Our findings parallel the previous
findings by Ogasawara regarding myocardial PYP accu-
mulation [20], delineating the progressive nature of
amyloid deposition originating from the septal wall and
extending across the left ventricular myocardium. The
delayed onset of lateral wall PYP accumulation, juxta-
posed with the septum, potentially amplifies cardiac
dysfunction as amyloid deposition diffusely infiltrates
the myocardium. In our findings, the correlation of H/
CL with the septum thickness was significant in the 1-h
images, but not with the inferior wall. This may also be
related to the results of Ogasawara et al. Marume et al.
indicated that the magnitude of left ventricular poste-
rior wall thickness clearly correlates with PYP positivity
[21]. Interestingly, three of above referenced five studies
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used 3-h incubation images (and one uses mixed 1-h
and 3-h data, one does not clarify the incubation time).
In our study, correlation was found only on 3-h data.
Considering these factors, PYP imaging proves valu-
able not only for binary assessments like differential
diagnosis, but also for evaluations requiring non-binary
measurements, such as assessing disease severity, prog-
nostication, and risk stratification. In this context, a 3-h
image may be preferable to a 1-h image.

Many studies indicate the limitation of solely relying
on H/CL value measured on planar image for differen-
tial diagnosis. Castano et al. compared data from two
hospitals using incubation times of 1 and 3 h. When
the H/CL value was used as a criterion for differential
diagnosis, both sensitivity and specificity were lower
for the 3-h incubation than for the 1-h incubation. A
study by Pandey et al. analyzed 229 patients enrolled
in the SCAN-MP study and found that H/CL=1.3 on a
3-h image was the recommended threshold, but at the
cost of a relatively high false-positive rate (4.2%). The
result of our study may concordantly suggest the limita-
tion of planar H/CL value as a diagnostic criterion. It
is worth noting that in both the 1-h (H/CL=1.5) and
3-h (H/CL=1.3) our datasets, one negative case falls
very close to the diagnostic threshold, which indicates
a potential for misclassification. As Pandey commented
in their article, “optimal combined use of imaging met-
rics” should be required for accurate diagnosis of ATTR
cardiac amyloidosis. In case of equivocal findings on
1-h image, it could be suggested to take SPECT image
at 1 and 3 h. Probably, not only in equivocal cases, but
in all cases, a SPECT image should be obtained.

There are some limitations that need to be addressed.
The most important limitation is the small number of
histologically proven cases. In the diagnosis of car-
diac amyloidosis, biopsy was previously considered
to be necessary to confirm amyloidosis. However, due
to the high reliability of **™Tc-PYP (and other bone
tracer) imaging and the risks associated with myocar-
dial biopsy, the collection of specimens from the myo-
cardium has recently been avoided. The majority of
patients suspected of having cardiac amyloidosis are
likely to have heart failure, one of the red flags for car-
diac amyloidosis. Therefore, the risks associated with
myocardial biopsy are higher than those in normal sub-
jects. In patients with a negative **™Tc-PYP finding,
the risks associated with collecting a biopsy sample to
confirm the small possibility of cardiac amyloidosis are
considered to be high without significant benefits and
is the main reason for the low percentage of histologi-
cally proven cases. Further studies on a tenfold larger
population of histologically proven cases are needed to
verify the present results.
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Conclusion

Our study suggests that both 1-h and 3-h incubation
times for *™Tc-PYP imaging have different benefits for
ATTR cardiac amyloidosis. A one-hour incubation may
be preferable for differential diagnostic purposes impli-
cated by the larger gap of H/CL between negative and
positive cases, while a three-hour incubation may pro-
vide greater utility in evaluating disease severity impli-
cated by the better correlation between H/CL and wall
thickness.

Author contributions

Conceptualization, data curation, formal analysis, methodology, project
administration, visualization of the study was performed by Al, R, HK, KM and
TK. The first draft of the manuscript was written by Al and reviewed and edited
by TK. All authors read and approved the final manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.

Data availability
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The present study was approved by the Ethics Committee of Nagasaki Uni-
versity Hospital (no. 20111631). Due to the retrospective nature of the study,
written informed consent was waived by the Ethics committee.

Consent for publication
All the authors have provided their consent for the manuscript to be
published.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.

Received: 2 August 2022 Accepted: 27 December 2023
Published online: 06 January 2024

References

1. Dubrey SW, Hawkins PN, Falk RH. Amyloid diseases of the heart: assess-
ment, diagnosis, and referral. Heart. 2011;97(1):75-84.

2. Martinez-Naharro A, Baksi AJ, Hawkins PN, Fontana M. Diagnostic imag-
ing of cardiac amyloidosis. Nat Rev Cardiol. 2020;17(7):413-26.

3. Tanskanen M, Peuralinna T, Polvikoski T, Notkola I, Sulkava R, Hardy J, et al.
Senile systemic amyloidosis affects 25% of the very aged and associates
with genetic variation in alpha2-macroglobulin and tau: a population-
based autopsy study. Ann Med. 2008;40(3):232-9.

4. Gonzélez-Lopez E, Gallego-Delgado M, Guzzo-Merello G, De Haro-Del
Moral FJ, Cobo-Marcos M, Robles C, et al. Wild-type transthyretin amy-
loidosis as a cause of heart failure with preserved ejection fraction. Eur
Heart J. 2015;36(38):2585-94.

5. Bokhari 'S, Castano A, Pozniakoff T, Deslisle S, Latif F, Maurer MS. 99mTc-
pyrophosphate scintigraphy for differentiating light-chain cardiac
amyloidosis from the transthyretin-related familial and senile cardiac
amyloidoses. Circ Cardiovasc Imaging. 2013;6(2):195-201.

6. Kittleson MM, Maurer MS, Ambardekar AV, Bullock-Palmer RP, Chang
PP, Eisen HJ, American Heart Association Heart Failure and Transplanta-
tion Committee of the Council on Clinical Cardiology, et al. Cardiac

Page 8 of 8

amyloidosis: evolving diagnosis and management: a scientific statement
from the American Heart Association. Circulation. 2020;142(1):e7-22.

7. Garcia-Pavia P, Rapezzi C, Adler Y, Arad M, Basso C, Brucato A, et al. Diag-
nosis and treatment of cardiac amyloidosis: a position statement of the
ESC Working Group on Myocardial and Pericardial Diseases. Eur Heart J.
2021,42(16):1554-68.

8.  Gillmore JD, Maurer MS, Falk RH, Merlini G, Damy T, Dispenzieri A, et al.
Nonbiopsy diagnosis of cardiac transthyretin amyloidosis. Circulation.
2016;133(24):2404-12.

9. Castano A, Haqg M, Narotsky DL, Goldsmith J, Weinberg RL, Morgenstern R,
et al. multicenter study of planar technetium 99m pyrophosphate cardiac
imaging: predicting survival for patients with ATTR cardiac amyloidosis.
JAMA Cardiol. 2016;1(8):880-9.

10. Dorbala S, Bokhari S, Miller EJ, Bullock-Palmer R, Soman P, Thompson
R. 99mTechnetium-pyrophosphate imaging for transthyretin cardiac
amyloidosis. ASNC Pract Points. 2016;

11. Perugini E, Guidalotti PL, Salvi F, Cooke RMT, Pettinato C, Riva L, et al.
Noninvasive etiologic diagnosis of cardiac amyloidosis using 99mTc-
3,3-diphosphono-1,2-propanodicarboxylic acid scintigraphy. J Am
College Cardiol. 2005;46(6):1076-84. https://doi.org/10.1016/jjacc.2005.
05.073.

12. Dorbala S, Cuddy S, Falk RH. How to image cardiac amyloidosis: a practi-
cal approach. JACC Cardiovasc Imaging. 2020;13(6):1368-83.

13. Pandey S, Teruya S, Rodriguez C, Fine D, Sabogal N, Winburn M, et al.
Diagnostic performance characteristics of planar quantitative and
semi-quantitative parameters of Tc 99m pyrophosphate (PYP) imaging
for diagnosis of transthyretin (ATTR) cardiac amyloidosis : the SCAN-

MP study. J Nucl Cardiol. 2023;30(4):1414-9. https://doi.org/10.1007/
$12350-023-03203-9.

14. Masri A, Bukhari S, Ahmad S, Nieves R, Eisele YS, Follansbee W, et al. Effi-
cient 1-hour technetium-99 m pyrophosphate imaging protocol for the
diagnosis of transthyretin cardiac amyloidosis. Circ Cardiovasc Imaging.
2020;13(2): €010249.

15. Hutt DF, Quigley A-M, Page J, Hall ML, Burniston M, Gopaul D, et al. Util-
ity and limitations of 3, 3-diphosphono-1, 2-propanodicarboxylic acid
scintigraphy in systemic amyloidosis. Eur Heart J Cardiovasc Imaging.
2014;15(11):1289-98.

16. Okuda K, Nohara R, Fujita M, Tamaki N, Konishi J, Sasayama S. Technetium-
99m-pyrophosphate uptake as an indicator of myocardial injury without
infarct. J Nucl Med. 1994;35(8):1366-70.

17. Pepys MB, Dyck RF, de Beer FC, Skinner M, Cohen AS. Binding of serum
amyloid P-component (SAP) by amyloid fibrils. Clin Exp Immunol.
1979;38(2):284-93.

18. Papathanasiou M, Kessler L, Bengel FM, Jakstaite A, Kersting D, Varasteh Z,
et al. Regression of myocardial 99m Tc-DPD uptake after tafamidis treat-
ment of cardiac transthyretin amyloidosis. J Nucl Med. 2023;64:1083-6.

19. Henein MY, Pilebro B, Lindqyvist P. Disease progression in cardiac morphol-
ogy and function in heart failure: ATTR cardiac amyloidosis versus hyper-
tensive left ventricular hypertrophy. Heart Vessels. 2022,37(9):1562-9.
https://doi.org/10.1007/500380-022-02048-5.

20. Ogasawara K, Shiraishi S, Tsuda N, Sakamoto F, Oda S, Takashio S,
et al. Usefulness of quantitative 99mTc-pyrophosphate SPECT/CT for
predicting the prognosis of patients with wild-type transthyretin cardiac
amyloidosis. Jon J Radiol. 2022;40(5):508-17. https://doi.org/10.1007/
s11604-021-01221-6.

21. Marume K, Takashio S, Nishi M, Hirakawa K, Yamamoto M, Hanatani S,
et al. Combination of commonly examined parameters is a useful predic-
tor of positive 99 mTc-labeled pyrophosphate scintigraphy findings in
elderly patients with suspected transthyretin cardiac amyloidosis. Circ J.
2019;83(August):1698-708.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.jacc.2005.05.073
https://doi.org/10.1016/j.jacc.2005.05.073
https://doi.org/10.1007/s12350-023-03203-9
https://doi.org/10.1007/s12350-023-03203-9
https://doi.org/10.1007/s00380-022-02048-5
https://doi.org/10.1007/s11604-021-01221-6
https://doi.org/10.1007/s11604-021-01221-6

	Optimizing cardiac amyloidosis assessment: utility of 1-h and 3-h 99mTc-PYP imaging
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Subjects
	Image acquisition
	Image interpretation
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


