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Background: This study investigated the feasibility of using a quantitative diagnostic method based on *"Tc-

pyrophosphate scintigraphy (PYP) lateral planar images to differentiate between PYP-positive (myocardial
uptake) and false-positive (blood pool uptake) scans.

Methods: The study included 93 consecutive patients with suspected transthyretin amyloid cardiomyopathy
(ATTR-CM) who underwent PYP between April 2022 and December 2023. Patients were categorized using
planar anterior PYP images according to the Perugini visual grading system; patients with grades 22 were
analyzed. Whether the uptake of the ventricle was in the blood pool or the myocardium was confirmed by
transaxial single-photon emission tomography (SPECT). The heart-to-mediastinum ratios (H/M ratio) of the left
lateral planar images at 1- and 3-h were calculated by placing a circular region of interest in the heart and
cephalodorsal side of the heart to determine optimal cut-off values.

Results: Among the PYP images, the study analyzed 15 positives diagnosed as ATTR-CM and 10 false positives.
Significant differences were observed in the H/M ratio at 1- and 3-h (both p<0.01), with 100% sensitivity and
specificity using cut-off values of 1.22 and 1.21 at 1- and 3-h, respectively. The interclass correlation coefficients
(2, 1) between the two readers were 0.919 and 0.958 for the 1- and 3-h H/M ratios, respectively.

Conclusions: Lateral planar PYP imaging can exclude PYP false-positive cases caused by blood pools in a simple
and quantitative manner using only a 1-h planar image, possibly obviating the need for SPECT imaging.
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ardiac amyloidosis (CA) is a progressive and severe
C disease characterized by the deposition of amyloid fibers
in the myocardium and is associated with poor prognoses,
including heart failure and fatal arrhythmias (1, 2). Trans-
thyretin amyloid cardiomyopathy (ATTR-CM), the most
frequent form of CA, is caused by cardiac deposition of
insoluble amyloid fibrils formed by misfolded transthyretin

proteins (3). CA was once considered a rare condition;

however, because of widespread disease awareness, the
development of diagnostic techniques, and an aging popula-
tion, it is increasingly being diagnosed, especially in patients
with aortic stenosis, heart failure with a reduced ejection
fraction, and hypertrophic cardiomyopathy (3, 4).

For the diagnosis of ATTR-CM, “"Tc-Pyrophosphate
scintigraphy (PYP) is recommended in several diagnostic

guidelines and expert consensus documents (5-7). Myocardial
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Figure 1 Flowchart of the patient selection.

AL, light-chain amyloid; ATTR, transthyretin amyloidosis; SPECT, single-photon emission tomography

uptakes of grade 2 (equal to rib uptake) or grade 3 (greater
than rib uptake) in PYP or the heart-to-contralateral (H/CL)
ratio (cardiac accumulation counts in the denominator and
contralateral lung field accumulation in the numerator) of >1.5
at 1-h, or >1.3 at 3-h have high sensitivity and specificity (3,
8-10). As a result, a definitive diagnosis of ATTR-CM,
previously requiring endomyocardial biopsy, can now be
made noninvasively using PYP, allowing ATTR-CM diagno-
sis in facilities and patients where endomyocardial biopsy is
difficult to perform (8).

False-positive results have been reported for diagnostic
methods using PYP planar images alone because of a blood
pool in the heart or an overlying bone artifact. Therefore,
single-photon emission tomography (SPECT) or SPECT/CT
imaging is recommended to confirm myocardial uptake and
avoid false positives (5, 11-13); however, not all hospitals use
SPECT/CT or SPECT. In addition, qualitative assessment by
SPECT alone might make it difficult to determine whether
accumulation occurs in the myocardium or blood pool.

One solution to this problem may be to use the blood pool
instead of the lungs as the H/CL denominator. However,
because of strong accumulation in the sternum, placing
regions of interest (ROIs) in blood pools such as the aorta and
pulmonary artery is difficult in the PYP anterior view.
Therefore, a lateral planar image may exclude the sternum and
place the ROI in the large blood vessels. To address this issue,
this study investigated the feasibility of quantitative ATTR-
CM assessment from lateral planar PYP images of suspected
ATTR-CM using SPECT as a reference standard.

Materials and methods

Patients
This single-center retrospective study enrolled 93 consecu-
tive patients with suspect or known transthyretin amyloidosis

(ATTR) who underwent PYP between April 2022 and
December 2023. The patient enrollment is described in Figure
1. Patient demographics and echocardiography findings were
collected from medical records. This study was approved by
the Institutional Review Board of Fukushima Medical
University (No. REC2023-030).

PYP-planar and SPECT

PYP-planar imaging and SPECT were performed using a 3-
head gamma detector SPECT system (GCA 9300R; Canon
Medical Systems, Tokyo, Japan) equipped with low-energy
high-resolution collimators. For the PYP imaging protocol,
370 MBq of PYP was administrated intravenously. The
patients were on standby for approximately 60 and 180 min for
acquisition. Anterior, left anterior oblique, and left lateral
planar acquisitions were performed for 4 min, followed by
SPECT. The energy window was 140 KeV * 20%. Scatter
corrections were not applied. The parameters for SPECT
acquisition were a 64 X 64 matrix, four angles for step-and-
shoot with 90 views in a circular orbit, and a zoom of 1.0; the
back projection was filtered with a 0.41 Butterworth filter for

reconstruction (14).

Image analysis

PYP planar images were assessed for visual grading in 93
consecutive patients, using Perugini scores to classify PYP
scans (10). Among the patients with a Perugini score of 2 or 3,
whether the uptake of the ventricle was a blood pool or
myocardium was confirmed by transaxial SPECT imaging.
Images with uptake in the blood pool were defined as false
positives; uptake in the left ventricular myocardium was
defined as positive PYP images. The H/CL ratio of the PYP
anterior planar images and the heart-to-mediastinum (H/M)

ratio of the lateral planar images at 1- and 3-h were calculated.
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Table 1 Demographics and statistics of the PYP-positive and
false-positive groups

PYP positive PYP false-positive P-value

Age (median, range) 78 (73-90) 75 (66-86) 0.325
Male/Female 13/2 7/3 0.358
H/CL 1-h (mean = SD) 1.94+0.21 1.40+0.14 <0.001
H/CL 3-h (mean = SD) 1.78+0.23 1.30£0.10 <0.001
H/M 1-h (mean = SD) 1.62+0.20 1.05%0.06 <0.001
H/M 3-h (mean + SD) 1.52%0.21 1.04£0.08 <0.001
Perugini grade 2/3 1/14 10/0 <0.001
LVEF (mean + SD) 55.80+11.09 58.11+18.92 0.708
IVST (mean + SD) 14.47£2.47 10.78 £1.72 0.001
PWT (mean = SD) 14.33+2.43 10.67 £2.06 0.001
LV mass (median, range) 214 (129-557) 177 (101-352) 0.137

Diagnosis Wild-type ATTR: 9 AS: 4

ATTR with non- IHD: 2
invasive diagnosis: 3 DCM: 1
Myocardial ~ biopsy HHD: 1

proven ATTR with- AS and AR: 1
out genetic testing: 3 Sustained AF: 1

AR, aortic valve regurgitation; AS, aortic valve stenosis; ATTR, transthyretin
amyloidosis; DCM, dilated cardiomyopathy; H/CL ratio, heart to contralateral
ratio; H/M ratio, heart-to-mediastinum ratio; HHD, hypertensive heart disease;
THD, ischemic heart disease; IVST, interventricular septum thickness; LVEF, left
ventricular ejection fraction; PWT, posterior LV wall thickness; PYP, PMmTe.
pyrophosphate scintigraphy

The H/CL ratio was defined as the ratio of the heart ROI mean
count to the contralateral lung count on the PYP anterior
planar image. The H/M ratio was defined as the ratio of the
heart ROI to the mean mediastinal ROI count on the PYP left
lateral planar image. A circular ROI of the anterior planar
image was drawn in the left ventricle, according to Bokhari et
al. (9, 15). In the left lateral image, a circular ROI was placed
with the largest size not exceeding the area presumed to be
accumulation in the left ventricle. In the mediastinum, a
circular ROI was placed on the superior dorsal side of the left
ventricle at a location thought to be the ascending aorta so as
not to exceed the aortic accumulation. The images were

assessed by two experimental radiologists.

Statistical analysis

The normality of each group’s data was evaluated using the
Shapiro-Wilk test. Parametric variables are represented as the
mean * standard deviation, and non-parametric variables are
represented as the median with range; comparisons were
performed using Student’s t-test or the Mann-Whitney U test,
respectively. Categorical variables are expressed as numbers
and percentages; comparisons used the chi-squared test.

The interclass correlation coefficients (ICCs; 2 and 1) were
calculated to evaluate the H/M ratio. Receiver operating
characteristic (ROC) analysis was performed to discriminate
between the H/M ratios of the ATTR-positive and false-
positive groups. Optimal cut-off values were determined based
on the maximal sum of sensitivity and specificity (Youden

index). The Spearman correlation coefficient was plotted for
the H/CL and H/M ratios in the ATTR-positive and false-
positive groups. A value of p<0.05 was considered statistically
significant. All statistical analyses were performed using SPSS
software (version 28.0; SPSS, Chicago, IL, USA).

Among the 93 patients, 32 were grade 2 or 3; 10 false-
positive and 15 positive PYP images were included in the
analysis. The analysis excluded PYP images without a lateral
scan (n=1), without a SPECT image (n=1), images at 2 h (n=
1), SPECT-negative with a biopsy result of AL (light-chain
amyloid) amyloidosis (n=1), SPECT-negative with a biopsy
result of ATTR+AL (n=1), SPECT-positive but ATTR-
negative by myocardial biopsy (n=1), and SPECT-positive but
ATTR-negative by an adipose tissue biopsy (n=1) (Figure 1).
ATTR-CM was diagnosed using an endomyocardial biopsy
(wild type: 9; no genetic testing: 3) and non-invasive methods
(n=3) among the 15 patients with ATTR-CM.

Table 1 presents the demographics and statistical results of
the patients in the positive and false-positive groups.
Significant differences between the two groups were observed
in H/CL ratios at 1- and 3-h (both p<0.01), H/M ratios at 1-
and 3-h (both p<0.01), Perugini grade (p<0.01), interventricu-
lar septum thickness (p < 0.01), and posterior LV wall
thickness (p<0.01).

The areas under the ROC curve were 1.0 for the H/M ratio
at 1- and 3-h. The cut-off value of the Youden index was 1.22
for 1-h and 1.21 for 3-h; both had 100% sensitivity and
specificity (Figure 2). The ICCs (2, 1) between the two readers
were 0.919 and 0.958 for the 1- and 3-h H/M ratios,
respectively. Pearson’s correlation analysis revealed a weak
correlation between the H/CL and H/M ratios at 1-h (r=0.41)
and 3-h (r=0.40) in the PYP-positive group; a moderate
correlation was observed at 1-h (r=-0.51) in the PYP false-
positive group; no correlation was observed in the PYP false-
positive group at 3-h (r=-0.03). Figures 3 and 4 present
representative cases comparing the H/CL and H/M ratios in

the positive and false-positive cases.

This study investigated the diagnostic value of 1- and 3-h
lateral planar PYP images in patients with suspected ATTR-
CM using SPECT as a reference standard. The H/M ratio in
PYP left lateral images was lower than the H/CL ratio in PYP
anterior images. This result may be explained by the fact that
the denominator of the H/CL ratio in the anterior image is the
lung parenchyma, whereas the denominator of the H/M ratio
in the lateral image is the blood pool, which has a greater
count than the lung. The H/CL ratio threshold consensus for
3-h is lower than that for 1-h. This result may indicate a lower
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Figure 2 Quantitative analysis of the mean heart to mediastinum ratio (H/M ratio) of the " Tc-PYP lateral
planar image in patients with a Perugini score of 2 or 3 in the anterior planar image. False positives (uptake
in the blood pool) are distinguished from positives (uptake in the left ventricular myocardium) by H/M ratios
of 1.22 and 1.21, respectively, in the 1- and 3-h images. In comparison, a few false positives in the H/CL
ratio exceeded the 1-h cut-off value of 1.5 and the 3-h cut-off value of 1.3.
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Figure 3 Patients with wild-type amyloidosis showing positive PYP. A circular ROI
(region of interest) is drawn on the heart and contralateral side of the lung (H/CL:
heart/contra-lateral ratio) for the anterior PYP image. The circular ROI is placed on the
heart and posterior lateral side of the left ventricle, assuming the aorta, for the PYP lateral

image (H/M: heart/mediastinum ratio).

blood pool at 3-h compared to 1-h. In contrast, the threshold of
the H/M ratio for 1- and 3-h was comparable (1.22 and 1.21,
respectively). This finding may indicate that the H/M ratio is
less affected by the blood pool.

Positive and false-positive cases were quantitatively
distinguishable in both the 1- and 3-h PYP lateral planar
images because the denominator uses a blood pool, such as the
aorta or pulmonary artery. Therefore, if the cause of cardiac
accumulation is the blood pool, the H/M ratio should be close
to 1. In contrast, if PYP images show accumulation in the
myocardium, the H/M ratio should be high even when divided
by the blood pool.

The challenge with this method is that the location of the
ROI is difficult in cases where cardiac vs. mediastinum PYP
accumulation is unclear. The H/M ratio in patients with
Perugini grade 0 and 1 is likely to be variable depending on the
number of ribs included in the ROI because of difficulties in
visualizing the heart and aorta and the small amount of
accumulation other than bone. Therefore, this analysis method
should not be used for all cases. Calculating the H/M ratio by
adding a lateral image is suggested in equivocal cases where
accumulation is evident but not conclusively positive. An
algorithm can be considered in which cases with grade 0 or 1

on PYP anterior images are excluded as negative, and cases
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Figure 4 Patients with aortic valve stenosis showing false-positive PYP results. The H/CL
ratio of the anterior PYP image is high at both 1- and 3-h, but the H/M ratio of the lateral

PYP image is low at almost 1.0.

with grade 2 or greater are evaluated by PYP lateral planar
images instead of SPECT or SPECT/CT. This study did not
include false-positive patients who had a grade-3 Perugini
score. Therefore, evaluation with PYP lateral images of only
Perugini grade 2 cases may be sufficient to avoid false-
positive results. This method can rule out false positives with a
short PYP lateral image collection time, even in facilities
where SPECT is difficult to perform. Furthermore, the 1- and
3-h H/M ratios distinguished equally and completely between
positive and false positives in the current study; therefore,
PYP imaging at 3-h can be omitted. The H/M ratio may also
be useful in avoiding false negatives of the H/CL ratio; for
example, in cases where the H/CL ratio showed a low value
due to high accumulation in the contralateral lung field (such
as the overlapping of vertebrae in a patient with scoliosis) in
the true positive case.

Uptake by the residual blood pool, skeletal muscle, and
overlying bone may cause PYP false positives; however, renal
dysfunction and accumulation in skeletal muscle have not
been reported to be important factors in overestimating PYP
imaging (5, 16-18). In addition to ATTR-CM, other diseases
present with PYP accumulation, including myocarditis,
myocardial ischemia, hyperphosphatemia, and hydroxychloro-
quine cardiomyopathy (19-22). These diseases might cause
false positives; however, they cannot be excluded from PYP
lateral image analysis because they involve PYP accumulation
in the myocardium, and the blood pool is not the cause of false

positives.

Limitations

The first limitation of this study is its single-institutional,
retrospective nature and the low number of included patients.
The false-positive rate was relatively high compared with
previous studies, possibly because of the bias of single-
institution studies, including inter-reader differences and the
many cases of aortic stenosis before transcatheter aortic valve
implantation included in this study. Therefore, a multicenter
study with a larger sample size is warranted. Second, the
positioning of the ROI sites for measuring the heart and
mediastinum was challenging, and differences in the H/M
ratio were observed, especially in cases where no visual
uptake was observed in the cardia. Moreover, ROI positioning
may cause variations in the location and size of the ROI placed
on the mediastinum in slender patients in which the gap
between the vertebra and the sternum may not be as wide.
Third, patients with false-positive PYP are often older adults
for whom biopsies are not readily available; therefore,
excluding patients with mild cardiac amyloidosis was difficult
since ATTR-CM was excluded based on PYP-SPECT,

ultrasound, and clinical findings.

Conclusion

This study shows that lateral planar PYP images can be used
to exclude PYP false-positive cases caused by blood pools in a
simple, quantitative manner and may obviate the need for
SPECT imaging. Furthermore, 1-h PYP images showed good
sensitivity and specificity similar to 3-h images; therefore, 3-
h images could be omitted.
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