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Background: Lateral planar

*"Tc-pyrophosphate (PYP) imaging is recommended as a standardized acquisition

method because it helps separate extracardiac uptake from the myocardium. We evaluated its discriminatory
performance in detecting myocardial PYP uptake, using single-photon emission computed tomography (SPECT)
as a reference standard.

Methods: We retrospectively evaluated 170 patients who underwent PYP imaging for suspected transthyretin
cardiac amyloidosis. Anterior and lateral planar imaging and SPECT were performed 3 h after PYP
administration. The myocardial PYP uptake on planar and SPECT images was visually assessed and quantified
using the heart-to-contralateral lung uptake (H/CL) ratio. The heart-to-mediastinum uptake (H/M) ratio was
calculated as the mean count of the region of interest in the heart divided by that in the superior mediastinum on
lateral planar images.

Results: Patients with PYP SPECT-positive results had significantly higher H/M ratios at 3 h than those with PYP
SPECT-negative results (1.23 [interquartile range: IQR, 1.15-1.43] vs. 1.08 [IQR, 1.02-1.16]; P<0.001). A
reclassification analysis that added the H/M ratio to visual scores for detecting positive PYP SPECT yielded a
significant improvement with a net reclassification improvement (NRI) of 0.56 (95%CI, 0.25-0.87; P<0.001) and
integrated discrimination improvement (IDI) of 0.038 (95%CI, 0.005-0.072; P=0.026). The H/M ratio signifi-
cantly improved the predictive ability of SPECT findings based on the visual scores and H/CL ratio with an NRI
of 0.49 (95%ClI, 0.18-0.81; P=0.003) and IDI of 0.036 (95%ClI, 0.004-0.069; P=0.029).

Conclusions: Adding the H/M ratio derived from lateral planar PYP imaging to visual scores or the H/CL ratio
on anterior planar images improved the accuracy of detecting significant myocardial uptake on SPECT.
Keywords: ”"Tc-pyrophosphate scintigraphy, transthyretin cardiac amyloidosis, lateral planar imaging
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echnetium-99m pyrophosphate (PYP) imaging is in-
T creasingly being recognized as a diagnostic tool for
transthyretin cardiac amyloidosis (ATTR-CA). Visual grading
and the heart-to-contralateral lung uptake (H/CL) ratio are
introduced as diagnostic parameters in PYP planar imaging (1,
2). The diagnostic value of PYP planar imaging for detecting

myocardial uptake varies according to the image interpretation

methods and the time interval between PYP administration
and image acquisition (3, 4). We and other investigators have
demonstrated that H/CL ratios of 21.5at 1 hand 21.3 at3 h
are less specific than visual grading in the detection of
myocardial uptake because H/CL ratios are susceptible to the
uptake of the blood pool and ribs (4-6). Therefore, recent

expert consensus recommendations highlight that a diagnosis
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of ATTR-CA cannot be made solely based on the H/CL ratio
with PYP (1).

Lateral planar views and single-photon emission computed
tomography (SPECT) imaging are recommended for the
standardized acquisition of PYP because they help separate
sternal or blood pool uptake from myocardial uptake (1).
Recently, the heart-to-mediastinum uptake (H/M) ratio has
been proposed as a semiquantitative measure of the
myocardial PYP uptake on SPECT images to solve the
diagnostic problem of the H/CL ratio, which is calculated as
the ratio of PYP uptake between the heart and mediastinum
under the aortic arch (7). In that study, an H/M ratio of >1.41
on SPECT images identified patients with ATTR-CA with
100% sensitivity and 93.3% specificity, suggesting that the
H/M ratio may have higher specificity than the H/CL ratio in
detecting myocardial PYP uptake. However, this approach
requires sagittal or coronal SPECT images, and cannot be
applied to planar images. Thus, we hypothesized that the H/M
ratio obtained using lateral planar imaging may be useful for
detecting myocardial PYP uptake using SPECT as a reference

standard.

Materials and methods

Study population

We retrospectively evaluated patients who underwent
screening PYP imaging for ATTR-CA at Hokkaido Car-
diovascular Hospital, Japan, from July 2015 to November
2020. PYP imaging was performed at the cardiologist’s
discretion based on diagnostic algorithms for evaluating
patients with suspected ATTR-CA (8, 9). The study protocol
was approved by the Institutional Review Board of Hokkaido
Cardiovascular Hospital (IRB No. 2023-1) with a waiver for
written informed consent. Patient backgrounds and character-
istics were obtained from electronic medical records. The data
supporting the findings of this study are available from the

corresponding author upon reasonable request.

PYP imaging acquisition and analysis

PYP image acquisition was performed using a dual-headed
gamma camera equipped with low-energy, high-resolution
collimators (Infinia, GE Healthcare), after the tracer injection
of 370-740 MBq of PYP (PDR Pharma Co., Ltd.) as previously
reported (4) and in line with the American Society of Nuclear
Cardiology (ASNC) expert consensus recommendation (1).
Briefly, anterior planar images were obtained at 1 and 3 h after
tracer injection; left lateral planar images were obtained at 3 h,
and SPECT images were obtained at 3 h. Planar images were
acquired at 300 s per view on a 256 X 256 matrix with 1.33
zoom. SPECT and computed tomography (CT) images were
fused for 115 patients who underwent clinically indicated CT
using a dedicated workstation (Xeleris 4DR, GE Healthcare)

and software (Volumetrix MI, GE Healthcare). The median
interval between CT and PYP SPECT was 127 days
(interquartile range [IQR] 60 to 275 days). Myocardial PYP
uptake on planar and SPECT images was assessed by visual
scores (0=no uptake, 1=uptake less than rib, 2=uptake equal
to rib, 3 =uptake greater than rib) and quantified with the
H/CL ratio in accordance with ASNC recommendations (1).

Lateral planar images were used to calculate the H/M ratio,
which was determined as the mean count of the region of
interest (ROI) in the heart divided by that in the superior
mediastinum (Figure 1). The ROI of the heart was drawn with
a diameter of 6 cm to avoid the sternum and the vertebral
body. The ROI of the mediastinum was drawn in the
ascending aorta with a diameter of 3 cm. An experienced
radiological technologist (T.S.) assessed all PYP images
without clinical information. To assess interobserver correla-
tions, another experienced radiological technologist (A.N.)
reanalyzed the lateral H/M ratio in 50 random cases in a
blinded manner. To evaluate intra-observer correlations, the
first reader (T.S.) also reanalyzed the lateral H/M ratio in 110

random cases in a blinded fashion at an interval of 2 months.

Statistical analysis

Continuous variables are expressed as the median with IQR
and were compared using the Wilcoxon rank-sum test.
Categorical variables were presented as the number and
percentage and were compared using Fisher’s exact test.
Paired data were compared using the Wilcoxon signed-rank
test. Correlation between continuous variables was assessed
using a linear regression analysis. Agreement regarding visual
scores between SPECT and planar images on the anterior and
lateral sides was evaluated by Cohen’s «-statistic and the
Bowker test. k values were defined as follows: > 0. 80,
excellent agreement; 0.61-0.80, good agreement; 0.41-0.60,
moderate agreement; 0.21-0.40, fair agreement; <0.20, poor
agreement (10). The test performance of anterior and lateral
PYP planar images for detecting SPECT-positive findings
(defined as grade 2 or 3 myocardial uptake) is shown as
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) with a 95% confidence
interval (CI). A receiver operating characteristic curve was
drawn to estimate the area under the curve (AUC) and Youden
index, which was used to identify the optimal cutoff value for
differentiating PYP SPECT positivity. Interobserver repro-
ducibility and intraobserver repeatability were evaluated using
intraclass correlation coefficients (ICCs). To evaluate the
incremental performance benefits of the lateral H/M ratio for
detecting positive PYP SPECT, continuous net reclassification
improvement (NRI) and integrated discrimination improve-
ment (IDI) were derived from logistic regression models (11),

including visual scores on 3-h anterior planar images and the
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Figure 1 Lateral chest radiograph and lateral PYP images of the same patient.

Semi-quantitative H/M ratio on a lateral PYP image (b) was calculated using the regions
of interest drawn around the heart (yellow circles) and around the superior mediastinum
(ascending aorta: red circles) as shown in these figures, both of which were positioned
without including the adjacent sternum and vertebral body.

H/CL ratio with and without the H/M ratio. P values of <0.05

were considered statistically significant. All statistical
analyses were performed using JMP Pro 17.0.0 (SAS Institute
Inc., Cary, NC, USA) and JMP scripting language for NRI and

IDI (12).

Patient population

A total of 173 patients were referred for PYP imaging
during the study period. Among them, 3 patients who did not
undergo lateral planar PYP image acquisition were excluded.
Therefore, 170 patients were included in this study. The
patient characteristics are shown in Table 1. The median age
of the patients was 80 (IQR, 72-85) years; 61 (36%) patients
were female, and the median left ventricular (LV)ejection
fraction was 56.4% (IQR, 46.5%-63.1%). A total of 53
patients (31%) showed positive PYP uptake in the myocar-
dium on SPECT images. Age, LV ejection fraction, and LV
mass index did not differ between patients with and without
positive PYP SPECT. Endomyocardial biopsy was performed
in eight of the 53 patients with positive PYP SPECT, revealing
cardiac ATTR amyloid deposition in five patients. All patients
were diagnosed with wild-type ATTR-CA, based on the
transthyretin gene sequence.

Patients with positive PYP SPECT had significantly higher
visual scores and H/CL ratios at 3 h (1.43 [IQR, 1.26-1.64]
vs. 1.23 [IQR, 1.13-1.34]; P<0.001) and higher H/M ratios at
3 h (1.23 [IQR, 1.15-1.43] vs. 1.08 [IQR, 1.02-1.16]; P<
0.001) than those with negative PYP SPECT. Representative
images are shown in Figure 2. The lateral H/M ratios at 3 h
were significantly lower than the H/CL ratios at 3 h (mean
difference, —0.14 [95% CI, —0.17 to —0.11], P<0.001; r=
0.70 [95% CI, 0.62-0.77], P<0.001). Lateral H/M ratios at 3 h
had an interobserver ICC of 0.83 and an intraobserver ICC of

0.90.

Discriminatory performance of lateral planar images for
detecting myocardial PYP uptake on SPECT

Table 2 shows comparisons of the visual findings between
PYP SPECT and anterior or lateral planar images. Visual
scores on 3-h anterior planar images had moderate agreement
with those of SPECT (k=0.55 [95% CI, 0.44-0.65]), while
visual scores on 3-h lateral planar images showed only fair
agreement with those of SPECT (k=0.39 [95% CI, 0.27-
0.50]). Visual scores on 3-h lateral planar images were
significantly higher than those of SPECT (mean difference,
0.20 [95% CIL, 0.09 to 0.31], P<0.001). The discriminatory
performance of the visual scores on 3-h anterior planar images
for detecting positive PYP SPECT was as follows: sensitivity,
79.2% (95% CI, 70.0%-86.1%); specificity, 89.7% (95% CI,
85.5%-92.9%); PPV, 77.8% (95% CI, 68.7%-84.6%); and
NPV, 90.5% (95% CI, 86.3%-93.7%). In comparison to the
visual scores on 3-h anterior planar images, those on 3-h
lateral planar images had a lower discriminatory performance
for detecting positive PYP SPECT: sensitivity, 73.6% (95%
CI, 63.3%-82.0%); specificity, 81.2% (95% CI, 76.5%-—
85.0%); PPV, 63.9% (95% CI, 55.0%-71.2%); and NPV,
87.2% (95% CI, 82.1%-91.2%). The AUC value of the visual
scores on 3-h lateral planar images was significantly lower
than that of 3-h anterior planar images (0.81 vs. 0.89, P=
0.007).

The AUC of the lateral H/M ratio at 3 h for detecting
positive PYP SPECT results was 0.82, which was comparable
to that of the H/CL ratio at 3 h of 0.78 (P=0.44). The optimal
cutoff value of the lateral H/M ratio for detecting positive PYP
SPECT was 1.19, which yielded 67.9% sensitivity (95% CI,
57.7%-76.4%), 84.6% specificity (95% CI, 80.0%-88.5%), a
PPV of 66.7% (95% CI, 56.6%-75.0%), and an NPV of
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Table 1 Characteristics of patients based on myocardial uptake on SPECT (n=170)
Variables Negati\zi i’?(lf;)SPECT Positivcan;X;l;SPECT P value
Age, years 79 (72-84) 81 (73-89) 0.069
Female 39 (33%) 22 (42%) 0.31
Body mass index, kg/m’ 23.0 (20.7-25.1) 24.7 (21.8-26.4) 0.074
Hypertension 76 (65%) 31 (58%) 0.49
Dyslipidemia 37 (32%) 21 (40%) 0.38
Diabetes 37 (32%) 14 (26%) 0.59
Coronary artery disease 32 (27%) 12 (23%) 0.57
Prior myocardial infarction 8 (7%) 5 (9%) 0.55
Permanent pacemaker 12 (10%) 3 (6%) 0.40
Atrial fibrillation 59 (50%) 26 (49%) 1.00
Low ECG voltage 22 (19%) 16 (30%) 0.11
Laboratory data
NT-proBNP, pg/mL (n=153) 1,412 (356-3,451) 1,045 (386-2,326) 0.27
Creatinine, mg/dL 0.98 (0.78-1.38) 0.97 (0.77-1.27) 0.66
Estimated glomerular filtration rate, mL/min/1.73 m’ 50.5 (37.2-67.2) 47.7 (37.4-67.2) 0.78
Echocardiography data
LV ejection fraction, % 55.7 (42.1-63.5) 58.3 (48.5-63.0) 0.40
LV mass index, g/m’ 110 (100-124) 111 (97-131) 0.66
LV interventricular septal thickness, mm 10.2 (9.0-11.4) 10.7 (9.6-12.7) 0.029
LV posterior wall thickness, mm 10.0 (9.2-10.9) 10.6 (9.2-11.8) 0.096
Planar PYP imaging findings
H/CL ratio
1-h anterior planar (n=132) 1.32 (1.22-1.43) 1.51 (1.32-1.64) <0.001
3-h anterior planar 1.23 (1.13-1.34) 1.43 (1.26-1.62) <0.001
H/CL ratio >1.5 in 1-h anterior planar (n=132) 15 (17%) 21 (50%) <0.001
H/CL ratio >1.3 in 3-h anterior planar 37 (32%) 35 (66%) <0.001
H/M ratio
3-h lateral planar 1.08 (1.02-1.16) 1.23 (1.15-1.43) <0.001
H/M ratio =1.19 15 (13%) 35 (66%) <0.001

Data are presented as the median (interquartile range) or n (%).

LV, left ventricular; H/CL, heart-to-contralateral lung uptake; H/M, heart-to-mediastinum uptake

85.3% (95% CI, 80.7%-89.2%).

A reclassification analysis in which the lateral H/M ratio
was added to the visual scores of 3-h anterior planar images
for detecting positive PYP SPECT yielded a significant
improvement with an NRI of 0.56 (95% ClI, 0.25-0.87; P<
0.001) and IDI of 0.038 (95% CI, 0.005-0.072; P=0.026)
(Table 3a). Similarly, when the visual scores and H/CL ratio
on 3-h anterior planar images were included in the
reclassification analysis, the addition of the lateral H/M ratio
significantly improved the prediction of SPECT findings with
an NRI of 0.49 (95% CI, 0.18-0.81; P=0.003) and an IDI of
0.036 (95% CI, 0.004-0.069; P=0.029) (Table 3b). Figure 3
shows the flow chart of predicting PYP SPECT positivity

using anterior and lateral planar imaging.

In the current study, we evaluated the discriminatory
performance of lateral planar images for detecting myocardial
PYP uptake, using SPECT as a reference standard. Our
findings were as follows: (i) there was fair agreement between
PYP SPECT and visual scores on 3-h lateral planar images;
(i) the lateral H/M ratio was significantly higher in patients
with positive PYP SPECT than in those with negative PYP
SPECT; and (iii) the combination of lateral H/M ratio with
visual scores and H/CL ratio on 3-h anterior planar images had
higher discriminatory performance in identifying positive PYP
SPECT in comparison to the use of visual scores alone or in
combination with the H/CL ratio.

The visual scores on the 3-h lateral planar images showed
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Figure 2 Representative cases of PYP imaging at 3 h after the tracer administration.

A: The anterior and lateral planar images show Grade 1 uptake. No significant myocardial uptake was observed on
SPECT. The H/CL ratio at 3 h was 1.58 (recommended cutoff value of >1.3), indicating a false-positive result due to
the left ventricular cavity uptake of PYP. The H/M ratio at 3 h was 1.03, which was lower than our proposed cutoff
value of 1.19.

B: The anterior and lateral planar images show Grade 3 uptake. Significant myocardial PYP uptake was observed
on SPECT imaging. Both H/CL and H/M ratios were higher than the cutoff values.

C: The anterior planar image shows Grade 1 uptake; however, the lateral planar image shows Grade 3 uptake. No
significant myocardial uptake was observed on SPECT. The H/CL and H/M ratios showed borderline values for the
detection of myocardial PYP uptake.

Negative

fair agreement with those on PYP SPECT. Tracer uptake of
the right ventricular cavity on lateral planar images can
overlap with that of the left ventricle. Therefore, visual
evaluation in the same manner as recommended for anterior
planar images is likely to overestimate myocardial PYP uptake
on lateral planar images. Another factor influencing the

discrepancy in visual scores between the anterior and lateral

planar images is the rib uptake of PYP. On lateral planar
images, on both sides of the rib the PYP uptake almost
overlapped and were seen on the heart, potentially leading to
overestimation of myocardial PYP uptake.

Adding the H/M ratio derived from lateral planar PYP
imaging to the visual scores or the H/CL ratio on anterior
planar images improved the discriminatory performance for
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Table 2 Comparisons of visual findings between PYP SPECT and anterior or lateral planar images

a. SPECT versus 3-h anterior planar images

1 29-37

SPECT
Grade 0 Grade 1 Grade 2 Grade 3
3-h anterior planar Grade 0 27 14 0 0
Grade 1 16 48 11 0
Grade 2 12 28 0
Grade 3 0 0 14
k=0.55 Bowker’s
(95% CI, 0.44-0.65) | P=0.999
b . SPECT versus 3-h lateral planar images
SPECT
Grade 0 Grade 1 Grade 2 Grade 3
3-h lateral planar Grade 0 10 7 1 0
Grade 1 27 51 13 0
Grade 2 15 25 0
Grade 3 0 1 0 14
«=0.39 Bowker’s
(95% CI, 0.27-0.50) | P=0.011

CI, confidence interval

detecting myocardial uptake on SPECT. The H/CL ratio for
detecting myocardial PYP uptake can be influenced by its
uptake in the blood pool (1). Therefore, we focused on the
H/M ratio to cancel out the counts of the blood pool and rib
uptake overlapping the ROI in the heart (13, 14). A previous
study using the H/M ratio calculated from the maximum
standardized uptake value (SUVmax) on SPECT images
reported that a cutoff value of 1.41 has considerably high
sensitivity and specificity for identifying patients with ATTR-
CA (7). Another SPECT study suggested that myocardial PYP
uptake exceeding 1.2 times the SUVmax of the aortic blood
pool may be optimal for detecting abnormal uptake (15). In the
present study, the cutoff value of the H/M ratio for
differentiating PYP SPECT positivity was 1.19, which was
similar to the previous study, despite the difference between
planar imaging and SPECT. Our results suggest that the H/M
ratio on lateral planar images may cancel out the blood pool
and rib uptake from the heart, similar to SPECT.

Although SPECT imaging is recommended in all studies by
recent expert consensus recommendations for diagnosing
cardiac amyloidosis (1), the scanning time of lateral planar
images is generally shorter than that of SPECT. Furthermore,
the simultaneous acquisition of anterior and lateral planar
images is clinically available using a new SPECT camera.
Additional image acquisition and calculation of the H/M ratio
may offer a more convenient alternative to SPECT in detecting
myocardial PYP uptake.

The present study was associated with several limitations.

First, it was retrospective and involved only a limited number
of patients. Second, there was a time lag of up to 10 min
between the sequential acquisitions of 3-h anterior and lateral
planar imaging, and the impact of this time lag on the results
remains unclear. Third, not all patients underwent en-
domyocardial biopsy and measurement of T1 values derived
from cardiac magnetic resonance imaging to confirm the
pathological diagnosis of ATTR-CA, which is crucial in the
diagnostic criteria for cardiac conditions such as ATTR-CA.
The absence of these values may limit the comprehensiveness
and diagnostic accuracy of these findings. Therefore, further
studies are required to assess the diagnostic value of the H/M

ratio in comparison to these pathological findings.

Conclusions

Adding the H/M ratio derived from lateral planar PYP
imaging to the visual scores or the H/CL ratio on anterior
planar images improved the accuracy of detecting significant

myocardial uptake on SPECT.

New knowledge gained and clinical implications

- The AUC value of the visual scores on 3-h lateral planar
images for detecting significant myocardial uptake on
SPECT was significantly lower than that on 3-h anterior
planar images.

- Adding the H/M ratio of lateral planar imaging to visual
scores or the H/CL ratio on anterior planar images improved

the accuracy in detecting significant myocardial uptake on
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Table 3 Reclassification table stratified by SPECT findings

a. Models containing visual scores on 3-h anterior planar images

Model without H/M ratio

Model with H/M ratio

Probability <50% 50-80% >80%  Total
Patients with positive PYP SPECT
<50% 10 1 0 11
50-80% 2 18 8 28
>80% 0 0 14 14
Total 12 19 22 53
Patients with negative PYP SPECT
<50% 105 0 0 105
50-80% 3 8 1 12
>80% 0 0 0 0
Total 108 8 1 117

Net reclassification improvement

Integrated discrimination improvement

0.56 (95% ClI, 0.25-0.87; P <0.001)
0.038 (95% CI, 0.005 to 0.072; P = 0.026)

b. Models containing visual scores and H/CL ratio on 3-h anterior planar images

Model without H/M ratio

Model with H/M ratio

Probability <50% 50-80% >80% Total
Patients with positive PYP SPECT
<50% 40 2 0 42
50-80% 0 0 0 0
>80% 1 2 8 11
Total 41 4 8 53
Patients with negative PYP SPECT
<50% 9 3 0 12
50-80% 0 0 1 1
>80% 0 96 104
Total 9 11 97 117

Net reclassification improvement

Integrated discrimination improvement

0.49 (95% ClI, 0.18 to 0.81; P=0.003)
0.036 (95% CI, 0.004 to 0.069; P=0.029)

CI, confidence interval

SPECT.
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Figure 3 Prediction of PYP SPECT positivity using anterior and lateral planar imaging.
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