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Abstract
99m,

Background: Technetium-99m pyrophosphate single photon emission computed tomography (" Tc-PYP SPECT)

imaging is widely used to diagnose cardiac amyloidosis, a disease characterized by amyloid protein deposits in the
myocardium. The effects of viewing perspectives on interobserver agreement in the interpretation of *"Tc-PYP
SPECT images for the diagnosis of cardiac amyloidosis remain unclear.

Methods: A retrospective analysis of 32 consecutive patients who underwent ”"Tc-PYP imaging for the diagnosis
of cardiac amyloidosis at Nagasaki University Hospital between October 2017 and February 2020 was
performed. Four evaluators independently reviewed coronal, sagittal, and transaxial images and then all images
together and made a categorical diagnosis based on predefined criteria. Interobserver agreement was analyzed
using Cohen’s Kappa analysis.

Results: Kappa coefficient values in the four-grade grading system (grades 0-3) ranged between 0.31 and 0.95,
while those in the binary grading system (positive/negative) ranged between 0.88 and 1. The sagittal view showed
the highest value in the four-grade grading system (0.95) and the lowest in the binary grading system (0.88). The
transaxial view was more likely to show a consistently high kappa value in both the four-grade and binary
grading systems. The use of the multiplanar view reduced the number of subjects classified as grade 1.
Conclusion: Our study demonstrates that the transaxial view provides the most consistent interpretation of " Tc-
PYP SPECT images for the diagnosis of cardiac amyloidosis. The use of the multiplanar view may also reduce
equivocal interpretations, which are graded as grade 1. Further studies with larger sample sizes and a
quantitative analysis are needed to confirm the present results.
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ystemic amyloidosis is a group of rare diseases caused by
S the abnormal accumulation of amyloid proteins in tissues
and organs throughout the body (1). In transthyretin cardiac
amyloidosis (ATTR-CA), the transthyretin (TTR) protein is
deposited in the myocardium, leading to progressive heart
failure (2). Although cardiac amyloidosis was once considered
a rare disease, it is now recognized as an important cause of
heart failure, particularly in the elderly, with an increasing
prevalence worldwide (3-5). However, due to the ambiguous

clinical characteristics of ATTR-CA, a diagnosis may be

challenging. Patients with unexplained heart failure, particu-
larly those with a preserved ejection fraction (HFpEF), need to
be examined for cardiac amyloidosis (6).

Radionuclide imaging is currently one of the leading
modalities for the diagnosis of cardiac amyloidosis. The
sensitivity and specificity of technetium-99m pyrophosphate
(""Tc-PYP) imaging for the diagnosis of cardiac amyloidosis
is high and, thus, it has been rapidly accepted by clinical
cardiologists (7, 8). A diagnosis is performed by two

approaches: a quantitative measurement of the heart-to-
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contralateral lung ratio on planar images and a visual
assessment using the Perugini grade (9, 10). Accurate image
interpretation is crucial not only to correctly identify ATTR-
CA and assess the severity and extent of cardiac involvement,
but also to guide treatment decisions and improve patient
outcomes.

The ability of a radiologist to accurately interpret medical
images depends on many parameters, including their
experience, knowledge, and training. Depending on their level
of expertise and experience, radiologists may interpret the
same images differently, which leads to divergent diagnoses or
evaluations (11). This is an issue not only in radiological
imaging, but also in nuclear medicine imaging. In visual
assessments of amyloidosis imaging with bone scan agents, it
is sometimes difficult to distinguish blood activity in the
ventricle/atrial cavity from myocardial uptake. Ventricle pool
activity may sometimes be mis-interpreted as wall activity
(12). The use of single photon emission computed tomography
(SPECT) / computed tomography (CT) fusion images is
recommended to simplify visual interpretations, but is not
widely available. In perfusion imaging, the heart is typically
sliced into three plain-view slices: a short axis, horizontal long
axis, and vertical long axis. However, in PYP images with
only faint or no myocardial uptake, it is challenging to slice
the myocardium in the same manner because of the difficulties
associated with visualizing the shape and axis of the left
ventricle. In these cases, we generally slice PYP SPECT
images into a transaxial image, similar to conventional CT,
whole-body SPECT, and PET images. However, it remains
unclear whether a transaxial image of PYP is the best approach
for its interpretation. The practice guidelines from the
American Society of Nuclear Cardiology (ASNC) and other
published guidelines recommend the use of SPECT images for
visual interpretations. However, recommendations on how to
present slice images for interpretations have not yet been
established. We hypothesized that using a multiplane image
presentation (simultaneously viewing transaxial, coronal, and
sagittal images) may avoid misinterpretations and reduce

interobserver variability.

Materials and methods

Study population

Thirty-two consecutive patients who underwent *"Tc-PYP
imaging for the diagnosis of cardiac amyloidosis at Nagasaki
University Hospital between October 2017 and February 2020
were retrospectively analyzed. This was a retrospective study
using a standard clinical examination and was approved by the
Ethics Committee of Nagasaki University Hospital (Approval
number, 20111631). All procedures conducted in studies
involving human participants were in accordance with the

1964 Helsinki Declaration and its later amendments or
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comparable ethical standards.

Image acquisition

Patients were intravenously injected with 700-900 MBq
of ”"Tc-PYP and SPECT images were obtained 3 hours later.
SPECT images fused with CT are used for a clinical diagnosis.
Due to the purpose of the present study, CT fusion images
were not interpreted. Planar images of anterior (for H/CL
measurement) and lateral projections are also obtained 1 and 3
hours after an injection of “"Tc-PYP but were not used in the
present study.

Planar and SPECT/CT images were acquired using a
Symbia T Series SPECT/CT dual-head camera (Siemens,
Germany). Only SPECT data without SPECT/CT fusion were
used in this study. SPECT images were acquired using a low-
energy high-resolution collimator with a 128 X 128 matrix,
magnification = 1.0, 140 keV photon energy, 22% energy
window. The detector configuration was 180 degrees X 2
camera, number of views was 36, time per stop was 15
seconds. The pixel size was 4.8 mm. Image was reconstructed
using OSEM reconstruction with Gaussian filter. Attenuation
correction using CT data and scatter correction were

performed, but resolution correction was not performed.

Image interpretation

Four doctors, one expert in nuclear cardiology (TK), one
radiologist with 10 years’ experience (RI), one cardiologist
with 10 years’ experience (AC), and one researcher with 3
years’ experience in cardiac amyloidosis imaging (Al) visually
interpreted SPECT images. Four interpreters were given
transaxial, coronal, and sagittal SPECT images with a 5X 5
display (jpeg format) separately and read them. Interpreters
then read three combined images. All images were numbered
randomly to prevent them being matched to images used in
previous interpretations. All interpretations (transaxial, coron-
al, sagittal, and multiplanar images) were performed at least
two weeks apart to avoid any memory of previous
interpretations. All images were classified according to the

Perugini grade (0-3).

Statistical analysis

Statistical analyses were performed using JMP Prol5
software. Cohen’s Kappa analysis was used to measure
interobserver agreement between two observers when evaluat-
ing a categorical variable. Interobserver agreement was
calculated 1) using the original grade 0-3 grading system and
2) with a binary classification using grades 0 and 1 as negative
and 2 and 3 as positive.
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Figure 1 Visual grade distribution of " Tc-PYP SPECT images in four different scan views.

The figure shows the results of the inter-observer agreement analysis by 4 observers and 32 images in four different views:
transaxial, sagittal, coronal, and multiplanar, using the Perugini score. Each observer scored each image on a scale of 0 to 3
based on the degree of radiotracer uptake, with 0 representing no uptake and 3 representing intense uptake.

Table 1 Kappa coefficients of interobserver agreement

Grades Al vs TK Al vs RI Al vs AC TK vs RI TK vs AC RI vs AC
Transaxial 0.51 0.62 0.57 0.48 0.45 0.60
Coronal 0.42 0.49 0.48 0.54 0.39 0.53
Sagittal 0.95 0.65 0.38 0.61 0.34 0.59
Multiplanar 0.85 0.54 0.31 0.57 0.31 0.59

(The highest values among four interpretations are presented in BOLD and the lowest in /TALICS)

Distribution of perugini grades

The results on the distribution of Perugini grades for *"Tc-
PYP SPECT images in four different scan views - transaxial,
sagittal, coronal, and multiplanar - are shown in Figure 1. Data
presented in the figure are organized into four bar graphs, each
corresponding to one of the four scan views. The figure shows
the number of images graded by each observer in each scan
view and the corresponding scores. No significant differences
were observed between the four scan views; however, the use
of the multiplanar view slightly reduced the number of images

graded as grade 1, except for observer AC.

Interobserver agreement of the perugini grade

The agreement between two observers (6 pairs) for four
views were analyzed. Agreement tables for each pair (6 pairs
X4 views = 24 tables) are shown in the Appendix.

Kappa coefficients represent the degree of agreement
between the four observers for each view of “"Tc-PYP
SPECT images according to the Perugini score, with values
ranging between 0 and 1, as shown in Table 1. A kappa
coefficient of 0 indicated no agreement beyond chance, while
a coefficient of 1 indicated perfect agreement. In the transaxial
view, kappa coefficients ranged between 0.45 and 0. 62,
indicating moderate interobserver agreement. Three of the 6
paired interpreters had the highest kappa value, and one had
the lowest kappa value in the transaxial view interpretation. In
the coronal view, kappa coefficients ranged between 0.39 and
0.54, indicating moderate agreement among observers. Three
of the 6 paired interpreters had the lowest kappa value in the
coronal view interpretation. No pair had the highest kappa
value. In the sagittal view, kappa coefficients ranged between
0.34 and 0.95, indicating variable agreement among the
observers. Three of the 6 paired interpreters had the highest
kappa value in the sagittal view interpretation. None of the
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Table 2 Kappa coefficients of interobserver agreement

Interobserver Agreement of PYP SPECT

Pos/Neg Al vs TK Al vs RI Al vs AC TK vs RI TK vs AC RI vs AC
Transaxial 0.94 0.94 0.94 1 1 1
Coronal 1 0.94 0.94 1 0.94 1
Sagittal 1 0.94 0.94 0.94 0.94 0.88
Multiplanar 1 0.94 0.94 0.94 0.94 1

(The highest values among four interpretations are presented in BOLD and the lowest in /TALICS)

pairs had the lowest kappa value. In the multiplanar view,
kappa coefficients ranged between 0.31 and 0.85, indicating
variable agreement among the observers. Two of the 6 paired
interpreters had the lowest kappa value in the multiplanar view
interpretation. None of the pairs had the highest kappa value.
The average and standard deviation of kappa values in each of
the four views were as follows: 0.54 £0.07, 0.48 £0.06, 0.59 £
0.22, and 0.53 £0.20 for the transaxial, coronal, sagittal, and
multiplanar views, respectively. These results suggest that the
level of agreement among observers varied depending on the
views of the “"Tc-PYP SPECT images analyzed, with the
sagittal view showing slightly better agreement.

Table 2 shows kappa coefficients representing the degree of
agreement between the four observers for positive and
negative findings on *"Tc-PYP SPECT images, with values
ranging between 0 and 1.

In the transaxial view, kappa coefficients ranged between
0.94 and 1, indicating high to perfect agreement among
observers. Three of the 6 paired interpreters showed perfect
agreement. In the coronal view, kappa coefficients ranged
between 0.94 and 1, indicating high to perfect agreement
among observers. Three of the 6 paired interpreters showed
perfect agreement. In the sagittal view, kappa coefficients
ranged between 0. 88 and 1, indicating high to perfect
agreement among observers. One of the 6 paired interpreters
showed perfect agreement. In the multiplanar view, kappa
coefficients ranged between 0.94 and 1, indicating high to
perfect agreement among observers. Two of the 6 paired
interpreters showed perfect agreement. The averages and
standard deviations of kappa values in each of the four views
were as follows: 0.97 £0.03, 0.97 = 0.03, 0.94 = 0.04, and
0.96 = 0.03 for transaxial, coronal, sagittal, and multiplanar
views, respectively. These results suggest that the level of
agreement among observers was generally high to perfect for
positive and negative findings on “"Tc-PYP SPECT images
across all views. Furthermore, the grading system used to
analyze these images appeared to have good consistency and

reliability for identifying both positive and negative findings.

In the present study, we assessed interobserver agreement in

99m;

the visual interpretation of = Tc-PYP SPECT images for the

diagnosis of cardiac amyloidosis using four different scan
views. The results obtained showed moderate to good
interobserver agreement in the transaxial, coronal, and
multiplanar views, with kappa coefficients ranging between
0.42 and 0.85 for the four-grade grading system and good to
perfect agreement with kappa coefficients ranging between
0.88 and 1 for the binary (positive/negative) classification
system. The highest agreement with a kappa coefficient of
0.95 for the four-grade grading system was found in the
sagittal view interpretation, which was the lowest for the
binary classification system (kappa 0.88). Interpretations of
transaxial images consistently showed high agreement in both
the four-grade grading and binary classification systems
(highest kappa value in 3 of the 6 interobserver pairs, perfect
agreement in 3 of the 6 pairs). However, the use of the
multiplanar view slightly reduced the number of subjects
graded as grade 1. These results indicate that when only a
single view of ”"Tc-PYP SPECT is allowed to be interpreted,
the interpretation of the transaxial view may provide
consistent results.

The reason why the transaxial view showed consistently
high agreement in both the four-grade and binary classification
systems is difficult to explain. One simple reason is
familiarity. Two of our interpreters are non-radiologists/
nuclear cardiologists. The use of the transaxial image in
medical imaging adheres to a standardized orientation that is
recognized and familiar to non-radiologists. The transaxial
view facilitates recognition of characteristic patterns of
amyloid deposition, including global or focal involvement and
preferential deposition in certain segments. This familiarity
promotes better interobserver agreement in image interpreta-
tion.

The present results agree with previous findings on
interobserver agreement in the visual interpretation of *"Tc-
PYP SPECT images for the diagnosis of cardiac amyloidosis.
For example, a study by Caobelli et al (13) evaluated
interobserver agreement in the visual interpretation of *"Tc-
PYP SPECT images for the diagnosis of cardiac amyloidosis
using a binary scoring system and found good interobserver
agreement (kappa = 0.65) in the interpretation of *"Tc-PYP
SPECT images, which was similar to interobserver agreement
in the present study.
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The use of the multiplanar view did not result in good
agreement in the four-grade grading system. However,
regarding the binary classification system (positive/negative),
the use of the multiplanar view resulted in good agreement and
slightly reduced the number of subjects graded as grade 1.
Perugini grade 1 is an equivocal grade. In the American Heart
Association statement (14), grade 1 is considered to be
negative, whereas in the European Society of Cardiology
recommendation (15), biopsy is recommended for patients
classified as grade 1. The management of subjects classified as
grade 1 is still considered controversial. Therefore, there may
be some benefit to reducing the number of patients classified
as grade 1 using the multiplanar view.

Our study has certain limitations that warrant acknowledg-
ment. Firstly, the absence of a well-defined gold standard and
the challenges associated with histological assessment in
patients with cardiac amyloidosis hindered the establishment
of a definitive standard. Myocardial biopsy, recommended for
definite diagnosis, was performed in only 10 cases, with 6
cases confirmed as ATTR cardiac amyloidosis. However, due
to its invasiveness, myocardial biopsy 1is infrequently
conducted. Considering the rapid acceptance of PYP (and
other bone tracers) in cardiac amyloidosis within the medical
community, along with its use in general hospitals, standar-
dization of image interpretation was deemed important.
Hence, our focus was on assessing standardization of image
interpretation and interobserver agreement rather than sensi-
tivity or specificity. Secondly, our analysis did not include
SPECT/CT. While we believe SPECT/CT should become the
standard method, a significant number of installed two-head
gamma cameras in Japan lack SPECT/CT capabilities (438 out
of 1088) (16). Therefore, we concentrated on SPECT image
interpretation without CT fusion. For the same reason, we did
not use images sliced into short axis/long axis, which is hard to
perform in case of poor PYP uptake without help of CT fused
images. Thirdly, the imaging protocol was slightly sub-
optimal compared to the standard acquisition protocol (40
views, 20 seconds each) recommended by ASNC. Our
acquisition protocol was determined as part of the bone scan
protocol, and while the agreement between observers may
improve using the ASNC standard protocol, we believe that
the observed tendency will remain consistent across present
and ASNC protocols, as the difference in image quality is

expected to be minor.

Conclusion

The present study demonstrated that the transaxial view
may provide the most consistent interpretation of “"Tc-PYP
SPECT images for the diagnosis of cardiac amyloidosis. The
use of the multiplanar view may also reduce equivocal

interpretations, which are graded as grade 1.
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