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Abstract

Purpose

Transthyretin (ATTR) amyloidosis is a rare but serious infiltrative disease associated with a wide spectrum of
morphologic and functional cardiac involvement. ®*"Tc-labelled 3,3-diphosphono-1,2-propanodicarboxylic acid
(DPD), initially developed as a bone-seeking radiotracer, is remarkably sensitive for imaging cardiac ATTR amyloid
deposits. Our aim was to investigate the feasibility and utility of estimating **"Tc-DPD uptake in myocardial tissue;
this has the potential to yield reliable quantitative information on cardiac amyloid burden, which is urgently required
to monitor disease progression and response to novel treatments.

Methods

Three methods of quantitation were developed and tested on 74 patients with proven cardiac ATTR amyloidosis
who had recently undergone ®*"Tc-DPD planar whole-body imaging and SPECT-CT. Quantitative results were
compared to measurements of extracellular volume fraction (ECV) by cardiac magnetic resonance imaging, a
validated technique for measuring amyloid burden.

Results

An experienced clinician graded uptake using a widely-used visual scoring system as 1 (n = 15), 2 (n =39), or 3 (n
= 20). Linear correlations between the SPECT and ECV data (p < 0.001) were demonstrated. None of the methods
showed that *"Tc-DPD uptake in the heart was significantly greater in patients with grade-3 uptake than in those
with grade-2 uptake.

Conclusions

Quantitation of *°™Tc-DPD uptake in cardiac transthyretin amyloid deposits is complex and is hindered by
competition for radiotracer with amyloid in skeletal muscle. The latter underlies differences in uptake between

grade-2 and grade-3 patients, not cardiac uptake.
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Introduction

Amyloidosis

The term amyloidosis refers to a heterogeneous group of rare diseases which are characterised by
extracellular deposition and accumulation of normally-soluble plasma proteins in insoluble, fibrillar
forms [1]. Amyloid deposits can build up in individual tissues and organs or deposition can be systemic
(i.e. widespread). Symptoms occur when there is a sufficient amount of amyloid present to disrupt the
normal structures and functions of affected sites.

More than 30 proteins are known to form amyloid fibrils in humans [2]. The most common types
are acquired immunoglobulin light-chain (AL) and transthyretin (ATTR). ATTR amyloidosis is either
acquired, known as wild-type ATTR amyloidosis (ATTRw), or hereditary, known as mutant-type ATTR
amyloidosis (ATTRmt), denoting the many possible mutations in the transthyretin gene [3]. Although the
diagnosis of amyloidosis is rare—500 to 1000 new cases are diagnosed in the U.K. each year—the true
prevalence is unknown.

Cardiac involvement is a significant factor in determining prognoses and treatments for patients
with systemic amyloidosis. Cardiac amyloidosis presents as a restrictive cardiomyopathy due to the
presence of amyloid deposits in the myocardium, which is characterised by restricted ventricular filling.
Survival is typically poorer for AL patients (6—12 months) than it is for ATTR patients (3-5 years) but
high morbidity and mortality is associated with both forms of the disease [4, 5].

Cardiac ATTRwt amyloidosis is thought to be common among elderly patients who have heart
failure with preserved ejection fraction [6]. Indeed, a population-based autopsy study revealed the
presence of cardiac ATTR amyloid deposits in up to 25% of individuals over 85 years of age [7]. A major
diagnostic challenge is that symptoms do not develop until a substantial quantity of amyloid has
accumulated. Moreover, symptoms are non-specific and awareness of amyloidosis is limited, frequently
leading to a very delayed or missed diagnosis.

The traditional gold standard for diagnosis of cardiac ATTR amyloid deposits is Congo red
staining of myocardial biopsies which exhibit pathognomonic green birefringence when viewed under
crossed-polarised light [8]. Amyloid type can then be sought with immunohistochemical staining using
a panel of antibodies to specific amyloid fibril proteins. Hereditary aetiologies are determined by the

presence of gene mutations. However, endomyocardial biopsy, which should be taken from the left



ventricle, is associated with a small but not insignificant risk of fatal complications and the requirement
for specific expertise introduces diagnostic delay [9, 10].

Optimal clinical management requires detection and correct identification of amyloid fibril type
to avoid misdiagnosis and inappropriate toxic treatment [11, 12]. Current therapeutic options are
focused on efforts to reduce supply of the respective amyloid fibril precursor protein [13]. Treatment of
AL comprises chemotherapy to target the underlying plasma cell dyscrasia and hence suppress
production of amyloidogenic light chain proteins. Crucially, chemotherapy has no role in the treatment

of ATTR amyloidosis, emphasising the importance of correct diagnoses.

The role of imaging

Echocardiography is a valuable and widely accessible tool that can identify significant abnormalities in
patients with heart failure, such as left-ventricular-wall thickening but is neither specific nor sensitive for
cardiac amyloidosis [14]. Gadolinium-enhanced cardiovascular magnetic resonance imaging (CMR)
can identify myocardial infiltration and plays an important role in the diagnosis and prognosis of cardiac
amyloidosis [14]. However, false negatives can occur, it is often only implemented in specialist centres,
and it is contraindicated in a substantial proportion of patients [15-17].

Nuclear medicine imaging facilitates diagnoses and interventions by visualising amyloid
deposits. 123|-labelled serum amyloid P component (123I-SAP), which binds to all types of amyloid fibril,
is used for diagnosing, locating, and monitoring the extent of systemic amyloidosis [18, 19]. 123]-SAP
scintigraphy cannot, however, detect the presence of amyloid in affected myocardial areas due to the
low permeability of 1221-SAP in cardiac tissue and relatively-high blood pool background [20].

Radiolabelled phosphate derivatives, developed as bone-seeking radiotracers for skeletal
scintigraphy, were noted to bind to amyloid deposits over 40 years ago but there has been much delay
in developing bone tracers for this new indication since 1981 [21-23]. Although none are yet licensed
for imaging cardiac amyloidosis, there is robust evidence showing that imaging with ™ Tc-labelled 3,3-
diphosphono-1,2-propanodicarboxylic acid (DPD), pyrophosphate (PYP), and hydroxymethylene
diphosphonate (HMDP) possesses enormous diagnostic value in patients with cardiac ATTR

amyloidosis [24-28].

9mTc-DPD scintigraphy has shown particular promise in evaluating cardiac amyloidosis [29].

Gillmore et al recently confirmed that it has remarkable diagnostic sensitivity and specificity for ATTR



amyloidosis when implemented as part of a simple clinical algorithm [30]. At the UK National
Amyloidosis Centre (NAC) %*™Tc-DPD scintigraphy has been routinely carried out on all patients with
suspected or histologically proven cardiac amyloidosis to support or exclude diagnoses of cardiac ATTR

amyloidosis and to monitor disease extent since June 2010.

Quantitative imaging
Quantitation, in principle, offers the potential to support visual interpretation of cardiac amyloidosis with
an objective measure of amyloid burden. The capability to generate accurate quantitative data would
also better enable interval monitoring of disease progression or response to treatment. In addition,
numerical thresholds could be developed to support or exclude diagnoses for patients with non-specific
symptoms or patients undergoing screening investigations or skeletal scintigraphy. The prognostic
implications of greater radiotracer uptake in the myocardium, expressed as mortality and morbidity,
could be investigated too.

The aim of this study was to investigating the feasibility and utility of estimating ™Tc-DPD
uptake in myocardial tissue; this has the potential to yield reliable quantitative information on cardiac
amyloid burden, which is urgently required to monitor disease progression and response to novel

treatments.

Materials and methods

Patients

Seventy-four patients with confirmed cardiac ATTR amyloidosis were referred to the NAC for further
evaluation and underwent %M Tc-DPD scintigraphy investigations between July 2010 and August 2016.
Together they formed a cohort of patients on whom at least three investigations were performed as part
of an ongoing longitudinal study of cardiac ATTR amyloid burden progression over time. Only baseline
image data were analysed for the purposes of this investigation. Within this cohort there were 45
patients with ATTRw and 29 patients with ATTRmt, associated with genetic TTR mutations V122| (n =
9), T60A (n = 9), G47V (n = 3), E54G (n = 2), V30M (n = 2), E89K (n = 1), F44L (n = 1), 1107F (n = 1),

or 184S (n =1).

Acquisitions



Images were acquired with two General Electric (GE) hybrid SPECT-CT gamma cameras (GE
Healthcare, Chicago, IL, USA): namely, an Infinia Hawkeye 4 and a Discovery NM/CT 670. Patients
were intravenously administered with approximately 700 MBq (18.9 mCi) of #*"Tc-DPD (Teceos®, CIS
Bio International, Gif-sur-Yvette, France), equating to an estimated effective dose of 5.6 mSv. A protocol
consisting of a planar whole-body acquisition followed immediately by cardiac SPECT with low-energy,
high-resolution collimators and non-contrast CT for the purposes of attenuation correction and
anatomical localisation was initiated subsequent to radiotracer administration with a median delay (Qu,
Qs3) of 2:57 (2:49, 3:10) hours. Anterior and posterior whole-body images were acquired onto 256 x
1024 matrices at a speed of 10 cm/min with the patient in the supine position. SPECT data were
reconstructed onto 256 x 256 matrices with an ordered-subset expectation maximisation (OSEM)
algorithm (6i10s) on a GE Xeleris workstation following scatter correction and collimator-detector
response compensation with Resolution Recovery. Counts were recorded and decay-corrected and the
amount of radioactivity and the sensitivities of both gamma cameras were accounted for in each
method. In the case of extravasation the amount of activity at the injection site was estimated and

deducted from the dose administered.

Perugini grade

Cardiac involvement in #*mTc-DPD images was reported by experienced clinicians, who scored uptake
with grades from a modified version of the Perugini grading system: grade 0 (cardiac uptake not visible
in either planar whole-body or fused SPECT-CT images), grade 1 (cardiac uptake visible only in
SPECT-CT images and/or mild cardiac uptake visible but inferior to skeletal uptake in planar whole-
body images), grade 2 (moderate cardiac uptake visible, equal to or greater than skeletal uptake, in
planar whole-body images), or grade 3 (strong cardiac uptake visible in conjunction with little or no

evident skeletal signal in planar whole-body images) [24].

Quantitation

Three different methods of quantitation were used for this investigation. Each technique was carried out
by an experienced nuclear medicine technologist. One approach used data from the planar whole-body
images (1), whilst the remaining two used data from the SPECT-CT images (2 and 3). The areas of

analysis were the whole heart in planar images and the left-ventricular myocardium and the entire



volume of the heart in SPECT images. Correlations between the resultant datasets were assessed to
corroborate findings and assess reliability. They were also compared to the results of an independent
method (4) as a form of validation. The quantitative results of each method were compared to the grades
reported by an experienced clinician to investigate how these grades relate to the amount ®°*™Tc-DPD

uptake.

1. Heart to contralateral

This approach was developed for whole-body *°™Tc-PYP imaging by colleagues in the U.S [27]. A
circular region of interest (ROI) is drawn over the heart and copied and mirrored to the contralateral
chest to enable the ‘heart-to-contralateral ratio’ (H/CL) to be calculated from the quotient of the two.
Results here were generated on Xeleris v.3.1 (GE Healthcare, Chicago, IL, USA) on a Xeleris

workstation.

2. Left ventricle

Cardiac ATTR amyloidosis, particularly ATTRw, is associated with increased left-ventricular-wall
thickness. Thus, for this investigation, ™ Tc-DPD uptake in this region was hypothesised as a surrogate
for total radiotracer uptake across the whole heart in SPECT-CT images [31].

A custom method of quantifying °®™Tc-DPD uptake was developed: SPECT data were analysed
using an in-house plugin of OsiriX v.9.0 (OsiriX Foundation, Switzerland), an open-source application
for viewing and processing DICOM (Digital Imaging and Communications in Medicine) images [32]. The
centre of ¥"Tc-DPD uptake was manually delineated along the short axis of the myocardium using
three one-voxel-thick regions at the base, middle, and apex of the heart (Fig. 1). From these sampling
regions a 16-segment dataset was extracted, where uptake was expressed in counts [33]. The method

was validated against a similar approach (supplementary data have been supplied).

3. Whole heart
Absolute uptake throughout the heart was assessed using Q.Metrix (GE Healthcare, Chicago, IL, USA),
which was available on a Xeleris workstation. Q.Metrix utilises CT and SPECT segmentation tools. For

each patient the heart was outlined according to CT image data to produce an individual ROl on each



slice prior to generating a volume of interest (VOI) for the whole heart. This VOI was then copied to the

SPECT dataset for quantitation. Final results were expressed as percentages of injected doses.

4. Extracellular volume

Strong correlations between all of the *™Tc-DPD scintigraphy dataset pairs would not imply that each
approach accurately quantified amyloid burden independently: it would only suggest that we can be
more confident in the results of a single method with respect to their collective interpretation. Therefore
correlations were assessed between quantitative **"Tc-DPD scintigraphy data and the results of an
independent method: namely, the measurement of extracellular volume fraction (ECV) by CMR,
whereby extracellular volume expansion is indicative of the presence of cardiac amyloid. Forty-four of
the 74 patients underwent CMR acquisitions within six months of ©™Tc¢c-DPD acquisitions; the remainder
of patients were contraindicated for CMR or their acquisitions were performed outside of this time
window, which was applied to minimise the impact of disease change on the analysis ECV results were
separated by Perugini grade to investigate how ECV expansion relates to Perugini grade. Correlations
between ECV and quantitative 9mTc-DPD scintigraphy results were assessed to gain an understanding

of any underlying relationships.

Statistics

The datasets were analysed on IBM SPSS Statistics 25 software. Following assessments of normality
Mann-Whitney U tests were used to determine whether differences between datasets separated by
Perugini grade were statistically significant. Linear relationships between *"Tc-DPD uptake and ECV
data were hypothesised. Correlations were quantified with Pearson correlation coefficients and

expressed as coefficients of determination, R?, to evaluate goodness of fit of linear regression lines.

Results

Cardiac involvement was graded as 1 (n = 15), 2 (n = 39), or 3 (n = 20).
Coefficients of determination, representing correlations between dataset pairs, are listed in
Table 1. A strong correlation was observed in each case, suggesting that all three measures convey

comparable information with regard to °*™Tc-DPD uptake.



The quantitative results generated with each method were separated by Perugini grade (Fig.
2). A consistent pattern emerged: the grade-2 and grade-3 distributions were significantly greater than
the grade-1 distributions; however, none of the grade 3 distributions were significantly greater than the
grade-2 distributions. For the planar results the grade-3 distribution was significantly smaller than the
grade-2 distribution. In contrast to all of the relationships above, the median ECV was significantly
higher for the grade-3 distribution than it was for the grade-2 patient distribution, as shown in Fig. 3.

Linear relationships between °™Tc-DPD uptake and ECV datasets were evaluated with
Pearson correlation coefficients. Each assessment demonstrated a strong linear correlation. However,
heteroscedasticity was observed for high ECV values, which implies that linearity between ™Tc-DPD
uptake and ECV eventually breaks down. Spearman correlation coefficients, p, were, therefore,
generated to evaluate monotonic relationships. Both statistical parameters suggest that 9mTc-DPD
uptake is expected to be greater when ECV is greater (p < 0.001). The relationship between percentage
of injected dose and ECV and the statistical results are shown in Fig. 4.

Uptake within the left ventricle was regionalised using OsiriX (Fig. 5). The most significant
difference was observed between uptake in the septal wall and lateral wall of the left ventricle. A

significant difference between uptake in the base and the apex was also observed.

Discussion

To the best of our knowledge, no other study to date has investigated multiple techniques of quantitation
of myocardial **"Tc-DPD uptake for patients with cardiac ATTR amyloidosis. We hoped to gain an
understanding of how quantitative results should be interpreted if we are to accurately measure cardiac
amyloid burdens with them.

Three different approaches were used to examine radiotracer uptake in myocardial tissue in 74
patients. We separated the results by Perugini grade, assessed correlations between datasets, and
compared the datasets to the results of an independent method. We also regionalised %™Tc-DPD
uptake in the myocardia of patients’ left ventricles to gain a greater insight into °*™Tc-DPD uptake
patterns.

The strong correlations we found suggest that any of the investigated techniques could be
employed to quantitatively assess *°™Tc-DPD uptake in ATTR-positive patients. However, although all

of the quantitative approaches may yield similar clinical interpretations to each other in the future, their



results will not necessarily correlate with the amount of amyloid because the relationship between
radiotracer uptake and burden of cardiac amyloid is still not clear.

Results reported here show that grade-1 patients were, on average, distinguishable from grade-
2 and grade-3 patients in terms of ®¥"Tc-DPD uptake. However, median uptake in grade-3 patients was
either not statistically different to uptake in grade-2 patients or it was significantly less. Thus, on the
basis of our results, the postulation of the Perugini grading system that higher grades represent greater
cardiac uptake is false. Hence Perugini grades, contrary to their classifications, do not translate to
meaningful quantitative information across a wide range of uptake patterns.

The Perugini approach is subjective for patients with borderline uptake patterns. Further, the
grades do not necessarily convey prognostic information: it has been demonstrated that survival
outcomes between patients whose cardiac uptake patterns have been assigned grade 1, grade 2, and
grade 3 do not differ; and, once diagnosed, all of these patients follow the same treatment pathway [30,
34]. There is, therefore, a need to question its clinical utility, especially for differentiating grade-2 and
grade-3 patients. It is the presence of cardiac amyloid indicated by abnormal %™Tc-DPD uptake in the
heart rather than Perugini grade of uptake that confers prognostic significance for patients with ATTR
amyloidosis [34].

Our previous findings showed that amyloid deposition in extra-cardiac skeletal muscle gives
rise to three-compartmental competition for radiotracer between bone and amyloid in myocardial tissue
and amyloid in skeletal muscle [34, 35]. Through this latest study we present evidence of this
phenomenon interfering with the interpretation of cardiac amyloid burden from 9mTc-DPD uptake. If
amyloid deposition in extra-cardiac soft tissue is substantial, it would follow that some patients with
larger cardiac amyloid burdens would have less °™Tc-DPD uptake in myocardial tissue than patients
with lower cardiac burdens in whom skeletal muscle amyloid was less pronounced. This seemingly-
insurmountable phenomenon may well have implications for serial studies in individual patients, who
may have progressive skeletal muscle involvement during study intervals.

A supplementary technique which was not investigated here is the calculation of radiotracer
retention values, which a number of other groups utilise. Perugini et al posed that ATTR patients, AL
patients, and controls can be differentiated by calculating **Tc-DPD retention between acquisitions at
5 minutes (early) and 3 hours (late) after administration [24]. Further, another group demonstrated that

a H/WB value greater than 7.5 was a significant predictor of survival for patients who had not



experienced major adverse cardiovascular events [29]. However, as it stands, early imaging is not
performed at the NAC because, for the added scanning time, it is not deemed to add diagnostic value
to our current clinical algorithm [30]. We, therefore, could not investigate retention as a quantitative
parameter, which we accept as a shortfall of this investigation.

We did investigate one planar-based metric, H/CL, which was simple and versatile. Frequently,
however, it was necessary to alter the ROIs to avoid inclusion of counts from underlying and overlying
anatomical structures, including the sternum, liver, ribs, and spine. Moreover, despite the lack of
published guidelines, it is known that lung uptake can be present in a substantial proportion of patients,
a phenomenon that would also contribute unwanted counts to ROIs that cannot be differentiated from
counts originating in myocardial tissue (Fig. 6) [36]. There is a chance that this caused H/CL to be a
spuriously-low surrogate of cardiac amyloid burden in some high-grade patients. Another fundamental
disadvantage to quantifying ®®"Tc-DPD uptake in planar images which reduces quantitative accuracy
is the lack of a reliable method of attenuation correction.

Our SPECT-based methods circumvented the issues associated with two-dimensional imaging.
Radiotracer uptake is visualised in three dimensions; theoretically, then, SPECT-CT can play a role in
highlighting the location and characteristics of radiotracer uptake with improved accuracy and precision.
We demonstrated that quantitation of **™Tc-DPD SPECT data of the left ventricle was a good surrogate
of total cardiac uptake despite being measured with a one-voxel-thick sampling region. We also showed
that ®°*™Tc-DPD uptake, which is regularly non-uniform across myocardial tissue, was more likely to be
found in septal and basal regions than in lateral and apical regions. Another benefit was that CT data
could be utilised for visualising cardiac boundaries for the purposes of outlining. Nonetheless, our
guantitative planar results correlated strongly with the quantitative SPECT and ECV results. As such,
the added value of SPECT was lower than expected.

Similarly to radiotracer retention, a benefit of adopting H/CL would be that it has already been
shown to convey valuable prognostic information, where H/CLs greater than 1.6 were associated with
poorer survival outcomes [37]. However, the authors of this particular study demonstrated that, in a
population of patients with advanced ATTR amyloidosis, °™Tc-PYP uptake did not alter despite
evidence of marked disease progression. This suggests that this method is insensitive to changes in
radiotracer uptake or that uptake does not correlate with disease extent for high-grade uptake. Either

conclusion would render the technique, like our other, SPECT-based approaches, inappropriate for
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repeat quantitative studies, where changes in uptake must be confidently assumed to match changes
in cardiac amyloid burden.

Assuming that greater ECV is indicative of greater amyloid deposition, our strong correlation
coefficients would suggest that there is a strong association between ™Tc-DPD uptake in the heart
and cardiac amyloid burden. But since ECV is not a proven gold standard and since correlation does
not imply causation, it would be naive to assume this across a wide range of cardiac involvement, for
strong correlations between °MTc-DPD uptake and ECV might be attributable to a cause which is
different to amyloid deposition. Furthermore, the correlations deteriorated with Perugini grade: grade-3
patients, on average, presented with significantly greater ECV than grade-2 patients but the equivalent

was not true for °*mTc-DPD uptake.

Future

The molecular basis of the %*™Tc¢c-DPD binding mechanism to amyloid fibrils remains unknown. Our
understanding is further hampered by the fact that its uptake patterns, like any tracer, are dynamic in
nature. The interdependence of three compartments—bone, myocardial tissue, and soft tissue—
presents a major challenge to quantifying uptake in any particular site, regardless of whether
guantitation is performed on planar or SPECT data. The inability to accurately measure cardiac amyloid
burden with 9MTc-DPD scintigraphy for high-grade patients is a major issue with respect to predicting
prognostic outcomes of patients diagnosed with cardiac ATTR amyloidosis.

However, this should not dissuade other groups from investigating the utility of quantitation for
low-grade patients. A follow-on project subsequent to this study might entail undertaking one or more
of the following: a technical investigation similar to ours where patients who exhibit a greater range of
amyloid burdens are recruited over a longer period of time to further our understanding of how the
disease develops in its early stages and to minimise the likelihood of selection bias; an attempt to
reliably express quantitative values as predictors of morbidity and survival, already explored to an extent
for retention and H/CL with planar data; or a mechanistic study of " Tc-DPD uptake, where radiotracer
kinetics are studied in detail and quantitative results are corroborated with other biomarkers to further
our understanding of what uptake actually implies [29, 37]. Although interobserver variability was not

an issue by virtue of there being one person drawing regions, any future study should better attempt to
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account for both interobserver and intraobserver variability by recruiting more observers and by

commenting on differences between their results.

Conclusions

We developed and tested three approaches to quantitation of %" Tc-DPD uptake in myocardial tissue
to assess its relationship with cardiac amyloid burden. Quantitation of %™Tc-DPD uptake in cardiac
transthyretin amyloid deposits is complex and is hindered by competition for radiotracer with amyloid in
skeletal muscle. The latter underlies differences in uptake between grade-2 and grade-3 patients, not

cardiac uptake.
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Supplementary data

Myovation™ (GE Healthcare, Chicago, IL, USA), a dedicated cardiac application for Xeleris

workstations, was employed to quantify ®*™Tc-DPD uptake in the myocardial tissue of left ventricles for
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the same cohort of patients. The resultant data was used to validate the results generated with OsiriX
and its particular method of outlining uptake in the left ventricle.

For each patient an experienced nuclear medicine technologist defined the axes of the heart in
Myovation™, which then determined the centre of uptake along the short axis of the heart automatically.
Unlike OsiriX, Myovation™ generates a 17-segment parametric polar map of radiotracer uptake, which
incorporates the tip of the apex in the 17" segment. As with OsiriX, sampling regions were one-voxel
thick.

Although a strong correlation between the results of both methods was found (p < 0.001), in
27 cases (12.6 %), representing the images of ten grade-1 patients (13.5 %), the Myovation™ approach
to quantifying uptake in the left ventricle could not process the data due to insufficient numbers of
counts. The OsiriX method did not suffer from this drawback as it benefitted from manual drawing tools.
However, despite both techniques measuring counts from the same anatomical region, the OsiriX
method consistently produced results smaller than the Myovation™ method, as shown in Fig. 7.

Spatial resolution of SPECT images is an important factor in the context of precise quantitation
(Fig. 8). The bias observed between the two datasets may be due to differences in interpolation settings,
which could be altered in OsiriX but were unknown and unalterable in Myovation™,

Thus the OsiriX approach was considered superior for quantifying radiotracer uptake in the left

ventricle.

Captions, figures, and tables
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Fig. 1. Delineation of 9"Tc-DPD uptake in the left-ventricular base of the myocardium is

diagrammatically presented.

Parameters (n) R2 (p)
H/CL (74) and OsiriX (74) 0.646 (< 0.001)
H/CL (74) and Q.Metrix (74) 0.619 (< 0.001)
OsiriX (74) and Q.Metrix (74) 0.637 (< 0.001)

Table 1: Coefficients of determination and statistical significance.
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Fig. 2: Results separated by Perugini grade for (a) H/CL, (b) OsiriX, and (c) Q.Metrix. p values
representing the statistical significance of differences (grade 1 vs grade 2; grade 2 vs grade 3) were as
follows: H/CL (< 0.001; 0.01), OsiriX (< 0.001; 0.35), and Q.Metrix (< 0.001; 0.60).
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Fig. 3: ECV results separated by Perugini grade. p values for the comparisons of the grade 1 and grade

2 distributions and the grade 2 and grade 3 distributions were p < 0.001 and 0.01 respectively.
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Fig. 4: Percentage of injected dose results plotted against ECV results. Correlation (R?, p; p, p) with
ECV was strong for H/CL (0.27, p < 0.001; 0.21, p < 0.001), OsiriX (0.55, p < 0.001; 0.48, p < 0.001),
and Q.Metrix (0.53, p <0.001; 0.54, p < 0.001).
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Fig. 5: The quotients of uptake in different regions of the left-ventricular myocardium as regionalised
with OsiriX. Significant differences were observed between septal wall and lateral wall (p < 0.001) and
the base and apex (p = 0.02) but not between the anterior wall and inferior wall (p = 1.00).

Fig. 6: A grade 3 patient with extensive %®"Tc-DPD uptake in soft tissue. Uptake in underlying and
overlying structures around the heart contribute unwanted counts.
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Fig. 7: (&) A histogram of differences; (b) a Bland-Altman plot, where the solid and dashed lines
represent the mean, y, and y + (1.96 % o) respectively. A bias between the results of the OsiriX and

Myovation™ methods was found, where smaller values were always generated with OsiriX
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Fig. 8: °9mTc uptake visualised in OsiriX with (a) and without interpolation applied (b).
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