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Enhanced definition PET for cardiac imaging

Ludovic Le Meunier, PhD,*< Piotr ]. Slomka, PhD,*” Damini Dey, PhD,*"
Amit Ramesh, MSc,” Louis E. ]. Thomson, MBChB, FRACP,* Sean W. Hayes,
MD,? John D. Friedman, MD,? Victor Cheng, MD,* Guido Germano, PhD,*"
and Daniel S. Berman, MD*"

Background. We aimed to determine in phantom and cardiac clinical studies the impact of
a new high-resolution PET image reconstruction.

Methods. A phantom with cardiac insert filled with '3F, 14 '3F-FDG viability studies and 15
82Rb perfusion studies were acquired on a Siemens Biograph-64 (4-ring). The data were
reconstructed with 2D- and 3D-attenuation weighted ordered subsets expectation maximization
(AWOSEM), and high-definition reconstruction (HD-PET). We calculated wall/cavity contrast,
contrast-to-noise ratio (CNR), wall thickness, motion/thickening and ejection fraction.

Results. In the phantom study, we found an increase in defect size (up to 26 %), contrast (up
to 48%) and CNR (1.9) with HD-PET as compared to standard techniques. The contrast
increased on HD-PET images compared to 2D- and 3D-AWOSEM for viability (14.0% + 4.8%)
and perfusion studies (7.3% + 4.3%) (P < .05). Average CNR increased with HD-PET by
79.4% + 17.1% and 68.8% = 3.0% in viability and perfusion studies respectively (all P < .05).
Average wall thickness with HD-PET decreased in the phantom study by 1.3 + 0.3 mm and the
viability studies by 1.9 + 0.7 mm but not in the perfusion studies. The functional measurements
were not significantly different for any techniques.

Conclusions. We demonstrated both in phantom and patient cardiac studies that HD-PET
improves image contrast, defect definition, and CNR. (J Nucl Cardiol 2010;17:414-26.)
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INTRODUCTION

Reconstruction techniques have an impact on image
quality and quantitative analysis in cardiac PET.
Recently, new high-resolution reconstruction techniques
which take advantage of resolution recovery principles
have been presented.'™ In particular, high definition
reconstruction for PET (HD-PET) has been introduced
by Siemens Healthcare Molecular Imaging (Knoxville,
TN).5 Unlike the classic reconstruction techniques, this
new iterative reconstruction algorithm compensates for
the distortions introduced in the final images by the
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circular geometry of the scanner. The result is an image
with improved spatial resolution and a better control of
the noise.’

In this work, we hypothesized that HD-PET pro-
vides cardiac images with a higher technical quality and
we aimed to verify this in a cardiac phantom and in
patient images. We tested the impact of HD-PET on
image contrast, noise and myocardium wall thickness.
We compared HD-PET reconstruction to regular 2D and
3D reconstruction techniques used at our institution.
Phantom experiments were performed with Fluorine-18
and patient images were obtained with Fluorine-18
fluorodeoxyglucose (‘"*F-FDG)° and perfusion studies
were obtained using Rubidium-82.” We show significant
improvements in technical cardiac image quality with
the use of the high-resolution reconstruction.

MATERIALS AND METHODS

PET Acquisition and Reconstruction

All images were acquired on a Siemens Biograph-64
TruePoint PET/CT with the TrueV option. This 3D system
consists of a 64-slice CT and a PET scanner with 4 rings of
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Iutetium oxyorthosilicate (LSO) detectors with a detector ele-
ment dimensions of 4 x 4 x 20 mm>.® The image plane
spacing is 2 mm. The PET axial and transaxial FOV are 216
and 605 mm, respectively. The coincidence time window and
the energy window are respectively 4.5 ns and 425-650 keV.
The data was acquired in list mode format. A full description
of the system performance can be found in Townsend et al.”

HD -PET Reconstruction Principle

When a gamma photon is detected by a PET system, it has
to travel a certain distance before the crystal converts its
energy into light. A gamma photon coming from the center of
the field of view is likely to be localized on the correct line of
response (LOR). However, if the photon is emitted away from
the center of the FOV, it strikes a crystal at an angle because of
the circular geometry of the tomograph. In this case, the
gamma photon is likely to continue traveling to the adjacent
detector element. This results in an incorrect LOR and dis-
tortions in the final image. The probability that the photon is
correctly localized decreases when the distance to the center of
the FOV increases. These distortions have a negative impact
on the spatial resolution and on the noise in the reconstructed
images. See Figure 1 for the illustration of the problem.

A point spread function (PSF) describes the response of
an imaging system to a point source in the FOV. The responses
of a point source at given 3D locations of the FOV can be used
to recover the original shape and form of the imaged object

Conventional PET

AW-OSEM interpolates
between sinogram bins
with linear interpolation

Le Meunier et al 415
Enhanced definition PET for cardiac imaging

(Figure 1). Those individual PSFs have been experimentally
obtained in the factory for all 3D locations within the FOV for
a given scanner model. While standard reconstruction assume
the PSF to be the same everywhere in the FOV, HD-PET
incorporates individually measured PSFs in the reconstruction
process and then effectively localizes the photons on the right
LORs. Consequently, the blurring and distortions in the final
image are significantly reduced, leading to a better control of
the noise and an improved more uniform spatial resolution.’

Phantom Experiments

We used a RSD Alderson Thorax phantom (Radiology
Support Devices, Inc.) with cardiac insert to test the capabil-
ities of HD-PET in cardiac imaging. We filled the myocardial
wall and cavity respectively with 110 and 11 kBg/mL of '®F
(Figure 2). We acquired the phantom images for 10 minutes
and repeated this experiment with two cardiac defects in place
(defect #1 volume: 13.5 mL; defect #2 volume: 41.7 mL). All
the other acquisition parameters were set up to mimic patient
acquisition (see below for details).

Patient Acquisition

We evaluated retrospectively '®F-FDG viability and 5°Rb
perfusion patient studies performed for clinical indications.
IRB was obtained for retrospective analysis of these data.

HD-PET

_PSF_

HD+PET interpolates
between sinogram bins
with spatially variant
point spread functions

PSF__
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N
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Figure 1. HD-PET principle. Due to the circular geometry of the tomograph, photons emitted off
center of the field of view are incorrectly localized on the line of response creating image
distortions in conventional PET (leff). HD-PET (right) uses measured point spread functions (PSF;
middle) to correct for those distortions consequently improving noise and spatial resolution in the

reconstructed images.
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Figure 2. Photograph and PET/CT fusion image of '®F filled RSD Alderson Thorax phantom
(Radiology Devices, Inc.) with cardiac insert used in this study. The slice selected in the fusion

image is materialized on the photograph.

'SEFDG viability studies. The overall study
population consisted of 14 consecutive patients (13 males and
1 female) referred for myocardial viability assessment. The
average age of these patients was 66 + 11 years, the average
weight was 82 + 13 kg (182 + 28 1bs) (range 63-129 kg;
139-284 1bs), and the average body mass index (BMI) was
28.3 £ 5.9 (range 22.2-46.4).

After at least 4 hours of fasting, 370 MBq of '*F-FDG
was injected intravenously to all patients. A 60-minute uptake
phase followed the injection. After a 2.8-second topogram
acquisition (120 peak kilovoltage (kVp)), patients underwent a
CT scan for attenuation correction (CTAC). The CT parame-
ters were spiral mode, slice thickness 3.0 mm, total scan time
3.36 seconds, pitch 1.5, rotation time 0.5 seconds, collimation
24 x 1.2 mm, tube voltage 120 kVp, tube current 11 mAs and
patient dose 0.74 mGy (0.3 mSv).

Subsequently, '*F-FDG emission data were acquired for 1
bed position around the heart (216 mm coverage, identical to
the CT protocol). ECG-gated 10-minute acquisition was per-
formed in 3D and in list mode. During both the CT and the
PET acquisitions, the patients were instructed to breathe
normally.

S2Rb perfusion studies. The overall study popu-
lation consisted of 15 consecutive patients (11 males, 4
females) who underwent a rest S°Rb PET/CT scan which was
part of a rest/stress study. The average age of these patients
was 68 = 15 years, the average weight was 76 = 20 kg
(167 + 43 1bs) (range 47-103 kg; 104-227 Ibs), and the average
BMI was 25.3 + 6.5 (range 13.6-37.4).

All patients underwent a rest/stress “Rb PET/CT study.
Images were acquired in 3D and list mode with CT-based
attenuation correction. Patients were studied after 24-hour
abstinence from caffeinated drinks. Patients were instructed to
perform normal breathing throughout the duration of the whole
scan as reported in previous studies.” A 2.8-second topogram
acquisition with 120 peak kVp was followed immediately by
the CT scan for AC. The CT acquisition parameters and
breathing instructions were identical to the CT acquired for the
viability studies.

Subsequently, rest PET images were acquired starting at
the injection time. Typically, the injected dose was 30 mCi of
82Rb for patients under 200 Ibs, 40 mCi for patients between
200 and 250 1bs, and 50 mCi for patients over 250 1bs.

After completion of rest *?Rb scan, patients underwent
stress adenosine scan. However, stress images were not con-
sidered in this work since the misregistration between PET and
CT due to breathing motion could introduce a bias in the
results, as it is likely to be larger during the stress part of a
82Rb perfusion study.

Reconstruction Protocols

Both phantom and patients emission data were recon-
structed with the standard reconstruction technique used at our
institution, 2D-attenuation weighted ordered subsets expecta-
tion maximization (AWOSEM). All data were also
reconstructed with 3D-AWOSEM and HD-PET methods. The
reconstruction matrix was 168 x 168 x 109 with a zoom of 2
and the pixel size was 2 x 2 x 2 mm°>. Scatter correction,
decay correction and random correction have been applied to
the reconstructed images. The attenuation correction was
CT-based. For ¥Rb perfusion images, prompt gamma cor-
rection was included in the scatter correction.'”

For the phantom images, we used a number of maximum
likelihood (ML) equivalent iterations (defined as the product of
the number of iterations and the number of subsets) ranging
from 8 to 112'' to establish the optimal number of iterations
(total of 11 reconstructions per iterative reconstruction tech-
niques). No post-filtering, 3D 2-mm and 4-mm Gauss filtering
(GF) were applied to the images.

For patients’ studies, static and 8-bin ECG-gated images
were generated with 2D-AWOSEM, 3D-AWOSEM and
HD-PET after the sorting of the list file. Since the optimal
spatial resolution with HD-PET was found to be 2 mm,5 we
chose to filter all patient images with a 2-mm GF. Recon-
struction parameters established during the phantom imaging
were applied to patient studies. For the 5°Rb rest studies, the
first two minutes of the list file were ignored to allow blood pool
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clearance and the next three minutes of acquisition were used to
generate sinograms. The number of iterations was chosen based
on the phantom results. The quality of the registration between
PET and CT was first estimated by experienced nuclear cardi-
ology technologists using fused images in the Siemens 3D
software on a Leonardo workstation (version Syngo 6.0). When
a misalignment was identified, a manual registration matrix
with 3D translations was generated by the technologists and
applied before the final reconstruction process. Both the origi-
nal CT-PET alignment and the alignment after manual
registration were checked by the physicians. Manual CT-PET
registration was performed in 3 cases out of the 14 viability
patients and in 2 cases out of the 15 perfusion patients.

Image Analysis

Short-axis reorientation and automatic contouring of the
left ventricle for phantom and patients’ images were done
automatically using QPET software (Cedars Sinai Cardiac
Package) for which input were transverse slices of recon-
structed PET images.'> The myocardial wall segment analysis
was done with the 17-segment American Heart Association
(AHA) model."

Myocardium to blood contrast and con-
trast-to-noise ratio. Volumes of interest (VOI) over
the left ventricle and the blood pool (significantly larger than
the spatial resolution in the image) were automatically derived
based on the QPET segmentation of the left ventricle. We
calculated the contrast (Cont) between the blood pool and the
myocardial wall, and the contrast-to-noise (CNR) as follows:

mean(Ventricular_VOI)
Cont =
mean(Blood_VOI)
mean(Ventricular_VOI) — mean(Blood_VOI)
RMS_Noise(Blood_VOI)

CNR =

where RMS_Noise is the root mean square of the noise
as defined by the standard deviation of the blood VOI.
For the phantom, contrast and CNR have been obtained
for all the reconstruction parameters studied. For the
patients’ studies, contrast and CNR were calculated
from static summed images, globally and for each of the
17 AHA segments, and separately from all 8 gates. To
provide optimal reconstruction parameters for each of
the reconstruction techniques, we have first derived the
optimal number of iterations for each technique for
which maximal myocardial CNR was obtained in the
phantom experiment.

Contrast between defect and maximum
uptake in myocardium. We have calculated the con-
trast between the average of the closest neighbors around the
minimum (27 voxels) in segments with defects, and the aver-
age of the closest neighbors (27 voxels) around the maximum
of the myocardium. The segments with defects have been

specified using the original physician report based on
2D-AWOSEM images.
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Phantom myocardial defect size. To test the
effect of HD-PET reconstruction on myocardial defect quan-
tification, we used Cedars-Sinai Cardiac QPET package, which
includes direct change analysis and allowed us to compare the
phantom acquisitions with and without defects, without the use
of normal databases. The analysis method is based on a direct
voxel-by-voxel subtraction of these images after iterative
normalization of counts.'* The same left ventricular contours
derived from the first scan (without defects) were used for
datasets with and without defects (Figure 3). In this analysis,
we used a 3% threshold change established empirically spe-
cifically for the phantom data, based on the count statistics and
count variability in the myocardial phantom region without
any defects.

Myocardial wall thickness and wall vol-
ume. Using the contours automatically detected by QPET,
we estimated the myocardial wall volume for patients’ studies
and for all the reconstruction methods considered in this work.
We also measured the wall thickness defined as the full-width
half-maximum (FWHM) of a profile taken on the images at
mid-long axis.

Ejection fraction, wall motion and wall
thickening. The ejection fraction defined as the percentage
difference between end-diastole and end-systole volumes
automatically detected by QPET have been reported in this

Figure 3. Defect quantification with Cedars-Sinai Cardiac
Package. Short axis, vertical and horizontal axis view of the
phantom without defect (left, first column), with defect (left,
second column) and of the change between the two (left, third
column). Corresponding polar maps are shown in the furthest
column on the right. The volumes of the defects are 13.5 and
41.7 mL.
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Figure 4. Myocardium/blood pool contrast (fop) and CNR (bottom) on phantom images recon-
structed with 2D- (crosses) and 3D-AWOSEM (white dots), and HD-PET (black dots) vs the number
of ML equivalent iterations with no filtering (left), 2-mm (middle) and 4-mm Gauss filter (right).

work. QPET also provides us with global wall motion and
global wall thickening and for each segment of the 17-segment
AHA model used in this work. These algorithms have been
recently optimized and validated for PET. '

Statistical Analysis

All continuous variables are expressed as mean * one
standard deviation. Paired #-tests were used to compare dif-
ferences in paired continuous data, and McNemar’s tests were
used to compare differences in paired discrete data. For
unpaired continuous data, one-way ANOVA was used. All
statistical tests were 2-tailed, and a value of P < .05 was
considered significant.

RESULTS

Reconstruction Time

For all the reconstructions, we used Windows XP
PC with two 2.33 GHz Intel Xeon processors. After the
list mode sorting phase, the reconstruction time of the
static images (matrix size 168 x 168 x 109) was
1 minute 57 seconds for 2D-AWOSEM (3 iterations 8
subsets, 24 ML equivalent iterations), 1 minute 58 sec-
onds for 3D-AWOSEM (3 iterations 14 subsets, 42 ML
equivalent iterations) and 2 minutes 35 seconds for

HD-PET (4 iterations and 14 subsets, 56 ML equivalent
iterations). The gated reconstruction time was 8 minutes
28 seconds for 2D-AWOSEM, 9 minutes 24 seconds for
3D-AWOSEM and 14 minutes 27 seconds for HD-PET.

Phantom Results

Contrast and contrast-to-noise ratio. In the
phantom study with a 2-mm GF, we found that the
highest myocardium-blood CNR with HD-PET was
reached with 56 ML equivalent iterations (4 iterations
and 14 subsets) vs 24 for 2D-AWOSEM (3 iterations and
8 subsets) and 42 for 3D-AWOSEM (3 iterations and
14 subsets). We found that the optimal number of iter-
ations for HD-PET derived from our phantom study was
in agreement with an optimization study recently pub-
lished by Kadrmas et al.'® Figure 4 shows the contrast
and CNR vs the number of iterations for different filters
for HD-PET and the two other reconstruction methods.
Both contrast and CNR were increased with HD-PET
compared to conventional reconstructions. The contrast
increase between HD-PET and the conventional recon-
struction methods ranged from +12.0% to +47.9%
depending on the post-filtering (all P < .05). Table 1
shows the increases in contrast for HD-PET. Subse-
quently, the most optimal parameters providing highest
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Table 1. Myocardial/blood contrast increase in phantom images reconstructed with HD-PET

compared to 2D-AWOSEM and 3D-AWOSEM

HD-PET (56 ML ite.) vs No-filter

2-mm Gauss filter 4-mm Gauss filter

2D-AWOSEM
3D-AWOSEM

+47.9% (16 ML ite.)
+34.3% (28 ML ite.)

+28.0% (24 ML ite.)
+18.3% (42 ML ite.)

+22.2% (28 ML ite.)
+12.0% (56 ML ite.)

Ite., Iterations.

CNR for each reconstruction technique were used for all
further comparisons. Since the phantom results were
similar for all three levels of filtering, we chose to apply
the 2-mm GF to the rest of the phantom experiments and
to the patient images.

Phantom myocardial wall thickness. We
found that the wall thickness measured as the FWHM
was 11.1 = 0.6 mm for 2D-AWOSEM, 10.3 + 0.7 mm
for 3D-AWOSEM and 9.4 + 0.3 mm for HD-PET. The
HD-PET was the closest to the physical wall thickness of
the phantom (9.0 mm).

Myocardial defect size. Relative defect size
was higher for HD-PET as compared to other recon-
structions. The estimated defect size went from 40.2 mL
for 2D-AWOSEM and 43.2 mL for 3D-AWOSEM, to
49.2 mL for HD-PET. The global defect size was
underestimated for all the reconstructions techniques;
however, HD-PET was the closest to the real size in the
phantom (55.2 mL).

Contrast between defect and maximum
uptake in myocardium. We found that the maxi-
mum-to-defect contrast in the phantom was significantly
improved with HD-PET (8.7 £ 0.2) as compared to
2D-AWOSEM (6.8 + 1.4) and 3D-AWOSEM (7.0 £
1.0).

Patient Results

All patient images have been reconstructed with
reconstruction parameters optimized in the phantom
experiments. We used 3 iterations and 8 subsets for
2D-AWOSEM (24 ML equivalent iterations), 3 itera-
tions and 14 subsets for 3D-AWOSEM (42 ML
equivalent iterations) and 4 iterations and 14 subsets for
HD-PET (56 ML equivalent iterations).

Contrast and contrast-to-noise ratio. CNR
and contrast were significantly increased with HD-PET
for both "®F-FDG and ®*’Rb scans. The CNR for static
viability (perfusion) images reconstructed with HD-PET
was increased by 1.8 (1.6) compared to 2D-AWOSEM
and 1.6 (1.6) compared to 3D-AWOSEM (all P < .05).
The myocardial VOI on the static images showed an
average contrast increase with HD-PET of 12.6% =+
6.8% (+4.5% = 6.7%) and 17.6% + 6.4% (+8.5% +
2.6%) compared to 2D- and 3D-AWOSEM respectively
(all P < .05). All results are summarized in Table 2.
None of the segments show a change in contrast with
HD-PET significantly different from any other segment,
as shown by Bland-Altman analysis. Full results per
segment are given in Table 3 (viability studies) and
Table 4 (perfusion studies). Examples of the contrast

Table 2. '8F-FDG viability and 8?Rb perfusion studies—CNR, contrast, maximum-to-defect contrast
with HD-PET compared to 2D-AWOSEM and 3D-AWOSEM (static and gated reconstructions)

CNR Contrast
Static Gated Static Gated Max-to-defect contrast

'8E_FDG viability

2D-AWOSEM 256+ 13.0 10.3 £ 4.1 4.7 £+ 1.8 45+ 15 7.4+ 4.0

3D-AWOSEM 27.7 + 13.1 11.8+54 44+ 1.6 43+ 1.4 7.3 + 3.6

HD-PET 449 + 21.0 209 +9.8 53+ 2.1 49 + 1.6 9.0+48
82Rb perfusion

2D-AWOSEM 104 +4.4 4.1 = 1.7 2.5+0.5 25+05 3.0+ 0.7

3D-AWOSEM 10.7 £ 4.0 4.1+ 15 24 +0.4 2304 29 + 0.6

HD-PET 17.6 £ 5.9 70+ 2.8 26 +05 2.6 +£05 3.2+0.7

We considered 64 segments with defect for viability patients and 25 segments with defect for perfusion patients. All P < .05.
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. m ° _ 18 and CNR comparisons in static and gated images for all
< g 8 % Z reconstruction methods are shown in Figures 5, 6 and 7.
E = ~ = | = Contrast between defect and maximum
Eﬁ\s 8 i) 8 uptake in myocardium. We found that for both
a <& © 2 " N f viability and perfusion patients, the maximum uptake-
) E g = g @ g S to-defect contrast was significantly increased with
2 m al © | o | § HD-PET (P < .05). All results are given in Table 2.
- =~ B Myocardial wall thickness and volume. In
: ; the static viability studies, we found significant decrease
a - P in the wall thickness and volume with the use of
= e 2 & E HD-PET. The average measured wall thickness (vol-
v 5 -2 »X S ume) changed from 18.2 + 3.2 mm (192.8 + 56.2 mL)
& g E c 2o % for 2D-AWOSEM and 18.0+33 mm (189.6 =
=0 = [ - 54.3 mL) for 3D-AWOSEM, to 16.2 + 3.5 mm (181.3 +
U 9 53.8 mL) for HD-PET (all P < .05). In the static per-
§ fusion studies, we found a significant decrease in the
- E wall thickness with HD-PET (21.8 + 2.3 mm) as com-
- 2 n n | = pared to 3D-AWOSEM (22.9 + 2.6 mm) but not as
Eo > N g compared to 2D-AWOSEM (22.3 + 2.6 mm). The
> :\o' ‘; ‘;‘ = measured wall volume was 150.2 + 36.8 for 2D-
<in = 5|2 AWOSEM, 1515 £364 for 3D-AWOSEM and
a % o8 w3 = 149.4 + 37.7 for HD-PET (all P = NS).
N 22 % o 8_ o |8 Ejection fraction, wall motion and wall
g @ 2 ¢! ol =z thickening. We found no statistically significant dif-
E E ferences in the ejection fraction (EF) measured on gated
e . T HD-PET viability and perfusion images compared to the
% . ~ ° ° - gated images reconstructed with standard methods. The
%OE Q o s average EF changes HD-PET studies in the 14 viability
=% oo P Z patients were —3.5% * 11.8% as compared to 2D-
.E". & o C”> = ﬁ o AWOSEM and —2.7% + 13.1% as compared to 3D-
-0l - = |3 AWOSEM (both p = NS). In the 15 perfusion patients,
L ?30 the EF changes for HD-PET were 5.2% = 17% for 2D-
g AWOSEM and 2.8% + 12.3% for 3D-AWOSEM (both
- < ~ £ P = NS). None of the 17 AHA segments show signifi-
",l_" ‘:I ‘:_‘I E cant changes in the wall motion or wall thickening
a — < fs estimated by QPET. The average global wall motion
1 T s 0 T (thickening) for the 14 viability patients was 3.68 +
c 2 1.02 mm (24.7% + 11.9%) for 2D-AWOSEM, 3.63 +
- 0 © ; 0.99 mm (26.3% + 13.6%) for 3D-AWOSEM and
8 a o ‘:l "8" 357+ 1.14 mm (24.3% + 153%) for HD-PET (all
g)o M, o = P = NS).
< < ~ <
- a
e o DISCUSSION
< 2 © |5
— n . HD-PET modeling of the 3D detector spatial
al + o] . . . .
N o N response during the reconstruction step is designed to
8 %) gg better control the noise in the reconstructed images in
2 o go general.” In this work, we have shown that HD-PET
b= ong improves significantly the technical image quality of
8 = g = §§ cardiac studies. The noise, contrast and wall thickness
o % g o g 88 were improved in phantom, viability studies and perfu-
v 5 EIJ S » < ?‘9 sion studies (static and gated).
% e v © 9 ~ ‘g § The change in contrast and wall thickness can in
= - < O o most part be explained by the improved spatial
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resolution of HD-PET. 2D- and 3D-AWOSEM achieve
at best 4.7 mm spatial resolution in reconstructed PET
images in the center of the FOV.'” The spatial resolution
of these standard reconstruction techniques also
degrades in regions of interest off the center of the FOV
(to 5.6 mm at 10 cm from the center of the FOV and to
7.2 mm at 20 cm off the center) while HD-PET provides
an almost uniform resolution over the entire FOV.
Partial volume effects (PVE) greatly affect the accuracy
of cardiac PET images. The main source of PVE is the
spatial resolution in the reconstructed images. The rel-
atively low image resolution compared to the
myocardial wall thickness leads to an underestimation of
the tracer concentration in the myocardium wall.'® By
improving the spatial resolution, HD-PET limits the
impact of the PVE and provides higher contrast images
as compared to the standard reconstruction methods.
The smaller contrast improvement with HD-PET for the
perfusion studies as compared to the viability studies is
likely due to the larger positron range of *Rb (4.1 mm
vs 0.6 mm for '®F)' and consequently poor image
quality of the perfusion studies. However, perfusion
studies with new '®F based perfusion agent are being
introduced® and these studies will likely benefit more
from improved image resolution similar to the viability
studies.

The maximum defect contrast, related to the
severity of the defect, increased with HD-PET in both
phantom and patients images. We also have shown that
in phantom experiments, defects closer to the physical
defect sizes are observed with HD-PET as compared to
2D- and 3D-AWOSEM. In routine clinical cardiac
imaging, it is therefore reasonable to expect that defect
extent and severity will be changed with the use
HD-PET. The improved spatial resolution and noise
characteristics of HD-PET will likely allow detection of
smaller defects, consequently increasing sensitivity and
accuracy of diagnostics. However, this remains to be
evaluated in clinical studies.

HD-PET could become the preferred reconstruction
technique when doing low statistics acquisitions such as
dual (cardiac and respiratory) gating studies due to
better control of noise as demonstrated by the improved
CNR.

The reconstruction time is significantly increased
with HD-PET. However, based on our results, there are
significant improvements in image quality and defect
definition, which may be worth the extra reconstruction
time. It should be noted that faster computers can be
utilized for these reconstructions and it is likely that the
speed of these advanced reconstruction will be rapidly
improved in the near future.

We did not find any significant changes in the
ejection fraction, wall motion or thickening estimated by

0.209
0.060-0.358
0.026-0.393

Bland-Altman
0.210

HD-PET vs 3D
(bias, 95%LOAs)

Lin. reg.

(slope and r)
r = 0.9957

r = 0.9898

1.0887
1.0991

Bland-Altman
(bias, 95%LOAs)

—0.232 to 0.531
—0.195 to 0.475

0.150
0.140

HD-PET vs 2D

Lin. reg.

(slope and r)
r=0.9230

r=0.9367

1.059
1.0623

HD-PET
2.6 +0.5
2.4 +0.5

Average contrast
3D
24 +04
22+04

5
0.4

2D

22+

segments
16. Lateral
17. Apex

Contrast per segment for 2D- and 3D-AWOSEM and HD-PET. Linear regression slope and correlation, and Bland-Altman bias and 95% limits of agreement (LOA) are also

Table 4. continued
given for each segment.

82Rb perfusion

Apex
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Figure 5. Comparison of all reconstruction methods for cardiac '®F-FDG viability images in a
56-year-old male patient (weight, 77 kg [170 1b]; body mass index 27.6). The figure shows short
axis, vertical and horizontal long axis views of 2-mm Gauss filtered static images reconstructed

with 2D-AWOSEM, 3D-AWOSEM and HD-PET.

Figure 6. Example of image quality in gated viability study reconstructed with HD-PET.
A 51-year-old male patient (weight, 82 kg [181 1b]; body mass index 29.2) referred for '*F-FDG
cardiac viability assessment. The figure shows short axis, vertical and horizontal long axis views of
2-mm Gauss filtered end-diastolic images reconstructed with 2D-AWOSEM, 3D-AWOSEM and
HD-PET.

QPET for HD-PET as compared to the two other tech-
niques. The ejection fraction is calculated using the
difference between two automatically detected volumes
(end-diastole ED and end-systole ES ones), both of
which are affected by PVE in the same proportions.
QPET uses automatically detected endocardial and
pericardial contours for the wall motion (points at mid
way) and thickening (endo- and pericardial points)

evaluation. In all cases, the improvement with HD-PET
is canceled out by the estimation method. Therefore, we
did not observe global changes; however, it is possible
that wall thickening could be depicted more accurately
in individual cases but this remains to be validated.
Because of the better control of noise as demon-
strated by the improved CNR, HD-PET could become
the preferred reconstruction technique when doing low
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Figure 7. Example of image quality in static perfusion patient data reconstructed with HD-PET. A
59-year-old female patient (weight, 52 kg [115 1b]; body mass index 13.6) referred for **Rb cardiac
perfusion assessment. The figure shows short axis, vertical and horizontal long axis views of 2-mm
Gauss filtered images reconstructed with 2D-AWOSEM, 3D-AWOSEM and HD-PET.

statistics acquisitions such as dual (cardiac and respira-
tory) gating studies. Such studies have the potential to
improve the spatial resolution of images but they use a
large number of gates and are subjected to a high noise
in each gate, diminishing the diagnostic potential of the
images.

Study Limitations

No moving phantom (cardiac and respiratory
motion) was used in this study. There was no gold
standard for the clinical wall thickness or defect size and
no angiography data to confirm CAD. Our patient pop-
ulation had a limited range of BMI. Only one patient in
our cohort had a BMI higher than 40. In this patient, the
contrast was increased by 27.1% and the CNR by a
factor 2.0 compared to regular reconstruction tech-
niques. A study with high BMI patients is needed to
prove that our results can be extrapolated. We did not
apply ‘“Motion Frozen’’ processing method”' to gated
HD-PET images which could have further enhanced
image quality.

CONCLUSIONS

Our work on both phantom and patient cardiac
studies showed that HD-PET significantly improved
defect definition, image resolution, contrast and con-
trast-to-noise and provided equivalent functional
quantitative information compared to standard recon-
struction techniques. This improved technical quality

could lead to improved performance of cardiac PET/CT.
Further evaluation of the clinical impact of HD-PET on
cardiac imaging would appear to be warranted.
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