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Emission Computed Tomography
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Abstract

Cardiac parameters obtained from single-photon emission computed tomographic (SPECT) images can be affected by respiratory
motion, image filtering, and animal positioning. We investigated the influence of these factors on ultra-high-resolution murine
myocardial perfusion SPECT. Five mice were injected with 99m technetium (**™Tc)-tetrofosmin, and each was scanned in supine and
prone positions in a U-SPECT-Il scanner with respiratory and electrocardiographic (ECG) gating. ECG-gated SPECT images were
created without applying respiratory motion correction or with two different respiratory motion correction strategies. The images
were filtered with a range of three-dimensional gaussian kernels, after which end-diastolic volumes (EDVs), end-systolic volumes
(ESVs), and left ventricular ejection fractions were calculated. No significant differences in the measured cardiac parameters were
detected when any strategy to reduce or correct for respiratory motion was applied, whereas big differences (> 5%) in EDV and ESV
were found with regard to different positioning of animals. A linear relationship (p < .001) was found between the EDV or ESV and
the kernel size of the gaussian filter. In short, respiratory gating did not significantly affect the cardiac parameters of mice obtained
with ultra-high-resolution SPECT, whereas the position of the animals and the image filters should be the same in a comparative

study with multiple scans to avoid systematic differences in measured cardiac parameters.

N ADDITION TO tissue properties of the myocardium
I such as perfusion or viability, electrocardiography
(ECG)-gated cardiac single-photon emission computed
tomography (SPECT) can provide quantitative information
about ventricular volumes, ventricular ejection fractions,
and myocardial wall motion and thickness."™ In such
studies, image quality can degrade due to respiratory
motion. Respiratory gating has been applied in tomography
studies too, for example, for imaging lung areas.”® It involves
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rebinning of the projection data into respiratory gates that
represent different breathing phases. As the position and
orientation of the heart are also affected by respiratory
motion, it is prudent to investigate whether respiratory
gating may also reduce image blur in cardiac imaging and
improve cardiac imaging quality. As early as 1998, the
scheme for simultaneous ECG and respiratory gating (“dual
gating”) and an algorithm for respiratory motion compen-
sation were already developed and tested with phantoms for
clinical positron emission tomography (PET).” It was found
that the magnitude of the motion induced by respiration is
close to the myocardial wall thickness.>® As a result of this
study, many clinical cardiac studies are performed with
simultaneous ECG and respiratory gating to obtain better
resolved myocardial walls in the reconstructed images.'>"!
ECG gating has been evaluated for small animal SPECT
for assessing left ventricular function and has been applied
in studies where new pharmaceuticals were tested."*™'®
Simultaneous ECG and respiratory gating has been assessed
for a high-resolution (1 mm) microPET system.'® In this
study, it was found that although respiratory motion was
detectable in the images, its spatial extent and duration were
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small, and it could therefore likely be ignored for most
studies. However, whether the assessment of cardiac
function in SPECT with sub-half-millimeter resolution
can benefit from simultaneous ECG and respiratory gating
has not yet been investigated.

Image filtering is another factor that may influence the
assessment of cardiac function. Cardiac quantification
software usually fits a flexible three-dimensional (3D)
model of the left ventricle to the reconstructed activity in
the myocardium and calculates cardiac parameters via this
model. Image filtering changes the smoothness and
thickness of the reconstructed activity in the ventricular
wall, which may result in changes in the fit of the 3D
model to the left ventricle in the image. Therefore, image
filtering may change cardiac parameters that are calculated
from the fitted model. The effects of filtering have already
been observed in many clinical studies.?*** However, no
investigations of filtering effects on murine cardiac SPECT
have yet been published.

The position of an animal (supine or prone) during
scanning affects arterial filling, which may result in
differences in the cardiac parameters that are measured.
This has already been investigated in clinical studies.”>™*’
In these studies, changes in the left ventricular volume
were detected, but no significant differences in ejection
fraction were found. However, such a study has yet to be
performed for small animal cardiac SPECT. A change in
animal position may also change restrictions on thoracic
movement and thus may result in different levels of heart
motion due to respiration.

The aim of the present study was to investigate the
influence of respiratory gating, postreconstruction image
filtering, and mouse positioning on high-resolution ECG-
gated 99m technetium (**™Tc)-tetrofosmin myocardial
perfusion SPECT.

Materials and Methods

Animal studies were conducted following protocols approved
by the Animal Research Committee of the University Medical
Center Utrecht.

In Vivo Myocardial Perfusion SPECT of Mice

The U-SPECT-II (MILabs B.V., Utrecht, the Netherlands)
multipinhole system was used in the present work. This
dedicated small animal SPECT system has stationary
detectors. The highest achievable spatial resolution of this
system is < 0.4 mm for **"Tc imaging when using a
general-purpose mouse collimator (as was used in the

present study and is recommended by the manufacturer)
with 75 pinholes (0.6 mm diameter). The system accepts
three transistor-transistor logic (TTL) trigger signals for
gated studies through three Bayonet Neill-Concelman
(BNC) connectors mounted on the side panel. Both trigger
and photon-counting events are recorded in list mode.*®

Five C57-BL6/] mice (about 30 g each) were injected via
the tail vein with 200 to 250 MBq **™Tc-tetrofosmin in 0.3
to 0.4 mL. For each mouse, two focused cardiac SPECT
scans were performed, the first scan starting about 30
minutes postinjection. The first scan lasted 60 minutes,
whereas the second scan lasted 70 minutes to obtain
approximately equal numbers of counts in both scans (i.e.,
to compensate for the decay of 99mMT ) For each mouse, one
scan was performed with the mouse in a supine position,
whereas the other scan was performed with the mouse in a
prone position, and the position order was alternated for
different mice to avoid bias caused by the order of
positioning. A heating pad was placed between the mice
and the animal bed. The mice were anesthetized with a
mixture of 1.6 to 2.0% isoflurane in medical air (Univentor,
UNO B.V., Zevenaar, the Netherlands). ECG signals were
measured by using three ECG leads (Neonatal Monitoring
Electrode, 3M, Maplewood, MN), and the respiratory signal
was measured by using a respiration sensor (Graseby
Respiration Sensor, Medicare, Kilmacanogue, Ireland).
Both signals were sent to an animal monitoring and gating
module (BioVet, m2m Imaging, Cleveland, OH). Two
channels of trigger signals were produced by this device (one
channel for ECG signals and one channel for respiratory
signals), and these signals were sent to the U-SPECT-II
system via two BNC connectors.

Image Reconstruction and Strategies for Respiratory
Motion Compensation

Trigger events were recovered during list-mode data
processing. A histogram of the time intervals between
adjacent ECG trigger events was made for each scan, and a
window was set to accept only the intervals in the main
peak (width about 12%) of the histogram. This way, most
irregular heartbeats and spurious or missing trigger signals
were rejected. The same procedure was performed for the
time intervals between adjacent respiratory trigger events.
Next, each accepted ECG interval was divided into eight
cardiac phases, and each accepted respiratory interval was
split into eight respiratory phases. This resulted in 64
combinations of cardiac and respiratory phases. Each
photon count in the list-mode data was sorted into one of
64 projection data sets depending on how its time stamp
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located in the ECG and respiratory intervals, as illustrated
in Figure 1.

Images were reconstructed by a pixel-based ordered
subset expectation maximization algorithm (POSEM)>
with 16 subsets, and 6 iterations were performed. The
voxel size of the reconstructions was 0.2 mm. To study the
influence of respiratory motion, three different strategies
were applied to form 8 ECG-gated heart images from the
64 dual gated images.

First, for the “standard strategy,” images of all eight
respiratory gates that were in the same cardiac phase were
averaged directly. This way, the counts in all respiratory phases
were used, and no respiratory motion correction was applied.

Second, for the “motion-reduced strategy,” images of the
second up to the seventh respiratory gates that were in the
same cardiac phase were averaged directly. This strategy is
based on a hypothesis that significant respiratory motion
occurs only when a respiratory trigger signal is created, which
was revealed in Yang and colleagues.'” This way, counts
acquired in respiratory gates that correspond to the largest
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Figure 1. Dual gating scheme with eight ECG and eight respiratory
gates. A count that is, for example, in the second cardiac phase and the
sixth respiratory phase will be sorted into the projection data set
corresponding to this combination of phases. The reconstructed image
for this combination of phases is indicated by the white box.

respiratory motions were excluded from image formation,
and the resulting images may be less influenced by respiration.

Third, for the “motion-corrected strategy,” images of
all eight respiratory gates that were in the same cardiac
phase were first registered to each other and then averaged.
Details of the registration procedure are discussed in the
following section.

Image Registration for Respiratory Motion
Correction

Contraction and relaxation of the heart (i.e., cardiac phases)
mainly change the shape of the heart, whereas respiratory
motion primarily changes the position and orientation of
the heart as the diaphragm, the chest wall, and the lungs
move during breathing.” The influence of respiratory
motion on the cardiac images can therefore be corrected
by using a rigid registration procedure. In principle, any
dual-gated image can serve as a reference image for the
registration of dual gated images that correspond to the
same cardiac phase but to different respiratory phases.
However, the noise level in the 64 individual dual gated
images was relatively high because of the relatively low
number of counts with which each image was recon-
structed. Therefore, we did not determine the registration
parameters from these images directly; rather, we calculated
these parameters from eight respiratory-only gated images:
each of these images was an average of eight dual gated
images that corresponded to one respiratory phase but to
different cardiac phases. The resulting image corresponding
to the fifth respiratory phase served as the reference image
for registration of the images corresponding to the other
respiratory phases. As a result, seven transformation
matrices were obtained. These transformations were then
applied to the 56 dual gated images that corresponded to the
first to fourth and sixth to eighth respiratory phases.

The transformation matrices were calculated using the
elastix toolbox.”® The normalized correlation coefficient
(NCC) between two images was selected as the metric for
registration. To avoid influence of high activity uptake in
the liver and the gallbladder on the registration procedure,
a 3D elliptical mask that only covered the heart was used.
This mask was fixed to the reference image, and the
transformation matrices were calculated using only the
voxels inside the mask region.

Image Processing and Analysis

All ECG-gated images that were obtained by the three
strategies (standard, motion reduced, and motion corrected)
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were spatially filtered with gaussian kernels of 0.5, 0.6, 0.7, 0.8,
0.9, and 1.0 mm full width at half maximum (FWHM) and
then filtered along temporal frames (cardiac phases) by means
of a circular convolution with a (0.25, 0.5, 0.25) kernel
function. We analyzed these images with Corridor4DM
software (INVIA, Ann Arbor, MI).31 For the clinical
Corridor4DM software to accept mouse heart images, the
voxel size of the images was changed from 0.2 to 2 mm. The
cardiac volumes that were calculated by the software were
rescaled afterwards to correspond to the original voxel size.
After importing the images into Corridor4DM, an
initial manual reorientation of each image was performed
to roughly align the heart’s short axis (SA), vertical long
axis (VLA), and horizontal long axis (HLA) with the three
cartesian axes, after which the software automatically fine-
tuned the orientation using a built-in algorithm. Next, a
flexible 3D left ventricle (LV) model was fitted to the LV
walls in the images. The model uses gradient operators,
contiguity assumptions, and weighted spline interpolators
to detect and refine the LV endocardial and epicardial
surfaces.’! Using this model, the left ventricular volume
(LVV) in each cardiac phase was calculated and the
maximum and minimum LVVs of all cardiac phases were,
respectively, defined to be the end-diastolic volume (EDV)
and end-systolic volume (ESV). The left ventricular
ejection fraction (LVEF) was also provided by the software.
In addition to cardiac parameters, images were directly
compared by generating line profiles along different
positions and directions in the images. To this end, an
extra rigid registration was applied between the images.

Results

Respiratory Motion and Image Profiles

The transformation matrices that were obtained with the
motion-corrected strategy revealed that the largest heart
motion (about 1 mm translation) occurred in the eighth
respiratory phase in which the respiratory trigger signal
was created. The second largest heart motion (about
0.4 mm) occurred in the first phase, whereas the heart
motions in the rest of the respiratory phases were generally
less than 0.2 mm (Figure 2A), which is smaller than the
highest resolution that the imaging system can achieve
(about 0.35 mm). This finding is consistent with the
hardware-recorded respiratory signal (Figure 2B) and with
the hypothesis that significant respiratory motion occurs
only when a respiratory trigger signal is created, which is
the justification for the motion-reduced strategy (i.e., only
using the second up to the seventh respiratory gate).
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Figure 2. A, Respiratory heart translations that were calculated by
the rigid registration procedure in the motion-corrected strategy.
Relatively large translations were found only in the first and eighth
frames on average over all scans. B, Signal recorded by respiration
sensor.

Taking mouse 2 and mouse 5 as an example, almost no
visual differences were found between the cardiac image
slices and profiles corresponding to the three motion
correction strategies (Figure 3).

Cardiac Parameters

The 180 ECG-gated heart images, resulting from all
combinations between the five mice, the two positions,
the three respiratory motion correction strategies, and the
six gaussian filter kernels, were analyzed by Corridor4DM
software. The resulting cardiac parameters are listed in
Table 1. The EDV, ESV, and LVEF obtained from the
images that were formed by the “standard strategy” and
that were filtered with a 0.7 mm FWHM kernel were,
respectively, 50 = 11 pL, 22 * 8 pL, and 0.57 = 0.07
(average over the 10 scans). The mean values correspond-
ing to this strategy and filter kernel served as reference
values for comparing cardiac parameters obtained by other
combinations of motion correction strategies and filter
kernels. Note that in this work, the values of LVEF are
expressed as decimal fractions to distinguish them from
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Figure 3. Short axis (SA) and vertical
long axis (VLA) slices and line profiles
of mouse 2 and mouse 5 in the supine
and prone positions at end diastole.
Images are filtered with a gaussian kernel
(0.7 mm full width half maximum).
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the relative changes in LVEF, which are expressed as
percentages.

The 180 ECG-gated heart images were separated into
36 different groups, each group corresponding to a
combination of one of the three motion correction
strategies, one of the two animal positions, and one of
the six filter kernels (each group contained reconstructions
of five mouse scans). The average EDVs, ESVs, and LVEFs
were calculated for each group. The results are plotted in
Figure 4. This figure clearly shows that there were only
slight changes in cardiac parameters induced by the
different motion correction strategies. To investigate the
effects of image filtering, animal positioning, and motion
correction strategies on the measured cardiac parameters,
we performed linear regression analyses on the 180 images
(i.e., observations). The variables are listed in Table 2.
The variable prone is a categorical dummy for animal

positioning, and mr and mc are categorical dummies for
respiratory motion correction strategies. The supine
position and the “standard strategy” were the reference
categories in the regression. We also created categorical
dummies m2 to m5 to represent individual differences
between the mice. We omitted any interaction terms
between the variable filter and the categorical dummies
mentioned above because the effects of image filtering
should have no correlation with possible effects induced by
the other variables. Therefore, the dummies contributed
only in the intercepts of the regression.

The linear regression model is represented by the
following:

dep; = By + B\ filter;+ B, prone; + fymr; + fymc;
+ Bsm2;+ fem3;+ foma;+ fem5i+¢;
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Table 1. Cardiac Parameters Measured from Reconstructed Images

EDV (uL) ESV (uL) LVEF
. Supine Prone Supine Prone Supine Prone

Filter

(mm) S MR MC S MR MC S MR MC S MR MC S MR MC S MR MC
Mouse 1 (31 g)

0.5 59 59 58 50 51 48 26 27 25 18 19 18 56 .54 .58 .64 .62 .63
0.6 58 58 57 49 50 47 25 25 24 17 19 17 .56 .57 .58 .65 .63 .64
0.7 58 58 57 48 50 47 24 25 23 18 18 16 .59 .56 .59 .63 .64 .65
0.8 57 58 56 47 48 46 24 24 23 17 18 16 .57 .59 .59 .63 .62 .66
0.9 56 57 56 46 48 45 24 23 22 17 16 15 .57 .59 .60 .64 .66 .66
1.0 55 56 55 45 47 44 22 23 22 15 16 15 .59 .60 .60 .66 .65 .67
Mouse 2 (30 g)

0.5 40 39 39 40 40 39 16 17 16 19 19 18 59 57 .59 51 .52 .54
0.6 39 39 39 39 39 38 16 16 15 18 19 17 .60 .58 .60 .54 .53 .55
0.7 39 39 38 39 39 38 16 16 15 17 19 17 .60 .59 .60 .56 .52 .56
0.8 38 38 38 39 38 37 14 16 14 16 17 16 .62 .59 .63 .58 .55 .57
0.9 38 38 37 38 37 37 13 15 13 15 17 16 .64 .61 .65 .60 .55 .58
1.0 37 37 37 37 36 36 13 13 13 15 16 15 .65 .64 .65 .59 .56 .58
Mouse 3 (30 g)

0.5 38 39 38 42 43 42 14 13 13 16 16 14 .62 .68 .66 .62 .62 .67
0.6 38 39 38 41 42 41 14 12 12 15 16 14 .64 .69 .68 .62 .62 .65
0.7 37 38 37 41 42 40 13 13 12 14 16 13 .66 .67 .68 .65 .63 .67
0.8 37 37 36 40 41 40 12 12 11 14 14 13 .68 .68 .68 .65 .65 .67
0.9 36 37 35 40 40 39 12 11 11 13 14 12 .67 .69 .69 .68 .65 71
1.0 35 36 34 39 40 37 11 11 11 13 13 12 .69 .69 .69 .67 .68 .68
Mouse 4 (30 g)

0.5 58 61 56 65 65 65 24 27 24 31 31 31 .58 .56 .57 .53 .52 .53
0.6 58 61 56 64 65 65 25 26 23 31 31 31 58 .57 .60 51 .52 .53
0.7 58 59 56 64 64 64 24 26 22 30 31 31 59 .56 .60 .53 .52 .52
0.8 55 59 54 63 64 63 23 24 22 30 30 31 .57 .59 .59 .52 .52 51
0.9 54 56 52 63 63 63 23 23 21 30 30 30 .58 .58 .60 .53 .52 .52
1.0 53 56 52 62 62 63 22 23 21 28 29 29 .59 .59 .60 .55 .54 .53
Mouse 5 (31 g)

0.5 54 54 54 68 68 68 29 29 27 37 37 37 46 .47 51 46 45 46
0.6 54 53 54 68 67 67 28 28 26 37 37 36 A48 .47 51 46 45 46
0.7 53 53 53 67 67 67 29 27 26 36 37 36 46 .49 .50 46 45 46
0.8 52 52 52 67 67 67 28 26 26 35 35 35 47 .50 .50 A48 A7 A48
0.9 52 51 51 66 66 66 27 27 25 34 35 34 49 48 51 A48 A48 A48
1.0 51 51 50 65 66 66 25 25 24 34 33 33 .52 .50 .52 48 .50 .50

EDV = end-diastolic volume; ESV = end-systolic volume; LVEF = left ventricular ejection fraction; MC = motion-corrected strategy; MR = motion-

reduced strategy; S = standard strategy.

in which i denotes the index of observations and dep
represents the dependent variables (i.e., edv, esv, or lvef) in
the three regressions. The estimates of the ordinary-least-
squares (OLS) estimators (by Stata, StataCorp, College
Station, TX) are listed in Table 3.

The coefficient of determination (R*) of each regression
was larger than 0.85, which means that the data points fit the
regression model quite well. Before any causal interpreta-
tions of the results are made, the statistical significance of

the estimates at a 5% significance level is examined. Only if
an estimated coefficient is statistically significant can one
state that the effect of the corresponding parameter exists. In
this study, we found strong evidence that filtering and
animal positioning have an influence on EDV, ESV, and
LVEF because the p values for the estimated coefficients for
filter ([/?\1) and prone (ﬁ\z) were .00 (< .05) for all regressions.
However, the
([/3\3) and mc (f4) were all larger than .05, except for [/3\4 in the

values for the estimated coefficients for mr
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Figure 4. Effects of positioning, mo-
tion correction strategy, and gaussian
| filter size on left ventricular end-

diastolic volumes (EDV), end-systolic

volumes (ESV), and left ventricular
ejection fractions (LVEFs) (average
over all scans). LVV = left ventricular
volume.
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LVEF regression. Hence, we can conclude that compared to
the “standard strategy,” the influence of the “motion-
reduced” or “motion-corrected” strategies on the measured
cardiac parameters are statistically insignificant at a 5%
significance level; however, the “motion-corrected strategy”
induced a statistically significant change to the LVEF. The
changes in cardiac parameters for each of the significant
OLS estimates are listed in Table 4.

We also noticed that the estimated parameters for
dummies m2 to m5 are significant (their p values are < .05).

Table 2. Description of Variables in Regression Analyses

Filker FYWHM {mm)

This means that the individual differences in the measured
cardiac parameters were much bigger than the differences
that could be induced by the different respiratory motion
correction strategies.

Discussion

In this study, three respiratory motion correction strategies
were examined to study the influence and potential benefit of
respiratory motion compensating for ultra-high-resolution

Variable Description
Dependent
edv End-diastolic volume (in pL)
esv End-systolic volume (in pL)
lvef Left ventricular ejection fraction (expressed as decimal)
Independent
filter FWHM (in mm) of gaussian filter
prone Dummy variable (= 1 for prone position and = 0 for supine position)
mr Dummy variable (= 1 for motion-reduced strategy and = 0 for others)
mc Dummy variable (= 1 for motion-corrected strategy and = 0 for others)
m2 Dummy variable (= 1 for mouse 2 and = 0 for others)
m3 Dummy variable (= 1 for mouse 3 and = 0 for others)
m4 Dummy variable (= 1 for mouse 4 and = 0 for others)
m5 Dummy variable (= 1 for mouse 5 and = 0 for others)

FWHM = full width half maximum.
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Table 3. OLS Estimates of Regression of EDV, ESV, and LVEF by Using a Linear Model

Estimate Mean Standard Error p Value R’
EDV
31 (for filter) —6.70 1.81 .000 0.8552
32 (for prone) 3.13 0.62 .000
ﬁs (for mr) 0.57 0.76 456%
IA34 (for mc) —0.65 0.76 .393%*
ﬁs (for m2) —14.14 0.98 .000
/Afa (for m3) —13.58 0.98 .000
97 (for m4) 7.69 0.98 .000
ﬁs (for m5) 7.31 0.98 .000
30 (constant) 55.82 1.62 .000
ESV
IA31 (for filter) —6.14 1.25 .000 0.8608
ﬁz (for prone) 2.50 0.43 .000
/Af3 (for mr) 0.42 0.52 425%
[Af4 (for mc) —0.77 0.52 .143%*
ﬁs (for m2) —4.53 0.67 .000
IA% (for m3) —7.39 0.67 .000
!A37 (for m4) 6.44 0.67 .000
lAfs (for m5) 10.67 0.67 .000
lAfo (constant) 23.92 111 .000
LVEF
/Afl (for filter) 0.072 0.011 .000 0.8605
32 (for prone) —0.018 0.004 .000
ﬁs (for mr) —0.004 0.005 385%
IA?4 (for mc) 0.012 0.005 017
!Afs (for m2) —0.028 0.006 .000
IA36 (for m3) 0.053 0.006 .000
IA37 (for m4) —0.057 0.006 .000
ﬁs (for m5) —0.131 0.006 .000
ﬁo (constant) 0.564 0.010 .000

Adapted from Boyd HL et al.'

EDV = end-diastolic volume; ESV = end-systolic volume; LVEF = left ventricular ejection fraction; OLS = ordinary least squares.

*Insignificant (p > .05).

ECG-gated myocardial perfusion SPECT in mice. Qualita-
tively, the line profiles through the images and cardiac
parameters that were derived from the images that were
formed using three different motion correction strategies
showed no large differences. Furthermore, we can discuss the
influence of respiratory motion correction, image filtering, and
animal positioning on the measured cardiac parameters by
using our statistical model.

Influence of Strategies to Correct for Respiratory
Motion

Only the motion-corrected strategy induced a statistically
significant change to LVEF. However, the absolute change
was 0.012, which is only 2.1% of the reference LVEF.
Therefore, we could state that the different motion
correction strategies that were tested in this work have
no large influence on the measured cardiac parameters. In
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Table 4. Interpretation of Statistically Significant Coefficients

Estimate Interpretation

For EDV:

ﬁl = —67 When FWHM of the gaussian filter increases by 1 mm, EDV decreases by 6.7 pL, ceteris paribus
ﬁz =31 When position changes from supine to prone, EDV increases by 3.1 pL, ceteris paribus

For ESV:

ff\l = -6l When FWHM of the gaussian filter increases by 1 mm, ESV decreases by 6.1 UL, ceteris paribus
ff\z =125 When position changes from supine to prone, ESV increases by 2.5 pL, ceteris paribus

For LVEF:

ﬁl = 0.072 When FWHM of the gaussian filter increases by 1 mm, LVEF increases by 0.072, ceteris paribus
ﬁz = —0.018 When position changes from supine to prone, LVEF decreases by 0.018, ceteris paribus

ﬁ4 = 0.012 When strategy changes from standard to motion corrected, LVEF increases by 0.012, ceteris paribus

EDV = end-diastolic volume; ESV = end-systolic volume; FWHM = full width half maximum; LVEF = left ventricular ejection fraction.

other words, compared to the “standard strategy,” neither
the “motion-reduced strategy’” nor the “motion-corrected
strategy” induced changes in the cardiac parameters larger
than 2.1%. Nevertheless, the “standard strategy” (i.e., ECG
gating and no respiratory motion compensation) is the
simplest strategy because it does not require recording and
processing of respiratory signals.

Influence of Image Filtering

According to the estimated regression models, 5% changes
relative to the reference EDV, ESV, and LVEF could be
induced by, respectively, 0.37 mm, 0.18 mm, and 0.40 mm
changes in the FWHM of the gaussian filter, with other
factors remaining the same. In practice, researchers usually
use the same filter for images from the same data set but
may unconsciously use different filters for, for example,
images reconstructed on different days in a longitudinal
study before comparing them. One should be aware of this
issue because, for example, once the difference of the
FWHM of the filter exceeds 0.4 mm, there could be more
than 5% errors in comparisons between the measured
LVEFs.

Influence of Animal Positioning

An absolute change of about 3.1 pL (EDV), 2.5 puL (ESV),
and 0.018 (LVEF) occurred when the animal positioning
was changed, with other factors remaining the same.
These are 6.2%, 11%, and 3.2% of the reference EDV,
ESV, and LVEF, respectively. Although further experi-
ments and analysis are needed to investigate the under-
lying reasons causing the observed changes, it is wise for

the same group of cardiac studies to keep the animal
position the same.

The mouse model that was used in this study may play
an important role as a preclinical model for evaluating the
effects of therapeutics on cardiac function in future
studies. In the current study, 99mT_tetrofosmin was used.
This tracer enables the quantification of myocardial
perfusion and function in a single scan. In this study, we
determined the influence of respiratory motion, image
filtering, and animal positioning on cardiac parameters.
There are still other effects, such as scatter and attenuation,
that may influence the measurements, although these
effects are very small and can be easily corrected in small
animal imaging when clinical tracers are used.’*™>°

In short, even for sub-half-millimeter myocardial
SPECT, our results indicate that respiratory gating has
no significant effect on measured cardiac parameters,
whereas image filtering and the position of the animal(s)
should be kept the same for all scans in a comparative
study. Of course, it could be that when animals that are
scanned under different anesthetic regimens or have
compromised pulmonary function, quite different ranges
of respiratory motion may occur. In such cases, simulta-
neous ECG and respiratory gating combined with
respiratory motion correction may still be important and
useful. Further investigations are required to study the
possible effects on measured cardiac parameters under
such conditions.

Conclusions

For high-resolution cardiac perfusion SPECT in mice,
respiratory gating has no significant influence on measured
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LVVs and LVEFs. Image filtering and animal positioning
do have a large influence on these parameters and should
therefore be kept the same for all scans in a comparative
study.
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