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Figure 1 Flow of Verification under this Guideline.

In September 2002, a working group of the Japanese Society
of Nuclear Medicine Technology (JSNMT) established to
study the quantification and standardization of nuclear
medicine images confirmed that many acquisition and
processing conditions are determined based on the recom-
mendations of equipment manufacturers and inheritance of
past conditions (7).

In 2008, the Working Group for Quantification and
Standardization of Images (Points for acquisition processing,
display, and output of clinically useful reference images) of
the JSNMT published a guideline that proposed specific
acquisition and image reconstruction conditions and display
methods for reference images of myocardial perfusion SPECT
(8). However, there is still a search for standardization, and the
reality is that each region is conducting this work independent-
ly (9). The reasons for this include the absence of a standard
image, the inability to determine the level of images at one’s
own institution, and image bias among physicians. Therefore,
we have developed a guideline to serve as a standard for the
use of a standardized phantom, and hereby publish the

guideline.

2. Concept of standardization in the cardiac field
Compared to the aforementioned 2008 working group
report, various technologies are currently being researched and
developed to improve the diagnostic accuracy of myocardial
perfusion SPECT images, and are being used in clinical
practice (10-12). Therefore, it is difficult to describe uniform
acquisition and processing conditions in the guideline. In this
guideline, the evaluation system of myocardial image based on
technical grounds (EMIT) phantom (Patent No. 5198023,
registered on February 15, 2013) (13), which has a simple

structure, is used to create and display short-axis images under

the acquisition processing conditions used in clinical practice.
We propose a method of standardization (Figure 1) by creating
and displaying short-axis images under the acquisition and
processing conditions used in clinical practice and by clearing
the bottom line. The target systems are two-detector and three-
detector Anger-type SPECT systems (including diagnostic
CT-equipped SPECT systems), and the type of collimator used
and the type of image reconstruction are not specified.

For the bottom line, we used 17 data of myocardial SPECT
with EMIT phantoms, mainly from facilities of the Tokai
Regional Meeting of the JSNMT. The bottom line presented is
for the ”"Tc tracers.

3. Phantom

The EMIT phantom to be used is shown in Figure 2 and 3.
The structure of this phantom consists of an outer container
that imitates the chest and an inner container corresponding to
the myocardial part. The myocardial part is used for spatial
resolution measurement (defect size) with four defect sizes of
5, 10, 15, and 20 mm and a fixed defect thickness of 10 mm,
and for contrast resolution measurement (defect thickness with
four defect thickness of 2.5, 5, 7.5, and 10 mm and a fixed
defect size of 20 mm. The eight simulated defects are evenly
arranged on the contralateral side. Not only can the eight
defects be evaluated simultaneously in a single acquisition, but
the defects can be positioned freely in the myocardial area:

anterior wall, septum, inferior wall, and lateral wall.

4. Phantom creation and analysis methods
4.1 Phantom preparation

In clinical practice, ™"

Tc-labeled myocardial perfusion
tracers are generally administered at doses of 555 to 1,110

MBq (6), of which the accumulation rate in the myocardium is
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Figure 3 Overview of the inner container of the EMIT phantom.

Table 1 ”"Tc radioactivity per 400mL

Adjustment time Radio activity

23 MBq - 28 MBq
22 MBq - 27 MBq
21 MBq - 26 MBq
21 MBq - 25 MBq
20 MBq - 25 MBq
20 MBq - 24 MBq
19 MBq - 23 MBq
19 MBq - 23 MBq

18 MBq - 22 MBq

2 hours before

1 hour and 45 minutes before
1 hour and 30 minutes before
1 hour and 15 minutes before
1 hour before

45 minutes before

30 minutes before

15 minutes before

At the start of acquisition

reported to be less than 2% (14). The myocardial portion of the
EMIT phantom is 375 mL. Therefore, the radioactivity
concentration (“"Tc) to be contained in the myocardial part
was set at 50 kBg/mL. First, the lumen of the inner container
(volume: approximately 265 mL) is filled with water using a
funnel provided with the phantom. Four hundred mL of
distilled water is prepared, and an appropriate amount of
radioactivity is added to the water to reach 18 to 22 MBq at the
start of acquisition, referring to Table 1 below, and the water is
thoroughly stirred. This radioactivity level of “"Tc is

important and must be observed.
99m;

Inject the " "Tc solution into the myocardium part (Figure
4). Remove the two screws of the spout, close the side (B)
without the air vent when about 80% of the solution is
injected, and guide air bubbles into the air reservoir (D).

The inner container is installed so that the defect sizes (5,
10, 15, and 20 mm) for spatial resolution measurement are on
the inferior wall (the air reservoir is on the lateral wall), and
the inner container is fixed so that A of the inner container is
aligned with P on the outer phantom container (Figure 5).
4.2. Imaging method

The EMIT phantom is placed horizontally to the bed using a
level (Figure 6), and the acquisition is performed under the
usual clinical conditions. The EMIT phantom is a static
phantom. In facilities where ECG gated acquisition is
performed under clinical conditions, acquisition should be
performed using a simulated ECG generator, or SPECT
acquisition should be performed using non-ECG gated
acquisition.
4.3. Image reconstruction methods

The data used in the evaluation of this guideline are non-
ECG gated or ECG gated data-summed images. Short axis

images are obtained under the image reconstruction conditions
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Figure 6 Layout of the EMIT phantom.

used in normal clinical practice, with the air reservoir on the
side of the lateral wall. At this time, a wide range is set so that
the air reservoir of the EMIT phantom is included in the image
reconstruction area (Figure 7).
4.4. Analysis method

Analysis is performed using analysis software dedicated to
the EMIT phantom (Figure 8).

The software automatically aligns the SPECT image with
the template image of the CT image, and uses the air reservoir

as a landmark, so that the image cannot be displayed if it is not
included. Then, the development of the aligned image is
subjected to circumferential profile analysis (Figure 9) to
create the development.

Three hundred and sixty radial lines of 1° each are drawn
from the center of each cross-section, and the maximum
counts on the lines are plotted. The development fiewis
created by expressing the number of slices on the vertical axis

and the % counts of 360 lines on the horizontal axis by color.
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Figure 7 Note on image reconstruction area.

Then, from this development, profile curves in the depth and
breadth directions are created as shown in Figure 10 and 11.

Regression lines were drawn connecting the minimum
points of each of the obtained profile curves, and the slopes
and intercepts were obtained. By automatically evaluating the
thickness and size of the defect, each of the indices described

below is calculated (Figure 12).

5. Image evaluation

In myocardial perfusion SPECT studies, it is important to be
able to point out ischemia or infarction in the myocardium as
hypoperfusion areas or defects. Considering the detection limit
of SPECT (15), visual and physical evaluation was performed
using slices in which 10 mm in defect extent was depicted on
the inferior wall.

5.1 Visual evaluation

For visual evaluation, use the reading monitor used at each
institution. The monitor displays the slice with the widest
10mm defect in the inferior wall. Evaluation is performed by a
physician who reads myocardial perfusion SPECT images at
each institution or a radiological technologist in charge of
nuclear medicine examinations (board certified nuclear
medicine technologist).

First, the normal area without defects in the septum and
lateral wall (normal area) is evaluated in five levels of
uniformity with reference to the index image for uniformity
evaluation shown in Figure 13.

5. Sufficient uniformity is ensured.

4. A slight difference in density in the normal area.

3. A slight difference in density in the normal area and
irregularity in the myocardial limbus.

2. Uniformity is conspicuous and moderate image distortion
is observed.

1. overall heterogeneity and severe image distortion

Next, for a defect of 10 mm in the inferior wall, the defect
delineation ability is evaluated in 5 levels, referring to the
index image for defect evaluation shown in Figure 14, and the
average score is calculated.

5. Severe reduced accumulation

4. Moderately reduced accumulation

3. Mildly reduced accumulation

2. Equivocal

1. No reduced accumulation
5.2. Physical Evaluation

Physical evaluation is performed using software. The
software does not need to be installed on the computer for
reading at each facility. The operating system must be
Windows, but analysis can be performed by launching the
executable file. If SPECT image data can be read, there is no
problem even if the software is processed on a stand-alone PC.
5.2.1 Differential uniformity

The maximum deviation (the percentage of the difference
between the maximum and minimum values divided by the
sum of them) is calculated for every 5 pixels in the region
without defects in the septum and lateral wall, and the
maximum value in the region is the differential uniformity of
each region. The maximum value for the lateral and septum
walls shall be calculated as the differential uniformity.

5.2.2. % Count

The percentage of the minimum count value that corres-

ponds to a defect of 10 mm in width placed on the inferior wall

divided by the maximum count value of the same slice.

6. Setting the bottom line
6.1. Used EMIT phantom data

The 17 data were imaged using the acquisition and image
reconstruction conditions used in clinical practice. The

acquisition and image processing conditions at each institution
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Figure 9 Circumferential profile analysis.

are included in the Appendix (Table 4) at the end of this
report. Pixel size ranged from 4.8 mm to 7.8 mm, acquisition
time ranged from 20 to 60 sec/step, 9 data were acquired at
360 degrees, and 8 data were acquired at 180 degrees. The
image reconstruction method was the filtered back projection
method (FBP) with no attenuation, scatter, or resolution
correction.
6.2. Setting the bottom line

The bottom line was calculated based on visual evaluation

because of the different acquisition and processing conditions

at each facility. Visual evaluation was performed by members
of the guideline development expert team. The results are
shown in Table 5 (Appendix). The mean values for all data
were 3.71 = 0.59 for the uniformity evaluation and 3.76 = 0.56
for the defect area evaluation. A uniformity rating of 3 was
defined as a slight concentration difference in the normal area
and irregular myocardial limbus (edge), whereas here
uniformity was maintained. Defect evaluation of 3 was
recognized as a 10 mm defect, since it showed a mild decrease

in accumulation. In general, the contrast between uniformity
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Figure 10 Profile curves in the depth direction of the defect.
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Figure 11 Profile curves in the direction of defect extent.

and defects is an important indicator in visual evaluation. As
shown in Figure 1, the first step is to evaluate the uniformity,
so if it is not clear whether the defect is a defect or poor
uniformity, the uniformity evaluation is not 3, but 2 or 1.
Therefore, the bottom line for visual evaluation was defined as
3 or higher for both uniformity and defect evaluation. The
bottom line of the physical index was obtained using the data
with a visual evaluation of 3 or higher. These visual
evaluations and acquisition and processing conditions are
listed in the Appendix.

The scores for differential uniformity and % count were
2.60 = 0.62 and 58.65 = 7.79, respectively. The bottom line

was defined as mean + 2SD for differential uniformity and
mean + 1.5SD for % counts due to the large standard
deviation. Table 2 shows the scores. The number of data used
to calculate the bottom line of the physical evaluation set this
time was n=17, which is presumably small from a statistical
point of view. It is desirable to consider increasing the number
of data in the future. The FBP method was used as the only
image reconstruction method in this study, but data with
resolution correction by the OSEM (ordered subset expecta-
tion maximization method) and other methods will be

discussed in a future issue.
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A flowchart of measures to be taken when the bottom line is

not met is shown in Figure 15, and Table 3 shows an example

of the acquisition, processing, and display of the *"Tc-labeled

myocardial perfusion SPECT reference images provided in the
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Figure 15 Flowchart when bottom line is not qualified.

Table 3 An example of the collection, processing, and display of “"Tc agent

myocardial blood flow SPECT reference image as presented in the previous guideline

Radiopharmaceuticals #"Te-MIBI / *"Te-tetrofosmin

Scan conditions

Collimator LEHR

Energy window 140 keV £10%
Doses 296 - 740 MBq
Sampling angle 5-6°

Scan time / step 20-40 sec
Matrix 64 X 64

Pixel size 5 -7 mm

Reconstruction parameters

Preprocess filter
Reconstruction filter
Attenuation correction
Scatter correction
Display parameter (gray)
Concentration curve

Display scale

Butterworth [order: 5, cut-off: 0.42 cycles/cm]
ramp
(-)
(-)

Square
10 - 100%

previous guideline (8). If the bottom line cannot be met in
visual evaluation, the method of displaying the images should
first be reviewed. Consider changing the color code for color
scale, or changing the grayscale to square (lower convex
squared curve) or sigmoidal (S-curve) for grayscale. In
addition, we also consider increasing the lower level (10-
20%) to the extent that the right ventricle and background do
not disappear in the clinical image (8). If the bottom line
cannot be met even after these measures, it is assumed that
many cases do not meet the bottom line in the physical

evaluation as well, so we will proceed to measures to improve

the physical evaluation first.

If the bottom line could not be met in the physical
evaluation, the following points should be reviewed in the
acquisition conditions: collimator, acquisition time, pixel size
(matrix size and magnification ratio), and number of sampling
directions. Reconstruction conditions include processing
filters and reconstruction parameters (8). The number of
counts per myocardium pixel in the projection data has a
significant impact on image quality, so it is necessary to set an
appropriate acquisition time. If the number of counts is N, the
statistical error (%) can be expressed as /ITI /N X100 and the
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statistical noise as \/ﬁ . Therefore, the statistical error increases
rapidly when the number of counts per pixel falls below 40 to
50. Therefore, an acquisition time of 100 counts or more per
myocardial pixel is desirable, which results in a statistical
error of 10% or less (16). In general, most facilities perform
myocardial perfusion SPECT examinations with both upper
limbs, and a single examination time of 20 to 30 minutes or
less is appropriate. In facilities where acquisition counts are
low and it is difficult to extend acquisition time, changing
from a low-energy high-resolution collimator (LEHR) to a
low-energy general-purpose collimator (LEGP) or changing
the acquisition magnification rate (pixel size) and matrix size
(from 128 X 128 to 64 X 64) should be considered. The
number of sampling directions suitable for the pixel size can
be obtained from the sampling theorem: N= 7z D/2P (14). N is
the number of sampling directions, D is the effective field of
view (mm), and P is the pixel size (mm). Review the
acquisition conditions for the above items, and if there are no
problems, review the reconstruction conditions next. When the
FBP method is used for image reconstruction, image quality
varies greatly depending on the cutoff frequency of the
Butterworth filter used as a preprocessing filter (17).

The higher the cutoff frequency, the better the spatial
resolution but the noisier the image, and the lower the cutoff
frequency, the lower the spatial resolution and the smoother
the image. If the bottom line cannot be satisfied with respect to
the differential uniformity of the physical evaluation, the
cutoff frequency should be set lower. For the % count, if the
bottom line cannot be satisfied, the cutoff frequency is set
higher. However, the setting should be determined in
consultation with the diagnostic physicians, since confirma-
tion by the normalized mean square error (NMSE) method
(18) and visual evaluation of the clinical data are important.
When the OSEM method is used for image reconstruction, the
optimal subset and number of iterations are not constant,
depending on the device manufacturer and the presence of
various corrections (attenuation correction, scattered ray
correction, correction for deterioration of spatial resolution
due to collimator aperture, etc.) (19, 20). Therefore, first
check the value of the post-processing filter (Gaussian filter,
etc.), and refer to the 2008 working group report (8) for the
number of subsets and iterations. As with the FBP method, the
settings should be determined in consultation with the

diagnostic physicians.

Guideline for Standardization of Cardiac Fields 1.0 Evaluation
Procedure
"Checked items are ticked in [].

1. Preparation of EMIT phantom

[] Is the amount of radioactivity to be contained appropriate?
(see Table 1)

[] Was the phantom placed in such a way that the defect size
is on the inferior wall? (see Figure 5)

2. imaging

L] Is the phantom placed with the air reservoir facing the
head? (see Figure 6)

L] Is the phantom positioned horizontally to the bed?

3. Image Reconstruction

L] Is the image reconstruction performed under the usual
clinical conditions?

[[] Is the air reservoir included in the reconstruction area? (see
Figure 7)

[] Is the air reservoir on the side of the lateral wall?
(regardless of the slice No.)

4. Visual evaluation

[] Was the defect evaluated in a normal reading environment?
[] Is the slice with the widest defect (10mm) shown?

1. Uniformity evaluation of normal area (compare the
uniformity of septum and lateral wall with the
reference image)

Evaluation of own institution: Uniformity score 5 + 4 + 3 *
2 - 1 <bottom line: 3 or more>
2. Defect evaluation of 10 mm in defect size (compare the
defect of the lower wall with the reference image)
Evaluation of own institution: Defect score 5 =4 3 -2 - 1
<bottom line: 3 or more>
5. Physical evaluation
[] Is the one with the smallest slice No. the air reservoir?
[] Is the one with the larger defect on the anterior wall among
the defects closest to the air reservoir?

[[]Is the air reservoir on the left side in the development view?
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[Appendix]
Table 4 Collection and image reconstruction conditions at each facility
Sampli Pixel Cut-off
L Number of . Scan | Acquisition | Number of | Scan time ampling ‘,xe Reconstruction | Reconstruction | Preprocess . uo
Institution Scanner Collimator . Lo angle size frequency Order
detectors angle matrix projections | (sec/step) method filter filter
(degree) | (mm) (cycles/cm)
PRISM-IRIX
A 3 LEHR 360 64 X 64 60 20 6 6.3 FBP R Butt rtt 0.38 8
(SHIMADZU) amp utterworth
E.CAM S
B 2 LMEGP 360 64 X 64 72 25 5 54 FBP Ramp Butterworth 0.50 8
(Canon)
c Symbia E 2 LMEGP | 360 | 128x128 60 40 6 48 FBP Ramp Butterworth | 0.42 8
(Canon)
D e — 3 LEGP 360 64 X 64 72 30 5 7.1 FBP Ramp Butterworth 0.37 8
(SHIMADZU)
. mVG
E M'He:g;;)m < 2 LEHR | 180 | 64%64 30 60 6 6.7 FBP Ramp Butterworth 0.45 10
F — 2 LEHR 360 64X 64 60 30 6 6.6 FBP Ra Butt rth 0.42 10
(SHIEMENS) i amp utterwor i
G Symbia £ 2 LEHR | 360 | 64%64 7 25 5 6.6 FBP Ramp Butterworth 0.60 8
(SHIEMENS)
H IN(?E)IA 2 LEHR 180 64 X 64 36 45 5 59 FBP Ramp Butterworth 0.40 10
3
E.CAM
I 2 LEHR 360 64 X 64 60 40 6 6.6 FBP Ramp Butterworth 0.42 8
(Canon)
J —— 2 LEHR 180 64X 64 32 40 5.6 5.4 FBP Ramp Butterworth 0.42 8
(Canon)
K e — 3 LEGP 360 64 X 64 60 30 6 6.3 FBP Ramp Butterworth 0.40 8
(SHIMADZU)
L IN(?E)IA 2 LEHR 180 64 X 64 30 40 6 6.8 FBP Ramp Butterworth 0.45 10
B)
MillenniumVG
M (GE) 2 LEHR 180 64 X 64 36 30 5 6.7 FBP Ramp Butterworth 0.52 5
N M'IIC:(’;;;‘“VG 2 LEHR | 180 | 64x64 30 50 6 53 FBP Ramp Butterworth 0.54 10
(0] E"CAM 2 LEHR 180 64 X 64 60 30 3 7.8 FBP Ramp Butterworth 0.45 8
(Canon)
E.CAM
P 2 LEHR 360 64 X 64 60 40 6 6.6 FBP Ramp Butterworth 0.42 8
(Canon)
INFINIA
Q (GE) 2 LEHR 180 64X 64 30 40 6 6.8 FBP Ramp Butterworth 0.45 5

LEHR: low energy high resolution, LMEGP: low-medium energy general purpose, LEGP: low energy general purpose, FBP: filtered back projection

[Appendix]
Table 5 Visual and physical assessment results for each facility
Visual evaluation Physical evaluation
fnstitution Uniformity ~ Defect Tﬁgiﬁ:ﬁ} Y%count
A 5 4 1.69 47.98
B 4 5 2.52 40.67
@ 4 4 2.26 55.77
D 4 4 3.47 59.55
E 4 4 2.24 55.42
F 4 4 2.75 56.72
G 4 4 2.44 52.71
H 4 4 3.72 60.61
I 4 3 2.17 62.09
J 4 3 2.44 70.3
K 4 3 2.25 60.85
L 3 4 2.8 60
M 3 4 3.08 65.31
N 3 4 3.69 50.05
(o) 3 4 2.69 65.63
P 3 3 1.55 63.56
Q 3 3 2.39 69.91




