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Abstract

In response to the increasingly competitive health care
environment, purposes of this project intend to establish clinically
feasible standard operation procedures in quality control and quality
assurance in nuclear instrument, imaging technique and quality and to
serve as a comprehensive guide and teaching material in clinical
practice of nuclear medicine. The establishment of the SOP will help
improve the quality of nuclear medicine clinical technology. In addition,
the program exchanged 15 people with ASEAN countries, 6 people in
South Korea, 3 people in Indonesia, 1 person in Australia, and a total of
25 people in international talent training activities, and established a
technology exchange platform with Australia in the Asia-Pacific region.
We will try to promote imaging accreditation in instrument quality
assurance, imaging technology and quality that are the right things to
do for our patient management in this project. Collecting information
on the clinical applications and development trends of nuclear medicine
in various countries can be used as a reference for the expansion of the
country's southward policy and enhance the international status of

nuclear medicine in Taiwan.
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Sk Jiplid (Acceptance Test)

Time to perform
Immediately after installation, and before clinical use

Purpose

1. Ensure that the performance of an instrument meets the technical
specifications quoted by the manufacturer

2. Record as reference baseline for the routine QA testing

Tests

Physical inspection

Intrinsic flood field uniformity
Intrinsic spatial resolution

System planar sensitivity

Intrinsic count rate performance
Multiple window spatial registration
Detector head shielding leakage
Physical inspection

Intrinsic flood field uniformity
Intrinsic spatial resolution

System planar sensitivity

Intrinsic count rate performance
Multiple window spatial registration

Detector head shielding leakage

31



Physical inspection

Purpose
— Ensure no potential shipping damage and production design flaws

Implementation
— Ensure all instruments are well-functioning by inspecting:
Detector housing and support assembly
Control panels
Image display devices
Image recording devices
Hand control
Emergency devices
Mobile cameras
Collimators

© o N gk~ wbdPE

Electrical connections
10. Fuses and cables
11. Data storage and display devices
— Operation and service manuals should also be available
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Intrinsic flood field uniformity

* Purpose

Ensure uniform response of imaging systems to spatially uniform
photon flux

* Implementation

Remove the collimator from the detector head, mount the point
source container which consisting of 10-20 MBq (0.3-0.5 mCi)
9MTc solution and position a lead mask (Figure 2Figure 1Figure 1.)
Acquire an image with approximately 3,000k counts, use a matrix
size that produces pixel sizes with a linear dimension of 6.4 mm +
30%

Visually inspect the image for variations in brightness or density
Use NEMA method for image data processing, set pixels in the
central field of view (CFOV) with less than 75% mean counts to
zero after resizing and perform a nine point smoothing

Determine the maximum (max) and minimum (min) counts in pixels
within the useful field of view (UFOV) and the CFOV

The integral uniformity and differential uniformity are given by:

integral uniformity = 100 * [%]

(high—low)

differential uniformity = 100 * [—(high +10W)]

Where high and low are the pixel counts giving the highest value of
the maximum count difference
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Figure 1. Mounting of the point source. (Image acquired from IAEA Human Health Series no. 6)

Figure 2. Routine intrinsic uniformity image, *°™Tc, 3 million counts, 20% energy window set
symmetrically over the 140 keV photopeak. The image shows good uniformity. (Image acquired
from IAEA Human Health Series no. 6)
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Intrinsic spatial resolution

* Purpose
— Ensure the ability of scintillation camera to accurately determine the

position of incoming photons

* Implementation

— Abar phantom is placed directly on the uncollimated detector and
irradiated by the point source placed away at a distance (> 5X
UFOV)

— Acquire an image at a preset count of 60Kk, use the largest matrix size
available

— The intrinsic spatial resolution can be approximated as FWHM =
1.75-B, where B is the width of the narrowest bars that the
scintillation camera can still resolve
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System planar sensitivity

* Purpose

Test the count rate response of a scintillation camera to a
radionuclide source of known radioactivity

* Implementation

Set a planar sensitivity phantom containing an accurately known
amount of radioactivity, mount collimator on the detector head and
cover it with a plastic sheet, then place the phantom 10 cm from the
collimator surface

Collect an image for over 100 s, record the total counts and exact
time of day; remove the phantom, then count and record the
background for the same time

Repeat the above steps for all other low energy collimators; and
repeat above steps with phantom containing ¢’Ga or ***In for
medium energy collimators and 31 for high energy collimators
Correct the data for the decay time and background, calculate the
planar sensitivity of each collimator in counts per second per
becquerel or equivalent units to match the manufacturer’s
specifications
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Intrinsic count rate performance

Purpose

Test the response of scintillation camera to an increasing photon flux

Implementation

Use a point source consisting of about 4 MBq (100-500 mCi) of 99m
Tc solution in a suitable container

Remove the collimator from the detector head, mount the source on
the movable stand and ensure the source is on the central axis of the
detector

Register the count rate as the source is moved towards to the
detector face, record the maximum count rate

The value of the maximum count rate should be compared with the

manufacturer’s worst case value
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Multiple window spatial registration

* Purpose

Ensure that the images acquired at different photon energies
superimpose when more than one PHA is used simultaneously

* Implementation

Remove the collimator and turn the head to face horizontally, a ®’Ga
point source is placed on a table adjacent to the scintillation camera
The default PHA windows is set on the 93, 184 and 296 keV
photopeaks and adjust the source activity not to exceed a count rate
of 10,000 counts/s

Acquire separate images through each of the PHA channels with
5,000K counts using the largest FOV available, and acquire an
image with all three PHA channels contributing

Position the source on the X+/X-/Y+/Y- axes of the detector face at
about 75% of the distance from the center to the edge, remove the
source and measure the distance between the two X and two Y
source positions; also determine the coordinates of the X and Y
source positions on each image, using count profiles or ROIs

The locations at which the sources appear with the highest counts
should coincide
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Detector head shielding leakage

* Purpose

Ensure that the detector head responds only to radiation incident
upon the crystal after transmission through the collimator

* Implementation

Use point sources consisting of 4 MBq (100 mCi) 99mTc and a
radionuclide having an energy that corresponds to the maximum
design energy of the camera

Mount the collimator, position the source at twelve sites (as shown
in figure.1) around the detector head shielding, and record the
number of counts at each site for 100 s

Position the source in the center of the field of view at a distance of
10 cm from the face of the collimator for 100 s, then remove the
source and measure the background count for 100 s

Calculate the shielding leakage (%) by dividing this maximum count
by the count obtained through the collimator

For 99m Tc, leakage should be negligible; for higher energy

radionuclides, leakage should meet the manufacturer’s specification

CoMmager Detector head

N

AN
/

—

L3 7

Figure 3. The twelve point source position. (Image acquired from IAEA Human Health Series no. 6)
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Absolute pixel size

* Purpose
— To determine the absolute pixel size in the matrix

* Implementation

— Place the point source on the camera face along the X axis, about 5
cm from the edge of FOV

— Set up the system to perform a static acquisition of 50K counts using
the finest possible matrix size and acquire one planar image

— Move the point source horizontally to a position about 5 cm away
from the other edge of the FOV, by a distance known to within 1 mm;
repeat the acquisition

— Repeat the whole procedure by placing the point sources along the Y
axis

— Repeat for all tomographic zoom conditions used in clinical practice

— Calculate the center of gravity (COG) of the point source(s) for each
image and obtain the distances between the position of each COG
pairs:

oGk = ZiiilziijlixMATRIX(i,j)

i iz e
$i2i, I, MATRIX(i))

— along a profile of thickness j1 to j» and width i1 to i bounding the
point source, where i is the index of the matrix along the X axis and j
corresponds to Y axis

— distance X = /(X1 — X,)2+(Y; — 15)2

— The difference between the values in X and Y should be less than
5%
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Center of rotation offset and alignment

* Purpose
— Test the center of rotation (COR) offset, alignment of the camera Y
axis and head tilt with respect to the axis of rotation

* Implementation
— Suspend the ®°™Tc point source in air within about 2 cm of the axis

of rotation and within about 2 cm of the center of the field of view

— Perform a acquisition using the finest matrix size available,
collecting about 10K counts at every angular position (32 angles
over 360° is considered adequate)

— Repeat the above steps but place the point source as far as possible
away from the central slice

— The offset from the center of rotation (R) could be calculate as:

— R=(N+1-Xo— Xig0)/2

— Xoisthe COGX at 0°and Xzgo is the COGX at 180° degrees, N is
the number of pixels across the image (e.g. N=256 if the data were
collected in 256 x 256)
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Tomographic uniformity of the camera

* Purpose

Test the tomographic uniformity of a rotating scintillation camera
SPECT system

* Implementation

Ensure that all the camera uniformity correction calibration
procedures have been correctly performed

Place the tomographic uniformity phantom with its center at least
within 2 cm of the axis of rotation, as close as possible to the center
of rotation

Set up a tomographic acquisition using a normal matrix size and
clinical protocol, collecting a total of about 1M counts per slice, then
perform uniformity correction as recommended by the manufacturer
and reconstruct the data with a ramp filter

Identify the minimum or maximum value corresponding to the
location of a ring artefact as seen in the reconstructed image. Record
this value as Cmin/max

Record the two values along the profile of the uniform source just
beyond the edges of the artefact identified in step (3), terming them
C1 and C2, then the contrast could be estimated:

_ (C1+C2)
Cave - 2

contrast = Cmin/max_cane

min/max"' Cane

The planar uniformity of a scintillation camera when used in SPECT
should be better than 4%
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Tomographic resolution in air

Purpose

Ensure the reconstruction process is not degraded by either the
tomographic acquisition or the reconstruction

Implementation
Place the point source in air within 1 cm of the center of rotation, set

the radius of rotation to be approximately 15 cm, perform a
acquisition using the matrix size and number of angles used
clinically; collecting about 10K counts per view

Reconstruct the data with filtered backprojection and ramp filter
Perform a normal planar (static) acquisition at the home position,
using the same acquisition condition as for the tomographic
acquisition

Repeat above steps with the point source placed about 8 cm off axis,

and the point source placed on the axis of rotation, but close to the
edge of the field of view
Draw a profile through the image of the point source in the

reconstructed image and calculate the FWHM in both the horizontal

and the vertical directions
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Tomographic resolution with scatter

* Purpose
— Check the tomographic resolution of the system in clinical
conditions

* Implementation

— Use resolution phantom with central hole filled with high specific
activity ®"Tc, place the center of the phantom within 2 cm of the
center of rotation and close to the center of FOV

— Adjust the radius and collect data as the method described in the test
of tomographic resolution in air

— Move the phantom so that its center is about 5 cm away from the
axis of rotation and repeat above steps with a larger radius of
rotation

— Draw profiles through the reconstructed image of the point source;
both horizontally and vertically, then measure the FWHM, on the
horizontal and vertical profiles
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Slice thickness at center of slice

* Purpose

Teat the slice thickness to ensure that the spatial resolution along the
tomographic Z axis is within limits

* Implementation

The data is collected as the same method as for the test of
tomographic resolution in air

Locate the slice in which the point source is most clearly seen and
locate the pixel in which the maximum number of counts is observed,;
Note the (X, Y) coordinates of this pixel and its maximum value
Record the number of counts at this same (X, Y) pixel position for
all slices adjacent to and including the slice in which the maximum
was found, such that all slices containing counts of more than 5% of
the maximum are included

Generate a profile of the point source along the Z axis using these
values, calculate the FWHM of this profile
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Variations of sensitivity and uniformity

with rotation of the system

* Purpose

Determine the variations in system sensitivity as a function of
angular position of the detector

* Implementation

Attach the flood source firmly to the camera, perform a tomographic
acquisition with at least about 1M counts per angle

For a system collecting data by continuous rotation, record the total
rotation time, and repeat the test for both fast and slow rotation
Repeat for any other heads

Find the total number of counts collected at each angle, correct for
decay time and calculate the mean, standard deviation and maximum
deviation

calculate the NEMA integral uniformity for each angular position
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Overall system performance

* Purpose

Verify that the system is performing adequately in a high count study

* Implementation

Use a total performance phantom, the activity contained should be
about 400 MBq (10 mCi) of ®MTc

Set up the phantom and acquire a tomographic study using the
acquisition time in order to collect 800K counts for each projection,
120 projections, a matrix size of 128 x 128 and a 360° angle of
rotation

Reconstruct the data with filtered backprojection and a ramp filter
The images should be carefully inspected for artifacts, the linear
attenuation coefficient and contrast should be calculated
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¥ 83 (Routine Test)

Time to perform

Daily, weekly, monthly, quarterly to semi-annually, and annually

Purpose

Ensure the optimum performance of an instrument at all times and to determine and
extent of any deterioration in that performance with time

Tests

Daily

Visual and physical inspection
Uniformity

Energy peaking and window
Cine and sinogram data review

Background count rate

Weekly

Intrinsic or extrinsic (system) spatial resolution and linearity

High-count flood and uniformity

Monthly

Center of rotation

Quarterly -
semi-annually

Overall system performance

System flood field uniformity

System planar sensitivity

Intrinsic count rate performance
Reconstructed point source resolution
Tilt-angle check

Absolute pixel size

Tomographic uniformity of the camera
Tomographic resolution in air
Tomographic resolution with scatter

Slice thickness at center of slice

Annually

Collimator hole angulation

Multiple window spatial registration
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Visual and physical inspection

* Purpose
— Ensure imaging quality and patient or staff safety

* Implementation
— Visual and physical inspection of detector heads and collimators,
touch pad, and emergency stop buttons, if available
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Uniformity

* Purpose

Ensure uniform response of imaging systems to spatially uniform
photon flux

* Implementation
(As per described in the acceptance test section.)
Intrinsic uniformity

Remove the collimator from the detector head; extra care must be
taken to ensure that exposed crystals are not damaged

A refillable or a solid °*’Co flood source is used to track source
activity and count rate for each uniformity acquisition, usually a
3,000K counts for a small rectangular FOV and a 5,000K counts for
a large rectangular FOV would be considered appropriate

Use NEMA method for image data processing, set pixels in the
central field of view (CFOV) with less than 75% mean counts to
zero after resizing and perform a nine point smoothing

Determine the maximum (max) and minimum (min) counts in pixels
within the useful field of view (UFOV) and the CFOV

The integral uniformity and differential uniformity are given by:

integral uniformity = 100 * [%]
(high—low)

differential uniformity = 100 * [(high +10W)]

Where high and low are the pixel counts giving the highest value of
the maximum count difference

Extrinsic (system) uniformity

The process is similar to the intrinsic uniformity test, but with the
collimator mounted on the detector head

Collimator defects may appear as linear artefacts covering large or
small areas of the image
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Energy peaking and window

* Purpose
— Ensure correct energy calibration of the system

* Implementation
— Operational checks of energy window settings to confirm that all
pulse height analyzer energy windows are properly centered around
the energy photopeaks of the radionuclides to be used for clinical
imaging purposes
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Cine and sinogram data review

* Purpose
— Rule out axial shift and transverse COR errors of multi-detector

systems

* Implementation
— Visually inspect any truncation, patient motion, and possible count
variations between frames
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Background count rate

* Purpose
— Detect possible radioactive contamination

* Implementation
— Operational check of the background count rates with or without

collimators, and within various energy windows

— Background count rates should be approximately constant in all
directions to rule out contamination of the scintillation camera, floor
or walls, neighboring source or an excess of electronic noise
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Intrinsic or extrinsic (system) spatial

resolution and linearity

* Purpose

Ensure the ability of scintillation camera to accurately determine the
position of incoming photons

* Implementation
Intrinsic spatial resolution
(As per described in the acceptance test section.)

A bar phantom is placed directly on the uncollimated detector and
irradiated by the point source placed away at a distance (> 5X
UFOV)

The intrinsic spatial resolution is approximated as FWHM = 1.75-B,
where B is the width of the narrowest bars that the scintillation
camera can still resolve

Extrinsic spatial resolution and spatial linearity

The bar phantom is placed directly on the collimated detector and
irradiated by the point source placed away at a distance (> 5X length
of the detector)

After collecting the required number of counts, the spatial resolution
is expressed as the narrowest stripes resolvable on the acquired
images
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High-count flood and uniformity

* Purpose
— verify uniformity within the field of view of the scintillation camera

and proper uniformity/sensitivity correction
* Implementation

— The total number of counts is collected and a pixel-by-pixel
multiplication of a raw image by the ratio image is calculated, this
corrects the non-uniformities in the detector and the collimator

— The data may be acquired using the same setup as used for the daily
uniformity test, except that a much larger number of counts (tens to
one or a few hundred million) must be acquired
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Center of rotation (COR)

* Purpose
— Ensure the image reconstruction process is consistently aligned with
the mechanical COR
* Implementation
— Check the alignments in both the x- and the y-axis, using point
sources of similar activities of ®*"Tc placed in the same plane in the
air, on and off the axis of rotation and the center of the field of view
— Point sources are imaged at an even number of detector angular
positions equally distributed over 360°, each detector must be
positioned parallel and must acquire an image at 0° and 180°
— COR error should stay within acceptable limits given in millimeters
— Recommended weekly to monthly testing frequency, depending on
the stability of the SPECT system
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Overall system performance

* Purpose
— Check overall SPECT system performance

* Implementation

— cylindrical tomographic phantoms (e.g. Jaszczak phantom, Carlson
phantom) are filled with %™Tc and high-count data is acquired and
reconstructed with filtered backprojection and a ramp filter

— Reconstructed images are used to detect possible ring artifacts and
distorted spheres and rods, to evaluate the contrast and spatial
resolution of objects of a known size and to calculate the linear
attenuation coefficient for attenuation correction
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System flood field uniformity

* Purpose
— Test the system flood field response of a scintillation camera for all
collimators used

* Implementation

— Mount the collimator on the detector head and turn the head to face
vertically upward, place the flood phantom at a distance of about 10
cm above the face

— Acquire an image of 30K counts and a matrix size of 512 x 512,
then remove the flood phantom

— Repeat above steps for all collimators used

— Visually inspect the images for any variations in brightness or
density not apparent in the corresponding intrinsic flood field image

— Collimator defects may appear as linear artefacts covering large or
small areas of the image

€ 400mm —

Perspex =1

$ex

>10mm

LT

Figure 4. Flood phantom, fabricated in plastic (e.g. Lucite, Perspex), which provides a uniform flood
source when filled with ®*™Tc in solution. The diameter of the liquid filled area should be 5 cm

greater than the UFOV. (Image acquired from IAEA Human Health Series no. 6)
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System planar sensitivity

* Purpose

Test the count rate response of a scintillation camera to a
radionuclide source of known radioactivity

* Implementation
(As per described in the acceptance test section.)

Set a planar sensitivity phantom containing an accurately known
amount of radioactivity, mount collimator on the detector head and
cover it with a plastic sheet, then place the phantom 10 cm from the
collimator surface

Collect an image for over 100 s, record the total counts and exact
time of day; remove the phantom, then count and record the
background for the same time

Repeat the above steps for all other low energy collimators; and
repeat above steps with phantom containing ¢’Ga or ***In for
medium energy collimators and 31 for high energy collimators
Correct the data for the decay time and background, calculate the
planar sensitivity of each collimator in counts per second per
becquerel or equivalent units to match the manufacturer’s
specifications
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Intrinsic count rate performance

Purpose

Test the response of scintillation camera to an increasing photon flux

Implementation

Use a point source consisting of about 4 MBq (100-500 mCi) of 99m
Tc solution in a suitable container

Remove the collimator from the detector head, mount the source on
the movable stand and ensure the source is on the central axis of the
detector

Register the count rate as the source is moved towards to the
detector face, record the maximum count rate

The value of the maximum count rate should be compared with the

manufacturer’s worst case value
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Reconstructed point source resolution

* Purpose
— Examine errors in COR and detector positioning

* Implementation
— Check the width in all three dimensions, shape, and presence of
streaking or other artifacts in the reconstructed image
— This test could be carried out at the same time as a COR test with the
same point source
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Tilt-angle check

* Purpose
— Ensure the position of projection data is consistently aligned

* Implementation
— The angle of tilt is the angle between the detector plane and the axis
of rotation, measured along the axis of rotation, it should remain 0°
for all angles of rotation
— The angle of tilt can be determined from summed projection images
over 360° of a radioactive point source placed off the axis of rotation
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Absolute pixel size

* Purpose

To determine the absolute pixel size in the matrix

* Implementation
(As per described in the acceptance test section.)

Place the point source on the camera face along the X axis, about 5
cm from the edge of FOV

Set up the system to perform a static acquisition of 50K counts using
the finest possible matrix size and acquire one planar image

Move the point source horizontally to a position about 5 cm away
from the other edge of the FOV, by a distance known to within 1 mm;
repeat the acquisition

Repeat the whole procedure by placing the point sources along the Y
axis

Repeat for all tomographic zoom conditions used in clinical practice
Calculate the center of gravity (COG) of the point source(s) for each
image and obtain the distances between the position of each COG
pairs:

COCx ZiiilziijlixMATRIX(i,j)

i 2 e
$i2i, I, MATRIX(i))

along a profile of thickness ji to j» and width iz to iz bounding the
point source, where i is the index of the matrix along the X axis and j
corresponds to Y axis

distance X = \/(X; — X,)2+(Y; — Y,)?

The difference between the values in X and Y should be less than
5%
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Tomographic uniformity of the camera

* Purpose

Test the tomographic uniformity of a rotating scintillation camera
SPECT system

* Implementation
(As per described in the acceptance test section.)

Ensure that all the camera uniformity correction calibration
procedures have been correctly performed

Place the tomographic uniformity phantom with its center at least
within 2 cm of the axis of rotation, as close as possible to the center
of rotation

Set up a tomographic acquisition using a normal matrix size and
clinical protocol, collecting a total of about 1M counts per slice, then
perform uniformity correction as recommended by the manufacturer
and reconstruct the data with a ramp filter

Identify the minimum or maximum value corresponding to the
location of a ring artefact as seen in the reconstructed image. Record
this value as Cmin/max

Record the two values along the profile of the uniform source just
beyond the edges of the artefact identified in step (3), terming them
C1 and C2, then the contrast could be estimated:

_ (C1+C2)
Cave - 2

contrast = Cmin/max_cane

min/max"' Cane

The planar uniformity of a scintillation camera when used in SPECT
should be better than 4%
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Tomographic resolution in air

* Purpose

Ensure the reconstruction process is not degraded by either the
tomographic acquisition or the reconstruction

* Implementation
(As per described in the acceptance test section.)
Place the point source in air within 1 cm of the center of rotation, set

the radius of rotation to be approximately 15 cm, perform a
acquisition using the matrix size and number of angles used
clinically; collecting about 10K counts per view

Reconstruct the data with filtered backprojection and ramp filter
Perform a normal planar (static) acquisition at the home position,
using the same acquisition condition as for the tomographic
acquisition

Repeat above steps with the point source placed about 8 cm off axis,

and the point source placed on the axis of rotation, but close to the
edge of the field of view
Draw a profile through the image of the point source in the

reconstructed image and calculate the FWHM in both the horizontal

and the vertical directions
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Tomographic resolution with scatter

* Purpose
— Check the tomographic resolution of the system in clinical
conditions

* Implementation
(As per described in the acceptance test section.)

— Use resolution phantom with central hole filled with high specific
activity ®"Tc, place the center of the phantom within 2 cm of the
center of rotation and close to the center of FOV

— Adjust the radius and collect data as the method described in the test
of tomographic resolution in air

— Move the phantom so that its center is about 5 cm away from the
axis of rotation and repeat above steps with a larger radius of
rotation

— Draw profiles through the reconstructed image of the point source;
both horizontally and vertically, then measure the FWHM, on the
horizontal and vertical profiles
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Slice thickness at center of slice

* Purpose

Teat the slice thickness to ensure that the spatial resolution along the
tomographic Z axis is within limits

* Implementation
(As per described in the acceptance test section.)

The data is collected as the same method as for the test of
tomographic resolution in air

Locate the slice in which the point source is most clearly seen and
locate the pixel in which the maximum number of counts is observed;
Note the (X, Y) coordinates of this pixel and its maximum value
Record the number of counts at this same (X, Y) pixel position for
all slices adjacent to and including the slice in which the maximum
was found, such that all slices containing counts of more than 5% of
the maximum are included

Generate a profile of the point source along the Z axis using these
values, calculate the FWHM of this profile
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Collimator hole angulation

* Purpose
— Check the septal alignment and angulation for all parallel hole
collimators used

* Implementation

— Apoint source is placed a few meters from the collimator, in the
center of each parallel hole collimator and in four or more other
positions approximately halfway to the edge of the field of view

— Acquired images should be visually inspected and checked for any
asymmetries, streaks and distortions

— New collimator should be provided by the manufacturer if the
collimator holes and septa do not aligned appropriately
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Multiple window spatial registration

* Purpose

Ensure that the images acquired at different photon energies
superimpose when more than one PHA is used simultaneously

* Implementation
(As per described in the acceptance test section.)

Remove the collimator and turn the head to face horizontally, a ®’Ga
point source is placed on a table adjacent to the scintillation camera
The default PHA windows is set on the 93, 184 and 296 keV
photopeaks and adjust the source activity not to exceed a count rate
of 10,000 counts/s

Acquire separate images through each of the PHA channels with
5,000K counts using the largest FOV available, and acquire an
image with all three PHA channels contributing

Position the source on the X+/X-/Y+/Y- axes of the detector face at
about 75% of the distance from the center to the edge, remove the
source and measure the distance between the two X and two Y
source positions; also determine the coordinates of the X and Y
source positions on each image, using count profiles or ROIs

The locations at which the sources appear with the highest counts
should coincide
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Quality Assurance (QA) for Single
Photon Emission Computed
Tomography (SPECT)

Outline

* Preamble
* Overall list of tests
* Acceptance test
* Routine test:
— Daily
— Monthly
— Quarterly to semi-annually
— Annually
* References
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Preamble

* This presentation is aim to serve as a guideline for the
hospitals in Taiwan, the purpose and Implementation of
each test is listed in the following sections

* The QA schedule for SPECT system after installation and
routine performance is collected from (in alphabetical
order):

— American College of Radiology (ACR)

— European Association of Nuclear Medicine (EANM)

— International Atomic Energy Agency (IAEA)

— International Electrotechnical Commission (IEC)

— National Electrical Manufacturers Association (NEMA)

* Manufacturers of the SPECT system include GE, Philips,
Toshiba, and Siemens

Overall list of tests

Test

Frequency

Physical inspection

Intrinsic flood field uniformity
Intrinsic spatial resolution

System planar sensitivity

Intrinsic count rate performance
Multiple window spatial registration
Detector head shielding leakage
Physical inspection

Intrinsic flood field uniformity
Intrinsic spatial resolution

System planar sensitivity

Intrinsic count rate performance
Multiple window spatial registration
Detector head shielding leakage
Visual and physical inspection
Uniformity

Energy peaking and window

Cine and sinogram data review
Background count rate

After installation
After installation
After installation
After installation
After installation
After installation
After installation
After installation
After installation
After installation
After installation
After installation
After installation
After installation
Daily

Daily

Daily

Daily

Daily
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Overall list of tests (cont.)

Test Frequency
Intrinsic or extrinsic (system) spatial resolution Weekly
and linearity

High-count flood and uniformity Weekly
Center of rotation Monthly

Overall system performance
System flood field uniformity
System planar sensitivity
Intrinsic count rate performance

Reconstructed point source resolution

Tilt-angle check
Absolute pixel size

Tomographic uniformity of the camera

Tomographic resolution in air
Tomographic resolution with scatter
Slice thickness at center of slice

Collimator hole angulation
Multiple window spatial registration

Quarterly to semi-annually
Quarterly to semi-annually
Quarterly to semi-annually
Quarterly to semi-annually
Quarterly to semi-annually
Quarterly to semi-annually
Quarterly to semi-annually
Quarterly to semi-annually
Quarterly to semi-annually
Quarterly to semi-annually
Quarterly to semi-annually

Annually
Annually

Acceptance test

e Time to perform

— Immediately after installation, and before clinical

use

* Purpose

— Ensure that the performance of an instrument
meets the technical specifications quoted by the
manufacturer

— Record as reference baseline for the routine QA
testing



Acceptance test

Acceptance test

Physical inspection

Intrinsic flood field uniformity
Intrinsic spatial resolution

System planar sensitivity

Intrinsic count rate performance
Multiple window spatial registration
Detector head shielding leakage
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Acceptance test

* Absolute pixel size

* Center of rotation offset and alignment
* Tomographic uniformity of the camera
* Tomographic resolution in air

* Tomographic resolution with scatter

* Slice thickness at center of slice

* Variations of sensitivity and uniformity with
rotation of the system

* QOverall system performance

Physical inspection

* Purpose

— Ensure no potential shipping damage and production
design flaws

* Implementation

— Ensure all instruments are well-functioning by
inspecting detector housing and support assembly,
control panels, image display devices, image recording
devices, hand control, emergency devices, mobile
cameras, collimators, electrical connections, fuses and
cables, and data storage and display devices

— Operation and service manuals should also be
available
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Intrinsic flood field uniformity

* Purpose
— Ensure uniform response of imaging systems to spatially uniform photon flux

* Implementation
— Remove the collimator from the detector head, mount the point source container which consisting of
10-20 MBq (0.3-0.5 mCi) **™Tc solution and positioning a lead mask
— Acquire an image with approximately 3,000k counts, ue a matrix size that produces pixel sizes with a
linear dimension of 6.4 mm * 30%
— Visually inspect the image for variations in brightness or density
— Use NEMA method for image data processing, set pixels in the central field of view (CFOV) with less
than 75% mean counts to zero after resizing and perform a nine point smoothing
— Determine the maximum {max) and minimum (min) counts in pixels within the useful field of view
(UFOV) and the CFOV
— The integral uniformity and differential uniformity are given by:
- 100+ (@)
(high—low)]
(high+low)
— Where high and low are the pixel counts giving the highest value of the maximum count difference

— integral uniformity

— differential uniformity = 100 * |;

Intrinsic spatial resolution

* Purpose
— Ensure the ability of scintillation camera to accurately
determine the position of incoming photons
* Implementation

— A bar phantom is placed directly on the uncollimated
detector and irradiated by the point source placed away at
a distance (= 5X UFQV)

— Acquire an image at a preset count of 60k, use the largest
matrix size available

— The intrinsic spatial resolution can be approximated as
FWHM = 1.75:B, where B is the width of the narrowest
bars that the scintillation camera can still resolve
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System planar sensitivity

* Purpose

— Test the count rate response of a scintillation camera to a radionuclide source
of known radioactivity

* Implementation

— Set a planar sensitivity phantom containing an accurately known amount of
radioactivity, mount collimator on the detector head and cover it with a plastic
sheet, then place the phantom 10 cm from the collimator surface

— Collect an image for over 100 s, record the total counts and exact time of day;
remove the phantom, then count and record the background for the same
time

— Repeat the above steps for all other low energy collimators; and repeat above
steps with phantom containing 6’Ga or 111In for medium energy collimators
and 31| for high energy collimators

— Correct the data for the decay time and background, calculate the planar
sensitivity of each collimator in counts per second per becquerel or equivalent
units to match the manufacturer’s specifications

Intrinsic count rate performance

* Purpose
— Test the response of scintillation camera to an increasing
photon flux
* Implementation

— Use a point source consisting of about 4 MBq (100-500 mCi)
of 99m Tc solution in a suitable container

— Remove the collimator from the detector head, mount the
source on the movable stand and ensure the source is on
the central axis of the detector

— Register the count rate as the source is moved towards to
the detector face, record the maximum count rate

— The value of the maximum count rate should be compared
with the manufacturer’s worst case value



Multiple window spatial registration

* Purpose

Ensure that the images acquired at different photon energies superimpose
when more than one PHA is used simultaneously

* Implementation

Remove the collimator and turn the head to face horizontally, a ¢’Ga point
source is placed on a table adjacent to the scintillation camera

The default PHA windows is set on the 93, 184 and 296 keV photopeaks and
adjust the source activity not to exceed a count rate of 10,000 counts/s

Acquire separate images through each of the PHA channels with 5,000K
counts using the largest FOV available, and acquire an image with all three
PHA channels contributing

Position the source on the X+/X-/Y+/Y- axes of the detector face at about 75%
of the distance from the center to the edge, remove the source and measure
the distance between the two X and two Y source positions; also determine
the coordinates of the X and Y source positions on each image, using count
profiles or ROIs

The locations at which the sources appear with the highest counts should
coincide

Detector head shielding leakage

* Purpose

Ensure that the detector head responds only to radiation incident upon the
crystal after transmission through the collimator

* Implementation

Use point sources consisting of 4 MBq (100 mCi) 99mTc and a radionuclide
having an energy that corresponds to the maximum design energy of the
camera

Mount the collimator, position the source at twelve sites (as shown in figure)
around the detector head shielding, and record the number of counts at each
site for 100 s

Position the source in the center of the field of view at a distance of 10 cm
from the face of the collimator for 100 s, then remove the source and measure
the background count for 100 s

Calculate the shielding leakage (%) by dividing this maximum count by the
count obtained through the collimator

For 99m Tc, leakage should be negligible; for higher energy radionuclides,
leakage should meet the manufacturer’s specification e

e

Image from IAEA Human Health Series no. 6 / \7

B
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Absolute pixel size

* Purpose

To determine the absolute pixel size in the matrix

* Implementation

Place the point source on the camera face along the X axis, about 5 cm from the edge of FOV

Set up the system to perform a static acquisition of 50K counts using the finest possible matrix
size and acquire one planar image

Move the point source horizontally to a position about 5 cm away from the other edge of the
FOV, by a distance known to within 1 mm; repeat the acquisition

Repeat the whole procedure by placing the point sources along the Y axis
Repeat for all tomographic zoom conditions used in clinical practice
Calculate the center of gravity (COG) of the point source(s) for each image and obtain the
distances between the position of each COG pairs:
zi;l z}gh iXMATRIX(i)
Zi%;, Zj%j, MATRIX(ij)
along a profile of thickness j, to j, and width i, to i, bounding the point source, where i is the
index of the matrix along the X axis and j corresponds to Y axis
distance X = [(X; — X,)? +(¥; — V,)?
The difference between the values in X and Y should be less than 5%

COGx =

Center of rotation offset and
alignment

* Purpose

Test the center of rotation (COR) offset, alighment of the camera Y axis and head
tilt with respect to the axis of rotation

* Implementation

Suspend the ®°™Tc point source in air within about 2 cm of the axis of rotation
and within about 2 cm of the center of the field of view

Perform a acquisition using the finest matrix size available, collecting about
10K counts at every angular position (32 angles over 360" is considered
adequate)

Repeat the above steps but place the point source as far as possible away
from the central slice

The offset from the center of rotation (R) could be calculate as:
R=(N+1-X,—X;50)/2

X, is the COGX at 0" and X, is the COGX at 180" degrees, N is the number of
pixels across the image (e.g. N=256 if the data were collected in 256 x 256)
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Tomographic uniformity of the camera

* Purpose

Test the tomographic uniformity of a rotating scintillation camera SPECT system

¢ Implementation

Ensure that all the camera uniformity correction calibration procedures have been correctly
performed

Place the tomographic uniformity phantom with its center at least within 2 cm of the axis of
rotation, as close as possible to the center of rotation

Set up a tomographic acquisition using a normal matrix size and clinical protocol, collecting a
total of about 1M counts per slice, then perform uniformity correction as recommended by
the manufacturer and reconstruct the data with a ramp filter

Identify the minimum or maximum value corresponding to the location of a ring artefact as
seen in the reconstructed image. Record this value as Cmin/max

Record the two values along the profile of the uniform source just beyond the edges of the

artefact identified in step (3), terming them C1 and C2, then the contrast could be estimated:

_ (c1+c2)

C
ave 2
oMb Cmin/max—Cane

Cmin/mux"'cane
The planar uniformity of a scintillation camera when used in SPECT should be better than 4%

Tomographic resolution in air

* Purpose

Ensure the reconstruction process is not degraded by either the tomographic
acquisition or the reconstruction

* Implementation

Place the point source in air within 1 cm of the center of rotation, set the
radius of rotation to be approximately 15 cm, perform a acquisition using the
matrix size and number of angles used clinically; collecting about 10K counts
per view

Reconstruct the data with filtered backprojection and ramp filter
Perform a normal planar (static) acquisition at the home position, using the
same acquisition condition as for the tomographic acquisition

Repeat above steps with the point source placed about 8 cm off axis, and the
point source placed on the axis of rotation, but close to the edge of the field
of view

Draw a profile through the image of the point source in the reconstructed
image and calculate the FWHM in both the horizontal and the vertical
directions
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Tomographic resolution with scatter

Purpose

— Check the tomographic resolution of the system in clinical

conditions
Implementation

— Use resolution phantom with central hole filled with high
specific activity *™Tc, place the center of the phantom within 2
cm of the center of rotation and close to the center of FOV

— Adjust the radius and collect data as the method described in
the test of tomographic resolution in air

— Move the phantom so that its center is about 5 cm away from
the axis of rotation and repeat above steps with a larger radius
of rotation

— Draw profiles through the reconstructed image of the point

source; both horizontally and vertically, then measure the
FWHM, on the horizontal and vertical profiles

Slice thickness at center of slice

Purpose
— Teat the slice thickness to ensure that the spatial resolution along the
tomographic Z axis is within limits
Implementation
— The data is collected as the same method as for the test of
tomographic resolution in air
— Locate the slice in which the point source is most clearly seen and

locate the pixel in which the maximum number of counts is observed;
Note the (X, Y) coordinates of this pixel and its maximum value

— Record the number of counts at this same (X, Y) pixel position for all
slices adjacent to and including the slice in which the maximum was
found, such that all slices containing counts of more than 5% of the
maximum are included

— Generate a profile of the point source along the Z axis using these
values, calculate the FWHM of this profile
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Variations of sensitivity and uniformity
with rotation of the system

* Purpose
— Determine the variations in system sensitivity as a function of angular
position of the detector
* Implementation

— Attach the flood source firmly to the camera, perform a tomographic
acquisition with at least about 1M counts per angle

— For a system collecting data by continuous rotation, record the total
rotation time, and repeat the test for both fast and slow rotation

— Repeat for any other heads

— Find the total number of counts collected at each angle, correct for
decay time and calculate the mean, standard deviation and maximum
deviation

— calculate the NEMA integral uniformity for each angular position

Overall system performance

* Purpose

— Verify that the system is performing adequately in a high count

study
* Implementation

— Use a total performance phantom, the activity contained should
be about 400 MBq (10 mCi) of **™Tc

— Set up the phantom and acquire a tomographic study using the
acquisition time in order to collect 800K counts for each
projection, 120 projections, a matrix size of 128 x 128 and a
360" angle of rotation

— Reconstruct the data with filtered backprojection and a ramp
filter

— The images should be carefully inspected for artifacts, the linear
attenuation coefficient and contrast should be calculated



Routine Test: Daily

Daily

Visual and physical inspection
Uniformity

Energy peaking and window
Cine and sinogram data review
Background count rate
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Visual and physical inspection

* Purpose
— Ensure imaging quality and patient or staff safety

* Implementation
— Visual and physical inspection of detector heads

and collimators, touch pad, and emergency stop
buttons, if available

Uniformity

*  Purpose

Ensure uniform response of imaging systems to spatially uniform photon flux

* Implementation
Intrinsic uniformity

Remove the collimator from the detector head; extra care must be taken to ensure that exposed crystals are
not damaged
A refillable or a solid 3Co flood source is used to track source activity and count rate for each uniformity
acquisition, usually a 3,000K counts for a small rectangular FOV and a 5,000K counts for a large rectangular
FOV would be considered appropriate
Use NEMA method for image data processing, set pixels in the central field of view (CFOV) with less than
75% mean counts to zero after resizing and perform a nine point smoothing
Determine the maximum (max) and minimum (min) counts in pixels within the useful field of view (UFOV)
and the CFOV
The integral uniformity and differential uniformity are given by:
_ . (max—min)
=100 [(max+min)]

. £ ; B (high—low)
differential uniformity = 100 * —(mghuow)]
Where high and low are the pixel counts giving the highest value of the maximum count difference

integral uniformity

Extrinsic (system) uniformity

The process is similar to the intrinsic uniformity test, but with the collimator mounted on the detector head
Collimator defects may appear as linear artefacts covering large or small areas of the image
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Uniformity (cont.)

* Manufacturer’s intrinsic uniformity quotes:

GE Infinia Quantitative Results:

Manufacturer's Quote

Integral UFOV 3.60%
Uniformity CFOV 3.00%
Differential UFOV 2.30%
Uniformity CFoV 2.10%

GE MG Quantitative Results:

Toshiba 7200 and Ultra Quantitative Results:
Manufacturer's Quote

Integral UFQV 6.5%
Uniformity CFQv 3.3%
Differential UFOV 4.5%
Uniformity CFQV 2.8%

Toshiba T.Cam Quantitative Results:

Manufacturer's Quote

Manufacturer's Quote  |ntegral UFOV 3.70%

Integral UFOV 3.50% Uniformity CFoV 2.90%
Uniformity CFOV 3.00%

Differential UFQV 2.70%

Differential UFOV 2.50% Uniformity CFOV 2.50%
Uniformity CFOV 2.00%

GE VG Quantitative Results:

Manufacturer's Quote

Integral UFOV 4.80%
Uniformity CFOV 3.60%
Differential UFOV 3.20%
Uniformity CFOV 3.00%

Data from ACR Nuclear Medicine Technologist Quality Control List

Philips Forte/Ver y ioEpic Q
Manufacturer's Quote
Integral UFOV 2.50%
Uniformity CFOV 2.50%
Differential UFOV 2.00%
Uniformity CFOV 1.50%

Philips Skylight Quantitative Results:
Manufacturer's Quote

Integral UFOV 2.50%
Uniformity CFOV 2.00%
Differential UFOV 2.00%
Uniformity CFOV 1.50%

Philips Cardio MD Quantitative Results:
Manufacturer's Quote

QC check results 2.5%

Sii C.Cam Qu ive Result:
Manufacturer's Quote

QC check results 25%

Siemens E.Cam Quantitative Results:
Manufacturer's Quote

Integral UFOV 3.70%
Uniformity CFOV 2.90%
Differential UFOV 2.70%
Uniformity CFOV 2.50%

Cine and sinogram data review

* Purpose

— Rule out axial shift and transverse COR errors of
multi-detector systems

* Implementation

— Visually inspect any truncation, patient motion,
and possible count variations between frames

Results:
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Energy peaking and window

* Purpose
— Ensure correct energy calibration of the system

* Implementation

— Operational checks of energy window settings to
confirm that all pulse height analyzer energy
windows are properly centered around the energy
photopeaks of the radionuclides to be used for
clinical imaging purposes

Background count rate

* Purpose
— Detect possible radioactive contamination
* Implementation

— Operational check of the background count rates with
or without collimators, and within various energy
windows

— Background count rates should be approximately
constant in all directions to rule out contamination of
the scintillation camera, floor or walls, neighboring
source or an excess of electronic noise
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Routine Test: Weekly

Weekly

* Intrinsic or extrinsic (system) spatial resolution
and linearity

e High-count flood and uniformity
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Intrinsic or extrinsic (system) spatial
resolution and linearity

* Purpose
— Ensure the ability of scintillation camera to accurately determine the position
of incoming photons
* Implementation
Intrinsic spatial resolution

— A bar phantom is placed directly on the uncollimated detector and irradiated
by the point source placed away at a distance (> 5X UFOV)

— The intrinsic spatial resolution is approximated as FWHM = 1.75-B, where B is
the width of the narrowest bars that the scintillation camera can still resolve

Extrinsic spatial resolution and spatial linearity

— The bar phantom is placed directly on the collimated detector and irradiated
by the point source placed away at a distance (= 5X length of the detector)

— After collecting the required number of counts, the spatial resolution is
expressed as the narrowest stripes resolvable on the acquired images

Images should be reviewed qualitatively.

Intrinsic bars System (extrinsic) bars
Best <2.0mm <25mm
21-29mm 26-29mm
25-29mm 3.0-34mm
3.0-34mm 3.5-3.9mm
Worst >3.5mm >4.0mm

Data from ACR Nuclear Medicine Technologist Quality Control List

High-count flood and uniformity

* Purpose

— verify uniformity within the field of view of the scintillation
camera and proper uniformity/sensitivity correction

* Implementation

— The total number of counts is collected and a pixel-by-pixel
multiplication of a raw image by the ratio image is
calculated, this corrects the non-uniformities in the
detector and the collimator

— The data may be acquired using the same setup as used
for the daily uniformity test, except that a much larger
number of counts (tens to one or a few hundred million)
must be acquired
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Routine Test: Monthly

Monthly

* Center of rotation (COR)

91



Center of rotation

Purpose

— Ensure the image reconstruction process is consistently aligned with
the mechanical COR

Implementation

— Check the alignments in both the x- and the y-axis, using point sources
of similar activities of °®™Tc placed in the same plane in the air, on and
off the axis of rotation and the center of the field of view

— Point sources are imaged at an even number of detector angular
positions equally distributed over 360°, each detector must be
positioned parallel and must acquire an image at 0" and 180°

— COR error should stay within acceptable limits given in millimeters

— Recommended weekly to monthly testing frequency, depending on
the stability of the SPECT system

Routine Test:
Quarterly to semi-annually
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Quarterly to semi-annually

Overall system performance (with phantom)
System flood field uniformity

System planar sensitivity

Intrinsic count rate performance
Reconstructed point source resolution
Tilt-angle check

Absolute pixel size

Tomographic uniformity of the camera
Tomographic resolution in air
Tomographic resolution with scatter
Slice thickness at center of slice

Overall system performance

Purpose

— Check overall SPECT system performance

Implementation

— cylindrical tomographic phantoms (e.g. Jaszczak phantom, Carlson
phantom) are filled with ®*™Tc and high-count data is acquired and
reconstructed with filtered backprojection and a ramp filter

— Reconstructed images are used to detect possible ring artifacts and
distorted spheres and rods, to evaluate the contrast and spatial
resolution of objects of a known size and to calculate the linear
attenuation coefficient for attenuation correction

Spatial Resolution Contrast
Rods visible Spheres visible

Best 9.5 high contrast Best 12.7 high contrast

11.1 high contrast 15.9 high contrast

11.1 low contrast 19.1 high contrast

12.7 and larger 12.7 low contrast
Worst >159 Worst >31.8

Uniformity

Images should be reviewed qualitatively. Data from ACR Nuclear Medicine Technologist Quality Control List
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System flood field uniformity

* Purpose

— Test the system flood field response of a scintillation camera for all
collimators used

* Implementation
— Mount the collimator on the detector head and turn the head to face
vertically upward, place the flood phantom at a distance of about 10
c¢m above the face

— Acquire an image of 30K counts and a matrix size of 512 x 512, then
remove the flood phantom

— Repeat above steps for all collimators used
— Visually inspect the images for any variations in brightness or density
not apparent in the corresponding intrinsic flood field image

— Collimator defects may appear as linear artefacts covering large or
small areas of the image

System planar sensitivity

* Purpose

— Test the count rate response of a scintillation camera to a radionuclide source
of known radioactivity

* Implementation

— Set a planar sensitivity phantom containing an accurately known amount of
radioactivity, mount collimator on the detector head and cover it with a plastic
sheet, then place the phantom 10 cm from the collimator surface

— Collect an image for over 100 s, record the total counts and exact time of day;
remove the phantom, then count and record the background for the same
time

— Repeat the above steps for all other low energy collimators; and repeat above
steps with phantom containing 6’Ga or 111In for medium energy collimators
and 31| for high energy collimators

— Correct the data for the decay time and background, calculate the planar
sensitivity of each collimator in counts per second per becquerel or equivalent
units to match the manufacturer’s specifications



Intrinsic count rate performance

* Purpose

— Test the response of scintillation camera to an increasing
photon flux

* Implementation

— Use a point source consisting of about 4 MBq (100-500 mCi)
of 99m Tc solution in a suitable container

— Remove the collimator from the detector head, mount the
source on the movable stand and ensure the source is on
the central axis of the detector

— Register the count rate as the source is moved towards to
the detector face, record the maximum count rate

— The value of the maximum count rate should be compared
with the manufacturer’s worst case value

Reconstructed point source resolution

* Purpose
— Examine errors in COR and detector positioning

* Implementation

— Check the width in all three dimensions, shape,
and presence of streaking or other artifacts in the
reconstructed image

— This test could be carried out at the same time as
a COR test with the same point source
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Tilt-angle check

* Purpose

— Ensure the position of projection data is consistently
aligned

* Implementation

— The angle of tilt is the angle between the detector
plane and the axis of rotation, measured along the
axis of rotation, it should remain 0" for all angles of
rotation

— The angle of tilt can be determined from summed
projection images over 360° of a radioactive point
source placed off the axis of rotation

Absolute pixel size

* Purpose
— To determine the absolute pixel size in the matrix

* Implementation

— Place the point source on the camera face along the X axis, about 5 cm from the edge of FOV

— Set up the system to perform a static acquisition of 50K counts using the finest possible matrix
size and acquire one planar image

— Move the point source horizontally to a position about 5 cm away from the other edge of the
FOV, by a distance known to within 1 mm; repeat the acquisition

— Repeat the whole procedure by placing the point sources along the Y axis

— Repeat for all tomographic zoom conditions used in clinical practice

— Calculate the center of gravity (COG) of the point source(s) for each image and obtain the
distances between the position of each COG pairs:

. = z;;l z}=i1 iXMATRIX(i,j)
Zi%;, Zj%j, MATRIX(ij)
— along a profile of thickness j, to j, and width i, to i, bounding the point source, where i is the
index of the matrix along the X axis and j corresponds to Y axis

- distance X = [(X; — X,)? +(¥; — V,)?
— The difference between the values in X and Y should be less than 5%




Tomographic uniformity of the camera

* Purpose

Test the tomographic uniformity of a rotating scintillation camera SPECT system

¢ Implementation

Ensure that all the camera uniformity correction calibration procedures have been correctly
performed

Place the tomographic uniformity phantom with its center at least within 2 cm of the axis of
rotation, as close as possible to the center of rotation

Set up a tomographic acquisition using a normal matrix size and clinical protocol, collecting a
total of about 1M counts per slice, then perform uniformity correction as recommended by
the manufacturer and reconstruct the data with a ramp filter

Identify the minimum or maximum value corresponding to the location of a ring artefact as
seen in the reconstructed image. Record this value as Cmin/max

Record the two values along the profile of the uniform source just beyond the edges of the

artefact identified in step (3), terming them C1 and C2, then the contrast could be estimated:

_ (c1+c2)

C
ave 2
oMb Cmin/max—Cane

Cmin/mux"'cane
The planar uniformity of a scintillation camera when used in SPECT should be better than 4%

Tomographic resolution in air

* Purpose

Ensure the reconstruction process is not degraded by either the tomographic
acquisition or the reconstruction

* Implementation

Place the point source in air within 1 cm of the center of rotation, set the
radius of rotation to be approximately 15 cm, perform a acquisition using the
matrix size and number of angles used clinically; collecting about 10K counts
per view

Reconstruct the data with filtered backprojection and ramp filter
Perform a normal planar (static) acquisition at the home position, using the
same acquisition condition as for the tomographic acquisition

Repeat above steps with the point source placed about 8 cm off axis, and the
point source placed on the axis of rotation, but close to the edge of the field
of view

Draw a profile through the image of the point source in the reconstructed
image and calculate the FWHM in both the horizontal and the vertical
directions
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Tomographic resolution with scatter

Purpose

— Check the tomographic resolution of the system in clinical

conditions
Implementation

— Use resolution phantom with central hole filled with high
specific activity *™Tc, place the center of the phantom within 2
cm of the center of rotation and close to the center of FOV

— Adjust the radius and collect data as the method described in
the test of tomographic resolution in air

— Move the phantom so that its center is about 5 cm away from
the axis of rotation and repeat above steps with a larger radius
of rotation

— Draw profiles through the reconstructed image of the point

source; both horizontally and vertically, then measure the
FWHM, on the horizontal and vertical profiles

Slice thickness at center of slice

Purpose
— Teat the slice thickness to ensure that the spatial resolution along the
tomographic Z axis is within limits
Implementation
— The data is collected as the same method as for the test of
tomographic resolution in air
— Locate the slice in which the point source is most clearly seen and

locate the pixel in which the maximum number of counts is observed;
Note the (X, Y) coordinates of this pixel and its maximum value

— Record the number of counts at this same (X, Y) pixel position for all
slices adjacent to and including the slice in which the maximum was
found, such that all slices containing counts of more than 5% of the
maximum are included

— Generate a profile of the point source along the Z axis using these
values, calculate the FWHM of this profile
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Routine Test: Annually

Annually

* Collimator hole angulation
* Multiple window spatial registration
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Collimator hole angulation

* Purpose
— Check the septal alignment and angulation for all parallel

hole collimators used

* Implementation
— A point source is placed a few meters from the collimator,

in the center of each parallel hole collimator and in four or

more other positions approximately halfway to the edge of

the field of view

— Acquired images should be visually inspected and checked

for any asymmetries, streaks and distortions

— New collimator should be provided by the manufacturer if

the collimator holes and septa do not aligned
appropriately

Multiple window spatial registration

* Purpose

Ensure that the images acquired at different photon energies superimpose
when more than one PHA is used simultaneously

* Implementation

Remove the collimator and turn the head to face horizontally, a ’Ga point
source is placed on a table adjacent to the scintillation camera

The default PHA windows is set on the 93, 184 and 296 keV photopeaks and
adjust the source activity not to exceed a count rate of 10,000 counts/s

Acquire separate images through each of the PHA channels with 5,000K
counts using the largest FOV available, and acquire an image with all three
PHA channels contributing

Position the source on the X+/X-/Y+/Y- axes of the detector face at about 75%
of the distance from the center to the edge, remove the source and measure
the distance between the two X and two Y source positions; also determine
the coordinates of the X and Y source positions on each image, using count
profiles or ROIs

The locations at which the sources appear with the highest counts should
coincide
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(C)*a3R %k +» & (Coronal View)
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(E) % Fg PR & & 7 5 (Sagittal View)
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2019 International Forum for Quality Assurance in

Nuclear Medicine Molecular Imaging
Time: Jul 27, 2019 (W6)

Venue: Meeting Room, Department of Nuclear Medicine
Hosting: Department of Nuclear Medicine, Taipei Veterans General

Hospital(TVGH)

Time Content Chairman Location
08:30-09:00 (8:30 a.m. meet at hotel lobby for pick-up service to TVGH  |Hotel lobby
09:00-09:40 |TVGH & Department of Nucl |Prof. Wen-Sheng Huang, M.D.

Med (NM) Introduction
09:40-10:20 |Visit the Department of NM,  |Prof. Wen-Sheng Huang, M.D.,
National PET/Cyclotron, and  |Chief Technologist
Translational imaging Centers |Prof. Bang-Hung Yang, and
Chief Radiochemist
Prof. Chi-Wei Chang TVGH,
10:20-10:30 [Tea Break Department of
- Nuclear
10:30-12:00 |Quality Assurance and Nuclear [Prof. Bang-Hung Yang etal. |\ 1adicine
Medicine Imaging Protocol:
Worldwide Opinions
12:00-12:30 |Discussions and Group Photo All
12:30-13:00 [Lunch (lunch box provided)
13:00-14:00 [Travel to INER
14:00-14:30 [INER and Division of Isotope Division Head
Applications Prof. Chih-Hsien Chang, and
Introduction Vice Division Head
14:30-16:30 |Visit Division of Isotope Prof. Mei-Hsiu Liao, and
Applications, PIC/S GMP Group Leader of Cyclotron
Radiopharmaceutical Operations
Manufacture Center, Preclinical |Prof. Ting-Shien Duh INER

Molecular Imaging and
Radiopharmacology Center

16:30-17:00

Discussions and Group Photo
Closing remark

All

17:00-18:30

Dinner & Farewell Party
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9mTc-Trodat On-Site Interact Course

Date: Nov, 25, 2019 (Monday)

Venue: Department of Nuclear
Faculties: 1. Prof. WS Huang, M.D., Director of Dept. of NM & National PET/Cyclotron Center , TVGH

Meadici

Taipei Vi G | H

pital (VGHTPE)

MRCCC
Siloam<SHoSPItaE

2. BH Yang, Ph.D., Team Leader of Radiologic Technologist, Dept. of NM & National PET/Cyclotron Center, TVGH
3. Yuan-Chung Wu, RadioPharmacist, Dept. of NM, TVGH

Time Content Presenter Venue Remark
09:00-09:10 |Opening Prof. WS Huang, M.D. VGHTPE NM center
09:10-10:30 |*™Tc-Trodat-1 : Drug Preparation Radiopharmacist, Wu RadioPh Ph ist Only
09:10-09:30 |Hospital Introduction Prof. WS Huang, M.D. NM Meeting Room
09:30-10:40 |* Tc-Trodat-1 SPECT : Clinical Application Prof. WS Huang, M.D. NM Meeting Room
10:40-11:00 Break
11:00-12:30 | Tc-Trodat-1 Acquisition Protocol and Imaging Processing BH Yang, Ph.D. NM Meeting Room
12:30-13:30 |Lunch All NM Meeting Room Lunch Box
13:30-14:00 |Q Analysis of Image BH Yang, Ph.D. NM Meeting Room
14:00-14:30 |Imaging Discussion Dr. Yudistiro NM Meeting Room
14:30-15:30 |™ Tc-Trodat-1 SPECT Scan with real patient BH Yang, Ph.D. SPECT Room Real patient scan
15:30-15:50 Break
15:50-16:45 | Tc-Trodat-1 SPECT : Read with Expert Prof. WS Huang, M.D. NM Meeting Room
16:45-17:00 Q&A All NM Meeting Room

17:00 Adjourn

18:00 Dinner
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m Memorandum of Understanding between 3 63
E$®f_ Taipei Veterans General Hospital o/
/jf_j\} and Liverpool Hospital LIVERPOOL
HOSPITAL

MEMORANDUM OF UNDERSTANDIMNG ON ACADEMIC COOPERATION BETWEEN
LIVERRPOOL HOSPITAL AND TAIPEI VETERANS GENERAL HOSPITAL

THIS MEMORANDUM of UNDERSTANDING (the “MOU”) made and entered into as of 15th day of
November, 2019, between Taipei Veterans General Hospital (“TVGH”) with its office at No. 201, Sec.
2, Shipai Rd., Beitou District, Taipei City, Taiwan 11217, R.0.C., and Liverpool Hospital (‘LH”) with
its office at Corner of Elizabeth and Goulburn Streets., Liverpool NSW 2170, Australia.

The purpose of this MOU is to develop academic and educational cooperation and to promote
mutual understanding between the Nuclear Medicine Departments between the two institutions.
Both institutions agree to develop the following collaborative activities in academic areas of
mutual interest, on a basis of equality and reciprocity.

(1) Exchange of faculty members, researchers, and administrative staff

(2) Implementation of collaborative research projects

(3) Implementation of lectures and symposia

(4) Exchange of academic information and materials

(5) Promotion of other academic cooperation on which both parties have agreed
The development and implementation of specific activities based on this MOU will be separately
negotiated and agreed on between the faculties, schools or institutes, which are to carry out the
specific activities. Both institutions agree to carry out these activities in accordance with the laws
and regulations of the respective countries.
Tt is understood that the implementation of any of the types of cooperation stated in Clause 2 shall
depend upon the availability of resources and financial support at the universities/institutions
concerned.
Should any collaborative research activities conducted under this MOU have any potential for
developing intellectual property, both institutions shall seek an equitable and fair understanding
as to ownership and other property interests that may arise.
This MOU may be amended or modified by a written agreement signed by the representatives of
both institutions.
This MOU is valid for a period of five (5) years from the signature date of the representatives of
both universities/institutions below. This MOU may be renewed after being reviewed and
renegotiated by both institutions.
This MOU may, at any time during its period of validity, be terminated by either
university/institution upon prior written notice to the other party made at least six (6) months
prior to the termination date.
The parties agree that this MOU is not a formal legal agreement giving rise to any legal
relationship, rights, duties or consequences, but it is only a definite expression and record of the
purpose of the parties to which the parties are bound in honour only.
This MOU shall be executed in English in two (2) copies: each institution shall retain one copy.

Taipei Veterans General Hospital, Signed for and on behalf of
Taiwan Liverpool Hospital Sydney Australia

Superintendent General Manager
Prof. Deh-Ming Chang M.D. Ph.D Ms. Karen McMenamin

] /

» /

\// [V s A (L
£V | U’(U\(“- o ) - (Signature) (Signature)

Date : Ty Date:  Ajgv AE 2019
_J{r("i/“‘ 5. ,><‘1/7 s

h
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Ak Memorandum of Understanding between <15

.? Z Taipei Veterans General Hospital
rg:] and Liverpool Hospital G &/
BN

Fldy ik B A B R RARR (TVGH) S46145 041 Sk

AAHESHE(ATHA “ MOU” D# 2019411 A 15 BAELEREBR( “ TVGH )AMmAEM»MN 11217
FATEREL IS &K 201 KAFHERKR ( “ LE” ) A2 E47 Corner of Elizabeth and Goulburn
Streets., Liverpool NSW 2170, Australia.
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AR SHEFNHRBERAELRREBRA TARTSUIE » TEITROHEHSHYNE -
WARSHEADBERFRLRREERATA  KIAEARARIREZENA K ZRHIAE
A SKRTRENT—REE -
AEATEHR R P2 - MG W S SRSk BANEANAE Dilso B F — Wl -
R PGB R ST RETEANS AT WA RRR At ERs T L8R
BR -
10 Ao dbhnslrREXYR  $HELRROBERAH LB ERSKR—&

-~ @@ T e

w oo

Taipei Veterans General Hospital, Signed for and on behalf of
Taiwan Liverpool Hospital Sydney Australia
Superintendent General Manager
Prof. Deh-Ming Chang M.D. Ph.D Ms. Karen McMenamin
KNUNLNANA
(Signature) (Signature)
Date : Date :
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GE it A 0 48 1
1 | $ ® | Yuthana Saengsuda President Nuclear Medicine Society of Thailand.
Radioloaical Division of Nuclear Medicine,
2 | % ® | Sureerat Saengsuda gic Department of Radiology, Rajavithi
1 Technologist .
hospital
. . Professional Lead GMP Inspector, Bureau of Drug
% ~ ]
3 | 3 B | Achiraya Praisuwan Pharmacist Control, Thai FDA
Division of Nuclear Medicine,
Department of Diagnostic and
_ Putthiporn . Therapeutic Radiology,
4 3? " Charoenphun Pharmacist Faculty of Medicine Ramathibodi
Hospital,
Mahidol University, Thailand
Division of Nuclear Medicine,
_ e : . Maharat Nakhon Ratchasima
> 3? # | Thawi Yingsa-Nga Radiologist Hospital , Nakhonratchasima
Province, Thailand
6 | 2 W Mark Gallegos Pharmacist Thai GMS
7 | % B | Natthawuth Nainanont Pharmacist Thai GMS
8 | % W | Supakit Hluangjork Pharmacist Thai GMS
. . Formal Vietnamese Radiology and Nuclear
%
O | A= Mai Trong Khoa President Medicine Society
, . . Pharmaceutical Business Management
x 2
10 | A% = Nguyen Dieu Ha Deputy Director Division, DAV
. . . Vietnam Association of Radiological
5
11 | A= Loc Thai Van President Technolagists
. . . : Myanmar Society of Nuclear
12 | ‘@w Kyin Myint President Medicine
13 | 2 d Thet Zay Yar Myint CEO Radiance Infinity Co., Ltd. Singapore
Medical Nuclear Medicine Department of
14 | &7 R Rini Shintawati . Hasan Sadikin Hospital Bandung
Physicist .
Indonesia
15 | & r Siti Masrochah Radiographer, Radiological Technology at Health

Lecturer

Politechnic of Semarang
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SAMSUNG MEDICAL
¥ B | Lee/ Won-Guk Vice President
CENTER
SEOUL NATIONAL
¥ & |  Moon/Ill-Sang Education Director
UNIVERSITY HOSPITAL
Information Management SAMSUNG MEDICAL
§E R Lee/Jong-Pil
Director CENTER
Radiological YEOUIDO ST.MARY'S
¥ B | PARK/JUN MO
Technologist HOSPITAL
Radiological SEOUL NATIONAL
¥ ® | PARK/MIN HO
Technologist UNIVERSITY HOSPITAL
PARK /JUN Radiological
¥i 7 SEVERANCE HOSPITAL
YOUNG Technologist
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M| et i i a
Dr. Ryan Head of Nuclear
B R MRCCC Siloam Hospital
Yudistire Medicine
Ms. Desi
Er R Radiographer MRCCC Siloam Hospital
Hutahaean
Ms.Amelinda
2 Pharmacist MRCCC Siloam Hospital

Janice Herlina
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Signing Ceremony for Agreement of Academic Exchange between
Taipel Veterans General Hospital and Liverpool Hospital, Australia

1-‘(7/ 77 'l\ 1([7//

o zow!intia

- e w‘ﬂ Date: Now. 1S5 (Friday). 2019 Venue: Hall 4, Chih-Teh Buailding. Taipei Veterans General Hospital J

W=~ *PRRAREP Ak RN 2 H I F B Peter Lin $ot it
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