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Abstract

Aim: Here, we report acceptance testing and the first routine
testing of a dual head SPECT gamma camera installed in a
remote cancer hospital. Routine testing was performed one
and half year after commissioning.

Material and Methods: Acceptance test procedures were
performed according to the instructions and guidelines of the
manufacturer. Co-57 and Technitium-99m (Tc-99m) flood
sources and Tc-99m point sources were used. Low Energy
High Resolution (LEHR) and Low Energy General Purpose
(LEGP) collimators were used for a range of acceptance and
routine tests. Results: All the acceptance tests including
energy calibration, extrinsic uniformity (with LEGP, LEHR
collimators), intrinsic spatial linearity, quadrant bar phantom
study, count rate performance test, system sensitivity, COR
at 90°, 102° and 180° detector configuration, intrinsic energy
resolution and Jaszczak study passed. However, uniformity
calibration and test with Tc and I-131 sources did not pass
alongwith spatial resolution of whole body and spatial
resolution without scatter with LEHR. After installation and
acceptance tests, the system has been kept in standby mode
until the completion of other radiological installations within
the hospital, and the routine testing was performed before
the commencement of patient services in the cancer
hospital.

Conclusion: The uniformity tests passed when the
comparison is made with IAEA recommended guidelines.

Keywords: Flood field uniformity; Acceptance testing;
Routine testing; Image processing; Image)

Introduction

The most widely used instrument in nuclear medicine for the
evaluation of the function or diagnosis of pathologies is a
gamma camera. It is used for bio-distribution imaging by
performing dynamic and static studies of biological tissues [1,2].
The functional information from gamma camera is overlapped
with the information of anatomy and internal structures
obtained through X-ray and CT installed on the same equipment
[3]. Single Photon Emission Computed Tomography (SPECT)
images obtained from gamma camera provide improved disease
localization [4].

The performance of cameras may vary due to characteristics
of the detector crystal. Gamma camera detectors are commonly
made of hygroscopic Nal crystal or Cadmium-Zinc-Telluride (CZT)
[5,6]. Poor ambience or environment may have an influence on
the performance characteristics of gamma camera [7].

Diagnostic imaging quality and optimized radiation doses of
radiopharmaceuticals to patients are ensured through a quality
assurance program and monitoring of equipment performance.
Routine quality control, calibration and performance testing of
gamma cameras are necessary in order to consistently acquire
good quality images without artifacts. The QA of gamma camera
consists of a number of tests proposed by international
organizations such as IAEA and AAPM [8,9]. Acceptance testing
of gamma camera provides baseline data for the performance
evaluation and ensures that the instrument meets the end-user
requirements for the manufacturer in relation to safety,
damages, or deficiencies, compromising clinical studies [10-12].
Planar and rotational uniformity test, spatial resolution test, and
center of rotation test are important tests for dual head SPECT
gamma cameras [13,14]. A complete list of gamma camera
acceptance tests is given in references [15,16].

The uniformity of the gamma camera refers to its ability to
produce a uniform image when detector is irradiated with
uniform flux of radiations. Flood field uniformity may be
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quantified as the degree of uniformity exhibited by the detector
itself (intrinsic uniformity) or by the detector with collimator
mounted (extrinsic uniformity). It may be quantified in terms of
the maximum variation in count density over the entire field of
view (integral uniformity) or in terms of the maximum rate of
change of count density over a specified distance (differential
uniformity) [17]. The factors affecting intrinsic uniformity are
gamma source activity, acquired counts for the flood image,
image matrix size, and source volume[18,19]. The use of
software is becoming common for quality control of images

from a gamma camera. In a study, NMQC software from IAEA
was used to perform image analysis of ten non-uniform QC
images from a gamma camera [20].

There are several ways to characterize the spatial resolution in
a gamma camera. The Point Spread Function (PSF) and Line
Spread Function (LSF) are the profiles of measured counts as a
function of position across the point or line source of a detector.
The Full Width at Half Maximum (FWHM) and Full Width at
Tenth Maximum (FWTM) are used to describe the profile widths
[21]. One of the factors affecting the spatial resolution in nuclear
medicine imaging system is collimator because it limits the
direction of y-rays incident on the detector. Collimators are
designed for specific purposes (e.g., sensitivity, resolution and
specific radionuclides). The hole size and spacing of a collimator
affects the spatial sampling; therefore, each collimator leads to a
different system spatial resolution [21].

The bar phantom is placed on the collimator and the flood
source is placed on top of the bar phantom for the
determination of extrinsic resolution of a gamma camera. A 10M
count image of the bar phantom is acquired and evaluated
visually to check the detector resolution and linearity. For
intrinsic resolution, the bar phantom is directly placed over the
detector without collimator. A Tc-99 m point source is placed at
5 FOV distance. As a rule of thumb, the intrinsic resolution of a
detector in terms of the Full Width at Half Maximum (FWHM) of
the line spread function can be approximated as FWHM = 1.7S,,
where Sb is the size of the smallest resolvable bars [21].

Nuclear medicine images are noisy because of limited safe
amount of injected activity and the optimized scan duration
without inflicting patient discomfort or without causing
physiological changes due to activity distribution. In areas of low
uptake or low contrast, noise in the image affects both
qualitative and quantitative accuracy. The response of a system
to a specific amount of activity is reflected in its sensitivity [21].

The dead time is the length of time required for a counting
system to record an event, during which additional events
cannot be recorded. The radiation detectors have a finite dead
time typically 5 ps - 10 ps for modern scintillation detectors. In
modern scintillation detectors automated algorithms yield count
rates corrected for dead time count losses. These scintillation
detectors based systems, such as well counters, y cameras and
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PET scanners follow paralysable models. In a paralysable
detector, even radiation which is not counted, interacting with
the detector during the dead time of a previous event, prevents
counting of subsequent incoming radiations during the time
interval corresponding to its dead time [21].

The detector heads of a SPECT gamma camera need to be
perfectly oriented parallel to the z axis of the system, such that
each angular view is imaging the same volume. The centre of
each angular projection should be consistent with the centre of
mechanical rotation. Errors due to these factors can potentially
lead to a loss of spatial resolution and the introduction of image
distortion or ring artefacts. These issues can be identified and
corrected with centre of rotation procedure by employing a
small point source in the camera’s FOV at an off-centre location.
SPECT data acquisition is performed and deviations from the
expected sinusoidal pattern are measured in the resulting
sonograms [21].

Jaszczak phantom study is performed to evaluate the overall
performance and the impact of reconstruction filters on
resolution during acceptance and routine testing of the SPECT
systems [21].

In our work, the acceptance tests included uniformity
(intrinsic and extrinsic) with Tc-99m and 1-131 sources For Low
Energy High Resolution (LEHR) and Low Energy General Purpose
(LEGP) collimators, COR at 90°, 102° and 180°, spatial linearity,
spatial resolution, energy resolution, system sensitivity of Head
1 & 2 with LEHR collimator, whole body spatial resolution,
Jaszczak and count rate performance tests.

Materials and Methods

Installation and commissioning of Dual Head SPECT Gamma
Camera (Anyscan S Mediso Nucline, AS-909279-S) with standard
9.5 mm thick Nal crystal head containing 60 # of PMTs was
performed at a remote hospital. Factory tests were performed
by following NEMA standards NEMA NU 1-2012 at Laborc u.

3.H-1037 Budapest Hungary.

The radioactive materials used were Technetium (Tc-99 m),
Cobalt-57 (Co-57), lodine (I-131) and Barium-133 (Ba-133). Low
energy photons were used from Tc-99 m and Co-57 and high
energy photons were used from 1-131 for uniformity
evaluations. Ba-133 was used for random checking of detector
and random peaking.

The day to day use of radioactive sources (Tc-99 m and 1-131)
has been given in Figure 1 during acceptance testing of Gamma
Camera. All the radioactive sources were transported from other
nuclear medicine center. However, 1-131 was used just for a
single day to perform uniformity calibration and the relevant
test (Figure 1).
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Figure 1: Day to day use of radioactive quantities (Tc-99m and
1-131) while performing acceptance testing of gamma camera.

At the end of acceptance tests, the surfaces of tables and
stands were decontaminated. The motion and axial calibrations
of gamma camera were performed followed by energy
calibration and auto-tuning of detectors

Energy and intrinsic uniformity calibration

After energy calibration with Tc-99m and 1-131, the uniformity
calibration and tests were performed with respective radioactive
sources. Uniformity is performed either intrinsically (without
collimator) or extrinsically (with collimator).

Soon after intrinsic uniformity calibration, intrinsic uniformity
test was performed with 1-131 and Tc-99m. Total counts of
40,000 were collected at count rate of 35 kcps by placing Tc-99m
source at a distance of 5 FOV. The gamma camera detector
configuration used in this case was 102°. Acquisition was
performed from NM tests protocol of acquisition system. The
results obtained were compared with the reference values
obtained during factory settings.

The acquired uniformity images were processed with Image)
software for any non-uniformity with a grid size 512 x 512,
smoothing 100% for 3D surface profile in image processing
software. The processed profiles of images were found relatively
uniform.

Extrinsic uniformity with Co-57, Tc-99m, LEGP, LEHR

Extrinsic uniformity tests were performed to collect data for
the documentation of differential and integral uniformities.
Extrinsic calibration and the relevant test were performed with
Tc-99 m and Co-57 flood sources. Extrinsic calibration & test
were performed with Tc-99m and Low Energy General Purpose
(LEGP) and Low Energy High Resolution (LEHR) collimators. The
collimators may be kept installed on the detectors. The refillable
flood source was filled with Tc-99 m activity (12.5 mCi for LEGP
and 20 mCi for LEHR) and placed on the detector with collimator
mounted on detector heads. Energy and uniformity calibration
protocol was selected and run from the service menu of image
acquisition system of gamma camera. On completion of
acquisition, the energy and uniformity tables were automatically
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calculated. For Co-57 flood source, LEHR collimator was installed
too.

Intrinsic Spatial Linearity of detector 1 & 2

A source of 100 MBq with a count rate of 30 kcps was used to
collect data with 30% energy window. The source was placed in
a source holder covered with copper plates. The radiation falls
on Linearity phantom having 10mm slit spacing fixed over a
gamma camera configured at 102°. Also the camera was set at 0
degrees for Det#l (Detector at bottom) for safety, then bolted
down before rotating the camera and fixing of collimator
connections was done before installing the linearity mask.

Quadrant bar phantom study

The bar phantoms are made of lead strips embedded into
plastic and typically arranged in four quadrants. The lead strips
are radio-opaque, while plastic strips are radio-lucent. Each
quadrant has strips of different thickness. The rectangular bar
phantom image has four quadrants with strip sizes of 2.0mm,
2.5mm, 3.0mm and 3.5 mm. A radioactive source Tc-99m with
an activity of 35 MBq was used. A total of 8 m counts were
collected at a count rate of 20 kcps with 102° detector
configuration.

Count rate performance test

The Tc-99m source of 10 MBqg with a count rate of 60 kcps
gradually and slowly moved from 5 FOV (2 m-3 m) towards the
center of a gamma camera detector configured at 102 degrees.
While approaching towards the center of detector, the count
rate is noted from the touch screen. This activity was performed
by the first person. The count rate increases continuously when
the source comes towards the center. The source movement
was stopped with the help of second person who handles the
software by starting and stopping the program.

System sensitivity

Tc-99 m source of 1 mCi was prepared. The measurement
time and the amount of activity were recorded. The source was
placed at the center of the collimator. A special source holder
was used to proceed with the test. A 60 second acquisition was
performed for both detector heads. While processing of data,
data field were entered such as isotope preparation time and
activity. The results were calculated and compared with gamma
camera specifications.
102 detector

COR at 90, and

configuration

180-degree

A special source holder is pulled out and 0.5 ml Tc-99m (300
MBq) is placed in a 2 ml syringe while the detector is at 180
detector configuration. The source has to be in the same
position during the whole procedure. The process is quite the
same for all detector configurations such as COR-90, COR-102
and COR-180, only the detector configuration changes. The
frame time is set in the ‘SPECT Options’ window and 120.000
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counts per projection collected NEMA

recommendation.

were as  per

Spatial resolution of whole body

Two Tc-99m line sources (capillary tubes each of) 100 mm
were placed parallel to each other and 50 mm apart from each
other. The distance was set to 100 mm between the capillary
tube and the upper collimator surface by setting patient table
height and/or upper detector radius. The patient table was
moved in opposite direction of examination and the screen was
kept in view until the second capillary tube disappeared from
the detector screen. The detector con iguration was set at 180°.

Spatial resolution without scatter with LEHR

Two line sources of Tc-99m (each of 600 MBq) were used to
collect 1.5 Million counts with 180° con igured gamma camera.
The sources were of 100 mm lengths, 1 mm diameter and were
separated from each other with a distance of 50 mm.

Energy resolution

Energy resolution requires Tc-99m 5-6 MBqg with a count rate
of rate 30kcps while the detector con iguration is 102° for
gamma camera. One copper plate with the thickness of 2 mm
was used for the radiation scatter. It is important that in the
spectrum the peak center must be on the right place. The peak
centering was done by using autopeak.

Jaszczak Phantom test

Jaszczak phantom study was performed by adding 20 mCi
activity to the Jaszczak phantom. The data was acquired with the
help of acquisition so tware of Mediso gamma camera. The
resulting images were processed with the help of processing
so tware provided by Mediso. The images were further analyzed
with Imagel so tware.
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Results

The system was powered up. Energy calibration and auto-
tuning of detectors 1 and 2 were successfully performed and the
energy spectra of PMTs while performing the above test are
presented in Figure 2 A,B. An average FWHM value of five values
is calculated with the processing software provided by the
manufacturer. This average value is compared with NEMA
specification. The peak value was found at 140.5 keV and the
difference between the five values of the peaks was less than
0.3 keV (Figure 2).

Figure 2: lllustrative images of energy calibration and auto-
tuning of detector Heads 1 and 2 at the time of acceptance.

Intrinsic uniformity calibration and tests of detectors were
performed with Tc-99m and lodine-131 radioactive sources. The
differential and integral uniformity values of CFOV and UFOV
were compared with reference values obtained from
manufacturer. For |-131 flood source, all values were slightly
higher than the reference values. However, for Tc-99 m flood
source, at the time of installation, all values were higher than
the reference values except the integral CFOV, which was below
the limit for uniformity of detector 1 & 2. The value of integral
CFOV uniformity raised at the time of routine testing started
after a period of more than one year. So, the acceptance values
of intrinsic uniformity tests did not pass for I-131 and Tc-99m
sources (Table 1).

Reference | Acceptance testing with| Acceptance testing with NEMA Routine testing with

For factory| I-131 Tc-99m Specificatio | 1..99m

testing n Values (%)

values (%)

D1 D2 D1 D2 D1 D2

Differential | <1.5 1.9 1.7 1.7 1.8 3 1.8 1.7
CFov
Differential | <1.5 1.9 1.9 1.8 1.9 3 1.8 22
UFOV
Integral <20 24 2.1 1.9 1.9 3.6 24 22
CFov
Integral <20 2.5 2.3 2.3 2.1 3.6 24 26
UFOV

Table 1: Acceptance testing and 1st routine testing results of Intrinsic Flood Field Uniformity for Detector 1 and 2 with

lodine-131 and Tc-99m point source.

When gamma camera is new, then intrinsic uniformity is
performed on routine basis. However, when camera becomes
old then removing the collimator becomes an operational risk.

4

Therefore, extrinsic uniformity is preferred over intrinsic
uniformity. Furthermore, this test is also used to assess the
collimator integrity. The values in extrinsic mode are given (Table
2).

This article is available from: https://medicalphysics.imedpub.com/
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All uniformity values were observed to be higher than values of routine test were within the acceptable limits if
reference values at the time of acceptance. Whereas, the compared with reference values given in [21].

Acceptance values Routine testing values
Referen | Co-57 with LEHR | Tc-99 m with Tc-99 m with NEMA | Tc-99 m with Tc-99 m with
ce LEGP LEHR values LEGP LEHR
values (%)
(%)
D1 D2 D1 D2 D1 D2 D1 D2 D1 D2
Different | < 1.5 2.4 25 2 1.7 1.6 1.8 3 2 2.3 1.8 2.4
ial
CFov
Different | < 1.5 2.9 2.6 2 1.7 2.2 2 3 2 2.3 1.8 25
ial
UFOV
Integral | <2.0 3.9 3.7 25 2.1 23 23 3.6 1.7 2.2 1.8 2.2
CFOV
Integral | <2.0 5.5 5.1 2.6 21 25 24 3.6 2.2 2.6 1.8 2.2
UFOV

Table 2: Acceptance testing and routine testing results of extrinsic flood field uniformity of Detector 1 and Detector 2 with Co-57
(LEHR) and Tc-99m (LEHR & LEGP collimators) flood source.

Visual inspection of linearity along X-axis of both detectors acceptable limits of manufacturer. Therefore, the absolute
indicates distortion in linearity (Figure 3) but within the UFOV linearity along X-axis of detector 1 and 2 is 0.31 and 0.38
respectively (Table 3).

Measured values for detector 1 Measured values
for detector 2

Reference values| X-axis (mm) Y-axis (mm) X-axis (mm) Y-axis (mm)
(mm)

Absolute Spatial Linearity

CFOVv <0.36 0.16 0.28 0.09 0.22

UFOV <0.38 0.31 0.28 0.38 0.22

Differential Spatial Linearity

CFOV <0.18 0.03 0.03 0.02 0.02

UFOV <0.19 0.03 0.03 0.04 0.03

Table 3: Intrinsic spatial linearity for detector 1 and detector 2.

© Copyright iMedPub 5
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Instrinsic spatial linearity of Head 1

Intensity profile of spatial linearity of detector 1 along X-axis. C

Gray Values
EEEERE]

.............

Instrinsic spatial linearity of Head 2
Intensity Profile slong X-axis of Detector 2 G

Figure 3: Intrinsic spatial linearity of head 1 & 2.

In a quadrant bar phantom, white lines correspond to the
plastic strips while black lines correspond to lead strips. The
strips are separated with the same distance as the strip width.

Quadrants Q1 & Q3 of detector 1 and 2 indicate distinct
patterns given in Figure 4 | & Il (A, C, E). These patterns are
formed due to equidistant bars, separated by 2.5, 3.0 and
3.5mm. The bars of 2.0 mm cannot be resolved by the system,
(Figure 4 | & 1) (H). The profiles of quadrant lines had been
processed with Imagel) software and shown in Figure 4 | &Il (B,
D, F, H).
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Figure 4: Quadrant bar phantom study of Head 1 & 2 with
Tc-99 m flood phantom.

The count rate recorded during acceptance testing of detector
heads indicates that the detectable rate is quite high for
detector 1 whereas the detection rate is relatively lower in case
of detector 2 (Figure 5 A,B, Table 4 & 5). The curve rises
smoothly and steadily until it reaches its maximum, then starts

decreasing continuously.
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Figure 5: Count rate performance test
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Reference Detector 1 (kcps) Detector 2 (kcps)
On site (acceptance test) 706 670
Factory test 739 698

Table 4: Count rate performance test.

Sensitivity test of both detector heads (1 & 2) was performed
at the time of acceptance and routine testing. The outcome of

acceptance test was found within limits whereas the values for

routine test were on higher side. The resulting values found
have been recorded in Table 5 and the recording pattern has
been shown in (Figure 6).

Reference value Acceptance value Routine testing

D1 D2 D1 D2 D1 D2
Activity (MBq) 914.74 919.19 976.22 973.7 NA NA
Sensitivity (cpm/| 156.6 1591 150.6 152.6 NA NA
uCi)
Sensitivity (CPS/| 70.5 71.6 67.8 68.7 74.2 74.5
MBq)

Table 5: System sensitivity of head 1 & 2 with LEHR collimator, comparison of system sensitivity test with reference values.

B During acceptance and routine testing of COR, the values

of COR

Figure 6: During acceptance testing, the sensitivity of head 1 &
2 with LEHR collimator has been presented.

for

all

detector

configuration

remained within
the acceptable limits (Table 6, Figure 7) for all collimator.

Center of  Reference Acceptance test Routine test

[‘;Et;tli:n with | value (mm) Offset X (mm) | Max delta X|Max delta Y| Offset X (mm) | Max Delta X|Max Delta Y
collimator (mm) (mm) (mm) (mm)

90 <0.5 -0.11 0.12 0.1 -0.12 0.15 0.35

102 <0.5 -0.08 0.1 0.09 -0.11 0.13 0.27

180 <0.5 -0.07 0.13 0.1 -0.14 0.13 0.22

Table 6: Center of rotation values for detector 1 and detector 2.

Distance (mm)
il

220 240 260 280 300 320
angle (degree) (CCW)

Distance (mm)
|

a4

Distance (mm)

% sw 90 @ e W0
angle (degree) (CCW)

R T I I
angle (degree) (CCW)

Figure 7: COR values for detector 1 & 2 with 90 degree
configuration (A), 102 degree configuration (B), 180 degree
configuration (C) during acceptance test of Mediso dual head
SPECT gamma camera.
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Typical values of spatial resolution without scatter is 7.2 mm
in static mode with LEHR collimator. If the result of the test is
below 9 mm it does not require sledge recalibration. However,
the results were not accepted for our gamma camera. Because
FWTM (X-axis) and FWTM (Y-axis) of acceptance test were
observed above than the values recorded during factory tests.
Similarly, routine test also provided the values of FWHM (X-axis),
FWTM (X-axis) and FWTM (Y-axis) higher than factory tests
(Table 7, Figure 8).

Figure 8: Spatial resolution without scatter with LEHR for head
1 & 2 (acceptance testing).

Ref values (Factory test) Acceptance testing Routine testing
Variable Det-1 Det-2 Det-1 Det-2 Det-1 Det-2
FWHM (X-axis) | 7.1 7.2 7.3 7.1 8 8.2
FWTM(X-axis) 12.9 13 13.2 13.2 14.2 154
FWHM (Y-axis) | 7.4 7.9 7.1 7.3 7.8 8.3
FWTM(Y-axis) 19 12.9 13.1 13.2 141 15.3

Table 7: Comparison of acceptance results with routine test for spatial resolution without scatter.

Typical values of wholebody resolution with LEHR collimator values obtained during acceptance testing were above than the
for dynamic maximum are 8.2 mm. If the result of the test is results of the same test performed in factory settings. Therefore,
above 9 mm it refers to an incorrect sledge calibration. As the the values were not accepted for our gamma camera (Table 8

and Figure 9).

Acceptance values Routine testing
Variable Specification of | Det’ Det?" Det™" Det?
Det"
FWHM (X-axis) - 221 21.9 8 8.2
FWTM (X-axis) - 39 394 14.2 15.4
FWHM (Y-axis) 9 23.6 24 7.8 8.3
FWTM (Y-axis) 14.2 40.3 421 14.1 15.3

Table 8: Comparison of system spatial resolution without scatter x with NEMA results. *NEMA values were not provided

for Detector 2.

Figure 9: (A) System spatial resolution without scatter for head 1

(A) & head 2 (B).

8
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During Jaszczack phantom study, the uniformity and
resolution images of the phantom were automatically processed
with the help of Mediso processing workstation. The obtained
images were further analyzed with imagel) software. A
topographically uniform region (Figure 11A) shows a dimple in
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the middle of the same image processed with image) software
(Figure 11B). This non-uniformity becomes further clear in
Figure 10C and 10D. So, the homogeneity of SPECT image is
compromised (Table 9, Figure 10).

Homogeneous region Cold Spheres| Cold rods
region region

Start end Start end Start end
Attenuation 0.1 0.1 0.1 0.1 0.1 0.1
coefficient (1/cm)
Magnificaiton (%) | 105 105 105 105 105 105
Averaged 66 90 105 109 144 206
regions

Table 9: Parameters for processing of Jaszczak phantom study.

Figure 10: (A) Uncorrected tomographic uniformity image (B)
relevant ring artifact noted in the middle of image in
uncorrected image: (C) Attenuation corrected image and (D) the
respective 3D surface profile processed with imagelJ software.

Five cold spheres were visible in the pattern shown in (Figure
11 A-B). Similarly, four sections were spatial resolvable in Figure
11C-D.

© Copyright iMedPub

Figure 11: A & B, cold spheres region and 3D surface profile, C
& D cold rods region and 3D surface profile.

Discussion

Auto tuning is the process which is performed before
uniformity calibration and testing. In this procedure, PMTs gains
are matched by slight adjustment of the high voltage of each
PMT to obtain a uniform gain across all the PMT’s. All the
Photomultipliers (PMT) must have matched amplification or gain
to provide a uniform count density on image when the detector
crystal is flooded with a uniform photons flux of radioactive
source. If one of the PMT has a markedly lower gain or zero gain
as compared to the surrounding, the area of the image
corresponding to that location will appear as one of lower
sensitivity or no sensitivity. Such conditions cannot be accepted
in a newly installed gamma camera. A brief summary of all the
tests and their outcome has been detailed in (Table 10).
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Sr. No. Test Results accepted Comments Reference
1. Record of radioactivity Yes - Fig 1
2. Energy Calibration and| Yes - Figure 2
autotuning
3. Intrinsic  Flood Field| No Values are higher than| Table 1
Calibration with Tc & reference values.
1-131 point source
(detector 1 and 2)
4. Extrinsic Flood Field| Yes - Table 2
Uniformity with Co-57
and Tc99 m flood
source (LEGP and LEHR
collimators)
5. Intrinsic Spatial | Yes OK, Distinct and clear| Table 3, Figure 3
Resolution (detector 1 bars are visible
and 2)
6. Quadrant Bar Phantom| Yes OK, bars in three| Figure 4
Test for Detector 1 and 2 quadrants are visible
7. Count rate performance| Yes OK Table 4, Figure 5
test (detector 1 and 2)
8. System Sensitivity with| Yes OK Table 5, Figure 6
LEHR collimator
(detector 1 and 2)
9. COR at 90, 102 and 180-| Yes OK, the values are within| Table 6, Figure 7
degree detector reference limits
configuration with LEHR
collimator (detector 1
and 2)
10. Spatial Resolution  of| No[1] Values are higher than| Table 7, Figure 8
Whole Body (detector 1 reference values.
and 2)
11. Spatial Resolution | Border-lined Values of FWHM and| Table 8, Figure 9
without  scatter  with FWTM along X-axis are
LEHR (detector 1 and 2) slightly  higher  than
reference.
12. Jaszczak Phantom test | Irregular - Table 9, Figure 10-11

Table 10: Test performed along-with their results and reference in the text.

The performance of CZT cameras is higher than that of Anger
cameras. CZT cameras differ in that spatial resolution and
contrast-to-noise ratio. They are better for Discovery NM 530c,
whereas count sensitivity is markedly higher with the DSPECT.
The above outcome has been found a ter the performance
evaluation of Discovery NM 530c, DSPECT CZT cameras, and
Symbia Anger camera with a phantom and human SPECT
imaging. Their Physical performance was compared on
reconstructed SPECT images from a phantom and from
comparable groups of healthy subjects.

During another study, the practical performance of gamma
camera was evaluated retrospectively from January 2005 to
March 2013 under NEMA NU1-2001 protocols. The quality
control data of Intrinsic lood ield Uniformity (IU), Intrinsic
Energy Resolution (IER) and Peak Position (PP) were considered
for the assessment. The mean value + 35D (99.73% con idence
interval) of the average IU for Central Field Of View (CFOV) of
Detector 1 and Detector 2 were 2.66 + 1.27% and 2.54 + 1.27%
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respectively, with a slightly increasing trend in each year. The
detector resolution (IER) of head 1 & 2 was found at 9.23 +
0.32% and 9.38 + 0.25% respectively. The long-term resolution
trends did not change even ater the irst service of both
detectors. The mean PP for Detector 1 and Detector 2 were
recorded at 139.31 £ 0.76 and 139.30 * 0.61 keV respectively.
The percentage differences of the PP were negligible when
compared to the year of installation [22].

In a study, performance tests of energy resolution, uniformity,
spatial resolution and center of rotation, intrinsic uniformity
values of dual head SPECT gamma cameras from Nucline spirit
Mediso were evaluated. The energy peak was set at 140 KeV
with 10.2% energy window. The average differential uniformity
was noted at 1.9% which is well within the acceptable value of
3%. The integral uniformity was observed at 3.2% quite below
the acceptable value of 4%. The values of average spatial
resolution and center of rotation were 2mm and 0.5 mm
respectively [23]. Quality control of Siemens Symbia S Series
SPECT gamma camera uses a point source 99mTc for intrinsic

This article is available from: https://medicalphysics.imedpub.com/
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uniformity calibration. In a study, the integral uniformity for the
central field of view (CFOV) ranged 2.88- 4.01% and the same for
the Useful Field Of View (UFOV) ranged 4.30%-4.77%. The
differential uniformity for the CFOV was found from 1.53% to
2.04% and for the UFOV it was from 2.32% to 2.77% [24].

For a given size and sampling, crystals of different materials
will have different spatial resolutions. This is because y rays do
not interact at the surface of a crystal but penetrate the crystal
before interacting. Spatial resolution is also affected by the
energy of the photon and, for scintillation detectors, the
efficiency of collection of the scintillation light by the PMTs.

The spatial resolution can also depend on the count rate or
amount of activity in the scanner. As the count rate increases,
there is an increased chance that two events will be detected at
the same time in nearby locations in the detector. These events
will pile up and appear as a single event at an intermediate
location with a summed energy. This can lead to a loss of
resolution with increasing activity[21].

Poor planar image spatial resolution appears when the
distance between patient and collimator is large or linear
correction of the detector is poor. The subjective analysis of
linearity test should be avoided. Instead software can be used
for linearity assessment. In Mediso acceptance testing a
software based assessment is performed [21].

The impact of collimator blurring, linear and angular
sampling, reconstruction algorithm, spatial smoothing, and
impact of electronics is included in extrinsic resolution,
reflecting the resolution of the complete imaging system. The
spatial resolution achieved in patient images is typically
somewhat worse than the extrinsic spatial resolution[21].

The qualitative assessment of ring artifacts indicates that
extrinsic uniformity correction significantly improves the image
quality over intrinsic uniformity correction by taking into
account non-uniformities arising from the collimator. The
evaluation of Count Rate Performance (CRP) and system
deadtime (1) are utilized for image correction in quantitative
studies. In a paper, CRP of three modern gamma cameras and t
were estimated using two methods (decay and dual source). The
estimates of t determined from the paralyzable portion of the
CRP curve using the rates method and the counts method were
found to be highly correlated (r=0.999) but with a small (~ 6%)
difference. No statistically significant difference was observed
between the estimates of t using the decay or dual source
methods under identical experimental conditions (p=0.13) [25].

In contrast to the conventional method in which a Co-57
sheet source is fastened to the collimator, point-source method
acquires the images intrinsically using a Tc-99 m point source
placed near the ISO-center of gantry rotation in order to
perform rotational uniformity and sensitivity according to AAPM
report 52.

As with the conventional method, the point-source method
acquires 5K count flood images at four distinct gantry positions
to calculate the maximum sensitivity variation MSV—a
quantitative metric of rotational uniformity and sensitivity
variation. The point-source method incorporates corrections for

© Copyright iMedPub
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the decay of Tc-99 m between acquisitions, the curvature in the
image intensity due to variation in photon flux across the
detector from a near-field source, and the source-to-detector
distance variations between views. The MSV calculated using
the conventional and point-source methods exhibited a high
degree of correlation and consistency with equivalence. The
precision of the point-source method 0.145% is lower than the
conventional method 0.04% but sufficient to test MSV [26].

Performance measurements and quality assurance of gamma
camera and SPECT have been quite variable even though they
are performed with standard protocols [27]. In a study by Nelson
et al., pixel value-based evaluation was compared with a new
uniformity analysis metric which can identify structures and
patterns of flood field uniformity image. The metric was named
as Structured Noise Index (SNI) based on two-dimensional Noise
Power Spectrum (NPS). The SNI outperformed the pixel value-
based metrics in terms of its correlation with the visual score.
The SNI had 100% sensitivity for identifying both structured and
non-structured non-uniformities for the integral UFOV and CFOV
metrics [28]. In another study by Pandy et al., a computer-based
software tool was developed to verify uniformity indices of
gamma camera. The indices measured with the software tool
showed excellent correlation with vendor's software based on
Bland-Altman analysis. All measurements were within the + 2
Standard Deviation (SD) range [29]. Similarly, statistical models
were applied to assess, quantify, and provide positional
information of variations between planar images acquired at
different times but under similar conditions by Kalemis et al.
[30,31].

At acceptance testing, the measured uniformity values are
within + 25% and a value of integral or differential uniformity
that is 10% or more [20]. above the manufacturer's worst-case
value would require corrective action through service engineer
[32,33]. The uniformity values need to be repeated before the
start of patient studies. For routine uniformity testing
procedures, certain action levels can be established at the time
of acceptance testing. The clinical procedures including planar
only, whole body or quantitative SPECT determine the
stringency of the action levels. If these actions levels exceed the
routine testing, follow-up action should be initiated. The first
step may always be to reacquire correction field flood data.
Correction floods or calibration with Tc-99 m and I-131 were
repeated, still the values of uniformity test went above the set
limits of manufacturer.

In a study, NMQC software from IAEA was used to perform
image analysis of ten non-uniform QC images from a gamma
camera. Excel analysis was used as the baseline calculation for
the non-uniformity test. A good agreement was noted between
the software and excel calculations as a result of non-uniformity
analysis. The average differences were 0.3%, 2.9%, 1.3% and
1.6% for integral UFQV, differential UFQV, integral CFOV and
differential CFOV respectively. In the same study, company’s
own QC software produced average differences of 14.6%, 20.7%,
25.7% and 31.9% for the same parameters respectively when
compared with excel analysis. These significant differences were
observed due to different pixel sizes used in analysis [20].

11



Journal of Medical Physics and Applied Sciences

The sensitivity of Nal crystal varies from one detector to
another. The detector technology of SPECT and SPECT/CT
systems is continuously advancing leading to novel system
designs for organ-specific or adaptive applications, although
ultimate performance continues to be largely limited by physical
collimation [34].

Quality assurance with phantom can be assessed with textural
analysis. In a study, while monitoring of gamma-camera
uniformity, two statistics-based tests were used to assess,
quantify, and provide positional information and variations
between planar images acquired at different times but under
similar conditions. In addition to gamma camera quality control,
they could be applied to any pair (or a set) of registered planar
images to detect subtle changes, e.g. a set of scintigrams or
conventional radiographs of a patient before, during and after
treatment [35].

Different gamma detection materials affect uniformity image.
The installed gamma camera is based on Sodium iodide crystal
detector. Recently, scintillators are being investigated because of
their great image quality, high light yield and energy resolutions.
They are not hygroscopic in nature. However, these scintillators
should exhibit characteristics of position linearity, intrinsic
spatial resolution, integral uniformity, image contrast and signal
to noise ratio in order to be used for SPECT applications. Even
though an array-type scintillation crystal has disadvantages, such
as lower sensitivity, lower energy resolution and higher cost
than a plate-type scintillation crystal caused by the gaps
between the crystal elements and small pixel size [36].

Conventional gamma cameras exhibit substantial dead-time
and mis-registration of photon energies up to 100 ms after
intense x-ray pulses. These are due to PMT limitations and due
to afterglow in the crystal. Using PMTs with modified circuitry,
we show that deteriorative afterglow effects can be reduced
without noticeable effects on the PMT performance, up to x-ray
pulse doses of 1 nGy [37].

Being an under-construction hospital, At the start of gamma
camera installation, the cleaning of dust at the installation site
and maintenance of temperature were challenges. The dust was
cleaned and ambient conditions were improved before
installation, except the unstable voltage to the unit. An
Uninterrupted Power Supply (UPS) was installed to maintain a
stable power connection to the gamma camera. The variation
may have an impact on the electronics of gamma camera and
HVAC system [38,39]. At the end of installation, gamma camera
was kept in standby mode and temperature was maintained at
22 Centigrade.

Conclusion

All the quality assurance procedures can be performed on
gamma camera system with acquisition and processing tools
provided by the manufacturer. However, certain acceptance
tests did not pass. These acceptance tests performed on Mediso
Nucline dual head SPECT gamma camera included energy
calibration, uniformity calibration and test with Tc and 1-131,
extrinsic uniformity with Co-57 m and Tc-99 m using LEGP, LEHR
collimators, intrinsic spatial linearity of detector 1 and 2,
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quadrant bar phantom study, count rate performance test,
system sensitivity, COR at 90°, 102° and 180° detector
configuration, spatial resolution of whole body, spatial
resolution without scatter with LEHR, intrinsic energy resolution
and Jaszczak study. The electrical power and temperature
conditions were maintained for the period between acceptance
testing and routine testing of the machine before actually
starting patients.
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