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I. Purpose

A rigorous and ongoing quality assurance (QA) program for dual-modality positron emission tomog-
raphy/computed tomography (PET/CT) systems is recommended to include an initial evaluation of
scanner performance to establish a baseline of measurements and then periodic assessment of system
performance of the scanners on an annual, semi-annual, quarterly, weekly, and daily basis. Over the
years, numerous agencies have published their recommendations for such an assessment, including
the Society of Nuclear Medicine and Molecular Imaging (SNMMI), International Electrotechnical
Commission (IEC), International Atomic Energy Agency (IAEA), American College of Radiology
(ACR), and National Electrical Manufacturers Association (NEMA) [1-9]. Since the early 1990s, the
most widely implemented and cited reference for testing these systems has been the NEMA Standards
Publication NU 2—-Standard Performance Measurements of Positron Emission Tomographs (PET) set
forth by the Medical Imaging and Technology Alliance (MITA) division of NEMA. However, the
NEMA NU 2 and other standards can be challenging to follow given their requirements for special-
ized software, equipment, and phantoms [10].

The purpose of the American Association of Physicists in Medicine (AAPM) Task Group 126
(TG-126), “PET/CT Acceptance Testing and Quality Assurance,” is to provide a standardized set of
acceptance and periodic tests that can be easily implemented in a QA program for various PET/CT
system platforms from different manufacturers. The intent of the task group members was to develop
procedures that adhere to the spirit of the NEMA document but do not require the purchase of special-
ized equipment to perform the experiments (beyond standard, inexpensive, and easily obtainable
phantoms and those supplied by the manufacturer) or specific software to analyze the acquired data.

In prior publications describing PET/CT performance evaluation, the emphasis has been on
obtaining accurate measurements of PET/CT’s basic performance metrics. However, for the purposes
of ongoing QA monitoring, it is often sufficient to make simpler measurements that reflect a compos-
ite of the more fundamental performance characteristics. Using this philosophy, the shift in paradigm
proposed by Task Group 126 focuses on monitoring simplified metrics to determine changes from
year to year, as opposed to placing particular importance on the absolute value of a more fundamental
performance metric. As a result, the pass/fail criteria for the proposed tests for various systems will
not be found in manufacturer-provided manuals and specifications. Instead we provide procedures for
each test to enable the physicist to establish scanner- and site-specific values during acceptance testing
(baseline measurement) that can then be compared on an annual basis (follow-up measurement).
Lookup tables for current and future PET/CT systems will be provided in future publications to be
used by physicists as aids to compare their measured results.

The tests were developed by qualified medical physicists, as defined by AAPM professional Pol-
icy 17 “Scope of Practice of Clinical Medical Physics” [11], who have extensive knowledge and expe-
rience with the numerous commercially available PET platforms.

2. Introduction

PET/CT imaging is singular in its ability to quantify the extent of radiotracer distribution. Thus, the
performance of a PET/CT system directly impacts clinical outcome. For this reason, a thorough and
ongoing QA program is recommended. The program should start with acceptance testing (baseline
measurement) to ensure that the equipment and software packages meet the manufacturers’ specifica-
tions, which were agreed upon before purchase and are specified in the procurement contract. It is
then followed by periodic monitoring (follow-up measurements) to ensure compliance with regulatory
agencies and recommending bodies, as well as to evaluate if the scanner performance has deviated
from its initial assessment.
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For acceptance and annual testing (baseline and follow-up measurements), the task group
acknowledges that the NEMA NU 2 standard would serve as the gold standard for the performance
evaluation of the PET subsystem since manufacturers publish performance specification of their sys-
tems based on this standard. As an alternative, this report outlines more easily implemented testing
procedures that do not require proprietary equipment and software. The proposed tests and their fre-
quencies are listed in Table 1. It is the recommendation of this task group that baseline measurements
of the procedures outlined in this report should directly follow the installation of the system in order to
provide a benchmark for the results of subsequent annual testing.

An ongoing objective of the task group will be to collate results of the proposed testing procedures
in this report from various sites to provide lookup tables of the performance of any current and future
PET/CT systems. It is anticipated that as users adopt the procedures outlined in this report, the manu-
facturers will also publish the expected performance results for their systems. In this regard, accep-
tance testing or follow-up measurements can be validated against established benchmarks.

This document provides guidance on acceptance testing and quality control (QC) of the PET sub-
system of any commercial PET/CT scanner and can be used to enable direct comparisons among vari-
ous scanner models and manufacturers.

Table |: Periodic tests

Test Daily Weekly | Quarterly AS:ITJI;I Annual

CTQC X
PET QC X
PET Update Gains and Coincidence Timing X
PET Normalization X2
PET Calibration x?

Preventive Maintenance and Inspection X

Source Replacement X
PET Spatial Resolution X
PET and CT Registration X!
PET Sensitivity X2
PET Count Rate Performance X3

PET Accuracy of Corrections X

PET Image Contrast and Scatter/Attenuation Evaluation X

PET Image Uniformity Assessment x4

Image Display Monitor Evaluation (TG-18) X

Emergency Buttons Testing X

Synchronize System Clocks X
Additional Daily Tests*

Restart Computers X

Manufacturer-Recommended CT Warm-up Cycle and X
Calibrations

Archive Patient Data X
Clear Scheduler X

Clear Local, Network, and Film Queries X

'Or after the gantry is opened

20r if a detector module is replaced

30r if the electronic boards are replaced

“Philips recommends these tests to be done on a quarterly basis
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For guidance on evaluating the CT subsystem of a clinical PET/CT, please refer to AAPM Report
No. 39, “Specification and Acceptance Testing of Computed Tomography Scanners” [12] and the
ACR “Computed Tomography Quality Control Manual” [13]. These documents include ranges of
acceptable limits for each test, along with recommendations on the staff and equipment necessary to
perform the evaluations. The PET QC tests proposed in this report include resolution and PET/CT
scanner alignment, sensitivity, count rate performance and accuracy of corrections, contrast and scat-
ter/attenuation correction, and image uniformity. Pass/fail limits of these tests are included in this
report as recommendations based on consensus of task group members as well as other published rec-
ommendations, such as the ACR “PET Accreditation Program Testing Instructions” [14] and the
Radiological Society of North America (RSNA) Quantitative Imaging Biomarker Alliance (QIBA)
profile document on the use of 18-F-fluorodeoxyglucose (18F-FDG) PET/CT for response assessment
[15]. The report also includes a section on PET QC procedures from various vendors. Examples of
vendor-specific instructions to conduct some of the proposed tests in this document are provided in
Appendix A. These instructions are provided only for the current major PET/CT manufacturers: Gen-
eral Electric (GE) Healthcare, Siemens Healthineers, and Philips Healthcare. However, the proposed
tests can be used for evaluating all current and future dedicated PET, PET/CT, and PET/Magnetic
Resonance (PET/MR) Imaging systems.

Allowing a suitable amount of time for the testing process is important to address any problems or
malfunctions and to complete post-service tests after calibration, repair, replacement, or upgrades to
ensure the proper performance of the equipment before patient use. For PET/CT used during radiation
therapy treatment planning, the collaboration of a radiation therapy physicist is highly recommended.
For additional guidance, please refer to AAPM TG-174 “Utilization of 18F-Fluorodeoxyglucose Pos-
itron Emission Tomography (FDG-PET) in Radiation Therapy” and AAPM TG-176 “Dosimetric
Effects Caused by Couch Tops and Immobilization Devices: Report of AAPM Task Group 176 [16].

Acceptance and annual testing are finalized with a comprehensive report signed by a qualified
medical physicist. These reports relate the measured results to the standards provided by the manufac-
turer and local regulatory guidelines, summarize whether the tests passed or failed, and recommend
any corrective actions. Both types of report (acceptance and annual) should include administrative
information, such as the system serial number and software version.

Given that PET/CT acceptance and periodic testing is contingent upon the use of unsealed, short-
lived radioactivity, it is important to thoroughly prepare for these tests to avoid unnecessary delays.
Preparation consists of compiling a list of the tests to be performed and of gathering all of the equip-
ment and phantoms necessary. A list of materials and estimated times for all proposed tests is pro-
vided in Table 2. The times are estimated to include phantom preparation and data acquisition,
reconstruction, and analysis. It is recommended that each site purchase the phantoms listed in order to
ensure that baseline and all follow-up measurements are acquired with consistent equipment. We also
highly recommend the physicist performing the proposed tests in this document coordinate with the
site’s radiation safety officer or nuclear medicine department manager/chief technologist to create a
testing schedule that emphasizes the times and dates for ordering 18F-FDG and allows time to account
for repeated testing in case of unanticipated failures to delays in the delivery of the requested radioac-
tivity. Another important aspect is the synchronization of timepieces to the console to avoid inconsis-
tencies in recording of the time stamp of dose assays and raw data acquisition times. A check of
scanner capabilities is also advised to ensure that certain functionality for data display, analysis, and
image/data extraction is available to the user.
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Table 2: Materials and time needed for acceptance/annual test of PET/CT system

Spatial resolution and PET & CT registration 1.5 hours
Section 4 * Capillary tubes of <I mm inside diameter and <2 mm * 3- to 5-cc syringe
ection outside diameter * 20- to 23-gauge needles
* Capillary tube positioning device * Critoseal®
* 185-370 MBq/ml (5-10 mCi/ml) 18F-FDG * CT contrast media (e.g., Optiray®)
Sensitivity I hour
* Innermost sleeve of NEMA PET Sensitivity Phantom: « 5.55-7.0 MBq (0.15-0.2 mCi) I8F-FDG
° 3.9 mm inside diameter (ID) * 3- to 5-cc syringe
Section 5 ° 6.4 mm outside diameter (OD) * 20- to 23-gauge needles
© 700 mm length « Critoseal®
* Fillable plastic tubing: * Phantom positioning device (tension rod or equivalent)
° | mmID, 3 mm OD * Level
© 700 mm length
Count rate performance and accuracy of correction 1.5-18 hours
Section 6 * Right circular cylindrical phantom: * One 3- to 5-cc and one 60-cc syringe
© 20 cm diameter and ~19 cm length * 20- to 23-gauge needles
+ 700-750 MBq (~20 mCi) |I8F-FDG
Image contrast and scatter/attenuation correction 1.5 hours
Section 7 * PET ACR phantom * Two 5-cc and one 60-cc syringes
* 185 MBq (5 mCi) I18F-FDG * 18-gauge needles
* 1,000 mL IV bag or water bottle * Pen, tape, and markers
Image uniformity 0.5 hours
Section 8 * Right circular cylindrical phantom: * 3- to 5-cc syringe
© 20 cm diameter and ~19 cm length * 20- to 23-gauge needles
» 700-750 MBq (~20 mCi) I8F-FDG
. PET quality control Variable time
Section 9
* Manufacturer-dependent phantoms and instructions

The scanner should be in proper operating condition before the start of any test. This includes the
timely performance of preventative maintenance (including any necessary calibrations) and satisfac-
tory CT and PET daily QA results. The dose calibrator and CT component of the scanner should both
be up to date with calibrations and periodic testing (details available in reports of AAPM TG-181 [17]
and TG-39 [12]). A visual and mechanical inspection of the scanner will identify any problems with
mechanical parts, indentations, nicks, loose covers, exposed wires, and clogged air filters that might
affect the performance of the scanner or pose a safety concern. As part of the safety check of the room
and equipment shielding integrity, emergency switches and posting of appropriate signage are also to
be assessed. Although components such as the lasers, table motion, and “X-ray On” lights are part of
the PET/CT system setup, they are typically evaluated during the CT annual tests, which should be
performed prior to the PET testing. Lastly, testing of the scanner’s acquisition monitors for maximum
and minimum luminance uniformity, resolution, and spatial accuracy and of any secondary displays
shall also be performed prior to the start of PET QC testing in accordance with the recommendations
provided in the AAPM TG-18 report [18].

Quantitative measurements on the PET and CT images can be obtained using open-source soft-
ware (e.g., ImageJ, NIH [19]) or other PET/nuclear medicine viewing software. Prior to any analysis,
the user should verify that the software applies the slice-specific DICOM rescaling parameters when
importing the image data. This step is not performed automatically in ImageJ, but can be achieved via
a DICOM rescale plug-in [20].
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4. PET Spatial Resolution and PET and CT Registration Evaluation
4.1 Purpose

Spatial Resolution

Spatial resolution of a system defines its ability to depict two point sources as distinct in a recon-
structed image. It is typically defined as the full-width at half-maximum (FWHM) of a point spread
function (PSF) and is calculated from the line profile through a reconstructed image of a point source
of radioactivity in air. The in-air measurements described below do not account for the effect of scat-
ter or contrast-dependent convergence of iterative reconstruction on scanner resolution. Thus, the
measurements are not intended to reproduce clinical scan acquisitions, but rather to provide a stan-
dardized and reproducible measurement of reconstruction-dependent scanner spatial resolution over
time, between scanner platforms, and across manufacturers. The procedure for evaluating the spatial
resolution of the system is adapted from the NEMA NU 2 standard. The preferred reconstruction algo-
rithm is filtered back projection (FBP), if available on the scanner. Alternatively, iterative reconstruc-
tion can also be used, provided that specific acquisition and reconstruction parameters are consistently
used to ensure that any deviation in follow-up measurements is primarily due to scanner performance
and not to parameter settings.

PET and CT Registration

Proper co-registration of PET and CT images must be maintained in order to ensure proper attenuation
correction and localization. The assessment of co-registration of PET and CT images requires two
additional steps to the spatial resolution test: 1) the addition of CT contrast media to the radioactivity
and 2) an analysis of the PET and CT images to determine if there is any mis-registration.

4.2 Materials

Table 3: Materials for PET spatial resolution
and PET and CT registration evaluation

* Capillary tubes of <I mm inside diameter and <2 mm * 3- to 5-cc syringe
outside diameter * 20- to 23-gauge needles
* Capillary tube positioning device * Critoseal®
* 185-370 MBg/ml (5-10 mCi/ml) I8F-FDG * CT contrast media (e.g., Optiray®)

4.3 Procedure

1. Preparing Point Sources
a. Using a 3- to 5-cc syringe, assay 185-370 MBg/mL (5-10 mCi/mL) 18F-FDG in 1 mL.
b. Add 3-5 drops of CT contrast solution to the syringe and mix well.
c. Place numerous 1-mm droplets on a plastic surface.

d. Pick up a droplet via capillary action with the open end of the capillary tube and seal the
tube at both ends with Critoseal®.

* The length of the drop along the length of the capillary tube should not exceed 1 mm.
e. Repeat this until you have three capillary tubes with similar-sized point sources.
2. Positioning Point Sources

a. Attach capillary tube positioning device to the patient couch (example in Figure 1).

12
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Figure I. Example of a simple, rigid capillary tube-positioning device for a GE system.

b. Locate the isocenter of the scanner (0, 0) cm using the laser positioning system.

c. Use capillary tube positioning device to place the three point sources at either one of the
two following sets of locations:

* (0, 1), (0, 10), and (10, 0) cm (based on NEMA NU 2-2007) OR
e (0, 1), (0, 10), and (0, 20) cm (based on NEMA NU 2-2012)

Positioning tolerances are +£2 mm at (0, 1) cm offset and 5 mm at the (0, 10), (10, 0), and
(0, 20) cm offsets.

d. Spatial resolution will be assessed at two axial positions: (1) at the center of the axial field
of view (FOV), and (2) at 1/4 of the axial FOV from the center of the FOV (NEMA NU 2-
2007) OR at 3/8 of the axial FOV from the center of the FOV (NEMA NU 2-2012).

* Either of the two off-center positions is acceptable as long as it remains consistent on an
annual basis.

* For an accurate and reproducible measurement of resolution, the point sources must be
placed at the center of the PET axial slice.

* The tolerance for positioning the point source in the axial direction is +2 mm for all
sources.

3. Acquiring and Reconstructing Data
Set up a PET and CT acquisition for at least 5,000,000-10,000,000 counts or 3—4 minutes.
b. Acquire two sets of data:
 Point sources at center of axial FOV (i.e., isocenter)

* Point sources at EITHER 1/4 of the axial FOV from isocenter (based on NEMA NU 2-
2007) OR 3/8 of the axial FOV from isocenter (based on NEMA NU 2-2012). Choice of
position must remain constant on follow-up measurements.

c. Reconstruct the data with all corrections enabled (except attenuation and scatter
correction).
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* Prior to baseline testing, a medical physicist should determine the most appropriate
reconstruction parameters based on the most often-used clinical parameters expected on
site. These parameters should be recorded and become the standard reconstruction set-
ting for baseline and all follow-up tests.

* To best sample the PSF, use the smallest slice thickness and smallest FOV that encom-
passes the three-point sources and the largest matrix size to obtain the smallest voxel
size possible. The pixel size should be no more than 1/4 of the expected FWHM in all
three directions.

As an alternative to the three-point-source procedure above, the physicist may create only one
point source and acquire three separate images with the point source at each of the three transaxial
positions for each axial extent.

4.4 Data Analysis
4.4.1 Spatial Resolution

1.

Calculating FWHM from a line profile of a point source:

a.

C.

Find the maximum value along the line profile and divide by 2 to calculate the half-maxi-
mum value.

Calculate the position of the half-maximum value along the line profile on each side of the
maximum value (use interpolation if the half-maximum value lies between two neighbor-
ing values).

Calculate the distance between the two half-maximum value positions estimated.

For each of the six point sources (three per axial position):

a.

Find the slice that has the largest total number of counts in the point source region-of-
interest (ROI).

Draw perpendicular radial and tangential line profiles across the point source using linear
interpolation.

Draw axial line profiles on coronal/sagittal reformations of the reconstructed images using
linear interpolation (reformat with smallest possible thickness).

* As an alternative, if the reformats are not available, the physicist may generate the axial
line profile by calculating the total counts inside an ROI of the point source at each axial
slice.

Determine the axial, radial, and tangential FWHM of each point source at each axial position
following Step 1 (18 total FWHM calculated).

Calculate the average axial, radial, and tangential FWHM of each point over both axial posi-
tions (9 resulting FWHM values):

a.

b.

At baseline testing, record the FWHM values for future comparisons.

At follow-up testing, compare FWHM values to baseline values. Passing results should
have values within 5% of baseline values.

FWHM results should be comparable to manufacturer’s resolution specification based on
the NEMA NU 2 standard.

See Table 4 for an example worksheet.
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Table 4: PET spatial resolution evaluation record

Point Source Aol ) Comparison
Position (cm) Line Center 1/4 or' 3/8 Average Baseline Percent
Profile of FOV of FOV Difference
Radial
o,1) Tangential
Axial
Radial
o,10) Tangential
Axial
Radial
(10,0) or' (0,20) | Tangential
Axial

'Circle choice for future reference

Table 5: PET and CT registration evaluation record

Distance between PET and CT

Comparison

Axial
Position Point Source Distance Baseline Percent
Position (cm) Difference
(0.1)
Center
of FOV (.19
(10,0) or' (0,20)
114 or' 3/8 Nl
or
0,10
of FOV (0.10)

(10,0) or' (0,20)

'Circle choice for future reference

4.4.2 PET and CT Registration

1. Create axial, coronal, and sagittal fused PET and CT images of the point sources.

2. For the six point sources (three per axial position), measure the distance between the center of
the point source on the PET image and the center of the point source on the CT image. Analy-

sis can be performed through visual inspection or by measuring the distance between corre-
sponding PET and CT centroids (same method should be used in follow-up testing):

a. At baseline testing, record distance values for future comparisons.

b. At follow-up testing, compare distances to baseline values.

3. See Table 5 for an example worksheet.

4.5 Limits

Expected resolution values will be determined during baseline measurements for each system. Fol-
low-up FWHM values should be within +5% of baseline values. For PET/CT co-registration, the

allowed error is £1 PET voxel using the clinical reconstruction parameters (FOV and matrix size).
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5. PET Sensitivity Evaluation

Estimated time of completion: 1 hour.

5.1 Purpose

Sensitivity is a measure of the number of counts (coincidence detection events) per second per unit
activity in the FOV of the PET scanner. The test is performed with activity levels low enough so the
dead time losses are less than 5%, and the random coincidence rate is less than 5% of the total prompt
count rate. This annual test monitors changes in the baseline NEMA NU 2 sensitivity test results per-
formed during acceptance testing. A PET scanner’s sensitivity should not, apart from a component
failure or upgrade, substantially change over the lifetime of the scanner. There is, however, an
expected gradual decline in sensitivity that should be monitored over the lifetime of the system arising
from deterioration of crystals with age.

This annual test should be performed immediately following the NEMA sensitivity acceptance
test and then on an annual basis. The medical physicist has the option to: 1) Perform a simplified ver-
sion of the sensitivity test prescribed by NEMA NU 2, which measures the system sensitivity using
the smallest diameter sleeve of the NEMA sensitivity phantom or any other sleeve of any material and
comparable dimensions OR 2) Monitor and trend the behavior of the specific activity factor (e.g.,
Well Counter Calibration Factor, ECAT Calibration Factor, etc.) that is calculated periodically during
manufacturer-recommended testing (daily, monthly, or quarterly depending on the manufacturer). The
latter option is provided as an alternative that does not require any specialized phantoms.

5.2 Option |: Measurement with the NEMA PET Sensitivity Phantom

5.2.1 Materials

Although it is the intent of this report to provide QC procedures that do not require specialized phan-
toms, the particular phantom listed in Table 6 is considered inexpensive and practical. Alternatively,
the facility has the option of acquiring or manufacturing a similar phantom using a single tube of any
material and of a length that spans at least the axial extent of the FOV. Regardless of the size and com-
position, the same tube must be used for all baseline and follow-up measurements.

5.2.2 Procedure

Baseline measurements are acquired following scanner installation, while follow-up measurements
are acquired annually or as required post-service events. The smallest tube (6.4 mm outside diameter)
of the phantom will be used to acquire three repeated measurements.

If available, it is preferable to record true and random counts. In the event that a particular scanner is
not capable of displaying true and random counts, the total counts can be used to perform this test. If total
counts are not available, Option 2 provides an alternative method for monitoring scanner sensitivity.

1. Preparing Line Source

a. Draw approximately 5.55-7.4 MBq (0.15-0.2 mCi) of 18F-FDG into a 3- to 5-cc syringe
(note: line source holds about 2-2.5 mL).

Table 6: Materials for PET sensitivity evaluation (Option 1)

* Innermost sleeve of NEMA PET Sensitivity Phantom: * 5.55-7.0 MBq (0.15-0.2 mCi) I8F-FDG
° 3.9 mm inside diameter (ID) * 3- to 5-cc syringe
°© 6.4 mm outside diameter (OD) * 20- to 23-gauge needles
© 700 mm length + Critoseal®
* Fillable plastic tubing: * Phantom positioning device (tension rod or equivalent)
° | mmID, 3 mm OD ¢ Level

© 700 mm length
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b. Record initial dose in syringe and time of measurement.
c. Fill the plastic tubing by following the instruction from the manufacturer.
* Make sure there are NO air bubbles in the tubing after filling.
* Plug the ends with Critoseal®.
d. Record residual dose in syringe and time of measurement.
e. Thread the line source through the thinnest aluminum sleeve or equivalent tube sleeve.
2. Positioning Line Source
Mark the center of the smallest aluminum sleeve or equivalent tube.

b. Mount the sleeve on the end of the table using a positioning device if available (e.g., a ten-
sion rod, Figure 2). A makeshift holder can also be used to suspend the line source over
the table edge; however, the source must be level.

c. Position the center of the line source at the isocenter of the PET scanner parallel to the
table. Ensure that the line source is centered in all directions in the FOV for measurement.

d. Use the scanner’s table height adjustment to assist in positioning.
3. Acquiring and Reconstructing Data
Enter the dose assay information (time and activity) into the scanner console.
b. Acquire 3 separate 1-minute PET scans with source at isocenter of scanner.

c. Move the line source 10 cm lateral to the isocenter and acquire 3 additional 1-minute PET
scans with source in offset position.

d. Reconstruct using standard clinical protocol for system and record parameters for follow-
up testing.

5.2.3 Data Analysis

1. Calculating sensitivity for an individual scan (summarized in Table 7)

Figure 2. Left: NEMA PET sensitivity phantom innermost sleeve shown in far left. Right: example placement of the
phantom along the axis of the scanner using a shower curtain rod.
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a. Record the acquisition start time, scan duration(s), and total prompt and random counts.
Instructions for extracting this information from the images in different systems are pro-
vided in Appendix A.1.

b. If random counts are available, subtract the random counts from the prompt counts to get
the total counts.

c. Divide the total counts by the acquisition duration to get the total count rate (cps, counts
per second).

d. Decay correct the phantom activity (kBq) to the beginning of scan time.

e. Calculate sensitivity (cps/kBq) by dividing the total count rate (cps) by the phantom activ-
ity (kBq) (at scan time).

2. Calculate the average sensitivity for the three scans at isocenter and the average sensitivity for
the three scans at the 10-cm offset.

a. For follow-up measurements, compute the change in sensitivity relative to the baseline
measurement.

b. See Table 8 for an example worksheet.

5.2.4 Limits
Follow-up sensitivity values should be within +£5% of baseline values.

Table 7: Calculation of PET sensitivity with line source phantom

Symbol/
Ste . Description Value Units
P Calculation P
t Initial assay time
A Initial assay activity kBq
Activity t Residual assay time
Calculation [~ u
A, Residual assay activity kBq
Ay Activity in phantom at t, kBq
t, Time of start of acquisition
t Scan duration s
Image G Total prompt counts cts
Analysis Cq Random counts (=0 if unavailable) cts
G=G6G-CG Total counts cts
Rr=C; 1t Total count rate cps
Sensitivity Arg Activity in phantom at t, kBq
Calculation |S=R;/A, Sensitivity cps/kBq
Table 8: PET sensitivity evaluation record
Sensitivity (cps/kBq) Comparison
Source . Percent
Position Scan | Scan 2 Scan 3 Average Baseline Difference
Isocenter
10 cm Offset
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5.3 Option 2: Monitor the System and Vendor-Specific Activity
Concentration Factor
The sensitivity of a PET scanner in count rate per unit activity is an important indicator of a scanner’s
performance and should remain relatively constant over time if calibrations are routinely performed
and verified. A secondary parameter that is easily monitored is the activity concentration factor
applied to the acquired data to transform counts per second (cps) to an activity concentration. This fac-
tor is generated during the sensitivity and activity calibration of the PET detectors with a uniform 18F-
FDG water phantom or prefilled Ge-68 phantom. This approach is considered sub-optimal to Option 1
as there are errors introduced by the corrections applied in the calibration procedures. However,
Option 2 has the advantage of not requiring any additional phantoms or imaging.

Each manufacturer has a different name for this factor, such as well counter correction (WCC)
factor, ECAT calibration factor, etc. See Appendix A.2 for a description of how to obtain the factor
from different manufacturer systems.

Limits
Vendor-specific activity concentration factors should be determined for each acquisition mode (e.g.,

2D or 3D). Table 9 lists the vendor-provided limits for their respective values. However, the task
group recommends the additional limit that all follow-up values be within +5% of baseline values.

Table 9: Limits for vendor-specific values for sensitivity evaluation

. Vendor Limit Mean TG-126 Limit
Vendor-Specific Values .
(Range) Baseline vs. Follow-up
GE Activity Concentration Factor 2.0-12.0 +5%
Philips SUV Validation | (0.90-1.10) +5%
Siemens ECAT Calibration Factor 3(2.6-3.4) +5%

'Accepted ECF value and range is listed in operator’s manual and varies by model
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6. PET Count Rate Performance and Accuracy
of Corrections Evaluations

Estimated time of completion: 18 hours (baseline) or 1.5 hours (follow-up).

6.1 Purpose

The count rate and scatter fraction performance measurement is used to evaluate the count losses of
the system under varying amounts of radioactivity present in the FOV of the PET scanner. The
NEMA NU 2 methodology requires a specialized 70-cm cylindrical polyethylene phantom and a line
source of radioactivity, access to the PET sinograms and software to analyze the sinograms, and cal-
culating true, scatter, random, and noise-equivalent count rates as a function of activity concentration.
The accuracy of corrections measures the error (expressed as a percent deviation) in the true counts in
reconstructed images with low activity concentrations.

Count Rate Performance

The noise equivalent count rate (Ry) is defined as:

_ Ri . (1)
RT +RS +(k XfXRR)

RNE C

where R, R, and R, are the true, scatter, and random count rates (kcps), respectively; fis the fraction
of the FOV subtended by the phantom; and k is a factor that depends on the random counts correction
technique (k = 1 for noiseless random counts estimate, such as estimating random counts from single
photon rates; k = 2 for noisy random counts estimate) [21]. On most new models of PET scanners, k =
1. Check with the manufacturer to know the appropriate & for the system.

Calculation of R, requires knowledge of R or the scatter fraction. However, the scatter fraction
may not be readily available from scanners of different vendors and may change with vendor modifi-
cations to the scatter correction. Therefore, it is simpler and more robust to calculate a pseudo-noise
equivalent count rate (Rpygc):

(Rp —Rp)’

RPNEC = )
Rp{[g—lijD} 2)

where R, and R, are the prompt (total) and delayed (random) coincidence count rates (kcps) and « is
the same random counts correction technique factor as above [21].

As a further simplification, the count rate performance can be characterized using the water-filled
cylindrical calibration phantom. The test is performed at baseline using a large range of activity con-
centrations such that the peak R, can be measured. For the periodic follow-up testing, the Ry is
measured at two (or three) activity concentrations and compared to the baseline measurements.

Accuracy of Corrections

In this simplified test, the accuracy of corrections can be measured in terms of the clinically relevant
and understandable SUV. By definition, the SUV of a uniform water-filled phantom is 1.0. At base-
line, the mean SUV in the reconstructed PET images is calculated as a function of activity concentra-
tion, up to the peak R,y For the follow-up testing, the SUV at two (or three) activity concentrations
is measured and compared to the baseline measurements.
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6.2 Materials

Table 10: Materials for PET count rate performance and accuracy of correction evaluation

* Right circular cylindrical phantom: * One 3- to 5-cc and one 60-cc syringe
© 20 cm diameter and ~19 cm length * 20- to 23-gauge needles
» 700-750 MBq (~20 mCi) I8F-FDG

6.3 Procedure

1. Preparing Uniform Phantom Source

a.

b.

g.
h.

Fill the phantom with water.

Remove about 60 ml from the background water to create an air bubble large enough to
help mix radioactivity (do not discard water).

Assay dose in the 3- to 5-cc syringe (record time and activity).
Add dose to the water in the phantom and mix thoroughly.
Assay the residual dose in the syringe (record time and activity).

Add the remaining 60 mL that were extracted earlier, ensuring the phantom has as few air
bubbles as possible.

Record the total volume in phantom to calculate activity concentration.

See Table 11 for an example worksheet.

2. Positioning Uniform Phantom Source

a.

b.

Place the phantom on the imaging table, running axially, centered in transaxial and axial
FOVs.

For each scan, record the scan time.

3. Acquiring and Reconstructing Data: Baseline Measurements

a.

Acquire multiple scans over 67 half-lives (15-minute scan followed by 15 minutes
delay).

* On older GE PET/CT scanners, delayed events must be acquired in order to have ran-
dom counts data present in the raw data file and in image headers.

Reconstruct the acquired data with clinical parameters and with all corrections applied.
Record parameters for reference in follow-up measurements.
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Table I I: Uniform phantom preparation dose record
Step Description Value Units
Time (t)
Initial Assay —
Activity kBq
Time
Residual Assay Activity kBq
Activity decay-corrected to t; kBq
Total activity (at t) administered kBq
Uniform Phantom Total volume cc
Activity concentration (at t)) kBg/cc

4. Acquiring and Reconstructing Data: Follow-Up Measurements

a. Acquire two (or three) 15-minute acquisitions using the same parameters as baseline mea-
surements.

* One scan must have an activity concentration of 1/2 to 1/3 the activity concentration of
the peak R,y calculated at baseline measurement.

* One scan must have an activity concentration approximating the patient activity concen-
tration using the standard clinical protocol. This corresponds to ~0.5 mCi in the recom-
mended phantom.

b. Reconstruct each acquisition with clinical parameters and with all corrections applied.
6.4 Data Analysis

6.4.1 Count Rate Performance

1. For each acquisition, obtain the scan time, scan duration (z,), and the total prompt counts (Cp)
and total delay counts (C,)) following the vendor-specific instructions in Appendix A.1.

a. GE: total prompt and delay counts are stored in DICOM private elements (0009,1071) and
(0009,1072), respectively, of the reconstructed images.

b. Siemens: total prompt and delay counts are stored in the sinogram header.
c. Philips: total prompt and delay counts are available on the acquisition status window.
2. For each acquisition, calculate:

a. Activity concentration (kBg/cc) decay-corrected to scan time (also accounting for decay
during each frame).

b. Prompt count rate (R, = C, / t,) and delay count rate (R, = Cp, / t).
Rpyec using Equation 2.

d. See Table 12 for an example worksheet.
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Table 12: Calculation of Ry from uniform source phantom

Step Description Value Units
Acquisition duration (t,)
Total prompt counts (C,) cts

Measurements
Total delay counts (Cp) cts
Random counts correction method (k)
Activity concentration (at scan time) kBq/cc
. Prompt count rate (R;) keps
Calculations

Delay count rate (Rp) keps
Renec (Equation 2) keps

3. For baseline measurements, plot Ry, as a function of activity concentration (Figure 3, left).

4. For follow-up measurements:
a. Plot the follow-up R, values as a function of activity concentration on the same plot as
the baseline measurements (Figure 3, right).

Calculate the error of the follow-up two (or three) R,y values relative to baseline values,

using linear interpolation to get the baseline R,y values for the corresponding follow-up
activity concentrations if necessary.

Record the maximum error of the two (or three) follow-up Ry~ measurements.

d. See Table 13 for an example worksheet.
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Figure 3. Left: Ry as a function of activity concentration on the same scanner |17 months apart. The same base-
line procedure was followed to acquire both sets of data, demonstrating the repeatability of the baseline measure-

ment. Right: baseline and three follow-up measurements of R, as a function of activity concentration on the same
scanner |4 months apart.

Table 13: PET count rate performance evaluation record (follow-up measurements)

Follow-up Measurement Comparison to Baseline
Data Activity Renec Baseline Ry (keps) Relative Maximum Absolute
Point Concentration (keps) (interpolate Difference Difference
(kBq/cc) if needed)
I
2
3
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6.4.2 Accuracy of Corrections
1. In the reconstructed images, compute the SUV in a central slice using a region of interest that
is 75% of the inside diameter of the phantom.
2. For baseline measurements, plot the SUV as a function of activity concentration (kBg/cc).

For follow-up measurements, plot the follow-up SUV values on the same graph as baseline
measurements (Figure 4). Use the same procedure as for Rp,,- above to calculate the SUV
error relative to baseline values (Table 13).

6.5 Limits
See Table 14.

0.8
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0
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Activity Concentration (kBg/cc)

Figure 4. Baseline and 3 follow-up measurements of SUV values as a function of activity concentration on the
same scanner 14 months apart. All SUV values are >0.9.

Table 14: Limits for count rate performance and accuracy of correction evaluation

Measurement Comparison Mean (Range)
Baseline vs. Follow-up Rpyz¢ 5%
Baseline vs. Follow-up SUV | (0.90-1.10)
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7. PET Image Contrast and Scatter/Attenuation Correction Evaluation

Estimated time of completion: 1.5 hours.

7.1 Purpose

The purpose of this test is to evaluate the PET image quality under conditions similar to those encoun-
tered in the clinic. PET image quality will be evaluated and monitored with the PET ACR phantom
(Figure 5). The ACR phantom contains four “Hot” cylinders of different diameters with a fixed activ-
ity concentration relative to background and three cylinders with different material density. Maximum
SUV measurements will be used to calculate image contrast from the four “Hot” cylinders. Mean and
minimum SUV measurements will be used to calculate scatter/attenuation from the Teflon, air, water,
and background regions. These values are all measured on images reconstructed with all corrections
applied (attenuation, scatter, random counts, dead time, etc.). The procedure followed in this test was
adapted from the ACR PET Accreditation Program Testing Instructions [14].

7.2 Materials

Table 15: Materials for PET image contrast and scatter/attenuation correction evaluation

* PET ACR phantom * Two 5-cc and one 60-cc syringe
* 185 MBq (5 mCi) I18F-FDG * 18-gauge needles
* 1,000 mL IV bag or water bottle * Pen, tape, and markers

Figure 5. PET ACR phantom. Top row: axial (left) and transverse (right) view. Bottom row: axial CT (left) and PET
(right) slice of phantom showing the 4 “Hot” water, | “cold” water, | air, and | Teflon cylinders.
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7.3 Procedure

1. Preparing ACR Phantom Source

a. Determine the most appropriate Patient Dose used by facility and record the correspond-
ing Dose A and Dose B based on Table 16.
* Dose A will be diluted in the 1000 ml bag (or bottle) added to the 4 “Hot” cylinders (25,
16, 12, and 8 mm diameter).
* Dose B will be added to the phantom as background activity.
* If the patient dose selected is not listed, then select the next higher patient dose (e.g.,
15 mCi clinical dose is rounded up to 16 mCi).
b. Assay Dose A and B in two separate 5-cc syringes (record time and activity).
c. Prepare the 4 “Hot” cylinders.
* Empty the “Hot” cylinders completely.
* Add Dose A to the 1,000 ml bag (or bottle) and mix thoroughly.
* Assay the residual Dose A in the syringe (record time and activity).
* Fill “Hot” cylinders with the diluted solution, minimizing the amount of air in each con-
tainer.
d. Fill the two additional fillable 25-mm cylinders with air and “cold” water.
e. Prepare background activity.
* Fill the phantom with water.
* Remove about 60 ml from the background water to create an air bubble large enough to
help mix radioactivity (do not discard water).
* Add Dose B to the background water and mix thoroughly.
* Assay the residual Dose B in the syringe (record time and activity).
* Add the remaining 60 mL that were extracted earlier, ensuring the phantom has as few
air bubbles as possible.
Table 16: ACR phantom dose chart
Patient Dose Dose A (mCi) Dose B (mCi)
(mCi) “Hot” Cylinders Background
4 0.14 033
6 021 0.50
8 0.28 0.66
10 035 0.83
12 0.42 0.99
14 0.49 115
16 0.56 1.32
18 0.63 1.48
20 0.70 .65
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f. See Table 17 for an example worksheet.
2. Positioning ACR Phantom Source

Position the phantom such that it is level and aligned in the three axes to the scanner isocenter
using the lasers.

3. Acquiring and Reconstructing Data
a. Acquire the data using the facility’s whole body clinical scan protocol.

* Enter a patient weight of 70 kg and an injected activity corresponding to the Patient
Dose selected in Step 1.

* The time between assay and scan start should be recorded and kept the same for baseline
and follow-up testing. ACR recommends 1 hour.

b. Reconstruct 1-cm thick transaxial slices for analysis using the scanner’s standard clinical
reconstruction parameters.

Table 17: ACR phantom preparation dose record

Step Description Value Units
Patient dose mCi
(Tgl;)liels6) Dose A (for “Hot” cylinders) mCi
Dose B (for Background) mCi
Initial assay Time (t,)
Activity mCi
Residual assay Time
“Hot” Cylinders Activity mCi
(Dose A) Activity decay-corrected to t, mCi
Bag (or bottle) Total activity (at t,) administered mCi
Total volume ml
Activity concentration (at t,) mCi/ml
Initial assay Time (t;)
Activity mCi
Residual assay Time
Activity mCi
B?;I;gsl;o;;‘d Activity decay-corrected to t, mCi
Background phantom | Total activity (at t;) administered mCi
region Total volume mCi
Activity concentration (at t;) mCi/ml
Activity concentration (at t,) mCi/ml

Ratio of “Hot” cylinder to background activity concentration (at t,) (target ratio = 2.35)
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7.4 Data Analysis

1. Select a representative image that best captures the 4 “Hot” cylinders.
2. Draw a 6-7 cm diameter background ROI region in the center of the image.

3. Draw a second ROI that is just inside the 25-mm “Hot” cylinder and then copy that ROI to the
remaining 6 cylinders.

4. Record:
a. Mean SUYV for the background, Teflon, air, and water cylinders.
b. Minimum SUV for the Teflon, air, and water cylinders.
c. Maximum SUYV for the 4 “Hot” cylinders.
5. Compute the following ratios for the 4 “Hot” cylinders:
a. Maximum SUV “Hot” vs. Mean SUV Background.
b. Maximum SUV “Hot” vs. Maximum SUV 25 mm “Hot.”
6. See Table 18 for an example worksheet.

7.5 Limits

The limits in Table 19 are adapted from the latest available ACR pass/fail criteria [14] and are subject
to change in future versions. Please refer to the most recent ACR PET Accreditation Program Testing
Instructions for the most up-to-date acceptance limits.

Table 18: PET image contrast and scatter/attenuation correction evaluation

Background Teflon Air “Cold” Water
Mean SUV
Minimum SUV
25 mm “Hot” 16 mm “Hot” 12 mm “Hot” 8 mm “Hot”
Maximum SUV
Ratio to background mean SUV
Ratio to 25 mm “Hot” max SUV |

Table 19: Limits for image contrast and scatter/attenuation correction evaluation

Measurement Limit
Background mean SUV 0.85-1.15
25 mm “Hot” maximum SUV 1.8-2.8*
Ratio 25 mm/16 mm “Hot” maximum SUV >0.7

*At the time of this report’s preparation, it is known that this ACR pass/fail limit will soon be updated to 1.80-2.95.
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8. PET Image Uniformity Assessment

Estimated time of completion: 0.5 hours.

8.1 Purpose

The purpose of the image uniformity assessment is to provide a measure of the deviation in the activ-
ity concentration within a slice, as well as across slices of a uniform phantom. This test is performed
using the cylindrical uniform phantom data acquired for the PET Count Rate Performance & Accu-
racy of Corrections Evaluation (see sections 6.2 and 6.3 for materials and procedure).

8.2 Data Analysis

1. Images should be reconstructed using the standard clinical protocol. These parameters should
be recorded and used in follow-up testing.

2. Previously acquired data is evaluated at two levels of activity concentration:
a. ~0.5 mCi in the uniform phantom (approximating standard patient dose).
b. Activity concentration 1/2 to 1/3 the activity concentration of peak Rpyz.

Baseline testing must be done at both activity concentrations. Follow-up testing can be done at
only one activity concentration, but the same concentration must be consistently used in all
follow-up evaluations.

Visually inspect images for artifacts.
4. For each of the different activity concentrations acquired:
Record the activity concentration in the phantom at acquisition time.
b. Draw 5 circular ROIs with a 30-mm diameter.
* 1 at the center of the image.

* 1 at each of the four cardinal locations (12, 3, 6, and 9 o’clock) 10 mm from the edge of
the phantom.

c. Project the 5 circular ROIs to the remaining slices in the uniform region (excluding the
noisier first and last slices).

d. For each slice (i) and 5 transverse locations (), obtain the mean activity concentration
( ROI(,‘J) )-

e. Calculate uniformity within a slice ({U,) for all slices and axial uniformity between slices
(U,,,) for each of the 5 ROI locations.

5. See Table 20 for an example worksheet.

ial

8.2.1 Uniformity within a Slice
The integral uniformity within slice i = N is calculated using:

ROI(N,max) - ROI(N,min)
ROI(N,max) + ROI(N,min) ’

Uy = 3)

where ROI(y max) and ROI(y iy are the maximum and minimum of the five ROIy ;, values measured
in slice N, respectively.
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Table 20: PET image uniformity evaluation

Activity Concentration at Scan Time =

Mean Activity Concentration (kBg/cc) Integral Uniformity

Slice e P
ROl ROI;,, ROI;; ROl , RO, within Slice (IU))

N-3

N-2

N-1

Integral
Uniformity
Across Slices

(’ UAXlAL)

8.2.2 Axial Uniformity between Slices (IUyx1)
The integral axial uniformity for a single transverse location is calculated using:

ROI(max,M) - ROI(min,M)
ROImax,my + ROI i 11y ’

“)

U AXIALLM =

where ROl iy and ROl ) are the maximum and minimum of the ROI;,,, values measured in
all slices at transverse location M, respectively.

8.3 Limits

See Table 21.
Table 21: Limits for image uniformity evaluation
Measurement Maximum Absolute Value
Integral uniformity within slice (IU) 5%
Integral uniformity across slices (IU,y4,) 5%
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9. PET Scanner Quality Control

9.1 Daily PET Quality Control

Daily quality control procedures are largely governed by the manufacturer’s recommendations and
may vary significantly from vendor to vendor. Examples of vendor-specific procedures are reviewed
in the following sections. Daily QC takes about 10-15 min to complete.

9.1.1 GE Systems

1.
2.

PET Daily QA is initiated from the Daily Prep interface.
Non-Discovery MI systems

a. Ge-68 internal rod source (270.95-day half-life) is housed within the scanner enclosure
and is automatically moved into position by the system (rod is not visible at any point
during 10-minute scan).

b. No additional steps or phantoms required.
Discovery MI systems
a. Annular Ge-68 phantom is positioned in a special head holder.

b. Scanner automatically moves the phantom into the gantry so that it is centered in transax-
ial and axial planes.

The daily result report (examples in Figure 6) display each of the measurements below as a rib-
bon. Each adjacent module is divided into blocks and each block into the individual crystals.

Coincidence ribbon: number of coincidence events per crystal (related to sensitivity).

b. Singles ribbon: number of individual events per crystal (defects in timing will not appear
here).

c. Dead time ribbon: fraction of time in which each detector block is busy.
* High value could mean noisy electronics or a light leak.
* Low value could mean a loss of signal

d. Timing ribbon: timing error for each crystal.

e. Energy ribbon: peak energy spectrum for each crystal.

et | S| et 7] e 7] it | b
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T T Y FVE T 20 T 70 X P T ST TP o S o
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Figure 6. Example console window showing passing (left) and failing (right) daily PET QA on a GE system.
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5. The daily results report also reports the following measurements calculated from all the crys-
tals in the respective ribbons (values, therefore, may not be sensitive to problems arising from
single block or crystal).

a. Coincidence mean and variance
b. Singles mean and variance

c. Dead time mean

&

Timing mean

e. Energy shift: average difference in peak location between the current result and the base-
line.

* Can be influenced by room temperature or problems with the chiller in the Discovery
MI system.

6. The daily results report can also be used to monitor the source activity and count rate mean
and variance.

The daily results report highlights results that are within the limits as green. Results highlighted as
yellow and red indicate values outside the range of acceptable values, with yellow indicating that an
update of tuning is recommended and red indicating that an update of tuning is required. In addition to
the current reading, the user can also review any prior reading (including baseline) or calculate the
ratios between any two readings (e.g., current to baseline, current to any prior, any prior to baseline).

9.1.2 Philips Systems

1. PET Daily QA is performed with a Na-22 point source (2.6-year half-life) and a positioning
device provided by the manufacturer.

The source is placed in the center of the PET FOV using the positioning device (Figure 7).

Figure 7. Left: Na-22 point source. Right: resulting sinogram used in daily PET QA on a Philips system.
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2. A 30-minute acquisition is used to acquire data for seven different tests.
a. System Initialization:
* Restarts software and hardware and performs self-diagnostic tests.
b. Baseline Collection:
* Collects analog offsets for each photomultiplier tube (PMT) for baseline data.

* If the baseline data is outside of the limits, an offset calibration is performed and the
Baseline Collection repeated.

c. PMT Gain Calibration:
* Optimizes of the electronic gain for each PMT.
d. Energy Test:
* Collects data in list mode and calculates energy centroids and FWHM.
e. Timing Test:
» Compares the timing with a calibrated set value.
* Timing calibration is performed if the Timing Test fails
f.  Emission Test:

* Acquires an emission sinogram of the centered Na-22 point source for 2 minutes with a
256 mm FOV (examples in Figure 7).

* Identifies defective hardware and drift that can affect image quality.

 User should analyze the generated sinogram for discontinuities. If problems are
detected, calibrations must be performed or detectors replaced.

g. Hardware Sensor Test:
* Verifies that the PET gantry electronics are operating at the correct voltage and current.

3. A report at the end of the daily QC is then generated indicating success or failure of the daily
QC (Figure 8).

Testing that the source is centered ...
Checking Baseline Collection: COMPLETE
Calibrating PMT Gains: PASSED
Erergy Test: PASSED
Timing Test: PRSSED
Emizsion Test: PASSED

I

ﬁrm <Enter> key to exit,
Jd

Figure 8. Example console window on a Philips system demonstrating a passing daily PET QA.
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9.1.3 Siemens Systems

1.
2.

PET Daily QA is performed with a uniform, cylindrical Ge-68 phantom.

Phantom is mounted on the scanner table, using an adapter, and aligned using the lasers and
phantoms markings (Figure 9).

Select PET Quality Check (within Setup) to start the 10-minute acquisition and review previ-
ous measurements.

Once completed, the software will provide a quick visual indication about whether the results
are within acceptable limits and the option to view a full report and sinogram (Figure 10).

a. Daily PET QA results can be tracked over time. Trends should be captured during annual
tests.

b. The report will indicate which values are within limits (pass) and which are not (Figure
11).

PRET iinliy Chacy L0} Rk

Vi Corpund EC5
30070007 3
PASS
Ve Sinesgram viewTiond |

WiowiSrink Rgoon I

1=

Figure 9. Cylindrical Ge-68 Figure 10. Left: example PET Quality Check window showing a pass in a Sie-
phantom positioned for daily PET ~ mens system. Right: sinograms can be visualized by clicking “View Sinogram.”
QA in a Siemens system.

Hesults
Syetem Quality Resulrs |Passed
|QC Phantom Activity [Passed

1QC succesfilly completed. All values are within valid ranges,
]QC Phantom has remauing activity greater than 0.5 mCi.

Detailed System Quality Report

Ttem | Upper Bound [ Lower Bound [ Value Decision
Elock Neise | 3 [erystal] 0 [erystal] 0 Blocks out of range Passed
Block Efficiency | 120 [%] 80 [%] | 0 Blocks out of range | Passed
[Measured Randoms | 115 [%] 85 %] 1032 [%] | Passed
Scanner Efficiency | 47.32 [cps/Bafee] 25.48 [cpsiBgfee] [ 393 [cps/Bafee] Passed
Scatter Ratio | 35.2 [%] | 28.8 [%] [ 31.6 [%) Passed
Scame:reﬁimgncy correction factor (F)CPj[‘IﬁOO’? [Bq*s:'ECA_T countsj_"25+00’? L-B;]*SECAT r.ounls.]. 2.99e+007 r}Bq*sn'ECAT :ounls]Passed Figu re Il. Exam-
Image Plane Efficiency | 5 %] -5 [%] 0 Planes out of range Passed .
IBlock Timing Offset | 0.5 [bin] 0 [bin] OBlosts outelrargs| | Pased ple results in report
[Block Timing Widtn | 5 [bin] 0 [bin] | 0Blocks ourofrange | Passed generated for Daily
Time Alignment Resicual | 2 [tnun] [ 0 [mm] [ 1.3 [mm) Passed PET QA in a Sie-
‘Time Alignment Fit (x/ v) [ 2 [mm] 0 [mm] 0.5 [mm] /0.4 [mm] Passed mens system.
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9.2 Weekly PET Quality Control

9.2.]1 GE Systems

In addition to the Daily PET QC, weekly PET QC consists of singles update gain to correct for non-
uniformities among detectors. The scan is initiated from the Service desktop.

9.2.2 Philips Systems
There are no recommended PET QC tests on a weekly basis that differ from the Daily QC.

9.2.3 Siemens Systems

Weekly PET QC tests are extensions of the Daily QC tests and include the daily quality check, nor-
malization (measures the efficiency of the crystals and corrects for variations that can lead to nonuni-
formities among crystals), and a partial detector setup (generates region maps and an energy profile
for each crystal). A Time Alignment is also available as an optional test. The phantom setup is similar
to Daily QC. To run the weekly test, select the Partial Setup or Time Alignment option(s) in the con-
figuration tab of the PET Quality Check. The system then acquires and displays the sinograms for the
user to inspect and generates a detailed report.

9.3 Other Scheduled PET Quality Control

9.3.1 GE Systems

The PET 3D WCC is performed quarterly. This test is necessary to ensure the proper calibration of
acquired data and the accuracy of SUV measurements. A uniform phantom of known activity is
scanned for a set period to establish the new well counter correction factor. A separate acquisition
confirms the accuracy of the newly established correction factor.

9.3.2 Philips Systems
The manufacturer recommends the following checks using a 30-cm uniform, cylindrical phantom
(spanning the entire axial PET FOV) filled with 74 MBq (2 mCi) of 18F-FDG:
1. Every month: uniformity check of the detectors (visual inspection of the images is adequate).
2. Every two months or after preventative maintenance: validate the existing SUV calibration.
3. Every six months or after system calibration: perform a new SUV calibration.

Additionally, every six months or after system calibration, the same 30-cm uniform, cylindrical
phantom filled with 518 MBq (14 mCi) of 18F-FDG should be dynamically imaged over an 11-hour
period to characterize the count rate performance. This test is used by the system to perform dead time
corrections.

9.3.3 Siemens Systems

Quarterly PET QC tests are extensions of the Daily QC tests and include the daily quality check, nor-
malization, full detector setup, and time alignment. The phantom setup is similar to Daily QC. To run
the quarterly test, select the Full Setup option in the configuration tab of the PET Quality Check. The
system then acquires and displays the sinograms for the user to inspect and generates a detailed report.
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Appendix: Vendor-Specific Instructions

A.l PET Sensitivity Evaluation: Option |

A.l.l GE Systems

For platforms 600 and above, follow the steps in Figure A.1 to view the DICOM header for each
acquisition. A list of the relevant DICOM tags and values are shown in Figure A.2.

STENTOR, MIM_Server
STENTOR, MIM_Server
STENTOR, MIM_Server

333

RAW
RAW
RAW
15T
15T
15T
15T

" push job submitted
Successtuily for exam
26 Aug 200..  Emiss 7238 from Local D 1o
27 May 201 Emiss STENTOR,
27 May 201 Emiss 2 Fok skttt
push job submi
17645 01 jul 2016... Emiss successfully for series
7237/1200 from Local
DE to STENTOR.

push job submitted
successtully for series
7237/1201 from Local
STENTOR.

push job submitied

successfully for series

7237/1202 fiom Local
o STENTOR.

Figure A.l. Process for extracting relevant information in GE Healthcare platforms 600 and above. Steps include
(1) select exam, (2) select series, 3) select Acquisition, and (4) click “Image Header.”

# Non-standard attribute
(0x0009, 0x106B) SL 4 [0]
. s . # Aguisition start

Acquisition Start Time  (o,6009, 0x106c) DT 17 [20160701183716. 00]

# Aquisition duration

(0x0009, 0x106D) SL 4 [120]

# Non-standard attribute

(0x0009,0x1070) sl 4 [9]

# Total prompts

(0x0009, 0x1071) FD 8 [45_27125]

# Non-standard attribute

Total Random Counls  (oy0009,0x1072) FD 8 (504933]
# Non-standard attribute
(0x0009, 0x1073) SL 4 [1]

Total Prompt Counts

Figure A.2. Relevant DICOM tags and values for the example acquisition in Figure A.l
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A.1.2 Philips Systems

During acquisition, count rates will be displayed in
the Acquisition Status window (Figure A.3). Once
values stabilize after approximately 10 seconds of
acquisition, record the time started and the coinci-
dence, estimated random, and singles count rates.

A.1.3 Siemens Systems

The steps necessary to extract the total prompt counts,
random counts, and image duration are outlined in  Figure A.3. The Acquisition Status window in a
Figure AA4. Philips system containing the relevant information.

1. Select study 2. Select scan sinogram 3. Click on Sinogram Editor

4. Click on Sinogram Interfile Header 5. Scroll to find the total prompt and random counts

] nogram Hoader Edit =]

T [ Singemn iotiiie Howdor *" Sinogtam Intethila Haader

Eoaarerso 20 0 202001

——
r‘r——| Le 1

Figure A.4. The process for extracting relevant information in Siemens systems.
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A.2 PET Sensitivity Evaluation: Option 2
A.2.] GE Systems

GE’s “activity correction factor” is generated during the WCC procedure started from the service
menu. The procedure is recommended to be performed on a quarterly basis. The WCC procedure uses
a fillable water phantom with a known concentration of 18F-FDG to correlate the measured count rate
in each image pixel to a specific activity concentration. For GE systems, the activity correction factor
is displayed by viewing the well counter acquisition information in the Cal Manager Utility. To access
this factor: 1) Select the Service menu, 2) Select Image Quality, 3) Execute the Cal Manager Utility,
4) Select the 3D WCC data that is active, and 5) Click View data. The activity correction factor should
be displayed at the bottom of the graph (Figure A.5). GE specifies that this factor should be within 2.0
and 12.0, while the sensitivity correction factors shown on the graph per slice should be within 0.8 and
1.5. For each acquisition mode (e.g., 2D or 3D), the relative difference between the follow-up and
baseline activity correction factor values should be calculated.

Sensitivity snd Activity Generation
Sensitivity & Activity Correction Generation

Image Set Description:  3DWCC Annulus.
—_— Image Set Date time:  2016-03-21 09:40:02
| ‘Select New Image Set Scan Date lime:  2016-03-21 09:40:02
Net Activity: 551209 MBq
Phanfom Volume:  1260.0mi

Sensiivity Correction Factors

137

127

17

1 i

097 +7 T
087

077

067

0.57

047

13579 1113151719212325272931 333537 394143 45474951 53 5557 59 61 63656769 71 T3 TS 17 79
Slice Number

Actiity corection Factor: 107131

‘Sensilivity and Aclivity Factors are wiithin range

[ - [

Figure A.5. Example display of activity correction factor on a GE IQ scanner.
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A.2.2 Philips Systems

Philips systems generate the activity concentration factor during the semi-annual PET/CT Standard-
ized Uptake Value (SUV) Calibration. Alternatively, it can be generated using a fillable water phan-
tom with a known concentration of 18F-FDG to correlate the measured count rate in each image pixel
to a specific activity. The value is not displayed for the user. Following the calibration, however, a
PET/CT SUV Validation scan is performed, whereby the SUV is verified by using the ROI procedure
outlined in the Philips QC procedure manual. The mean SUV value should be 1.0 (range 0.9-1.10).
During annual testing, the relative difference between the follow-up and baseline mean SUV values
should be calculated.

A.2.3 Siemens Systems

In Siemens’ systems, the specific activity concentration factor is called the ECAT calibration factor
(ECF). Determination of the ECF is performed as part of the daily normalization based on the scan of
a pre-filled Ge-68 cylinder phantom with a calibrated amount of activity. During annual testing, a
review of the calculated ECF values over time can be done by clicking the View Trend button at the
completion of the PET Quality Check procedure (Figure A.6). The relative difference between the fol-
low-up and baseline ECF values should be calculated.

PET Quaiity Check | PET Graph Display

Configure
rformed .

ByefECAT count
UCCasshully E

|

- t
2.9025E7~ . w1 i '3;
.,

2.8514F7-

293%9ET

29720477~
\/ Camputed ECF ]
3 Q7Ge4 0T 290407 IRRRREE} T ey
PASS 628N 4 orrina 8/Z6n 4 nupzer
Date
Wigw Sinogram Wiew Trand
ViewPrint Raport SavesClose
Postprocess
 Pans EMcency ~ ECF Trend

Figure A.6. Example display of ECAT calibration factor on a Siemens system. To view, ensure ECF Trend radio but-
ton is selected.
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