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4. Sehubungan itu, tiga dokumen ini hendaklah digunapakai oleh semua pusat
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sebarang pertanyaan berkaitan dengan tiga dokumen ini, pihak YShg. Tan

Sri/Datuk/Dato'/Datin/Tuan/Puan boleh menghubungi Sahagian Kawalselia Radiasi

Perubatan, KKM di talian 03-8892 4727 atau emel kepada
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A.  FOREWORD 

 

The Quality Assurance Programme (QAP) at the Ministry of 

Health (MOH) Malaysia was launched in 1985. The objective of 

QAP implementation is to ensure that patients benefit from 

healthcare services provided at the best possible level with 

existing resources. In the context of the implementation of QAP 

that uses ionizing radiation for the purpose of diagnostic and 

therapy, the patient's interests must be prioritized. This can be 

achieved through accurate and optimum radiation dose exposure 

in addition with radiation exposure to workers and public being 

controlled. While the use of ionizing radiation involved will always 

be monitored from a safety perspective including security. 

Through such measures, it is hoped to be able to achieve the objectives of QAP 

implementation comprehensively and effectively under the Atomic Energy Licensing Act 1984 

(Act 304).  

 

All irradiating apparatus, imaging, and non-imaging equipment as well as associated facilities 

in a medical center must undergo quality control (QC) testing to ensure compliance with 

established standards and performance. QC implementation for imaging equipment and 

related facilities must include acceptance tests and periodic quality control tests. QC tests for 

all imaging equipment and related facilities must be carried out periodically to comply with the 

requirements of performance and safety standards by MOH. 

 

Therefore, with this technical QC protocol handbook, it can be a guidance for medical 

physicists, radiographers, technologists, and other healthcare professionals to ensure the 

optimum performance of the nuclear medicine imaging and non-imaging equipment as well as 

associated facilities in their respective medical centres.  

 

I would like to congratulate those who were involved and contributed to the development of 

this technical QC protocol handbook.  

 

 

 

 

 

Tan Sri Dato' Seri Dr. Noor Hisham bin Abdullah 

Director of Health 

Ministry of Health Malaysia 
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B. PREFACE 

 

Over the past few years, technology in healthcare fields has been 

developed rapidly couples with innovative thinking have led to 

improvements in medical physics services and medical radiation. 

Therefore, it has provided a great impact to the healthcare 

professionals and patients in terms of delivering high-quality 

healthcare in the 21st century. 

 

Quality control (QC) is important to all aspects of medical practice, 

including, the use of irradiating apparatus, imaging, and non-

imaging equipment as well as associated facilities to obtain 

images, computations to calculate functional parameters, and the 

interpretation of the findings by the respective physician. It plays 

a fundamental part in accomplishing the regulatory requirement for establishing a 

comprehensive Quality Assurance Programme (QAP) as described in the Atomic Energy 

Licensing (Basic Safety Radiation Protection) Regulations 2010. 

 

This technical QC protocol handbook is intended to be a resource for medical physicists, 

radiographers, technologists, and other healthcare professionals who are responsible for 

ensuring optimal performance of nuclear medicine imaging and non-imaging equipment as 

well as associated facilities in their respective medical centres. Furthermore, it is intended for 

physicians, clinicians, managers, and other decision makers who are responsible for 

implementing QA/QC programmes in medical institutions. It is anticipated that it will play an 

important role in helping maintain image quality and lead to better utilization of nuclear 

medicine imaging and non-imaging equipment as well as associated facilities in all medical 

centres.  

 

I am positive that this technical QC protocol handbook will be a very useful reference to 

everyone as a guide on how to perform proper QC. Finally, I would like to congratulate all the 

committee members involved in developing and completing this handbook. I would also like 

to extend a sincere thank you to those who are involved indirectly throughout the whole 

process until successfully publishing the handbook. Their efforts were invaluable. I am looking 

forward to see this handbook is frequently be referred to provide safe and excellent services 

in the medical centres.  

 

 

 

 

 

Zunaide bin Kayun@Hj. Farni 

Director 

Medical Radiation Surveillance Division 

Ministry of Health Malaysia 
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D. INTRODUCTION 

 

The Ministry of Health (MOH) is continuously taking steps to improve the quality of nuclear 

medicine services. This is to ensure that necessary clinical information is obtained from the 

optimum use of ionizing radiation to the patients. Over the years, the MOH has taken both 

administrative and legislative measures to enforce the various requirements under the Atomic 

Energy Licensing Act 1984 (Act 304). 

 

In order to further upgrade and enhance the quality, safety, and efficacy of nuclear medicine 

services, the MOH has formulated and initiated the implementation of Quality Assurance 

Programme (QAP) for both government and private nuclear medicine centres since 2013. The 

MOH is empowered under Section 17 of Act 304 to implement such programme. The specific 

requirement of the programme will be imposed under Regulation 53 of Basic Safety Radiation 

Protection Regulations (BSRP) 2010.  

 

Quality Control (QC) is one of the elements of QAP that has to be carried out at interval period 

as specified by MOH. QC tests shall be performed at the time of the testing and commissioning 

(T&C) of the nuclear medicine imaging and non-imaging equipment as well as associated 

facilities prior to the use; after replacement of major components that could cause a change in 

the performance of the machine including image quality and safety of patient; or as routine 

tests. The performance and safety standards of the nuclear medicine imaging and non-imaging 

equipment as well as associated facilities shall be in accordance with the regulatory 

requirements and relevant code of practice.  

 

This Handbook is designed to be guidance to conduct QC checking on PET/CT system in the 

aspect of performance and safety standard requirement in accordance with MOH. Wherever 

applicable, manufacturer’s protocol can be followed to perform the test procedures. A complete 

annual QC report by an approved medical physicist or qualified expert shall be submitted to 

MOH annually. 
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E. LIST OF TEST PARAMETER 
 

No. Parameter 

1. Physical Inspection 

2. PET Normalization 

3. Spatial Resolution 

4. Scatter Fraction, Count Losses, and Randoms Measurement 

5. Sensitivity 

6. Energy Resolution 

7. Image Quality and Accuracy of Attenuation, and Scatter Correction and Quantitation 

8. Daily PET QC Procedures 

9. Well Counter Correction (If Applicable) 

10. Test Of PET/CT in Clinical Mode 

11. PET/CT Offset Calibration 

12. PET/CT Image Registration Accuracy 

13. Time of Flight (If Applicable) 

14. PET Count Rate Performance and Accuracy of Corrections Evaluations 

15. PET Image Uniformity and SUV Validation 

16. Review Monitor at Control Panel 

 Visual Display 

17. Reporting Workstation Monitor 

 Visual Display 

18. Digital Printer (Film) 

 Hardcopy Display (If Applicable) 
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F. LIST OF TEST TOOLS 

 

No. Test Tools 

1.  68Ge line source/uniform cylindrical 68Ge phantom/uniform cylindrical 18F phantom 

2.  Source holder 

3.  Point sources  

4.  Capillary tubes 

5.  70 cm plastic cylinder with off-center line source   

6.  Phantom holder 

7.  70 cm line source 

8.  5-sleeve aluminum phantom 

9.  IEC61675-1/equivalent phantom 18F 

10.  Lead bricks or other heavy material (total weight of about 100 kg) 

11.  Ruler 

12.  70 cm plastic cylinder with off-center line source (scatter phantom) 18F  

13.  Fillable cylindrical 18F phantom / NEMA NU2-1994 phantom  

14.  VQC phantom/2 68Ge rod source / multiple source phantom 

15.  SMPTE test pattern  

16.  TG18-QC test pattern  
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G. TESTING PROCEDURES 

 

QC TESTS FOR PET/CT 

 

TEST PARAMETER 1: PHYSICAL INSPECTION 

 

Test Parameter  

 

Physical Inspection  

Objective  To ensure the electromechanical parts of the system are properly 

installed and functioned. 

 

Test Tool   Not applicable. 

 

Test Procedure  Carry out visual check on the components of the system. 

 

Data Analysis  Electromechanical tests are then typically carried out before other 

types of tests.   

 

Result  No. Visual inspection of 

component 

Pass/Fail Comments 

1. Gantry (Both PET and CT 

Components) 

  

2. Couch   

3. Emergency Button/Sensor/CT 

Laser 

  

4. Electrical Connections, 

Fuses, and Cables 

  

5. Control Panels   

6. Image Display Devices   

7. Image Recording 

Devices/Data Storage 

  

8. Operation and Service 

Manuals 

  

9. 

 

Room Condition – 

Temperature and Humidity 

  

10. External Laser (If Applicable)   
 

 

Tolerance 

  

No component of the system is malfunction or not properly 

installed. 

 

Test Frequency  Acceptance 

Daily (Visual inspection only)  

Annually 
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TEST PARAMETER 2: PET NORMALIZATION 

 

Test Parameter  

 

PET Normalization  

Objective  To acquire crystal efficiency data for use in correcting acquired 

sinograms for detector non-uniformities. The use of incorrect 

normalization data will compromise image quality. 

 

Test Tool   Rotating 68Ge line source or uniform cylindrical 68Ge phantom or 

uniform cylindrical 18F phantom. 

  

Test Procedure 1. Before starting the acquisition, a backup copy of the previous 

normalization file should be made. 

 

 2. Normalization data should be acquired following the instructions of 

the manufacturer. 

 

Data Analysis 1. Perform a visual inspection of the normalization sinograms (Figure 

1, Figure 2, and Figure 3). 

 

 2. If no major problems are observed, store the new normalization 

data in a file, according to the flow chart established by the 

manufacturer. 

 

Result  

 

Figure 1: Sinograms with and without normalization. 

 



QC Protocol Handbook for PET/CT System| MRSD 10 

 

 

Figure 2: Sinograms. 

 

 

Figure 3: Images with and without correction. 

 

Inspection Pass/Fail Comments 

Sinogram   
 

 

Tolerance 

  

A visual inspection should be acceptable. 

 

Test Frequency  Acceptance 

Semi-annually 

Under condition: 

[1] Whenever detector system performance is suspected to have 

changed significantly.  

[2] This test should be performed whenever servicing is suspected 

to have affected the test results. 
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TEST PARAMETER 3: SPATIAL RESOLUTION 

 

Test Parameter  

 

Spatial Resolution  

Objective  To measure the tomographic spatial resolution of the system in air 

and to ensure that spatial resolution is not degraded by either the 

tomographic acquisition or the reconstruction process.  

 

Test Tool  1. Source holder. 

 

 2. 3-point sources of 18F (Typically this can be obtained with a 

radioactivity of the order of 1 MBq (0.027 mCi). The radioactivity 

concentration of the starting radioactive solution should thus be 

about 1000 MBq/mL (or 27 mCi/mL) or less) each. 

 

 3. Capillary tubes (Figure 4). 

 

 

Figure 4: A syringe of the type with a fine needle to put a small 

amount of 18F solution inside a capillary tube (on right) for the 

measurement of spatial resolution. 

 

Test Procedure 1. In the transverse plane, the sources should be placed in three 

positions (Figure 5):  

  

a) 1 cm vertically from the center of rotation. 

b) at x = 0 cm and y = 10 cm. 

c) at x =10 cm and y = 0 cm. 



QC Protocol Handbook for PET/CT System| MRSD 12 

 

 

Figure 5: Position of point sources for measurement of spatial 

resolution. 

 

 2. The sources should be suspended in air. It is recommended to use 

or construct a source holder to hold the sources securely in the 

correct positions. 

 

 3. Two separate acquisitions should be performed, in the center of 

the axial FOV and at an axial position of a quarter of the FOV. 

 

 4. At least 100,000 counts must be acquired for each response 

function (point) or, in the case of tomographs with significant 

natural radioactivity in the detector material, a total of 120 000 

counts should be acquired. 

 

 5. The acquisition should be repeated at the same source positions 

in 2D and 3D for scanners that have both capabilities. 

 

Data Analysis 1. For each acquisition position, transaxial and sagittal images should 

be obtained. 

 

 2. Profiles across the point source response functions in all three 

directions (radial, tangential, and axial) will be generated. 

 

 3. The full width at half maximum (FWHM) and full width at tenth 

maximum (FWTM), shown in Figure 6, for all the point source 

response functions in all three directions (radial, tangential, and 

axial) will be calculated using linear interpolation (18 numbers).  
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Figure 6: Example of response function, with definition of FWHM 

and FWTM. 

 

 4. The calculated FWHM and FWTM values will be converted to 

millimeters by multiplying by the pixel size. 

 

 5. The radial and tangential resolutions will be averaged using the 

formulas given in Table 1. 

 

Table 1: Formulas for computing spatial resolution. 

 

 Description Formula 

At 1 cm radius 

Transverse Average x and y 

for both z positions 

RES = (RESxx=0,y=1,z=center 

+ RESyx=0,y=1,z=center + 

RESxx=0,y=1,z=¼FOV + 

RESyx=0,y=1,z=¼FOV )/4 

Axial Average of two z 

positions (two 

numbers) 

RES = (RESzx=0,y=1,z=center 

+ RESzx=0,y=1,z=¼FOV)/2 

At 10 cm radius 

Transverse 

radial 

Average two 

transverse for both 

z positions (four 

numbers) 

RES = (RESxx=10,y=0,z=center 

+ RESyx=0,y=10,z=center + 

RESxx=10,y=0,z=¼FOV + 

RESyx=0,y=10,z=¼FOV )/4 
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 Description Formula 

At 10 cm radius 

Transverse               

tangential 

Average two 

transverse 

positions for both z 

positions (four 

numbers) 

RES = (RESyx=10,y=0,z=center 

+ RESxx=0,y=10,z=center + 

 RESyx=10,y=0,z=¼FOV + 

RESxx=0,y=10,z=¼FOV )/4 

Axial 

resolution 

Average two 

transverse 

positions for both z 

positions (four 

numbers) 

RES = (RESzx=10,y=0,z=center 

+ RESzx=0,y=10,z=center + 

RESzx=10,y=0,z=¼FOV + 

RESzx=0,y=10,z=¼FOV )/4 

 

Reconstruction should be made using filtered back-projection with 

a ramp filter; no further smoothing should be applied. 

 

Matrix :  

Pixel Size :  
 

Result  FWHMobserved  

 

Tolerance  FWHMobserved  1.05 FWHMexpected 

or 

Manufacturer’s specifications. 

 

Test Frequency  Acceptance 

Under condition: 

[1] Whenever detector system performance is suspected to have 

changed significantly.  

[2] This test should be performed whenever servicing is suspected 

to have affected the test results. 
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TEST PARAMETER 4: SCATTER FRACTION, COUNT LOSSES, AND RANDOMS 

MEASUREMENT 

 

Test Parameter  

 

Scatter Fraction, Count Losses, and Randoms Measurement  

 

Objective  To determine the scatter, count losses, and randoms. 

 

Test Tool   70 cm plastic cylinder with off-center line source (Figure 7).   

 

 

Figure 7: NEMA scatter fraction phantom. 

 

 

Note:  

2D and 3D refer to factory settings. 

 

Test Procedure 1. The initial radioactivity used to fill the line source is then carefully 

measured using a dose calibrator and the time of measurement 

recorded. 

 

 2. The line source is then inserted into the scatter phantom, placed 

on the patient bed as shown in Figure 8, with the line source 

positioned nearest to the bed. 

 

 3. The center of the phantom must be positioned in the axial and 

transaxial directions to within 5 mm of the center of the PET 

scanner. 

 

 

Figure 8: Positioning of the scatter phantom on the patient bed. 



QC Protocol Handbook for PET/CT System| MRSD 16 

 

 4. Tomographic acquisitions must be performed at time intervals of 

less than half the half-life of the radionuclide, T½.  

 

 5. Acquisitions should be performed until true event losses are less 

than 1%. 

 

 6. The durations of individual acquisitions, Tacq, should be less than 

one quarter of T½, and such that each acquisition accumulates not 

less than 500,000 prompt counts. 

 

Data Analysis 1. If randoms estimation is available, prompt, and random sinograms 

should be generated for each acquisition j of slice i, for the entire 

axial field of view (FOV), except for scanners with an axial FOV 

greater than 65 cm, in which case only slices in the central 65 cm 

should be reconstructed. If no randoms estimate is available, only 

prompt sinograms are generated. 

  

 2. No corrections should be applied for variations in detector 

sensitivity, motion, randoms, scattering, dead time or attenuation. 

Oblique sinograms are reformatted into a single sinogram for each 

slice by single slice rebinning. 

 

 3. For each prompt sinogram i of acquisition j, all pixels whose 

distance from the central axis of the phantom is greater than 12 cm 

should be set to zero (Figure 9) (for reference only). 

 

 

Figure 9: Schematic example of a sinogram sum profile and 

definition of the ROI. 

 



QC Protocol Handbook for PET/CT System| MRSD 17 

 

 4. For each projection angle, i.e., for each row of the sinogram, the 

maximum pixel value shall be determined, and the projection 

shifted to align it with the central pixel of the sinogram. A sum 

projection is then calculated, by summing all the rows of the 

sinogram (Figure 10). 

 

 

Figure 10: Integration of scattered counts in the projection sum 

profile. 

 

 5. In the projection sum profile, counts CLi,j  and  CRi,j at a distance of 

± 20 mm from the maximum pixel are obtained.  

 

 6. The number of scattering plus random event counts Cr+s i,j is then 

obtained as the sum of all the counts outside the ± 20 mm strip and 

the trapezoidal area delimited by  CLi,j  and  CRi,j inside the ± 20 mm 

strip. The total event count CTot i,j is obtained from the sum of all 

pixels in the sum projection. 

 

 7. The average activity Aave,j in the phantom for each acquisition j is 

calculated as: 

 

                 Aave,j= (
Aj

ln 2
) (

T1/2

Tacq,j
) [1- exp (

- ln 2Tacq,a

T1/2
)]  

  

where Aj is the activity at the beginning of the jth acquisition, 

obtained from the radioactivity measured in the dose calibrator at 

time Tcal given as: 

 

Aj = Acal exp [
− ln 2 (Tcal − Tj

T1/2
] 

 

and Tacq,j is the duration of the jth acquisition. 
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 8. In each randoms sinogram i of acquisition j, set all pixels located 

further than 12 cm from the center of the phantom to zero. Find the 

number of random counts in sinogram i of acquisition j, Cr,i,j, by 

summing the remaining counts. 

 

Calculate the scatter fraction SFi,j for each slice i and acquisition j 

as 

 

SFi,j =
∑ Cr+s,i,j − ∑ Cr,i,jjj

∑ CTot,i,j − ∑ Cr,i,jjj
 

 

Then compute the system scatter fraction as 

 

SFj =
∑i ∑ Cr+s,i,j − ∑i ∑ Cr,i,jjj

∑i ∑ CTot,i,j − ∑i ∑ Cr,i,jjj
 

                                                                

The noise equivalent count (NEC) rate is computed as follows. 

First the total event rate RTot,i,j for each slice i is calculated as 

 

RTot,i,j =
CTot,i,j

Tacq,j
 

                                                                                             

Then, for each slice i, the true event rate Rt,i,j, the random event 

rate Rr,i,j, and the scatter event rate Rs,i,j are calculated, 

respectively, as 

 

Rt,i,j =
(CTot,i,j − Cr+s,i,j)

Tacq,j
 

 

Rr,i,j =
Ce,i,j

Tacq,j
                                                                                                                                                                            

and 

Rs,i,j =
Cr+s,i,j−Cr,i,j

Tacq,j
     

                                                                                       

where Tacq,j is the duration of frame j. 

 

The NEC rate for each slice i of acquisition j is computed as 

 

RNEC,i,j =
Rt,i,j

2

RTot,i,j + kRr,i,j
 

                                                                                      

where the factor k is set to 0 for tomographs that does not perform 

direct randoms subtraction, and 1 for scanners that use direct 

randoms subtraction, to account for the fact that the estimation of 

the randoms is noisy. 
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The system NEC rate, RNEC,j, is calculated as the sum of RNEC,i,j 

over all slices i. 

 

Result  SFobserved :  NECobserved :  

SFexpected :  NECrecommended :  
 

Tolerance  SFobserved < 1.05 SFexpected 

NECobserved ≥ NECrecommended  

or 

Manufacturer’s specifications. 

 

Test Frequency  Acceptance 

Under condition: 

[1] Whenever detector system performance is suspected to have 

changed significantly.  

[2] This test should be performed whenever servicing is suspected 

to have affected the test results. 
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TEST PARAMETER 5: SENSITIVITY 

 

Test Parameter  

 

Sensitivity  

Objective  To determine the rate of detected true coincidence events per unit 

of radioactivity concentration for a standard source configuration. 

 

Test Tool  1. Phantom holder. 

 

 2. 70 cm line source. 

 

 3. 5-sleeve aluminium phantom. 

 

Test Procedure 1. The radioactivity of the source, Acal, should be accurately 

measured in a dose calibrator and the time of measurement, Tcal, 

recorded. 

 

 2. The phantom for sensitivity measurements is completed by a set 

of five sleeves consisting of aluminum tubes 700 mm long, each 

with a wall thickness of 1.25 mm, with increasing diameters 

according to Figure 11 and Table 2. 

 

Table 2: Dimensions of the sensitivity measurement phantoms. 

IDa: Internal diameter 

ODb: Outer diameter 

 

Figure 11: Sensitivity measurement phantom:  

(a) Schematic and (b) Actual. 

Tube no. 
IDa  

(mm) 

ODb  

(mm) 

Thickness 

(mm) 
Length (mm) 

1 3.9 6.4 1.25 700 

2 7.0 9.5 1.25 700 

3 10.2 12.7 1.25 700 

4 13.4 15.9 1.25 700 

5 16.6 19.1 1.25 700 
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 3. The phantom is positioned in air, supported at each end by low 

density materials. Starting with the smallest sleeve containing the 

line source only, perform an acquisition.  

 

 4. Increase wall thickness by adding the next smallest sleeve and 

repeat the acquisition, until acquisitions with all sleeves have been 

made. 

 

 5. To check variation of sensitivity within FOV, perform acquisitions 

as above for phantoms and line sources at 10 cm offset from the 

central axis. 

 

 6. For systems capable of acquisition in both 2D and 3D, 

measurements should be performed in both modes. 

 

Data Analysis 1. The time of the commencement of a measurement, Tj, and the 

duration Tacq including the time required to move the detectors, are 

recorded, along with the number of counts collected. 

 

 2. The rate in counts per second Rj,i shall be determined for each 

measurement associated with each of the five sleeves, designated 

by index j (j = 1 – 5) and for each slice, designated by the index i (i 

= 1 to the number of slices), by dividing the number of counts 

collected in the sinogram of the slice by the duration Tacq. 

 

 3. For each measurement associated with each of the five sleeves 

and for each slice, the count rate for isotope decay will be corrected 

for radioactive decay using the following formula: 

 

RCORR,j,i = Rj,i ⋅ e

(Tj−Tcal)

T1/2  

 

where Tj is the time of the jth acquisition and Tcal is the time of 

phantom radioactivity calibration. After decay correction, the 

cumulative count rate is calculated using the following expression: 

    

RCORR,j = ∑RCORR,j,i

i

 

 

for each accumulated sleeve thickness. The data are then fitted to 

the following equation: 

 

RCORR,j,i = RCORR,0e
−2μMXj 

 

where RCORR,0 represents the unattenuated count rate. The linear 

attenuation coefficient of the sleeve material, M, is allowed to vary 

to compensate for scattered radiation, and Xj represent the 



QC Protocol Handbook for PET/CT System| MRSD 22 

 

accumulated sleeve wall thickness. The fitting procedure yields 

estimates of RCORR,0 and M. 

 

The system sensitivity Stot is then obtained by dividing the 

unattenuated count rate RCORR,0 by the total radioactivity Acal: 

 

Stot =
RCORR,0

Acal
. 

 

The same procedure is followed for the measurements obtained 

when the phantom and line source are 10 cm from the central axis.  

 

The axial sensitivity profile is calculated using the data from the 

acquisition with the smallest sleeve, for the position at 0 cm offset. 

Using the corrected count rates RCORR,1,i for the slices and the total 

count rate RCORR,1, the axial sensitivity for slice i is obtained by the 

following formula: 

 

Si =
RCORR,1,i

RCORR,1
Stot 

 

A sensitivity profile can be obtained by plotting Si against slice 

number. Maximum and minimum values can be recorded. Typical 

plots of axial sensitivity profiles in 2D and 3D are shown in Figure 

12. 

 

Figure 12: Typical axial sensitivity profiles in (a) 2D and (b) 3D. 

Result  Sensitivitytot (observed) at 0 cm   = __________ 

Sensitivitytot (observed) at 10 cm = __________ 

 

Tolerance  Stot,observed  > 0.95 Stot,expected  

or 

Manufacturer’s specifications. 

 

Test Frequency  Acceptance 

Annually 

 

(a) (b) 
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TEST PARAMETER 6: ENERGY RESOLUTION 

 

Test Parameter  

 

Energy Resolution 

Objective  To determine the energy resolution and to ensure that the 

efficiency of light collection is within the specifications. 

 

Test Tool  1. Source holder. 

 

 

 

2. 1 point source of 22Na, 3.7 MBq (100 Ci). 

Test Procedure 1. The source should be placed at the center of the FOV, suspended 

in air. 

 

 2. Follow the manufacturer’s procedure for energy testing or for 

energy spectra collection and display. 

 

 3. Acquire for a time sufficient to obtain no less than 10,000 counts in 

the peak of the energy distribution. 

 

Data Analysis 1. Using the manufacturer’s procedure for energy testing, obtain the 

per cent energy resolution of the system (Figure 13). 

 

 

Figure 13: Example of an acquired energy spectrum; energy 

resolution can be calculated from FWHM of the energy peak 

distribution. 

 

 

 



QC Protocol Handbook for PET/CT System| MRSD 24 

 

 2. Energy calibration factor can be obtained by calculating the peak 

position using a parabolic fit to the top of the peak. Using this factor, 

the FWHM can be converted into units of energy (keV). Energy 

resolution can then be calculated using the following relation: 

 

RE=1000
FWHM

500
  

 

Result  REobserved  

 

Tolerance  REobserved < 1.05 REexpected 

or 

Manufacturer’s specifications. 

 

Test Frequency  Acceptance  

Annually 
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TEST PARAMETER 7: IMAGE QUALITY AND ACCURACY OF ATTENUATION, AND 

SCATTER CORRECTION AND QUANTITATION 

 

Test Parameter  

 

Image Quality and Accuracy of Attenuation, and Scatter 

Correction and Quantitation 

 

Objective  To produce images simulating those obtained in a total body 

imaging study involving both hot and cold lesions. 

 

Test Tool   IEC61675-1 (Figure 14) or equivalent phantom 18F ( 1.5 mCi); 70 

cm plastic cylinder with off-center line source (scatter phantom) 18F 

( 3 mCi) (Figure 15). 

 

Note:  
18F solution of 5.3 ± 0.27 kBq /mL 

 

 
 

Figure 14: IEC61675-1/NEMA 2001/2007 body phantom. 
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Figure 15: IEC body Phantom and 70 cm plastic cylinder (scatter 

phantom) set up during the test. 

 

Test Procedure 1. The 2.8 and 3.7 cm spheres shall be filled with cold water to mimic 

cold lesion imaging. 

 

 2. The 1.0, 1.3, 1.7, and 2.2 cm spheres are to be filled with an 18F 

solution that has either 4- or 8-times higher radioactivity 

concentration than the background.  

 

 3. The spheres shall be positioned in such a manner that the centers 

of all spheres shall be in the same transverse slice, at a 5.72 cm 

radius from the center of the phantom, with the 1.7 cm sphere 

positioned along the horizontal axis of the phantom (Figure 16). 

 



QC Protocol Handbook for PET/CT System| MRSD 27 

 

 
 

Figure 16: Insert for hollow spheres in the image quality phantom. 

 

 4. The body phantom shall be positioned at the end of the table in a 

head first, supine position and shall be positioned axially in the 

scanner so that the center of the spheres is at the middle slice of 

the scanner and positioned transaxially so that the center of the 

phantom is centered in the scanner. The phantom should also be 

aligned so that the plane through the centers of the spheres is 

coplanar to the middle slice of the scanner to within 3 mm 

throughout the length of the phantom. 

 

 5. The total scan time for each bed position will therefore be equal to 

60 min x (axial step/100 cm), when the bed is moved by an axial 

step between two positions in a whole-body scan.  

 

 6. On scanners capable of both 2D and 3D operation, the test should 

be performed in both modes. 

 

Data Analysis (i) Image quality 

 

 1. One transverse slice shall be used in the image quality analysis. 

 

 2. Circular region of interests (ROIs) shall be drawn on each hot and 

cold sphere. 
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 3. ROIs of the same sizes as the ROIs drawn on the hot and cold 

spheres shall be drawn in the background of the phantom on the 

slice centered on the spheres. 

 

 4. Twelve 37 mm diameter ROIs shall be drawn throughout the 

background at a distance of 15 mm from the edge of the phantom 

but no closer than 15 mm to any sphere (Figure 17). 

 

 
 

Figure 17: Image quality analysis: Placement of background 

regions of interest. 

 

 5. ROIs of the same sizes as the smaller spheres (10, 13, 17, 22, and 

28 mm) should be drawn concentric to each of the 37 mm ROIs on 

the background region. 

 

 6. The same set of background ROIs shall also be drawn on the slices 

as close as possible to +2 cm, +1 cm, -1 cm, and -2 cm on either 

side of the central slice. 

 

 7. A total of 60 background ROIs of each size, 12 ROIs on each of 

five slices, shall be drawn. The locations of the ROIs must be the 

same in each of the replicate scans. The average counts in each 

background ROI shall be recorded. 

 

 (ii) Accuracy of attenuation and scatter corrections 

 

 1. A circular ROI of 3.0 ± 0.2 cm in diameter shall be drawn, centered 

as precisely as possible, on the lung insert. 
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 2. The average pixel value within the ROI, Clung,i should be recorded 

for each slice i. With perfect corrections for scattering and 

attenuation, this value would be close to zero.  

 

 3. 12 circular ROIs that are 3.0 ± 0.2 cm in diameter shall be placed 

on each slice i at the background locations specified in the previous 

section (Figure 17), and the average pixel values within each ROI, 

CB,i should be recorded. 

 

 4. The accuracy of the scattering and attenuation corrections is 

assessed by measuring the average pixel value with the lung insert 

ROI as a percentage of the background, and expressing it as the 

per cent relative error Clung,i for each slice i as follows: 

ΔClung,i = 100 ⋅
Clung,i

CB,i
 

 

where Clung,i is the average counts in the ROI placed over the lung 

insert and CB,i is the average of the twelve 3.7 cm background ROIs 

drawn for the image quality analysis. 

 

 (iii) Accuracy of radioactivity quantitation 

 

 1. The radioactivity concentration in the background compartment of 

the image quality phantom as specified at the beginning of this 

section to be 5.3 ± 0.27 kBq/mL. Therefore, the true radioactivity 

concentration is assumed to be known within 5% and should be 

denoted AB. 

 

 2. Using the option provided by the manufacturer to display 

radioactivity concentration in MBq/mL, the average activity CB,i, of 

the twelve 3.7 cm background ROIs drawn for the image quality 

analysis in slice i shall be recorded in MBq/mL as AB,i and the 

quantitation error Ai in slice i shall be calculated as: 

ΔAi = 100
AB,i − AB

AB
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Result  
Sphere size (mm) 

Contrast (%) Bg. Variability (%) 

4i x 8s 4i x 8s 

10   

13   

17   

22   

28*   

37*   

Ave residual (%) 

over lung insert 

  

*Cold sphere 

 

Tolerance  Acceptable visual assessment. 

 

Note:  

A 5% tolerance criterion with respect to the baseline established 

values for all image quality parameters, based on the three 

replicate measurements, is recommended. 

 

Test Frequency  Acceptance  

Annually 
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TEST PARAMETER 8: DAILY PET QC PROCEDURES 

 

Test Parameter  

 

Daily PET QC Procedures 

Objective  To assess the constancy of the detector performance and to allow 

early detection of any sudden change. 

 

Test Tool   68Ge line source or cylindrical 68Ge phantom or 22Na point source. 

 

Test Procedure  Using the system’s daily PET QC acquisition protocol, set up and 

acquire the detector stability scan or equivalent daily stability test. 

 

Data Analysis  Sinograms (Figure 18 and Figure 19)/blocks (Figure 20) should 

be subject to a careful visual inspection for the presence of 

pronounced diagonal streak artifacts and then compared with 

previously acquired reference sinograms. 

 

 
 

Figure 18: An example of detector stability acquisition on a 

PET/CT using a 137Cs rotating source (courtesy of L. Indovina and 

A Giordano, Catholic University, Rome). 

 

 
 

Figure 19: An example of a daily QC sinogram acquired on a 

PET/CT using a 22Na source (courtesy of L. Indovina and A 

Giordano, Catholic University, Rome). 
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Figure 20: An example of a daily QC blocks. 

 

Result  Pass/Fail 

 

Tolerance  Manufacturer’s specifications. 

 

Test Frequency  Acceptance 

Daily 

Annually 
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TEST PARAMETER 9: WELL COUNTER CORRECTION (IF APPLICABLE) 

 

Test Parameter  

 

Well Counter Correction (If Applicable) 

Objective 1. To transform detected count rate to radioactivity concentration.  

 

 2. To determine calibration factor from image voxel intensity to true 

radioactivity concentration.  

 

Test Tool   Fillable cylindrical 18F phantom (≤ 0.5 mCi) (Figure 21) or NEMA 

NU2-1994 phantom (≤ 1 mCi for 2D; ≤ 0.5 mCi for 3D).  

 

 
 

Figure 21: Fillable cylindrical 18F phantom. 

 

Test Procedure  Follow the manufacturer’s procedures (Figure 22). 

 

 
 

Figure 22: Parameter in the control console. 

 

Result  Calibration factor = _______ 

 

Tolerance  Manufacturer’s specifications.  

 

Test Frequency  Acceptance  

Quarterly 

Annually 
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TEST PARAMETER 10: TEST OF PET/CT IN CLINICAL MODE 

 

Test Parameter  Test of PET/CT in Clinical Mode  

 

Objective  To check the overall operation of the system in patient scan mode. 

This is a test of all the components involved in performing a clinical 

scan and is intended to identify problems with the PET and CT 

subsystems, including attenuation correction, bed motion, 

reconstruction, and PET/CT registration. 

 

Test Tool   Uniform cylindrical 68Ge or fillable cylindrical 18F phantom, ≤ 18.5 

MBq (≤ 0.5 mCi). 

 

Test Procedure  Perform a two bed PET/CT scan for 5 min at each bed position. 

Define bed positions to overlap at the center of phantom. 

 

Scanning protocol: ______________ 

Filter: ______________ 

 

Data Analysis  Visually inspect reconstructed images for artifacts, and then 

confirm proper co-registration of PET and CT images.   

 

Result 

  
 

Inspection Pass/Fail Comment 

Artifact   

Co-registration of PET and CT 

images 
  

 

Tolerance 

  

Inspect reconstructed images to check proper acquisition and 

reconstruction of CT and PET data at both bed positions. 

Reconstructed PET and CT images should appear uniform. 

Ensure that PET and CT data appear to be correctly co-registered. 

If co-registration problem is suspected, perform a PET/CT co-

registration procedure to update the system’s co-registration 

parameters and repeat the test. If co-registration appears correct 

and image artifacts are seen in the CT images, it may be possible 

to correct for them by renormalizing the detector. If this does not 

correct the problem, the PET scanner needs to be serviced.  

 

Test Frequency  Acceptance 

Annually  
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TEST PARAMETER 11: PET/CT OFFSET CALIBRATION 

 

Test Parameter  PET/CT Offset Calibration  

 

Objective  To determine the x, y, and z offsets required to register acquired 

PET and CT images. 

 

Test Tool   Volumetric Quality Control (VQC) phantom or two 68Ge rod source 

or multiple source phantom.  

 

Test Procedure 

 

 

 Acquire PET/CT scan of alignment phantom according to 

manufacturer’s instructions. 

Data Analysis 

 

 

 Compute the x, y, and z offsets required to register PET and CT 

images and store in a file for where it can be accessed by fusion 

software. 

 

Result  x = ____; y = ____; z = ____ 

 

Tolerance  Manufacturer’s specifications.  

 

Test Frequency  Acceptance  

Under condition: 

[1] Whenever detector system performance is suspected to have 

changed significantly.  

[2] This test should be performed whenever servicing is suspected 

to have affected the test results. 
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TEST PARAMETER 12: PET/CT IMAGE REGISTRATION ACCURACY 

 

Test Parameter  PET/CT Image Registration Accuracy  

 

Objective  To assess qualitatively the accuracy of the registration of the 

images obtained with the PET and CT scanners.  

 

Test Tool  1. IEC61675-1 (Figure 23) or equivalent phantom 18F ( 1.5 mCi).  

  

Note:  
18F solution of 5.3 ± 0.27 kBq/mL 

 

 
 

Figure 23: Image quality phantom (IEC standard 61675-1). 

 

 2. Lead bricks or other heavy material (total weight of about 100 kg). 

 

 3. Ruler. 

 

Test Procedure 1. The “body compartment” shall be filled with an 18F solution of 5.3 

kBq/mL radioactivity concentration. 

 

 2. The 2.8 and 3.7 cm spheres shall be filled with cold water. The 1.0, 

1.3, 1.7 and 2.2 cm spheres shall be filled with an 18F solution that 

is either 4 or 8 times hotter than the background (sphere: 

background = 4:1 or 8:1). 

 

 3. The spheres shall be positioned in such a manner that the centers 

of all spheres shall be in the same transverse slice, at a 5.72 cm 

radius from the center of the phantom with the 1.7 cm sphere 

positioned along the horizontal axis of the phantom. 
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 4. The lead bricks (or equivalent heavy weights) shall be uniformly 

distributed over 1.5 m length of the table adjacent to the quality 

phantom. 

 

 5. The phantom shall be positioned at the end of the table in a supine 

position and shall be positioned axially in the scanner so that the 

center of the spheres is at the middle slice of the scanner and 

positioned transaxially so that the center of the phantom is 

cantered in the scanner. 

 

 6. The phantom should be also aligned so that the plane through the 

centers of the spheres is coplanar to the middle slice of the scanner 

to within 3 mm throughout the length of the phantom. 

 

 7. The lead bricks should be uniformly distributed over a 1.5 m length 

on the table adjacent to the image quality phantom. 

 

Data Analysis 

 

1. For both cases (in the presence and in the absence of the heavy 

weights), the centers of all spheres shall be visually examined in 

all three directions on both PET and CT to ensure that they are 

adequately registered, spatially within 1 voxel. 

 

 2. The edge of the phantom shall also be examined to ensure that the 

edge of the phantom, as seen on the PET scan, appropriately 

matches the phantom boundaries, as seen on the CT scan. 

 

Result  
 

Inspection Pass/Fail Comment 

Image co-register at centre of 

spheres within 1 mm? 
  

Image co-register at edge of 

phantom within 1 mm? 
  

 

Tolerance 

  

Within ± 1 pixel (or ± 1 mm, whichever is smaller) when using a 

512 x 512 matrix  

or 

Manufacturer’s specifications. 

 

Test Frequency  Acceptance 

Annually 
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TEST PARAMETER 13: TIME OF FLIGHT (IF APPLICABLE) 

 

Test Parameter  Time of Flight (TOF) (If Applicable) 

 

Objective  To characterize the accuracy of TOF measurement and it is 

characterized by the FWHM amplitude of the detector response. 

 

Test Tool   70 cm plastic cylinder with off-center line source.  

 

Test Procedure 1. The measurement of TOF resolution is performed by analyzing the 

spread of the line source in TOF dimension using the test phantom 

data as acquired in Test Parameter 4. 

 

 2. In order to aggregate the data to arrive at a single, composite TOF 

resolution measurement, the measured timing difference for each 

coincidence event used in the TOF measurement is corrected by 

its expected value based on the measured geometry of the 

phantom. 

 

 3. The test data of Test Parameter 4, acquired with time-of-flight 

information, shall be used to measure TOF resolution. 

 

 4. For tomographs with AFOV of 65 cm or less, all data shall be 

considered. For tomographs with AFOV greater than 65 cm, only 

axial slices in the central 65 cm shall be considered. No corrections 

for detector sensitivity variation, detector motions such as scatter, 

random, deadtime or attenuation shall be applied to the 

measurements, except while reconstructing the images used to 

localize the line source. 

 

 5. Figure 24 provides a pictorial representation of the geometry 

defining the calculations used in the processing and analysis of the 

coincidence data.  
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Figure 24: Determination of LOR Distance from Line Source: The 

intercept of the LOR with the line source is defined as the point 

along the LOR with the shortest distance to the line source. 

 

i. To accurately aggregate the TOF data to assess the uncertainty 

of its measurement, it is necessary to know the position of the 

line source to better accuracy than the tolerances on its 

location.  

ii. To do this, the first frame of the dynamic sequence where the 

activity is below the peak NECR shall be reconstructed with all 

available corrections except for decay correction (allowing 

images reconstructed for the Count Rate Correction Accuracy 

test in Test Parameter 4 to be used here), and a transaxial pixel 

size not to exceed 2.5 mm, forming images in the PET 

coordinate system.  

iii. The location of the line source shall be determined on all 

imaging planes of the scanner, except for those within 10 mm 

of either end of the axial field of view, by a centroid calculation.  

iv. A line shall be fit to these centroid positions; the intersection of 

that line with the first and last axial plane of the scanner defines 

the points designated as p1⃗⃗⃗⃗  and p2⃗⃗⃗⃗  respectively. The unit vector 

denoting the direction from p1⃗⃗⃗⃗  to p2⃗⃗⃗⃗  is defined as: 

 

v⃗ =
p2⃗⃗⃗⃗ − p1⃗⃗⃗⃗ 

|p2⃗⃗⃗⃗ − p1⃗⃗⃗⃗ |
 

 

Data Analysis  The following analysis is performed on each time frame of the test 

phantom data beginning with the last frame acquired above the 

peak NECR and continuing through all frames with at least 500,000 

prompt events acquired. 

 



QC Protocol Handbook for PET/CT System| MRSD 40 

 

 1. 2D Histogram formation 

For each coincidence event in the data set, define  L1
⃗⃗⃗⃗  and L2

⃗⃗⃗⃗  (in 

units of mm) as the detected locations of the coincident photons in 

the PET coordinate system, as used in image reconstruction. If the 

LOR in the data set represents an aggregation of several different 

crystal pairs, then define L1
⃗⃗⃗⃗  and L2

⃗⃗⃗⃗ , as two points along the line in 

PET coordinates used for that LOR in image reconstruction. Then, 

perform the following calculations: 

  

i. Compute the unit vector from L2
⃗⃗⃗⃗  to L2

⃗⃗⃗⃗  : 

 

u⃗ =
L2
⃗⃗⃗⃗ − L1

⃗⃗⃗⃗ 

|L2
⃗⃗⃗⃗ − L1

⃗⃗⃗⃗ |
 

 

ii. Compute the distance between the LOR and the line source: 

 

r = (L1
⃗⃗⃗⃗ − P1⃗⃗  ⃗).

u⃗ × v⃗ 

|u⃗ × v⃗ |
 

 

If |r| > (20 + ∆r) mm, where ∆r is the histogram bin size along the r 

dimension, this event does not contribute to the data required for 

the computation of timing resolution, and further processing of this 

event is not necessary. Note that additional margin ∆r is to make 

sure that the proper interpolation can be performed at r = ± 20 mm 

for later random and scatter correction.  

 

iii. Compute the point of closest approach of the LOR to the line 

source: 

I = L1
⃗⃗⃗⃗ +

(L1
⃗⃗⃗⃗ − P1⃗⃗  ⃗). (u⃗ − v⃗ (u⃗ . v⃗ ))

|u⃗ . v⃗ |2 − 1
u⃗  

 

iv. Compute the timing error t (in units of picoseconds) as the 

difference between the measured TOF data for the event and its 

expected TOF offset based on the point of closest approach of 

the line source to the LOR: 

 

t = (t1 − t2) −
|L⃗ 1 − I | − |L⃗ 2 − I |

C
 

 

Each event is accumulated into one 2D histogram Cj(t,r) for each 

acquisition j. The 2D histograms should be centered on zero in 

both the t and r dimensions. The bin sizes in t and r should be less 

than one-quarter of the expected FWHM of the spatial and timing 

distributions, respectively.  
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Since it is not required for subsequent processing, it is not 

necessary to retain data for which |r| > (20 + ∆r) mm, or for which 

|t| is substantially greater than one-half of the expected timing 

FWTM. 

 

 2. Scatter and Random Removal 

True events are expected to occur only in radial distance less than 

20 mm from the line source, but there is a background of scattered 

and random coincidence events that extend beyond this 40 mm 

wide region. To remove scatter and randoms from the TOF offset 

profile, the following steps shall be performed for each timing bin t 

of each acquisition j:  

 

i. Determine the counts per pixel, CL,t,j and CR,t,j, at the left and right 

edges, respectively, of the 40 mm wide strip at the center of 

Cj(t,r). If these points do not correspond to sample locations of 

Cj(t,r) these values are found by linear interpolation. Form the 1D 

timing histogram Cj(t) by summing contributions from all radial 

bins in the 40 mm wide strip, corrected for the background: 

 

Cj(t) = ∑ {Cj(t, r) − [(
20 − r

40
)CL,t.j + (

r + 20

40
)CR,t,j]} 

r
 

 

 

 3. FWHM Analysis  

For each acquisition j, the maximum value of Cj(t) shall be 

determined by a parabolic fit using the peak point and its two 

neighbouring points. The FWHM shall be determined by linear 

interpolation between adjacent pixels at half the maximum value of 

the response function. This procedure is the same as is used to 

determine spatial resolution. 

 

Result  i. TOF resolution (FWHMTOF(j)) (in units of picoseconds), plotted 

as a function of the average effective radioactivity concentration 

aave(j), where the volume, V is the total volume of the cylindrical 

phantom (22,000 mL).  

ii. TOF resolution (FWHMTOF) (in units of picoseconds) at average 

effective radioactivity concentration of 5.3 kBq/mL, determined 

by linear interpolation from the values of aave(j) immediately 

above and below 5.3 kBq/mL. 

 

Tolerance  Manufacturer’s specifications. 

 

Test Frequency  Acceptance  
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TEST PARAMETER 14: PET COUNT RATE PERFORMANCE AND ACCURACY OF  

CORRECTIONS EVALUATIONS  

 

Test Parameter  PET Count Rate Performance and Accuracy of Corrections 

Evaluations  

 

Objective  To evaluate the count losses of the system under varying amounts 

of radioactivity present in the FOV of the PET scanner. 

 

Test Tool  1. Right circular cylindrical phantom: 20 cm diameter and ~19 cm 

length 

 

 2. 700 – 750 MBq (~20 mCi) 18F-FDG 

 

 3. One 3- to 5-cc and one 60-cc syringe 

 

 4. 20- to 23-gauge needles 

 

Test Procedure 1. Preparing Uniform Phantom Source 

i. Fill the phantom with water. 

ii. Remove about 60 ml from the background water to create an 

air bubble large enough to help mix radioactivity (do not 

discard water). 

iii. Assay dose in the 3- to 5-cc syringe (record time and activity). 

iv. Add dose to the water in the phantom and mix thoroughly. 

v. Assay the residual dose in the syringe (record time and 

activity). 

vi. Add the remaining 60 mL that were extracted earlier, ensuring 

the phantom has as few air bubbles as possible. 

vii. Record the total volume in phantom to calculate activity 

concentration. 

viii. See table below for an example worksheet. 

 

Step Description Value Units 

Initial 

Assay 

Time (ti)   

Activity  kBq 

Residual 

Assay 

Time (ti)   

Activity  kBq 

Activity decay-corrected to ti  kBq 

Uniform 

Phantom 

 

Total activity (at ti) administered  kBq 

Total volume  cc 

Activity concentration (at ti)  kBq/cc 
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 2. Positioning Uniform Phantom Source 

i. Place the phantom on the imaging table, running axially, 

centered in transaxial and axial FOVs. 

ii. For each scan, record the scan time. 

 

 3. Acquiring and Reconstructing Data: Baseline Measurement 

i. Acquire multiple scans over 6 – 7 half-lives (15 min scan 

followed by 15 min delay).  

Note:  

On older GE PET/CT scanners, delayed events must be 

acquired in order to have random counts data present in the 

raw data file and in image headers. 

ii. Reconstruct the acquired data with clinical parameters and 

with all corrections applied. 

iii. Record parameters for reference in follow-up measurements. 

 

 4. Acquiring and Reconstructing Data: Follow-Up Measurements 

i. Acquire two (or three) 15 min acquisitions using the same 

parameters as baseline measurements.  

Note:  

One scan must have an activity concentration of 1/2 to 1/3 the 

activity concentration of the peak RPNEC calculated at baseline 

measurement. One scan must have an activity concentration 

approximating the patient activity concentration using the 

standard clinical protocol. This corresponds to ~0.5 mCi in the 

recommended phantom. 

ii. Reconstruct each acquisition with clinical parameters and with 

all corrections applied. 

 

Data Analysis  

1. 

Count Rate Performance 

For each acquisition, obtain the scan time, scan duration (ts), and 

the total prompt counts (CP) and total delay counts (CD) following 

the vendor-specific instructions. 

i. GE: total prompt and delay counts are stored in DICOM private 

elements (0009,1071) and (0009,1072), respectively, of the 

reconstructed images. 

ii. Siemens: total prompt and delay counts are stored in the 

sinogram header. 

iii. Philips: total prompt and delay counts are available on the 

acquisition status window. 

 

 2. For each acquisition, calculate: 

i. Activity concentration (kBq/cc) decay-corrected to scan time 

(also accounting for decay during each frame). 

ii. Prompt count rate (RP = CP/ts) and delay count rate (RD = CD/ts). 

iii. RPNEC using Equation 2. 

iv. See table below for an example worksheet. 
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Step Description Value Units 

Measurements 

Acquisition duration (ts)   

Total prompt counts (CP)  cts 

Total delay counts (CD)  cts 

Random counts correction 

method (k) 

  

Calculations 

Activity concentration (at 

scan time) 

 kBq/cc 

Prompt count rate (RP)  kcps 

Delay count rate (RD)  kcps 

RPNEC (Equation 2)  kcps 
 

 3. For baseline measurements, plot RPNEC as a function of activity 

concentration (Figure 25). 

 

 
 

Figure 25: RPNEC as a function of activity concentration on the 

same scanner 17 months apart. The same baseline procedure was 

followed to acquire both sets of data, demonstrating the 

repeatability of the baseline measurement. 

 

 4. For follow-up measurements: 

i. Plot the follow-up RPNEC values as a function of activity 

concentration on the same plot as the baseline measurements 

(Figure 26). 
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Figure 26: Baseline and three follow-up measurements of RPNEC 

as a function of activity concentration on the same scanner 14 

months apart. 

 

ii. Calculate the error of the follow-up two (or three) RPNEC values 

relative to baseline values, using linear interpolation to get the 

baseline RPNEC values for the corresponding follow-up activity 

concentrations if necessary. 

iii. Record the maximum error of the two (or three) follow-up 

RPNEC measurements. 

 

  

1. 

Accuracy of Corrections  

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 (kBq/cc). 

 

 3. For follow-up measurements, plot the follow-up SUV values on the 

same graph as baseline measurements. Use the same procedure 

as for RPNEC above to calculate the SUV error relative to baseline 

values (Figure 27). 
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Figure 27: 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. 

 

Result  

 

Data 

Point 

Follow-up 

Measurement 
Comparison to Baseline 

Activity 

Concentration  

(kBq/cc) 

RPNEC 

(kcps) 

Baseline 

RPNEC(kcps)  

(interpolate  

if needed) 

Relative 

Difference 

Maximum 

Absolute 

Difference 

1      

2      

3      

Tolerance  Baseline vs. Follow-up RPNEC Mean = 5% 

Baseline vs. Follow-up SUV Mean (Range) = 1 (0.90 – 1.10) 

 

Test Frequency  Acceptance  

Under condition  

[1] Whenever detector system performance is suspected to have 

changed significantly. 

[2] This test should be performed whenever servicing is suspected 

to have affected the test results. 
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TEST PARAMETER 15: PET IMAGE UNIFORMITY AND SUV VALIDATION 

 

Test Parameter  PET Image Uniformity and SUV Validation 

 

Objective  To provide a measure of the deviation in the activity concentration 

within a slice, as well as across slices of a uniform phantom. 

 

Test Tool   Cylindrical uniform phantom 

 

Test Procedure 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: 

i. ~0.5 mCi in the uniform phantom (approximating standard 

patient dose). 

ii. Activity concentration 1/2 to 1/3 the activity concentration of 

peak RPNEC. 

Note:  

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. 

 

 3. Visually inspect images for artifacts. 

 

 4. For each of the different activity concentrations acquired: 

i. Record the activity concentration in the phantom at 

acquisition time. 

ii. Draw 5 circular ROIs with a 30-mm diameter. 

a) 1 at the center of the image. 

b) 1 at each of the four cardinal locations (12, 3, 6, and 9 

o’clock) 10 mm from the edge of the phantom. 

iii. Project the 5 circular ROIs to the remaining slices in the 

uniform region (excluding the noisier first and last slices). 

iv. For each slice (i) and 5 transverse locations (j), obtain the 

mean activity concentration (ROI(i,j)̅̅ ̅̅ ̅̅ ̅̅ ̅) .  

v. Calculate uniformity within a slice (IUi) for all slices and axial 

uniformity between slices (IUaxial) for each of the 5 ROI 

locations. 

 

Data Analysis 1. Uniformity within a Slice 

The integral uniformity within slice i = N is calculated using:  

 

IUI,N =
ROI(N,max)
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ − ROI(N,min)

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

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

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
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where ROI(N,max)
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ and ROI(N,min)

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ are the maximum and minimum of the 

five ROI(N,j) values measured in slice N, respectively. 

 

 2. Axial Uniformity between Slices (IUAXIAL) 

The integral axial uniformity for a single transverse location is 

calculated using: 

 

IUAXIAL,M =
ROI(max,M)
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ − ROI(min,M)

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

ROI(max,M)
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ + ROI(min,M)

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
 

 

where ROI(max,M)
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  and ROI(min,M)

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ are the maximum and minimum 

of the ROI(i,M)values measured in all slices at transverse location 

M, respectively. 

 

Result  

Activity Concentration at Scan Time =  

Slice 

Mean Activity Concentration (kBq/cc) Integral 

Uniformity 

within 

Slice (IUi) 
ROI(i,1) ROI(i,2) ROI(i,3) ROI(i,4) ROI(i,5) 

2       

3       

4       

.       

.       

.       

.       

N-3       

N-2       

N-1       

Integral 

Uniformity 

Across 

Slices 

(IUAXIAL) 

      

 

Tolerance  

 

Measurement 
Maximum Absolute 

Value 

Integral uniformity within slice (IUi)  5% 

Integral uniformity across slices 

(IUAXIAL)  
5% 

Test Frequency  Acceptance  

Annually 

 

 

 

 



QC Protocol Handbook for PET/CT System| MRSD 49 

 

TEST PARAMETER 16: REVIEW MONITOR AT CONTROL PANEL 

 

Test Parameter   Visual Display 

 

Objective  To determine that all the information in the video signal is displayed 

on the video display. 

 

Test Tool  

 

1. The Society of Motion Pictures and Television Engineers (SMPTE) 

or TG18-QC Test Pattern or equivalent test pattern. 

 

2. Display Monitor (Cathode Ray Tube (CRT) or Liquid Crystal 

Display (LCD)). 

 

Test Procedure 1. Display the SMPTE test pattern on the CRT or LCD (Figure 28). 

 

 

Figure 28: Image of SMPTE. 

 

or 

 

Display the TG18 QC test pattern on the CRT or LCD (Figure 29). 
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Figure 29: Image of TG18-QC. 

 

2. Adjust the window width to just encompass the range of numbers 

comprising the SMPTE or TG18-QC test pattern. 

 

3. Adjust the window level to either the lower or middle value of the 

window so that the entire test pattern is visible. 

 

4. If required, clean the front surface of the monitor, and reduce room 

illumination to the normal viewing level for better evaluation 

condition. 

 

Result 1. The 5% patch should just be visible inside of the 0% patch. 

 

2. The line pair pattern at the center and all four sides of the image 

should be clearly resolvable. 

 

3. The 95% patch should be visible inside the 100% patch. 

 

4. The alphanumeric should be sharp and clear. 

 

Tolerance i. 

 

 

 

 

 

SMPTE Pattern 

a) Image Display Monitor Condition 

The 5% and 95% details superimposed on the 0% and 100% 

squares, respectively should be visible. 

b) Greyscale 

Greyscale level from 0% to 100% squares increment appeared. 
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ii. 

 

 

 

 

 

 

 

 

c) Resolution 

i. The resolution at center and peripheral (horizontal and 

vertical bar) should be consistent and be able to differentiate 

all the lines. 

ii. No geometric distortion seen. 

d) Artefacts 

No disturbing artefacts should be visible. 

e) Overall Imaging Performance 

Subtle details visible. 

 

or 

 

TG18-QC Test Pattern 

a) Contrast Visibility 

All corner patches should be visible, the 5% and 95% pixel value 

squares should be clearly visible. 

b) Resolution 

All line patterns should be discernible at four corners of TG18-

QC image. 

c) Artefacts 

No disturbing artefacts should be visible. 

 

Test Frequency  Acceptance 

Monthly 

Annually 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



QC Protocol Handbook for PET/CT System| MRSD 52 

 

QC TESTS FOR ASSOCIATED FACILITIES 

 

TEST PARAMETER 17: REPORTING WORKSTATION MONITOR 

 

Test Parameter   Visual Display 

 

Objective  To determine that all the information in the video signal is displayed 

on the video display. 

 

Test Tool  

 

1. The SMPTE or TG18-QC Test Pattern or equivalent test pattern. 

 

2. Display Monitor (CRT or LCD). 

 

Test Procedure 1. Display the SMPTE or TG18-QC test pattern on the CRT or LCD. 

 

2. Adjust the window width to just encompass the range of numbers 

comprising the SMPTE or TG18-QC test pattern. 

 

3. Adjust the window level to either the lower or middle value of the 

window so that the entire test pattern is visible. 

 

4. If required, clean the front surface of the monitor, and reduce room 

illumination to the normal viewing level for better evaluation 

condition. 

 

Result 1. The 5% patch should just be visible inside of the 0% patch. 

 

2. The line pair pattern at the center and all four sides of the image 

should be clearly resolvable. 

 

3. The 95% patch should be visible inside the 100% patch. 

 

4. The alphanumeric should be sharp and clear. 

 

Tolerance i. 

 

 

 

 

 

 

 

 

 

 

 

 

SMPTE Pattern 

a) Image Display Monitor Condition 

The 5% and 95% details superimposed on the 0% and 100% 

squares, respectively should be visible. 

b) Greyscale 

Greyscale level from 0% to 100% squares increment appeared. 

c) Resolution 

i. The resolution at center and peripheral (horizontal and 

vertical bar) should be consistent and be able to differentiate 

all the lines. 

ii. No geometric distortion seen. 

d) Uniformity 

Coefficient of Variation (COV) < 20%. 
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ii. 

 

 

 

 

 

 

 

 

 

e) Variation Between Monitors 

White (100%) to black (0%) ratio deviates < 30% of the mean 

value of the monitors tested. 

f) Digital Imaging and Communications in Medicine (DICOM) 

Greyscale Calibration 

Remedial level: Grayscale Standard Display Function (GSDF) ± 

10%. 

g) Artefacts 

No disturbing artefacts should be visible. 

h) Overall Imaging Performance 

Subtle details visible. 

 

or 

 

TG18-QC Test Pattern 

a) Contrast Visibility 

All corner patches should be visible, the 5% and 95% pixel value 

squares should be clearly visible. 

b) Resolution 

All line patterns should be discernible at four corners of TG18-

QC image. 

c) Artefacts 

No disturbing artefacts should be visible. 

d) Luminance Range 

    The maximum to minimum luminance ratio ≥ 250. 

e) Luminance Uniformity 

Maximum luminance deviation of a display device should be       

< 10% for LCD displays. 

f) Greyscale Display Function 

    The calculated contrast response should fall within ± 10% of the 

GSDF contrast response. 

 

Test Frequency  Acceptance 

Semi-Annually 

Annually 

 

 

 

 

 

 

 

 

 

 

 

 

 



QC Protocol Handbook for PET/CT System| MRSD 54 

 

TEST PARAMETER 18: DIGITAL PRINTER (FILM) 

 

Test Parameter   

 

Hardcopy Display (If Applicable) 

 

Objective  To ensure that optimal image quality is reproduced on the hard 

copy image and that the long-term reproducibility of the hard copy 

image quality. 

 

Test Tool  

  

1. SMPTE or TG18-QC Test Pattern or equivalent test pattern. 

 

2. Film printer to print SMPTE or TG18-QC test pattern. 

 

Test Procedure 1. Ensure that the hardcopy printer is in working order and warmed 

up. 

 

2. Continue from the test above, display the SMPTE or TG18-QC test 

pattern at the window and level as described in the visual display 

set-up procedure. 

 

3. If required, adjust the hard-copy camera control so that film 

densities correspond to the manufacturer’s specification. 

 

Result 1. Same as the Test Parameter 19, the 5% patch should just be 

visible inside of the 0% patch. 

 

2. The line pair pattern at the center and all four sides of the image 

should be clearly resolvable. 

 

3. The 95% patch should be visible inside the 100% patch. 

 

4. The alphanumeric should be sharp and clear.  

 

Tolerance i. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SMPTE Pattern 

a) Image Display Monitor Condition 

The 5% and 95% details superimposed on the 0% and 100% 

squares, respectively should be visible. 

b) Greyscale 

Greyscale level from 0% to 100% squares increment appeared. 

c) Resolution 

i. The resolution at center and peripheral (horizontal and 

vertical bar) should be consistent and be able to differentiate 

all the lines. 

ii. No geometric distortion seen. 

d) Uniformity 

COV < 20%. 

e) Hardcopy Device Image Quality 

The printout image should be similar to the monitor display. 
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ii. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

or 

 

TG18-QC Test Pattern 

a) Geometric Distortion 

Border should be completely visible, and lines should be 

straight. 

b) Contrast visibility 

All corner patches should be visible, the 5% and 95% pixel value 

squares should be clearly visible. 

c) Resolution 

All line patterns should be discernible at four corners of TG18-

QC image. 

d) Printed Image Artefacts 

No disturbing artefacts should be visible. 

e) Optical Density (OD) Range 

Minimum film density, Dmin < 0.25 OD 

Maximum film density, Dmax > 3.40 OD 

f) Greyscale Display Function 

The calculated contrast response should fall within ± 10% of the 

GSDF contrast response. 

g) Density Uniformity 

Maximum optical density deviation should be < 10%. 

 

Test Frequency  Acceptance 

Semi-Annually 

Annually  
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H. PERFORMANCE AND SAFETY STANDARDS 

 

No. Procedure Tolerance Frequency 

QC Tests for PET/CT 

1. Physical Inspection  

i. Gantry (Both PET and 

CT Components) 

ii. Couch 

iii. Emergency 

Button/Sensor/CT Laser 

iv. Electrical Connections, 

Fuses, and Cables 

v. Control Panels  

vi. Image Display Devices 

vii. Image Recording 

Devices/Data Storage 

viii. Operation and Service 

Manuals  

ix. Room Condition - 

Temperature and 

Humidity  

x. External Laser (If 

Applicable) 

 

No component of the system is 

malfunction or not properly 

installed 

Acceptance 

Daily (Visual 

inspection only) 

Annually 

 

2. PET Normalization A visual inspection should be 

acceptable 

Acceptance 

Annually 

Under condition [1] 

Under condition [2] 

 

3. Spatial Resolution FWHMobserved < 1.05 FWHMexpected 

or 

Manufacturer’s specifications 

 

Acceptance 

Under condition [1] 

Under condition [2] 

 

4. Scatter Fraction, Count 

Losses, and Randoms 

Measurement 

 

SFobserved < 1.05 SFexpected 

NECobserved ≥ NECrecommended 

or 

Manufacturer’s specifications 

 

Acceptance 

Under condition [1] 

Under condition [2] 

 

 

5. Sensitivity 

 

Stot,observed  > 0.95 Stot,expected 

or 

Manufacturer’s specifications 

 

Acceptance 

Annually 

 

6. Energy Resolution REobserved < 1.05 REexpected 

or 

Manufacturer’s specifications 

 

Acceptance  

Annually 
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No. Procedure Tolerance Frequency 

7. Image Quality and 

Accuracy of Attenuation, 

and Scatter Correction and 

Quantitation 

 

Acceptable visual assessment 

or 

Manufacturer’s specifications 

Acceptance 

Annually 

8. Daily PET QC Procedures  Manufacturer’s specifications 

 

Acceptance 

Daily 

Annually 

 

9. Well Counter Correction (If 

Applicable) 

Manufacturer’s specifications 

 

Acceptance 

Quarterly 

Annually 

 

10. Test of PET/CT in Clinical 

Mode 

Reconstructed PET and CT 

images should appear uniform 

 

PET and CT data appear to be 

correctly co-registered 

  

Acceptance 

Annually 

 

11. PET/CT Offset Calibration Manufacturer’s specifications 

 

Acceptance 

Under condition [1] 

Under condition [2] 

  

12. PET/CT Image Registration 

Accuracy 

Within ± 1 pixel (or ± 1 mm, 

whichever is smaller) when using 

a 512 × 512 matrix 

or 

Manufacturer’s specifications 

 

Acceptance 

Annually 

13. Time of Flight (If 

Applicable) 

 

Manufacturer’s specifications 

 

Acceptance  

 

14. PET Count Rate 

Performance and Accuracy 

of Corrections Evaluations 

Baseline vs. Follow-up RPNEC 

Mean = 5% 

Baseline vs. Follow-up SUV 

Mean (Range) = 1 (0.90 – 1.10) 

 

Acceptance  

Under condition [1] 

Under condition [2] 

 

15. PET Image Uniformity and 

SUV Validation 

Integral uniformity within slice 

(IUi), Maximum absolute value = 

5% 

 

Integral uniformity across slices 

(IUAXIAL), Maximum absolute 

value = 5% 

 

Acceptance 

Annually 
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No. Procedure Tolerance Frequency 

16 Review Monitor at Control 

Panel 

 

Visual Display  

i. SMPTE Pattern 

a) Image Display Monitor 

Condition 

 

 

b) Greyscale 

 

 

c) Resolution 

 

 

 

 

 

d) Artefacts 

 

e) Overall Imaging 

Performance 

 

or 

 

ii. TG18-QC Test Pattern 

a) Contrast Visibility 

 

 

 

b) Resolution 

 

 

c) Artefacts 

 

 

 

 

 

 

The 5% and 95% details 

superimposed on the 0% and 

100% squares, respectively 

should be visible 

Greyscale level from 0% to 

100% squares increment 

appeared 

i. The resolution at center and 

peripheral (horizontal and 

vertical bar) should be 

consistent and be able to 

differentiate all the lines 

ii. No geometric distortion seen 

No disturbing artefacts should be 

visible 

Subtle details visible 

 

 

 

 

 

All corner patches should be 

visible, the 5% and 95% pixel 

value squares should be clearly 

visible 

All line patterns should be 

discernible at four corners of 

TG18-QC image 

No disturbing artefacts should be 

visible 

 

Acceptance 

Monthly 

Annually 

 

QC TESTS FOR ASSOCIATED FACILITIES 

17. Reporting Workstation 

Monitor 

 

Visual Display  

i. SMPTE Pattern 

a) Image Display 

Monitor Condition 

 

 

 

 

 

 

The 5% and 95% details 

superimposed on the 0% and 

Acceptance 

Semi-Annually 

Annually  
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No. Procedure Tolerance Frequency 

 

 

b) Greyscale 

 

 

c) Resolution 

 

 

 

 

 

d) Uniformity 

e) Variation Between 

Monitors 

 

f) DICOM Greyscale 

Calibration 

g) Artefacts 

 

h) Overall Imaging 

Performance 

 

or 

 

ii. TG18-QC Test 

Pattern 

a) Contrast Visibility 

 

 

 

b) Resolution 

 

 

c) Artefacts 

 

d) Luminance Range 

 

e) Luminance 

Uniformity  

 

f) Greyscale Display 

Function 

 

 

 

100% squares, respectively 

should be visible 

Greyscale level from 0% to 

100% squares increment 

appeared 

i. The resolution at center and 

peripheral (horizontal and 

vertical bar) should be 

consistent and be able to 

differentiate all the lines 

ii. No geometric distortion seen  

COV < 20% 

White (100%) to black (0%) ratio 

deviates < 30% of the mean 

value of the monitors tested 

Remedial level: GSDF ±10% 

 

No disturbing artefacts should be 

visible 

Subtle details visible 

 

 

 

 

 

 

All corner patches should be 

visible, the 5% and 95% pixel 

value squares should be clearly 

visible 

All line patterns should be 

discernible at four corners of 

TG18-QC image 

No disturbing artefacts should be 

visible 

The maximum to minimum 

luminance ratio ≥ 250 

Maximum luminance deviation of 

a display device should be < 

10% for LCD displays 

The calculated contrast response 

should fall within ± 10% of the 

GSDF contrast response 
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No. Procedure Tolerance Frequency 

18. Digital Printer (Film) 

 

Hardcopy Display (If 

Applicable) 

i. SMPTE Pattern 

a) Image Printed 

Condition 

 

 

b) Greyscale 

 

 

c) Resolution 

 

 

 

 

 

d) Uniformity 

e) Hardcopy Device 

Image Quality 

 

or 

 

ii. TG18-QC Test 

Pattern 

a) Geometric 

Distortion 

 

b) Contrast Visibility 

 

 

 

c) Resolution 

 

 

d) Printed Image 

Artefacts 

e) Optical Density 

Range 

f) Greyscale Display 

Function 

 

g) Density Uniformity 

 

 

 

 

 

 

The 5% and 95% details 

superimposed on the 0% and 

100% squares, respectively 

should be visible 

Greyscale level from 0% to 

100% squares increment 

appeared 

i. The resolution at center and 

peripheral (horizontal and 

vertical bar) should be 

consistent and be able to 

differentiate all the lines 

ii. No geometric distortion seen 

COV < 20% 

The printout image should be 

similar to the monitor display 

 

 

 

 

 

Border should be completely 

visible, and lines should be 

straight 

All corner patches should be 

visible, the 5% and 95% pixel 

value squares should be clearly 

visible 

All line patterns should be 

discernible at four corners of 

TG18-QC image 

No disturbing artefacts should be 

visible 

Dmin < 0.25 OD 

Dmax > 3.40 OD 

The calculated contrast response 

should fall within ± 10% of the 

GSDF contrast response 

Maximum optical density 

deviation should be < 10% 

 

Acceptance 

Semi-Annually 

Annually  
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No. Procedure Tolerance Frequency 

Note:  

 

[1] Whenever detector system performance is suspected to have changed significantly; 

or 

[2] This test should be performed whenever servicing is suspected to have affected the 

test results. 

 

All tests shall be carried out during T&C and after replacement of major components. 

 

 

The procedures of the QC tests and its tolerance limit as well as frequency of test will be subject 

to be reviewed when necessary and approved by appropriate authority. QC tests of Computed 

Tomography (CT) Scanner in a hybrid imaging modality (PET/CT) should be referred to the 

diagnostic CT requirements as stipulated by the appropriate authority. Additional tests may be 

required by the appropriate authority whenever necessary. 
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