
 

 

                                                                                                               

XXXXX Nuclear Cardiology Lab 
 
 
CAMERA QUALITY CONTROL 
 
 
Visual Inspection 
 
Rationale: A visual inspection may reveal obvious defects which may compromise the safety or the 
imaging efficacy of the system (e.g. frayed or damaged electrical cables). Of particular importance is 
the visual inspection of collimators on a regular basis and whenever collimators are changed. Signs of 
denting or scratching may indicate mechanical damage to the collimator, and stains may be a sign of 
possible contamination. Both of these may produce artifacts such as cold or hot spots on planar images 
and rings on SPECT images.  
 
Frequency: Daily and whenever collimators are changed 
 
Procedure: Signs of new dents, scratches or stains should be followed up with a 
background/contamination check and an extrinsic uniformity check before a suspect collimator is used 
for patient imaging. It should be remembered, however, that not all collimator damage may be 
externally visible. A general visual inspection for any other defects which may compromise patient or 
staff safety (e.g. frayed or damaged electrical cables, mechanical faults in the camera or scanning 
table) should also be carried out on a daily basis. If any such defects are detected, the equipment 
should not be used until it is established that it is safe to do so. 
 
 
Background Radiation Levels and Contamination  
 
Rationale: High levels of background radiation may arise from “hot” patients in the proximity of the 
imaging system or other sources of unshielded radiation. If high energy imaging agents are being used, 
the potential also exists for penetration through the back of the gamma camera, where shielding is 
thinner. 
 
Other sources of background radiation may include radioactive contamination on the floor, walls or 
even the detector itself. Background radiation, if it is of sufficient intensity, has the potential to 
seriously compromise any type of imaging. Even moderately elevated background levels have the 
potential to seriously degrade intrinsic uniformity or other intrinsic measurements. 
 
Frequency: Daily 
 
Procedure: A background radiation check should be carried out using the energy window which is 
most frequently used for imaging. The total number of counts acquired in a fixed time period and 
inspection of the energy spectrum will indicate the presence of any unusually high levels of 
background radiation. Occasionally, the measurement should be repeated with the camera head 
pointing towards the floor, ceiling and all four walls. A high reading in any particular direction may 
indicate background radiation from contamination (e.g. on the floor) or an unshielded source. A high 
reading which persists irrespective of the camera head orientation is indicative of contamination on the 
collimator or the gamma camera head itself. Both of these conditions should be investigated and 



 

 

remedial action taken (e.g. decontamination or removal/shielding of the offending radiation source) 
before proceeding with any further checks or imaging.  Daily background should be less than 3000 
cpm.   
 
 
Photopeak and Window Setting 
 
Rationale: Incorrect photopeak energy window setting(s) can degrade uniformity, reduce sensitivity or 
can increase the scatter contribution to the image. Particularly in older gamma cameras, the photopeak 
can change due to slight variations in high voltage, photomultiplier drift, changes in temperature and 
other factors.  
 
Peak settings should be checked and adjusted in a consistent manner and the settings should be 
recorded to detect long term drift in the settings. Sudden changes in peak setting indicate a possible 
fault in the camera and should be fully investigated and rectified if necessary before the camera is 
again used for clinical studies.  
 
It is important to check the energy window settings for all radionuclides used on a particular gamma 
camera as proper peak settings for one radionuclide (e.g. 99mTc) does not necessarily mean that the 
window settings for other radionuclides (e.g. 201Tl and 67Ga) are correct. In particular, if a change in 
the peak setting for one radionuclide is detected, it is likely that the settings for other radionuclides also 
need to be adjusted. 
 
Frequency: Daily and with any isotope change 
 
Procedure: Peaking should usually be performed at the same time as the uniformity check as the same 
set-up and source are used. An extrinsic peak is performed. 

·  Place the cobalt flood source on a banana on the collimator.  
·  Check for proper centering of the window on the photopeak and if necessary adjust the peak. 
·  Record the peak setting in a log book and check for any large or gradual change from previous 

settings.  Measurement should be +/- 1% 
·  The peak should be checked for each radionuclide used on the camera for the day.  

 
Computer Set Up:   

1. “Main Menu” 
2. “Utilities” 
3. “Shitf+F2” – daily 

·  Choose Isotope 
·  Change window to 45% 
·  “F3” – peaking.  Allow camera to peak 
·  Change window back to 20% 
·  “Shift + F1” to exit 

4. Remove any source of radioactivity from the room 
·  OK? Y or N -  Answer “Y” 
·  “F1” to start acquisition for 1 minute 

5. “F3” to print.  Make sure that the correct date is highlighted then press “Shift+F8” and 
“Return” 

6. Record the measurement on the QC log. 
 



 

 

 
Uniformity  
 
Rationale: The uniformity or "flood" QC procedure checks that the response of the detector to a 
source is uniform within defined limits. It is one of the most basic QC tests of the gamma camera. 
Interpretation of clinical images taken with the gamma camera rely on the assumption that differences 
seen are due to differences in tracer distribution in the patient only and not differences introduced by 
the gamma camera.  
 
A large number of possible problems in the gamma camera can degrade uniformity. It is thus a good 
general QC test of the proper performance of the camera. Uniformity defects can be quite marked and 
focal, such as during a failure of a photomultiplier tube, or there can be general degradation of 
uniformity across the field of view (FOV) due to inappropriate spatial linearity or energy corrections. 
Further QC tests may thus be required to detect the cause of the observed non-uniformities.  
 
Uniformity can be checked either without collimator (intrinsic) or with collimator (extrinsic). Intrinsic 
uniformity is simpler to perform and does not require a flood tank or sheet source. However, it does 
not check for non-uniformities introduced by the collimators, which is particularly important for 
SPECT systems. Further, on some multi-detector systems, it may not be easily possible to perform an 
intrinsic uniformity check.  
 
To detect gradual deterioration in uniformity, it is important that uniformity measurements are carried 
out in a consistent manner (i.e. same orientation, same number of counts, same collimator if extrinsic 
etc) and records are kept to allow comparisons over periods of weeks or even months. Regular analysis 
of uniformity by a computer can facilitate detection of gradual deterioration prior to any visible 
change.  
 
Uniformity can be different for different radionuclides and window settings. Thus it is important to 
ensure that uniformity is consistent for all radionuclides used on the gamma camera and peanut butter 
sandwich. Further, if non-standard or different window settings are introduced (e.g. narrow window, 
asymmetric window) their effect on uniformity should be assessed before clinical studies are 
performed. 
 
Frequency: Daily (prior to use) 
 
Procedure: Extrinsic Uniformity Check 

·  Place the flood source on camera  and Peak for Co57 
·  Make sure that consistent set-up is used (i.e. same collimator, correction tables, orientation, 

peaking etc). 
·  Collect a uniformity image for at least 5000k counts.  Try to keep the count rate between 20-

30k/cps 
·  Check for pronounced non-uniformity in image. Windowing may be used to highlight non-

uniform areas. Also compare with previous flood for any gradual degradation in uniformity. If 
any “holes”, cold areas or hot areas are found, the camera can not be used and the field service 
engineer must be call. 

·  Print and file image for future comparison. 
·  Record the integral uniformity on the QC Log sheet. 
·  If the integral uniformity is > 5%, repeat to procedures (including peaking) to confirm.  If 

integral uniformity is still >5%, the field service engineer must be call.   



 

 

 
Parameters:   
 
Patient position (rotation)  None 
Acquisition: Marker No 
 Persistence Matrix 128 
 LUT Number 1 
 Color Color 
 Triggered Interval limit (lower) % 85 
 Triggered Interval limit (upper) % 115 
Camera: Calibration coeff. (cpm/MBq) 6000 
Syringe: Measuring method No syringe 
 Calibration (cpm/MBq) 6000 
 Preset Time (sec)  
 Preset Counts  5000k 
 
 
Computer Set Up: 
 

Scintron Main Menu 
1. “F2” acquisition 
2. “F1” Protocol – Choose “Flood” and “Return” 
3. “F3” Identification – Label and “enter” “enter” 
4. “Shift+F7” to change isotope to Co 57 

·  Open window to 45% 
·  “F3” Peak 
·  Change window back to 20% 
·  “Shift+F1” to exit 

5. “F4” Scintigram 
6. “F1” Start 

 
To print image: 

7. “Shift+F1” to exit 
8. “F1” Directory – Highlight image and then “F1” display then “F1” Multi-Display. (To print 

multiple images hold down “Control” key and highlight all images.) 
9. Change Format: Use arrows to choose 6:1 on screen 
10. To change color hit “Contrast” button.   “Grayscale” and choose “4” then hit “Term”.  
11. “Shift+F8” to print then “Return” 

 



 

 

 
Resolution and Linearity 
 
Rationale: The purpose of resolution checks are to detect gradual, long term deterioration of 
resolution, rather than detecting abrupt changes. Inappropriate adjustments carried out during service 
may affect the resolution, without necessarily being apparent in the uniformity or other checks. 
 
Frequency: Weekly 
 
Procedure:  

·  Repeat procedures for Flood above. 
·  Place 4 quadrant bar phantom on detector. 
·  Place flood source on top of bar phantom. 
·  Make sure that consistent set up is used (e.g. same distance of source, same orientation, 

peaking, same radionuclide, formatter settings etc). 
·  Collect an image of at least 5000k.  Repeat 3 more times rotating the phantom 90 degrees.  
·  Check for any degradation in resolution between previous images and the current resolution in 

the image. 
·  Record the minimum quadrant that can be seen and record on the QC log. 
·  If any degradation of the resolution is noted over time, the field service engineer should be 

called. 
·  Print and File image for future comparison. 

 
Parameters: See Uniformity Above 
 
Computer Set Up: Repeat steps 3, 5-11 is Uniformity Section 
 



 

 

 
High Count Flood 
 
Rationale: Non-uniformities, particularly near the center axis of rotation are substantially magnified 
by the filtered back projection reconstruction, resulting in ring artifacts. This places more stringent 
requirements on the uniformity of the camera. To achieve the required uniformity, flood correction is 
either applied on the fly during acquisition or post acquisition. To allow accurate measurement and 
correction of non-uniformities, the variation per pixel due to counting statistics has to be small. For a 
pixel coefficient of variation (COV) of <1% due to counting statistics, the count per pixel needs to be > 
10,000. This requires a total count for a 64x64 matrix of 30 - 40 million counts and for a 128x128 
matrix of 120 - 160 million counts. 
 
The same high count flood can typically be used to assess uniformity and act as the flood correction for 
SPECT data. Drifts in differential uniformity of >1% should be investigated and usually require 
collection of new uniformity corrections. However, uniformity corrections should not be used as a 
substitute for proper camera tuning and adjustment. 
 
As collimators can also introduce non-uniformities, high count floods should be performed 
extrinsically with each collimator used for SPECT. It is important that the flood source used for 
extrinsic high count floods is uniform across the FOV and does not introduce non-uniformities. A long 
half-life sheet source (e.g. 57Co sheet source) with guaranteed uniformity is thus preferred.  
 
Frequency: Monthly 
 
Procedure:  

·  At least 30 million counts are required for a 64x64 matrix. 
·  Integral and differential uniformity should be calculated from the high count flood and 

recorded. The figures should be compared to previous results and a change of >1% should be 
investigated and rectified as necessary by for example collecting new correction tables.  UFOV 
and CFOV should be less than 5%. 

·  Intrinsic inhomogeneity should be performed with the collimator off and a 3 mm Lead 
Halloween Mask in place. 

o Tc99m point source 
o Minimal distance between the camera head and the source should be 5 x camera FOV 

diameter 
o 20% window 
o Maximal acquisition rate of 20k/sec 

·  Computer analyzing program 
o Image is smoothed with a 9x9 
o Pixels with the minimal (MIN) and maximal (MAX) count rate are determined. 
o Integral non-uniformity maximum deviation from the mean value  
               = +/- 100%  MAX – MIN 
                                   MAX + MIN 
o It is calculated for UFOV (Usual Field of View) and the CFOV (Center Field of View) 

where the radius of the CFOV is 75% of the UFOV. 
o Differential Inhomogeneity is measured examining 5 neighboring pixels for all lines 

and columns MAX5 and MIN5. 
o Differential Inhomogeneity =  +/- 100% MAX5 - MIN5 

     MAX5 - MIN5 



 

 

·  Record the integral and differential uniformity on the QC log sheet. 
·  Print a copy of the final results and file in QC records. 
·  If the integral or differential uniformity is greater the 5%, contact the field service engineer. 

 
Computer Set Up: 

Scintron Main Menu 
1. Scroll to “Utilities” then “Quality Control Weekly/Monthly then “enter” 
2. “F2” Acquisition 
3. “F4” Scintigram 
4. “F1” Start 

Processing Uniformity Study: 
5. “F1” Directory then select the study you want to process then “Enter” 
6. “F4” Analyze.   
7. “Shift+F8” Print 
8. Record Integral UFOV 
9. Record the differential UFOV 

 
Parameters: See uniformity parameters above with the exception that Preset counts = 30 million 
 
 



 

 

Center Of Rotation 
 
Rationale: The rotation axis (or center of rotation) assumed by the reconstruction program has to 
accurately coincide with the mechanical axis of rotation to avoid loss of resolution and distortion in the 
reconstructed slices. Center of rotation (COR) offsets are easily corrected during the reconstruction 
process. Thus it is more important that the center of rotation offset is known and remains stable (<2 
mm variation) for a period of at least a week.  
 
Center of rotation offset can vary with collimator and as a function of detector rotation and radius of 
rotation. It is important to establish which factors affect COR offset on each particular camera and then 
make appropriate allowances for it. 
 
Frequency: Monthly 
 
Procedure:  

·  COR should be performed for each Zoom used to acquire patients.  Note: Cardiac MPI studies 
utilize a Zoom x 3. 

·  Large changes from previous values (>3 mm) and large changes in COR with rotation angle (> 
1 mm) should be investigated and if necessary corrected or reported to service engineer. 

·  Place a point source (Approximately 1 mCi or less) on the imaging table. Center vertically by 
raising the table but put source off center horizontally similar to a cardiac patient’s heart 
placement. 

 
Computer Set Up: 

ECT Main Program 
1. “F2” Acquisition 
2. “F1” Protocol – Select the COR Protocol 
3. “F3” ID = CORX 
4. “Shift+F4” Center Acquisition 
5. “F1” Start 

Process COR 
1. “F3” Reconstruction – Select your COR study from the directory 
2. “F2” Sinogram – You must now center the window around the point source by using 

the up/down arrows. 
3. “F3” Center curve – The calculated correction value of the COR is now displayed as a 

horizontal line.  This line should not have any sudden variations.  If everything looks 
okay…. 

4. “Shift+F3” Center Save 
5. “Shift+F5” Center Data allows you to view the stored COR correction data for each of 

the zooms that have a stored correction 
6. “Shift+F8” to Print then “Return” 
7. Record Min and Max values on the QC log sheet.  Values should be with 2 SD.  If 

values demonstrate changes or are not within 2 SD, notify the field service engineer. 
 
Parameters:  
 
Acquisition Acquisition Matrix 64 Acquisition mode Word (16) 
 Acquisition time (sec) 10 Azimuths 64 
 Number of Images 64   



 

 

MONITORS and PRINTER  
 
 
Monitors and Printers 
 
Rationale: Currently there are no agreed upon or published quality assurance procedures for PACs or 
monitors.  Monitors have the tendency over time to degrade.  They drift, lose lamps, get dirty and may 
not have been set up properly to begin with.  The Society of Motion Picture and Test Engineers 
(SMPTE) has a test pattern that can be used to measure luminance.  Subjective evaluations of 
brightness, sharpness, geometric distortion and artifacts can be made. 
 
Frequency:  Weekly 
 
Procedure:   These SMPTE test pattern can be used to assess the capability of the monitor to display 
the gray-scale images. The SMPTE test pattern will help you determine whether the contrast and 
brightness settings of your monitor are acceptable. Using the SMPTE test pattern, you can also check 
for limitations in spatial resolution and aliasing of your display. If monitor quality degrades, it should 
be recalibrated by field service engineer 
 

1. Display SMPTE pattern on monitor. 
2. Set Background to 0 and Window to 255. 
3. Evaluate images for geometric variation:  Do lines appear as straight lines without curving or 

breaks?  Do blocks look square?  Overall image is displayed evenly. 
4. Evaluate gray scale:  Can differences be determined for all grayscale levels.   The brightness 

and contrast of your monitor are adequately set if the 5% squares at both ends of gray scale are 
visible. Using the pattern: The gray scale is shown as a series of squares in the center of the 
image that range from black (0%) to white (100%) in a semi-rectangle. The 0% and 100% 
squares (see arrows on image at left) each contain smaller squares within them that represent 
signal level steps of 5% and 95%, respectively. You should be able to visually differentiate the 
inner square from the larger square that contains it.  

5. Be aware that it may be impossible to adjust your monitor to show both of these inner squares 
perfectly and equally. Most video monitors do better in showing the 95% square than the 5% 
square. However, you might see if reducing ambient light improves the visibility of the 5% 
square.  

6. The spatial resolution (linearity) and aliasing (distortion) of your monitor are within acceptable 
limits if the high contrast bar patterns in the test image are distinct as simple patterns of black 
and white pairs. 

7. Using the pattern: In each corner of the image as well as in the very center, inspect the 6 
squares filled with varying widths of alternating black/white horizontal and vertical lines. You 
should be able to differentiate all the lines, from fat to narrow (6 pixels, 4 pixels, and 2 pixels) 
and both horizontally and vertically. 

8. Print pattern and repeat evaluation.  Record results. 

 

 
 
 
 
 



 

 

ARCHIVE AND DIRECTORY MAINTENANCE 
 
 
Backing Up Files 
 
Rationale:   In order for the computer to run at optimal speed, it is necessary to clean out the directory 
from time to time.  This amounts to backing up files to an optical disk.  This is accomplished in three 
steps.  These steps include: Formatting an optical disk, making a picfile, and copying and deleting 
files. 
 
Frequency:  Bi-weekly 
 
Procedure:   

Step 1: Formatting an Optical Disk 
1. Insert Optical Disk into Optical Drive 
2. At the Main Menu press “Shift+F8” then Scroll to Format Optical Disk then “Enter” 
3. When asked if you are ready to format optical disk type “Y” then “Return” 

 
Step 2: Making a Picfile 

1. From the Main Menu scroll to “Utilities” then scroll over to “Check Directory” then 
“Enter” 

2. “F8” Makepic then scroll to “o1/picfile” then “Return” 
3. Size of Picfile = 500 MB then “Return” 
4. When asked to provide the approximate number of identifications, press “Return”.  This 

way the default value will be used for the approximate number of identifications. 
 
Step 3: Copying and Deleting Files 

1. From the Main Menu, scroll to Scintron Main Program then “Enter” 
2. “F1” Directory 
3. “F7” D-Disk then scroll to “o1/picfile” then return 
4. Highlight the studies you would like to copy to the optical disk by pressing the TAB key, 

located on the left hand side of the keyboard.  Once you have selected the studies that you 
would like to copy, press “F4” Copy All 

5. When complete press “Shift+F3” Delete All and when asked Y, N or A type “A”.  When 
asked if you would like to delete all marked identifications (Y or N) type “Y”.  All the 
marked studies have now been deleted and saved to the optical disk. 

 
Deleting “Reserved” files from the Directory: 
 

Sometimes when working with the directory, you will notice some “Reserved” files in the 
directory.  You can’t delete a “Reserved” file in the same manner as a normal file.  To 
delete a ‘Reserved’ file perform the following procedure: 

1. Scroll to the ‘Reserved’ file in the directory then press “Shift+F3” – Delete then 
“Protected” message will flash. 

2. “Shift+2 (@) then “Shift+2 (@)” Delete: Y or N and type “Y”.  The reserved file 
has now been deleted.  Perform this procedure again if there are any more reserved 
files to be deleted. 

 
 
 



 

 

 
Fixing the Patient File 
 

Rationale: Sometimes when the Scintron is booting up and is at the Datinit: test picfile stage, a 
directory error might occur.  If this happens, perform the following procedure. 
 
Frequency:  As needed 
 
Procedure:     

1. From the Main Menu, scroll to “UTILITIES” and then scroll over to “Check Directory” 
and “Return” 

2. “Shift+F2” Partial-u.  The directory is now being checked.  Any errors that are found 
will be automatically fixed.  Hit any key to exit. 
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