These are only advisory in nature and SNM India will not be responsible for any omission in this regard

Quality Control of Nuclear Medicine Instruments
A) Quality Control Tests for Isotope Calibrator
	Name of the test
	Purpose
	Procedure
	Frequency

	Physical Inspection
	To check system and any source holders and other accessories for damage
	The chamber may be concealed, and not accessible for physical inspection, but the loose accessories should be checked
	Daily

	High Voltage
	To check the constancy and correct operating voltage
	Using voltage measuring device/ digital display
	Daily/as recommended

by manufacturer

	Clock
	To check that the calibrator clock is the

same as the time of day
	Essential for calibrating radioactivity to a

specific time of day; clock time

throughout the department must be the

same (i.e. all wall clocks and internal

computer clocks)
	Daily

	Zero adjustment
	To check that the display is at zero when

no radioactivity is present
	Record the zero setting (before any

adjustment); a drift in “zero” reading may indicate that the instrument needs repair
	Daily

	Background

Counts
	To check background response under operational conditions appropriate for a particular radionuclide; to detect contamination
	Perform the test with the source holder/liner in place in the chamber; remove nearby radioactive sources that might cause an incorrect background reading; check on each radionuclide setting to be used that day
	Daily

	Constancy
	To check the stability and reproducibility of the ionization chamber, electrometer, and calibrator nuclide settings
	A cesium-137 sealed radiation vial (or other γ-emitting sealed radiation source) greater than 50 µCi is placed in the calibrator well. The radionuclide activity is recorded and compared with prior day activities and the decayed accuracy readings to ensure acceptability. 
The daily constancy readings should be between ± 5% of the decay corrected accuracy readings. 
	Daily

	Stability
	To check the short-term counting precision
	Counting precision is a measure of the stability of the whole system, and is

measured by repeated measurements and application of the chi-squared test
	Yearly

	Accuracy
	To check the accuracy of the activity reading
	Used two sealed radiation sources greater than 50 µCi are assayed 3 times each and averaged. Then compare average activity readings with the decay corrected calibrated activity.

The calculated activity and the average activity reading should be within ± 5% of each other

	Yearly

	Linearity
	To confirm that the calibration setting for a particular radionuclide indicates the correct activity over the entire range of use
	For the quarterly check of linearity by decay method, use high-activity (37GBq), independently calibrated 99mTc source and assays its activity at 12-hrs intervals over 3 consecutive days, it is equivalent to 12 half-lives of 99mTc.
The measured activities are then plotted versus time on a semilogarithmic graph, and the best-fit straight line drawn through the data points is plotted.
For each data point, the difference between the measured activity and the activity on the best-fit straight line at that point should be less than 10%.

	Six monthly/ yearly

	Geometric Efficiency
	To check the ability of the instrument to accurately measure activities in different configured containers such as a syringe, vial, or pill.
	A given amount of radionuclide is assayed in a syringe and the activity is recorded. 
Next, small increments of saline are added to the syringe to increase the volume and the activity is measured.
The activity should remain fairly consistent regardless of the changing volume, again within ± 5%.

	At the time of acceptance/ relocation/ repair


B) Quality Control Tests of Radiation Survey Meters 

	Name of the test
	Purpose
	Procedure
	Frequency

	Physical inspection
	To check for any damage to the detector, measuring unit and cables
	
	Before use

	Battery voltage
	To check that battery level is sufficient
	Display indicating whether the voltage supplied by the battery is within the acceptable operating range.
	Before use

	Contamination
	To measure the count rate level in an ambient environment without

nearby radioactivity
	The background exposure or counting rate should be measured daily in an area remote from radioactive sources within the nuclear medicine facility
	Before use

	Constancy
	To test constancy
	By measuring the exposure or counting rate of a long-lived reference source in a reproducible measurement geometry and day-to-day exposure or counting rates should agree within 10%; if not, the meter should be recalibrated.
	Yearly

	Accuracy, precision & linearity of response
	To measure the accuracy, precision and linearity of response
	Performed by placing the meter in front of a high-activity cesium sealed source and exposing the meter. The source should produce an exposure reading of at least 30 mR/h at 100 cm. The exposure reading that should be read by the meter is calculated using the inverse square law.
	Yearly


C) Quality Control Tests for Well Type Gamma Counter
	Name of the test
	Purpose
	Procedure
	Frequency

	Energy window calibration
	To ensure that the window settings of the pulse height analyser are set appropriately
	This should be checked for the radionuclide(s) to be measured, counting  or imaging with 20%       photo peak energy window
	Quarterly

	Background count rate
	To measure the count rate without radioactivity; to detect contamination
	Background should be stable under constant operating conditions; the background measurement also forms an integral part of a clinical measurement
	Before use

	Constancy/ Sensitivity
	To test the constancy of the instrument and settings
	This is calculated by taking the counts per minute detected by the instrument and dividing by the actual disintegrations per minute from the source :- (efficiency = cpm/dpm x 100).


	Before use

	Stability
	To check the short term counting precision
	The χ2 (Chi Square) test is a statistical method for checking the (short term) reproducibility of a well counter. Ten separate counts are taken for each sample. The variation is detected by the chi-square equation and determined if they are within acceptable limits. x2 values yielding a P value in the range of 0.05–0.95 are generally considered acceptable.
	Quarterly

	Energy Resolution
	To determine the ability of the instrument to discriminate between different energies.
	The instrument will automatically calculate the energy resolution when the calibration is performed, and is based on the formula: [FWHM/peak energy (keV)] x 100. Lower value of energy resolution indicates better performance.
	Quarterly


D) Quality Control Tests for Thyroid Uptake Probe
	Name of the test
	Purpose
	Procedure
	Frequency

	Physical inspection
	To check collimator and probe mounting, and cable connections
	These should be checked for mechanical defects, with particular regard to patient and staff safety
	Before use

	Background count rate
	To assess the count rate level without surrounding radioactivity; to detect

contamination
	This measurement should be stable over time; the background level determines the minimal detected level of activity
	Before use

	High voltage
	To check constancy and correct operating voltage
	Test for instruments where appropriate, if the capability is available; essential for stable and sensitive measurements
	Before use

	Energy spectrum/ Energy window calibration
	To ensure that the operating energy window is centred on the photo-peak.
	Test for instruments where appropriate, if the capability is available; the sensitivity of the uptake measurement depends on the correct energy window width setting
	Before use


E) Quality Control Tests for Gamma Camera/ SPECT

	Name of the test
	Purpose
	Procedure
	Frequency

	Physical inspection
	To check collimator and detector head mountings, and to check for any damage to the collimator
	Inspect for mechanical and other defects that may compromise safety of patient or staff; if collimator damage is detected or suspected, immediately perform a high-count extrinsic uniformity test
	Daily

	Collimator touch pad

and gantry emergency stop
	To test that the touch pads and emergency stops are functioning
	Both the collimator touch pads and gantry emergency stop must function if there is an unexpected collision with the patient or an obstacle during motion; the touch pads must be checked each time the collimators are changed
	Daily

	Energy window setting

for 99mTc
	To check and centre the preset energy window on the 99mTc photo peak
	The test is intended to check the correct 99mTc energy window
	Daily

	Energy window setting – other radionuclides to be used
	To test that preset energy windows are properly centred for the energies of other clinically used radionuclides
	Frequency of the test should be adapted to the particular camera and frequency of use of the radionuclides
	Daily whenever used

	Background count rate
	To detect radioactive

contamination/excess electronic noise
	The background count rate should be stable under constant measuring conditions
	Daily

	Intrinsic uniformity for 99mTc (or 57Co) 
	To test the response to a spatially uniform flux of 99mTc (or 57Co) photons, for uniformity. It is affected by many things, including tuning, peaking, linearity and energy corrections and crystal imperfections. Intrinsic uniformity is measured without the collimator
	A point of 99mTc/ 57Co may be used. The count rate should not be less than 30 K counts/sec or activity 0.3-0.5 mCi High count uniformity assessment would require about 30 million counts to be collected for a 64x64 matrix at the time of acceptance, for daily uniformity assessment, 5 million counts are sufficient for 256 x 256 matrix size.

Before a uniformity flood is collected, the energy window and peak should always be checked to make sure that the camera is properly peaked for the radionuclide used to measure uniformity.
For 99mTc, a 20% window is centred on the photo peak.

To quantify the IU (Integral Uniformity)  &  DU (Differential Uniformity) uniformity used the following formula: 
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A smaller 5% window centered on the photo peak can detect slight drifts in uniformity earlier and is sometimes useful in determining if tuning is required in the near future.
To reduce scatter an asymmetric window, shifted up on the peak is sometimes used. However, this can make the uniformity worse and thus uniformity with this window setting has to be checked before it is used clinically.
	Visually: Daily
            and 

Quantitatively: Weekly/ Monthly  



	Extrinsic  uniformity for 99mTc (or 57Co
	To test the response to a spatially uniform flux of 99mTc (or 57Co) photons, for uniformity. It is affected by many things, including tuning, peaking, linearity and energy corrections crystal imperfections and collimator damage. Extrinsic uniformity is measured with the collimator
	A flood source of 99mTc/ 57Co may be used. The count rate should not be less than 30 K counts/sec or activity 2-5 mCi High count uniformity assessment would require about 30 million counts to be collected for a 64x64 matrix at the time of acceptance, for daily uniformity assessment, 5 million counts are sufficient for 256 x 256 matrix size.

For 99mTc, a 20% window is centered on the photo peak.

To quantify the IU (Integral Uniformity)  &  DU (Differential Uniformity) uniformity used the following formula: 
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	Visually: Daily

            and 

Quantitatively: Weekly/ Monthly

	Sensitivity
	Ability to detect ionizing events in a sodium iodide crystal expressed in counts per second per micro curie (cps/(Ci) 

Measured simultaneously when uniformity performed if source activity and room background known
	Activity in source must be carefully measured and corrected for decay.
Obtain the count rate per unit activity. Compare calculated sensitivity with previous values.
Testing frequency depends upon facility’s protocol and manufacturer’s recommendations.

A change in sensitivity useful indicator of minor or slow degradation of the system.

Preventive maintenance should be done routinely as recommended by manufacturer
	Weekly/ Monthly  

	Intrinsic uniformity for

other radionuclides
	To test the response of a spatially uniform flux of photons emitted by other clinically used radionuclides
	Uniformity of detector response for every radionuclide in use should be tested periodically; frequency of the test should be adjusted to the frequency of use of the radionuclide in question.
	Quarterly

	Measure Intrinsic/ extrinsic  Spatial Resolution & Linearity 
	To detect distortion of spatial resolution. A qualitative or quantitative measurement of system spatial resolution using a phantom or line sources will be influenced by interference of the collimator septa with the pattern of the phantom or the source
	There are a number of methods for measuring intrinsic (without collimator) and extrinsic (with collimator) resolution. These include using bar phantoms, slit phantoms, line and point sources.

The most accepted way of defining resolution is in terms of Full Width at Half Maximum (FWHM).

This is determined by collecting an image of a line or point source on the computer, plotting a profile of counts vs pixel through the image and measuring the width of the profile at half the maximum.

The width in pixels is converted to mm using the pixel size to give FWHM resolution in mm.

The spatial resolution is a function of the distance from the collimator. Care must be taken to place the phantom or line sources consistently and at a constant distance from the collimator over the whole FOV. Placing a phantom on the collimator directly or in a jig that holds the phantom in place is simple and reproducible. When placing a phantom on an imaging pallet, one must be certain that the pallet is level.

Linearity:

For measure the linearity use Bar Phantom and PLES (parallel Line Equal Spacing) Phantom.

Visualised the Deviation from the straight line.

Deviation from straight line of less than 0.5mm for CFOV and 0.9 mm for UFOV.

	Six-monthly

	Multiple window

spatial registration

(MWSR)
	To test that the images acquired at different photon energies superimpose when imaged simultaneously, in an additive or subtractive mode
	When an image is made using two or three energy windows (e.g. 111In, 67Ga), then the image produced by each window must superimpose. 

Assessment of MWSR can be made visually using a spatial resolution pattern, such as a four quadrant bar pattern. For a quantitative measurement of MWSR that can be compared with the camera specification, an intrinsic measurement using a collimated point source of 67Ga is required
	Six-monthly/yearly

	Pixel size
	To determine absolute pixel size
	Done by placing point sources about 30 cm apart on the camera surface. Measure the exact distance between sources and image the sources.
Activity profile generated by the computer and the number of pixels between the two activity peaks is determined

Pixel Size=distance between sources/no. of pixels between profile peak
	Six-monthly

	Whole-body scan

spatial resolution in air

	To test spatial resolution both parallel and perpendicular to the direction of motion
	Line sources or point sources may be used, positioned at different positions along the length of the whole-body scan; attention should be paid to the spatial resolution at the start and end of the whole-body scan
	Yearly

	SPECT

	Detector head tilt
	To adjust the alignment of detector head tilt in the Y-axis
	For cameras with variable detector head tilt that rely on manual adjustment of tilt using a spirit level or angle gauge for adjusting the detector tilt
	Before use

	Cine Review of SPECT Data
	To detect the patient motion along the axis of rotation, background activity in the field of view, variations in camera performance with view angle and gross COR errors
	After acquisition and before reconstruction, cine review
	Before reconstruction

	Sinogram Review of Data
	To detect the lateral patient motion, and less for vertical shifts
	When sinogram review is available, it will give similar information as cine review of planar images
	Before reconstruction

	Uniformity calibration
	To update a uniformity map for software uniformity correction
	To be performed each time the detector uniformity is beyond the limits of acceptability for a SPECT

camera
	As required

	COR alignment
	To check that the mechanical and electronic CORs are aligned, i.e. COR offsets are within limits of acceptability, in X and Y directions
	COR is measured by performing a 360 degree and 180 degree acquisition around a point source or line source of Tc-99m
Using 128x128 matrix size
Most manufacturer’s have software designed to analyze the acquisition and determine if the COR is within acceptable limits.

The test should be done for all collimators used for SPECT studies, and for each multiple detector configuration used; ensure that procedure checks both X and Y directions

SPECT systems the acceptable limit for COR offset is ±1 mm, which here corresponds to about a 0.25 pixel offset
	Weekly

	COR calibration
	To update COR offsets
	COR calibration should be performed when COR

offsets are beyond the limits of acceptability
	As required

	Tomographic spatial resolution in air
	To check tomographic spatial resolution of the system in air, with no scatter
	Depends on the intrinsic capabilities of the scintillation camera, the geometrical properties of the collimator, the presence of scatter and multiple angles.
The reconstruction matrix size, filter, and use of pre and post-processing procedures can affect the measured spatial resolution.

Fill the central line source with Tc-99m at a concentration of at least 37 TBq/m3 (10 mCi/cm3). All the measurements are made in air with no additional scattering material.

Mount the phantom on the end of the table, or the frame to which the table connects, so that the source is suspended over the camera with minimal interference from the pallet or other objects.

Set the radius of rotation to 20 cm as measured from the collimator face.

Use the 128x128 matrix size and 120 views over 360 degree 

Calculate the FWHM in x and y direction
	Six-monthly

	Tomographic uniformity & contrast
	To test tomographic uniformity and contrast resolution
	“Jaszczak” SPECT phantom filled with 300-370 MBq (8-10 mCi) of a uniformly mixed solution of 99mTc.
Mount a general purpose collimator.

Set the average radius-of-rotation to 20 cm.

Set the acquisition matrix to 64X64 and the number of views to 64 (60) views over 360°.

Do the reconstruction with and without flood correction.

Apply the linear attenuation correction.

Tomographic uniformity:

Calculate the uniformity and rms noice with and without flood correction using the reconstructed uniform images 
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Without flood correction: integral uniformity: 9.90%-18.3% , rms noise: 4.5%-5.7%.

With flood correction: Integral uniformity: 10.7%-18.8%, rms noise: 3.6%-7.2%.

Contrast:

Display the entire data set and select the transverse section where the cold spheres are most clearly defined. Note the number of spheres that can be visualized.
For each sphere in the chosen slice, determine the number of counts in the “coolest” pixel. Calculate the contrast for the all visualized sphere.

 [image: image7.png](average pixel cts from uniform section—min pixel cts)

contrast= - - :
average pixel cts from uniform section




Repeat all steps for the flood-corrected data set.
	

	Attenuation correction: radionuclide transmission source
	To check uniformity and count rate responses of the transmission radionuclide source
	Good uniformity and adequate counts in the transmission image is required to create the attenuation correction map; these two parameters should to be checked whenever this method of correction is used
	Daily when used


F) Routine QC tests for PET and PET/CT. Equipment type: coincidence, scintillator system 

	Name of the test
	Purpose
	Procedure
	Frequency

	Physical inspection
	To check gantry covers in tunnel and patient handling system
	Inspect for mechanical and other defects that may compromise safety of patient or staff
	Daily

	Daily QC
	To test and visualize proper

functioning of detector modules; visual inspection of 2-D sonograms (automated)
	To be performed with point or rod sources without attenuating object inside scanner field of view
	Daily

	Uniformity
	To estimate axial uniformity across image planes 1−[max] by imaging a uniformly filled object
	To be also performed after software upgrade

or changes; the object could be a 20-cm diameter 68Ge cylinder, or a refillable cylinder with 18F
	After maintenance/new

setups/normalization

	Normalization
	To determine system response to activity inside the field of view
	Frequency of test depends on system reliability and service; must be performed after firmware upgrade and hardware service; use phantoms and instructions as recommended by manufacturer
	Variable

(at least six-monthly)

	Calibration
	To determine calibration factor from image voxel intensity to true activity concentration
	Must follow a new normalization; follow the

manufacturer’s procedures
	Variable

(at least six-monthly)

	Spatial resolution
	To measure spatial resolution of point source in sinogram and image space
	Use a 18F point source (nonstandard) or linear source
	Yearly

	Count rate

performance
	To measure count rate as a function of (decaying) activity over a wide range of activities
	To include count loss correction; and specific measurements of: (a) total/random/scatter/net true coincidences, and (b) noise equivalent count rate
	After new setups/ normalization/ recalibrations

	Sensitivity
	To measure the volume response of the system to a source of given activity concentration
	Perform according to NEMA NU2 standards

with a set of sleeved rod sources, an alternative method is given in NEMA-NU2 2007
	Monthly

	Image quality
	To check hot and cold spot image quality of standardized image quality phantom
	According to NEMA NU2 image quality

test, required after system installation, not mandatory during clinical operation
	Yearly


G) Quality Control of X-ray CT – as part of PET/CT and SPECT/CT 
	Name of the test
	Purpose
	Procedure
	Frequency

	X-ray CT – daily
	Daily procedures
	Follow manufacturer’s procedures for daily

use, and guidance from the medical physics

expert for diagnostic radiology
	Daily

	X-ray CT – numbers
	To determine CT number

accuracy
	CT number accuracy: water and air
	Monthly

	X-ray CT – alignment
	To determine 3-D alignment vector of PET or SPECT and CT field of view
	Manufacturer provides alignment phantom; to be also performed after major service
	At least monthly

	X-ray CT – performance
	To check CT performance and radiation exposure
	The CT scanner is an X-ray device that must be

checked according to national radiation safety

legislation under the direction of the appropriate radiation protection adviser and medical physics expert for diagnostic radiology
	As advised by the radiation protection adviser and medical physics expert for diagnostic radiology


Prepared by 

Mr. S. Kheruka, Medical Physicist, Nuclear Medicine, SGPGIMS, Lucknow 
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