DRAFT version 05-2007: QC of conventional linear accelerators used for 3DCRT: criteria of acceptability
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General remarks:

This document presents criteria for acceptability with a proposal for tolerance and immediate action levels and verification frequencies. These tables still need to be translated into actual test procedures, where certain criteria can be globally verified in a single test (eg mechanical and optical isocenter). Such tests can be designed by the individual user, or found in the literature. Some examples will be presented on the BHPA website.

The criteria are presented for the standard use of a linac for 3DCRT. Certain criteria can however be adapted to the clinical practice of an individual institute/unit: items that are not used should not be tested (eg table position linear scales), while in other situations certain tolerances might need to be set stricter.
All tolerances expressed as a distance refer to the distance at the level of the isocenter of the accelerator.

No criteria are presented for specific accessories such as electronic portal imaging and verification system. The workgroup is aware that the need exists to include these systems in a comprehensive QA program, and strongly advises the users to do so, but we felt that it was out of the scope of the current group to prepare guidelines for this at this moment. 

In the same manner no criteria are presented for patient immobilization and positioning systems, nor for more recent developments such as cone beam CT, gating and IMRT. Although these systems certainly demand a thorough QC program, we felt unable to present a global proposal applicable to all systems and would advise the users to develop a program adapted to the system(s) they are using. 

Also QC guidelines for specific treatment techniques should be further developed.
The workgroup used the following documents as reference:

BHPA: draft document of the workgroup of 1995

Swiss society “QC of Medical Electron Accelerators”


CAPCA “Medical Linear Accelerators”


AAPM TG40
Any comments/remarks on this document are appreciated. Please mail to president@bhpa.be .
Table I.
Mechanical checks for conventional linear accelerators for 3DCRT
	PARAMETER
	CRITERION
	RECOMMENDED FREQUENCY
	MINIMAL FREQUENCY
	TOLERANCE LEVEL
	IMMEDIATE ACTION LEVEL

	Mechanical Axes
	
	
	
	
	

	1. Mechanical isocenter

a. Collimator rotation axis

b. Gantry rotation axis

c. Couch rotation axis

	Accuracy
Accuracy
Accuracy
	Monthly

Monthly

Monthly
	Half-yearly

Half-yearly

Half-yearly
	±1 mm

±1 mm

±2 mm


	±2 mm

±2 mm

±3 mm



	2. Angular scales (mechanical, analog and digital)

a. Gantry rotation

b. Collimator rotation at gantry 90°

c. Collimator 0° at gantry 0°: field edge parallel to gantry rotation plane

d. Gantry angle dependence of 2.b and 2.c


	Accuracy
Accuracy
Accuracy
Accuracy
	Monthly

Monthly

Monthly

Half-yearly


	Half-yearly

Half-yearly

Half-yearly 

Yearly
	±0.5 °

±0.5 °

±0.5 °

±1°


	±1°

±1°

±1°

±2°

	3. Collimator jaws

a. Opposing jaws parallel

b. Jaw pairs perpendicular

c. Gantry angle dependence of 3.a and 3.b


	Accuracy
Accuracy
Accuracy
	Monthly

Monthly

Half-yearly


	Half-yearly

Half-yearly

Yearly

	±0.5 °

±0.5 °

±1.0 °


	±1°

±1°

±2°



	4. Collimator scales

a. Jaw position

< 10 x 10 cm²

> 10 x 10 cm²

b. Symmetric/asymmetric mode switching

c. Non-divergent field match

Maximum over/underdose at clinical SSD and depth

FWHM over/underdose area at clinical SSD and depth
d. Gantry angle dependence of 4.a and 4.c


	Accuracy
Accuracy
Functionality

Accuracy
Accuracy
Accuracy
	Monthly

Monthly

Monthly

Weekly

Monthly
Half-yearly
	Half-yearly

Half-yearly

Half-yearly

Monthly

Half-Yearly
Yearly
	±1 mm

±1% of field size (max. ±2 mm)

Functional

±10% of local dose
2 mm
idem
	±2 mm

±2% of field size (max. ±4 mm)

Functional

±20% of local dose
4 mm
idem

	5. Multileaf Collimator

a. Alignment with parallel jaw pair

b. Alignment with perpendicular jaw pair

c. Individual leaf position
d. Field shape of representative test pattern
e. Constancy of dosimetric parameters (leaf transmission, interleaf leakage)

f. Gantry angle dependence of 5.a - 5.d

	Accuracy
Accuracy
Accuracy
Accuracy
Constancy
Accuracy
	Monthly
Monthly

Monthly

Monthly

Half-yearly

Half-yearly
	Half-yearly

Half-yearly

Half-yearly

Half-yearly

Yearly

Yearly
	±1°

±1°
±1 mm

±1 mm

±2% of local dose

idem
	±2°
±2°
±2 mm

±2 mm

±4% of local dose

idem

	6. Couch axes

a. Vertical axis parallel to beam axis over clinical range

b. Maximum vertical displacement at isocenter under load

c. Longitudinal axis parallel to in-plane over clinical range

d. Lateral axis parallel to cross-plane over clinical range

e. Couch top rotation

	Accuracy
Accuracy
Accuracy
Accuracy
Accuracy
	Monthly

Half-yearly

Monthly

Monthly

Half-Yearly
	Half-yearly

Yearly

Half-yearly

Half-yearly

Yearly
	±2 mm

±5 mm

±1°

±1°

±1°
	±4 mm

±10 mm

±2°

±2°

±2°

	7. Couch scales (mechanical, analog and digital)

a. Linear scales over clinical range

b. Angular scales over clinical range


	Accuracy
Accuracy
	Half-yearly

Half-yearly
	Yearly

Yearly
	±2 mm

±1°
	±4 mm

±2°

	Optical and mechanical indicators
	
	
	
	
	

	8. Laser alignment

a. Laser visibility

b. Isocenter

c. Alignment along in-plane, cross-plane and beam axes over clinical range


	Functionality

Accuracy
Accuracy
	-
Weekly

Weekly
	-
Monthly

Monthly
	Functional

±1 mm

±1° / ±2 mm
	Functional

±2 mm

±2° / ±4 mm

	9. Optical reticule / crosswires
a. Light intensity

b. Isocenter coincidence at reference SSD

c. In-plane/ Cross-plane coincidence at reference SSD

d. Beam axis coincidence at clinical range SSD

e. Gantry angle dependence of 9.a and 9.b
	Functionality

Accuracy
Accuracy
Accuracy
Accuracy
	-
Weekly

Weekly

Monthly

Monthly


	-
Monthly

Monthly

Half-yearly

Half-yearly

	Functional

±1 mm

±1°

±2 mm

±2 mm/ ±1°


	Functional

±2 mm

±2°

±4 mm

±4 mm/ ±2°



	10. Optical SSD indicator

a. Light intensity

b. Reference SSD

c. Clinical range of SSD

d. Gantry angle dependence of 10.b

	Functionality

Accuracy
Accuracy
Accuracy
	-
Weekly

Monthly

Monthly
	-
Monthly

Half-yearly

Half-yearly
	Functional

±1 mm

±2 mm

±2 mm
	Functional
±2 mm

±4 mm

±4 mm

	Laser, optical and SSD visibility are supposed to be inherently checked by the operators/treatment technicians. Instructions should exist that whenever problems are experienced with the visibility of these systems a responsible person is notified and if needed corrective action is organized.


	Accessories
	
	
	
	
	

	11. Wedge

a. Detection of wedge type and direction

b. Latching of wedge
	Functionality

Functionality
	Monthly

Monthly
	Half-yearly

Half-yearly
	Functional

Functional


	Functional

Functional



	12. Tray 

a. Detection of tray coding

b. Latching of tray

c. Position


	Functionality

Functionality

Constancy
	Monthly

Monthly

Monthly
	Half-yearly

Half-yearly

Half-yearly
	Functional

Functional

±2 mm


	Functional

Functional

±4 mm



	13. Applicator 

a. Detection of applicator type and aperture insert

b. Latching of applicator

c. Position

d. Collimator settings


	Functionality

Functionality

Constancy
Functionality


	Monthly

Monthly

Monthly

Monthly
	Half-yearly

Half-yearly

Half-yearly

Half-yearly
	Functional

Functional

±2 mm

Functional


	Functional

Functional

±4 mm

Functional



	14. Miscellaneous accessories
a. Detection

b. Latching

c. Position

d. Functionality

	Functionality

Functionality

Constancy
Functionality


	Monthly

Monthly

Monthly

Monthly
	Half-yearly

Half-yearly

Half-yearly

Half-yearly
	Functional

Functional

±2 mm

Functional


	Functional

Functional

±4 mm

Functional




Table II.
Beam-related checks for conventional linear accelerators for 3DCRT
	PARAMETER
	CRITERION
	RECOMMENDED FREQUENCY
	MINIMAL FREQUENCY
	TOLERANCE LEVEL
	IMMEDIATE ACTION LEVEL

	Beam geometry
	
	
	
	
	

	15. Radiation isocenter

a. Gantry rotation axis

b. Collimator rotation axis


	Accuracy
Accuracy

	Half-yearly
Half-yearly
	Yearly

Yearly


	±1 mm

±1 mm


	±2 mm

±2 mm



	16. Light and radiation field coincidence

a. Reference SSD and clinical range of field size

b. Clinical range of SSD

c. Gantry angle dependence

Field size < 10 x 10 cm²

Field size > 10 x 10cm²


	Accuracy
Accuracy

	Monthly

Half-yearly

Half-yearly
	Half-yearly

Yearly

Yearly
	±1 mm

±1% of field size (max. ±2 mm)
	±2 mm

±2% of field size (max. ±4 mm)


	17. Opposing fields radiation field (photon beams)

90°-270° or 0°-180° alternating, photon energy (if more then 1) alternating
	Accuracy
	Monthly
	Half-yearly
	±2 mm
	±2 mm

	18. Photon beam
a. Flatness1
b. Symmetry
c. Constancy of Flatness and Symmetry*
d. Gantry angle dependence of 18.a, 18.b and 18.c
* Preferably the complete profile should be compared to the reference profile
	Accuracy
Accuracy
Constancy
Accuracy

	Three-Monthly

Three-Monthly
Three-monthly

Half-yearly

	Half-yearly

Half-yearly
Half-yearly

Yearly

	3%
2%

2%
idem

	6%
4%

2%
idem



	e.  Wedge profiles (relative local deviation over 80 % of the central region):

	Mechanical

Motorised
Dynamic
	Constancy

Constancy

Constancy
	Yearly

Yearly
Monthly
	Yearly

Yearly

Half-Yearly
	3%

3%

3%
	3%

3%

3%

	19. Electron beam
a. Flatness1
b. Symmetry1
c. Dose profiles at clinical SSD and depth range
d. Gantry angle dependence of 19.a, 19.b and 19.c

	Accuracy
Accuracy
Constancy
Accuracy

	Three-Monthly

Three-Monthly

Three-monthly

Half-yearly
	Half-yearly

Half-yearly

Half-yearly

Yearly

	3%
3%
2%
idem
	6%
6%
2%
idem


	Remark 1: if  electronic adjustment of the beam is not possible, then tolerance/action can be set to 3%/6% respectively

	Dosimetry system
	
	
	
	
	

	20. Performance
a. Gantry angle output dependence

b. Dose rate output dependence

c. Dosimetry system linearity

d. Dosimetry system reproducibility

e. Dosimetry system background count*
(* if applicable)
	Constancy
Constancy
Accuracy
Accuracy
Accuracy
	Half-yearly

Half-yearly

Half-yearly
Half-yearly

Monthly
	Yearly
Yearly

Yearly

Yearly

Three-monthy
	±2%

±0.5%

1%

0.5%
1 MU/min
	±4%

±1%

2%

1%
2 MU/min

	21. Safety
a. Time interlock

b. Backup MU system


	Functionality

Functionality


	Half-yearly

Half-yearly


	Yearly
Yearly


	Functional
Functional

	Functional
Functional


	Photon beam central axis dosimetry
	
	
	
	
	

	22. Beam output at reference deptht
a. Quick Constancy check

b. Dosimetry with field instrument and calibration of quick check
c. Reference dosimetry and calibration of field instrument

	Constancy
Constancy
Accuracy

	Daily

Monthly

Three-monthly


	Weekly

Three-monthly

Half-yearly


	±3%
±2%

±1% of reference dose


	±5%
±3%

±2%


	23. Depth dose
a. Quality index (point measurement)
b. Depth dose curve: QI/Depth of maximum dose


	Accuracy
Constancy

	Monthly

Three-monthly

	Half-yearly

Half-yearly


	QI ±2%
±2%/2 mm
	QI ± 3%
±2% /4 mm

	24. Output factors
a. Field size over clinical range
b. Accessory transmission factors
c. Wedge factors (Dopen/Dwedge)
Mechanical

Motorised

Dynamic/Virtual
d. Gantry angle dependence of 24.a, 24.b and 24.c

	Constancy
Constancy
Constancy
Constancy
Constancy
Accuracy
	Half-yearly
Half-yearly
Monthly
Monthly
Weekly
Half-yearly


	Yearly

Yearly
Half-Yearly
Half-yearly
Monthly
Yearly

	±2%

±2%

±2%

±2%

±2%

idem
	±4%

±4%

±4%

±4%

±4%

idem


	Electron beam central axis dosimetry
	
	
	
	
	

	25. Beam output at reference deptht
a. Quick Constancy check

b. Dosimetry with field instrument and calibration of quick check

c. Reference dosimetry and calibration of field instrument


	Constancy
Constancy
Accuracy

	Daily

Monthly
Three-monthly


	Weekly

Three-monthly
Half-yearly


	±3%

±2%

±1.5% of reference dose


	±5%

±3%

±3%


	26. Depth dose
a. Energy constancy check (point measurement)
b. Depth dose curve

c. Depth of maximum dose

d. X-ray contamination


	Accuracy
Constancy
Constancy
Constancy

	Monthly
Three-monthly
Three-monthly

Three-monthly
	Half-yearly
Yearly

Yearly
Yearly

	 E0 ± 0.5 MeV

±2%/2mm
±2 mm

±1%


	 E0 ± 1.0 MeV

±4% ?
±4 mm

±2%



	27. Output factors
a. Field size over clinical range for different applicators
b. Gantry angle dependence of 27.a


	Constancy
Constancy

	Half-yearly
Yearly

	Yearly

Yearly

	±2%

±2%


	±4%

±4%




Table III.
Machine integrity and safety
	PARAMETER
	CRITERION
	RECOMMENDED FREQUENCY
	MINIMAL FREQUENCY
	TOLERANCE LEVEL
	IMMEDIATE ACTION LEVEL

	28. Room entrance interlock / last person out system

	Functionality


	Monthly

	Yearly

	Functional


	Functional



	29. Manual door opening

	Functionality


	Half-yearly

	Yearly

	Functional


	Functional



	30. Patient monitoring devices

	Functionality


	Monthly

	Yearly

	Functional


	Functional



	31. Beam status indicators

	Functionality


	Monthly

	Yearly

	Functional


	Functional



	32. Emergency off switches

	Functionality


	Monthly

	Yearly

	Functional


	Functional



	33. Collision detection system

	Functionality


	Monthly

	Half-yearly

	Functional


	Functional



	34. Motion enable system/ Motion stop switches
	Functionality


	Monthly

	Half-yearly

	Functional


	Functional



	35. Couch brakes
	Functionality


	Monthly

	Half-yearly

	Functional


	Functional



	36. Accessory interlocks

	Functionality


	Monthly

	Half-yearly

	Functional


	Functional




* A number of the parameters from table III can be supposed to be inherently checked by the operators/treatment technicians. Instructions should exist that whenever problems are experienced a responsible person is notified and if needed corrective action is organized. However a formal testing of these parameters is recommended at the frequency as specified. 
