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QualityQuality control of medical accelerators 

Abstract t 

Inn order to have insight in the current practice of quality control (QC) of 
medicall  electron accelerators in The Netherlands, an extensive questionnaire 
onn QC procedures of medical electron accelerators was completed by all (21) 
radiotherapyy institutions with questions related to safety systems, mechanical 
parameters,, beam profiles, beam energy, absolute dosimetry, wedge filters, 
thee dose monitor system and radiation leakage. Large variations in time spent 
onn QC exist, especially for accelerators having dual energy photon beams and 
severall  electron beam energies. This diversity is mainly due to differences in 
philosophyy with regard to QC and the differences in resources and machine 
timee available. Furthermore large variations in test frequencies and test 
methodologiess were observed. The staffing level involved in the QC 
measurementss was evaluated and compared with recent recommendations 
providedd by EFOMP-ESTRO. The data of the questionnaire were compared 
withh recommendations given in national and international reports on QC of 
electronn accelerators. From these recommendations and the results of the 
questionnairee a set of minimum guidelines for a QC programme was 
formulatedd and implemented in all radiotherapy institutions in The 
Netherlands. . 

Keyy words: 
Qualityy control; Electron accelerators; Minimum requirements; Staffing levels 
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Introduction n 

Inn The Netherlands there are 21 radiotherapy institutions (after finalizing this 
workk an additional radiotherapy center started patient treatment in April 1996) 
off  different capacities, each having their own quality assurance (QA) 
programme,, to ensure the safe and efficacious application of radiation for the 
treatmentt of cancer. One of the aspects of such a QA programme is the 
qualityy control (QC) of megavoltage radiation equipment. Up to now each 
institutionn applies its own criteria for QC programmes, guided by the many 
directivess published on this subject (2,4-9,11,12.17,19,20). Because of the 
variouss guidelines employed and the differences in individual interpretation, a 
largee variety of QC procedures may be expected. It seemed therefore 
worthwhilee to investigate whether differences exist in the current practice of 
QCC of accelerators. 
Recentlyy the project Development and implementation of guidelines for 
qualityy control in radiotherapy in The Netherlands' was initialed by the 
Netherlandss Society on Clinical Physics, supported by the Netherlands 
Commissionn on Radiation Dosimetry, the Netherlands Society on 
Radiotherapy,, the Dutch Society for Radiographers and financed by the 
ministryy of Health. Welfare and Sports of the Dutch government. The 
principall  goal of this project is to achieve consensus in the different QC 
programmess and to establish a set of minimum national guidelines on QC 
proceduress in radiotherapy, not only for medical electron accelerators, but 
alsoo for other equipment applied in radiotherapy institutions such as 
simulators,, CT-scanners and treatment planning systems. This was done in the 
frameworkk of the directives 84/446 of the European Community in which the 
needd for national guidelines regarding treatment machines at radiotherapy 
centerss is discussed. 
Too obtain insight in the currently employed QC protocols for electron 
acceleratorss in all centers, a questionnaire was sent to all institutions. The 
questionnairee concerned methods, frequencies and time required for the tests, 
tolerancee levels (wherever relevant) as well as the training of the personnel 
performingg these measurements. The questions covered many topics such as: 
safetyy systems, mechanical parameters, dosimetric aspects and radiation 
leakage.. In addition, information was requested about the medical physics 
staffingg levels. 
Thee results of the questionnaire were analyzed to provide insight in the 
currentt practice of QC of accelerators. The second aim of this work was to 
usee these results to formulate a set of minimum guidelines that would easily 
bee adopted by all radiotherapy institutions in The Netherlands. 
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Results s 

TimeTime spent on QC activities 

Inn 1993 about 30.000 new patients (new patients are defined as those patients 
whoo reeeive a referral to a radiotherapy center due to a tumor diagnosis and 
whoo are irradiated for the first time at this tumor) were treated with 
megavoltagee equipment (61 linear accelerators and one eobalt unit) in 21 
radiotherapyy institutions in The Netherlands. The distribution of these patients 
overr the institutions is represented in Fig. 6-1. 
Thee institutions were asked how much lime they monthly spent on QC 
activitiess of their accelerators (i.e., time spent on verifying performance 
characteristicss plus lime spent on adjusting parameters due to detected 
deviations).. When different accelerators within a single institution required a 
differentt amount ol" time spent on QC, each accelerator had to be specified 
accordingg to its variation in radiation modalities. To make a fair comparison 
betweenn the time monthly spent on quality control of an electron accelerator, 
thee treatment machines are subdivided into three classes: 

'j 'j 

33 2 

4-88 8-12 12-16 16-20 20-24 24-28 28-32 
Numberr of new patients in 1993* 100 

Figuree 6-1: Distribution of new patients treated with electron accelerators in 1993 among 2 
radiotherapyy institutions in The Netherlands 
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classs I 
classs li 
classs 111 
beams s 

acceleratorss with one photon beam and no electron beams 
acceleratorss with one photon beam and several electron beams 
acceleratorss with two (or more) photon beams and several electron 

Fig.. 6-2 represents the (machine) time monthly spent on QC for these 
differentt classes of electron accelerators in The Netherlands. The average QC 
timee monthly spent is 13.2 hours for class I accelerators. 18.1 hours for class 
III  accelerators and 22.0 hours for class III accelerators. It should be noted that 
mostt values are rough estimates and sometimes it is very hard to distinguish 
timee spent on preventive maintenance from time spent on quality control. 
Neverthelesss the differences in QC time are striking, especially for class III 
acceleratorss and can be mainly attributed to large differences in test 
frequenciess and rigor of methodology (e.g. the number of Held sizes or gantry 
angless at which the constancy of a parameter is checked). 
Fig.. 6-3 shows the differences in time spent on QC of linear accelerators 

expressedd in the percentage of the total time of all staff involved in QC. The 
largee academical centers spent relatively less time on QC of accelerators in 
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Figuree 6-2: Distribution of the time spent each month on quality control of class 
acceleratorss in The Netherlands 
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.III.. . 
0-22 2-4 4-6 6-8 8-10 10-12 

Timee spent on QC of linear accelerators (*% of total QC staff lime) 
Figuree 6-3: Distribution o\' the percentage of QC staff time spent on QC of linear 
acceleratorss in The Netherlands 
relationn to the total number of QC personnel. On the other hand, smaller 
centerss can be distinguished where the QC of accelerators could take up to 
11%% of the total time available of the staff involved in QC. This may indicate 
thatt the larger centers may profit from synergies and may have the availability 
off  expensive and 'user-friendly' hardware. 
MedicalMedical physics sfaffing levels in The Netherlands 
Alll  QC activities on accelerators are supervised by clinical physicists in The 
Netherlands.. The actual measurements are often performed by other persons 
includingg physics assistants and accelerator technicians. In seven centers, 
radiographerss are also involved in some daily checks regarding dosimetry, 
laserr positioning, cross-hair alignment. Fig. 6-4 shows the actual medical 
physicss staffing levels compared with the staffing level as recently 
recommendedd by the EFOMP-ESTRO (1). Calculating the total staff 
accordingg to these recommendations was not an easy task in most institutions. 
Thee main problem was that maintenance of accelerators is not part of the core 
taskss in the EFOMP-ESTRO recommendations while it is generally a 
substantiall  part of the tasks of a medical physics team. In addition, some of 
thee tasks arising from an individual new patient are carried out by specialized 
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radiographerss (dosimetrists) in some institutions. The corresponding workload 
wass in these eases added to the actual number of physics staff in Fig. 6-4. 
Consequently,, the comparison between recommended and actual staffing 
numberr is difficult and has an estimated uncertainty of approximately 20% 
(onee standard deviation). The comparison of the recommended to actual total 
stafff  shows that on the average the actual staff is about 87"o ol' the 
recommendedd figures, while this is 61% for the number of qualified medical 
physicists.. These differences suggest that several checks attributed to the 
clinicall  physicist in the EFOMP-IZSTRO recommendations, e.g. routine QC 
off  accelerators, are often delegated to other members of the physics team. No 
correlationn could be demonstrated between the ratio of the EFOMP-ESTRO 
recommendationss and actual staffing number within an institution and the 

FFOMP-ESTKO O 

Ackial l 

lllllll l l 
99 10 11 12 13 14 15 K 17 IB 19 ?0 SI 

Institution n 

EFOMP-ESTRO O 

Actual l 

Figuree 6-4: Comparison of the ITOVIP-ESTRO recommendations and the actual medical 
physicss staffing levels in The Netherlands 
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timee monthly spent on QC of linear accelerators. 

TestTest frequencies and tolerance levels 

Manyy QC measurements arc performed within office working-hours (i.e., 
betweenn 8:00 and 17:00 hour), but most centers replied that not enough time 
couldd be scheduled and these activities often arc diverted to the evenings or 
weekendss (sometimes up to a 100%). This is particularly of importance if 
moree time consuming tests have to be performed. This is illustrated in Fig. 6-
55 in which the distribution is given of the highest test frequencies in each 
centerr at which the symmetry of photon beams is checked, together with the 
appliedd method. Consequently, if the center in question also performs a 
simplerr symmetry check at a shorter time interval, an annual check witli a 
waterr phantom, for example, is not represented in this figure. 
Ann extremely large variation in test frequency can be found in the beam 
qualityy check for photon beams, where the test intervals vary from one week 
upp to two years. A possible explanation for this wide spread of test 
frequenciess is that the photon beam energy is implicitly checked during other 
checks,, e.g. the output determination and the flatness check, since different 
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Figuree 6-5: Distribution of the highest test frequencies in each centre at which the symmetry 
off  photon beams is checked, together with the method applied 
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tolerancee level 

Figuree 6-6: Distribution of the various output tolerance levels 

00 75 1 -  5 . 
tolerancee level 

energiess yield different beam profiles. Consequently, various concepts may 
leadd to the need for additional tests. 
AA much greater uniformity exists with respect to calibration of dose monitor 
systems,, where almost every center performs checks at a weekly interval 
accordingg to the protocol of the Netherlands Commission on Radiation 
Dosimetryy (13,14); four institutions have a(n) (additional) daily check 
procedure,, often performed by radiographers. Three institutions determine the 
absorbedd dose only once every two weeks. The tolerance level during the 
weeklyy control is 1% for 18 out of 21 centers for photon beams (see Fig. 6-6). 
Thee questionnaire covered a lot of subjects; a summary of the current median 
testt frequencies of the most relevant parameters is given in Table 6-2. 
Parameterss with a relative high test frequency are: some elementary safety 
checks,, checks of the alignment of the eross-hair projection and laser system 
andd the accuracy of the optieal distance indicator and collimator jaws. It is 
remarkable,, however, that many institutions do not regularly check the patient 
tablee specifications, such as the slope of the tabletop and the horizontal shift 
duringg vertical motion. 

Discussion n 

AA QC protocol is a planned series of activities that should in principle not be 
tooo different for linear accelerators of the same class. However, due to 
differencess in guidelines, local conditions and experience, a lot of variation in 
QCQC protocols occurs. This variation can often be reduced to differences in test 
frequency,, tolerance level and methodology. The methodology should surely 
bee taken into account when comparing the different test frequencies ol a 
parameter.. For example, when a center has the availability of a dosimetry 
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Tablee 6-1: Test parameters as recommended in various protocols; the lest frequencies (D. 
daily;; W. weekly; M. monthly; A. annually) are followed by the tolerance levels) 

AAPM(II )) Brahmet'/«i/(2) PIN 6X47-5(4) 1PSM 54(H) NCSKQ5) SFPH-KI*» 
Cross-hairr M. 02 mm W. 02 mm 3M D W. 02mm M. 02 mm M, 02 mm 
position n 
Laserss D. 2 mm \V 3M M. ^2 mm 
Isocentricc A. 02 mm 6M. 02 mm A - A, 02 mm M. 02 mm 
tablee rotation 
Staless table M.  mm M A W.'M.  mm A. ^2 mm ftM. ^-2.5min 
hmerijencyy M D - M A t) 
stop p 
Arcc therapy A 6M <SM M M . 5% or M . 5% or 3: : 

V-V-

systemm with five ionization chambers, which can be used to check the dose in 
twoo orthogonal directions, it might be a weekly routine to perform a 
symmetryy check. On the other hand a complete flatness check by measuring 
beambeam profiles in a water phantom and comparing these to reference scans, are 
oftenn performed at lower frequencies. This large diversity in test frequencies 
wass also observed during a survey carried out in 1991 in the United Kingdom 
(10). . 
Thee large differences in time spent on QC per accelerator and variations in 
testt frequencies could not be correlated to the size of the center. However, the 
smallerr centers with one or two accelerators often do not have the availability 
off  expensive QC devices, such as a linear detector array or a digital film 
scanner.. Neither could a connection be established between the make and type 
off  accelerator and the extensiveness of a particular QC programme. 
Consequently,, the diversity in protocols is mainly due to differences in 
philosophyy with regard to QC and the differences in resources, including man 
powerr and machine time available. Tolerance levels for dosimetric, 
geometricall  and mechanical parameters are mostly limited by technical 
boundariess with the prerequisite that the total of allowed uncertainties has to 
bee perceived as clinically acceptable. These technical boundaries are almost 
thee same among all centers in The Netherlands. As a consequence, the spread 
inn tolerance levels are generally much smaller than in test frequencies. 
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Tablee 6-2: Review of the current median test frequencies together with the suggested 
minimumm test frequencies. /mm , tolerance levels and action levels. 

Safetyy systems 
Warningg lights 
EntranceEntrance door 
Emergencyy stop 
Anti-collision n 
End-course e 
Accessories s 

Mechanicall parameters 
Cross-hair r 
Mechanicall isocentre 
Radiationn isocentre 
Lasers s 
Opticall distance indicator 
Fieldd size 
Isocentncc table rotation 
Slopee table top 
Verticall movement 
Rigidityy table 
Scaless table 
Scaless gantry 

Scaless collimator 
Correspondencee light with X-field 
Flatness s 

Photons s 
Electrons s 

Symmetry y 
Photons s 
Electrons s 

Beamm energy 
Photonss </:„//,„) 
Electronss (ehu) 

Absolutee dosimetry 
Photons s 
Electrons s 

Dosee monitoring system 
Reproducebility y 
Linearity y 
Dosee rate effect 
Stability y 
Gantryy angle 

Wedgee filter 
Arcc therapy 

.*.,." " 

W W 

w w 
2W W 
W W 
M M 
3M M 

W W 
2W W 
X X 

w w 
w w 
w w 
3M M 
X X 
X X 
A A 
3M M 
M M 
3M M 
2W W 

M M 
M M 

M M 
M M 

3M M 
3M M 

W W 
W W 

X X 
X X 
X X 
X X 
X X 
M M 
X X 

DINN 6847-5 

l /mU1> > 

--
--
--
--
--
--

3M M 
A A 
A A 
3M M 
3M M 
3M M 
A A 
A A 
A A 
A A 
A A 
3M M 
3M M 
3M M 

A A 
A A 

A A 
A A 

6M M 
6M M 

2W W 
2W W 

A A 
A A 
A A 
A A 
A A 
A A 
6M M 

NCS9 9 

vn imm J 

3M M 
3M M 
A A 
M M 
A A 
A A 

M M 
A A 
A A 
M M 
M M 
M M 
A A 
A A 
A A 
A A 
A A 
6M M 
6M M 
M M 

A A 
A A 

M M 
M M 

A A 
6M M 

2W W 
2W W 

--
--
--
--
--
3M M 
3M M 

NCSK K 
tolerance e 

--
--
--
--
--
--

022 mm 
022 mm 

--
--
-rl.55 mm 

ll mm or 
022 mm 
5mm/m m 
22 mm 

evel l 

++ 1% 

55 mm (2 mm) 
+22 mm 
+0.5" " 

-22 mm or 

T 3 % % 

+3% % 

r 3 % % 
++ 3% 

+0.0055 or 
+22 mm 

+">% % 
% % 

% % 
% % 
% % 

% % 

*!% % 

1% % 

% % 

%% or " 

NCSM M 
actionn level 

--
--
--
--
--
--

0 22 mm 
0 22 mm 
0 22 mm 

22 mm 
22 mm 

+22 mm 
0 22 mm 
55 mm/m 
22 mm 
55 mm 

--
c c 

e e 

22 mm 

% % 
% % 

% % 
=3% % 

=2% % 
22 mm 

- 2 % % 

--
--
--
--
--
+2% % 
++ 5% or

W.. weekly: M. monthly; A. annually 

mediann test frequwncy; an X means that at I 

QCC programme 

Thee constancy of the output \sas determined 

eastt 50% of the institutions do no! perform this check as part of a 

accordingg to the recommandations given in NCS Reports 2 and 5 

Thiss phenomenon is also visible when evaluating recommendations provided 
byy national and international organizations. In Table 6-1, a few examples of 
testt parameters are given together with the recommended test frequencies and 
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actionn levels. In these cases, different frequencies are often recommended, 
whilee all reports seem to be unanimous concerning the applied tolerance 
levels.. The recommendations as presented in the DIN 6847-5 have to be 
regardedd as a minimum, unlike the other recommendations, which are 
suggestionss for good clinical practice. According to this report, the user is 
obligedd to define an intervention level, which is general equal to the deviation 
off  the tolerance value of the related performance characteristic declared by 
thee manufacturer. Local requirements and special necessities may provoke the 
userr to specify a broader or narrower tolerance. 
Fromm the answers on the questionnaire and the comparison with other reports, 
aa set of minimum requirements with respect to type of test, test frequency and 
tolerancee level was proposed suitable for all radiotherapy institutions in The 
Netherlands.. These minimum requirements strictly refer to the routine QC 
programmee and no suggestions are given concerning additional checks after 
majorr repair. A summary of these minimum requirements can be found in 
Tablee 6-2 together with the current median test frequencies. A complete 
surveyy of the requirements and the results of the questionnaire can be found in 
NCSS Report 9 (16). 
Thee prescribed test frequencies should be regarded as minimum requirements 
andd not as optimum. The test frequencies can thus only be adjusted in one 
direction,, i.e., more frequently, by an individual institution. This is necessary 
whenn the stability of a system is suspect or when a specific patient treatment 
methodd demands a high accuracy. A detailed description of the different test 
proceduress used in The Netherlands is given in NCS Report 8 (15). 
Institutionss are free to use other test procedures, under the condition that the 
actionn level can, and will be, correctly converted (sec Appendix). This basic 
principlee is in compliance with the philosophy propagated in the German DIN 
Reportt 6847-5 (18). 
Difficultiess may arise in identifying maximum acceptable deviations in 
acceleratorr performance, since only two different performance descriptors are 
generallyy applied (2,9): 
(1)) tolerance level : whenever a parameter is found in the range below the 

tolerancee level, the equipment is suitable for high quality radiation 
therapy. . 

(2)) action level : whenever a parameter exceeds the action level, it is 
essentiall  that appropriate actions are taken as soon as possible. 

Consequently,, tolerance levels are appropriate limits for performance 
specificationn and for acceptance testing procedures, while action levels might 
bee regarded as more relevant values for use in ongoing quality control 
activitiess (2). If a parameter has a value between the tolerance level and action 
level,, the responsible physicist generally decides to keep the accelerator into 
clinicall  service until a suitable moment for adjustment occurs. If such an 
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adjustmentt is not possible, then high quality treatments should no longer be 
performedd with such equipment. 
Actionn levels have proven to be very useful in everyday day quality control, 
butt some parameters are not easily and quickly corrected or repaired and 
somee may almost be impossible or very expensive to restore. In very few 
occasions,, it might therefore be justified to use the radiation equipment 
clinically,, even if an action level has been exceeded. Such a delicate decision 
couldd only be taken after close consideration of the responsible physicist with 
thee knowledge of clinicians and radiographers. For example, curative 
treatmentss demand a high stability of the treatment table height, especially 
duringg lateral irradiation. If due to mechanical tolerances the table height 
cannott be adjusted within 1 cm, it still may be justified to perform palliative 
posterior-anteriorr or anterior-posterior treatments if no alternatives are 
present.. The decision to clinically use a treatment unit, in spite of the fact that 
ann action level has been exceeded, has to be discussed thoroughly and 
documentedd for eveiy treatment method. Under these special circumstances 
thee action level can no longer be considered as restrictive; i.e., since the 
clinicall  relevance of a parameter can differ considerably from one treatment 
too another, it is impossible to implement an action level as a mandatory 
minimumm demand. 

Thee question arises if it is necessary to introduce a third level, that under no 
circumstancess may be exceeded, and if there is a need for such a legislative 
level.. The value of this level would essentially be based on the clinical 
consequencess of the deviation of the parameter in question for the treatment 
forr which this parameter has the least relevance. The values of legislative 
levelss could exceed several times the value of the corresponding action level 
inn certain cases and consequently, these legislative levels would not have any 
meaningg during everyday quality control. This is one of the reasons why most 
clinicall  physicists in The Netherlands discourage the introduction of such a 
legislativee level. Many of them felt that a legislative level would still serve as 
aa recommendation and that the clinical physicist should always have the 
freedomm to deviate from any level if the deviations are desirable and 
consideredd clinically justified. This view was presented at the ESTRO 
meetingg in Vienna (21) and was met with approval. Another problem is that 
regulationss embedded in laws are usually rather rigid and are therefore hard to 
synchronizee with future technological developments. This philosophy is also 
inn line with the DIN 6847-5 standard. In this report it is stated that the clinical 
physicistt has to make a decision, in agreement with the radiotherapist in 
charge,, on how to proceed whenever a tolerance level has been exceeded. 
Thee minimum guidelines were elucidated at various meetings in The 
Netherlandss and were compared with current practice in each situation. The 
implementationn of the minimum guidelines would result in adjustments in 
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relationn to their currently applied protocol in all but one institution. The 
averagee number of adjustments (i.e., the increment in test frequencies or 
introductionss of procedures not performed before) is 8.3 with a maximum of 
177 but does often not require much increase of the total amount of time spent 
o n QC C 
Expectationn exists that in other countries similar variations can be observed in 
currentlyy applied QC protocols. It might therefore be useful to investigate 
thesee differences among the various institutions in other countries. The 
methodd described in this paper, i.e., the distribution and analyses of an 
extensivee questionnaire can already result in a critical revision of the number 
off  QC protocols within a country. 

Conclusions s 

Thee results of the questionnaire show a large variation in test frequencies, test 
methods,, overall time spent on QC of electron accelerators and a somewhat 
smallerr variation in tolerance levels. This diversity is mainly due to 
differencess in philosophy with regard to QC and the differences in resources 
andd machine time available. No correlation could be found between the test 
frequencyy and tolerance level of a certain parameter and the type or make of 
thee accelerator since the number of institutions was too small compared with 
thee number and distribution of the accelerators. Also the staffing levels could 
nott be related to the time spent on QC of accelerators. 
Fromm these data, together with national and international recommendations, a 
sett of minimum requirements was formulated, specific for the situation in The 
Netherlands,, containing more than 30 test procedures including test 
frequenciess and action levels. As a consequence, the current large variation in 
testt frequencies and test parameters might decrease in the future. 
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Appendix x 

Thee suggested action levels in this report are related to the test procedures as 
presentedd in NCS Report 8 and are expressed in one quantity only. The 
responsiblee physicist can choose any suitable test method, provided that the 
actionn levels can be and will be correctly converted. For example, an action 
levell  of 2% is suggested for the quality index (Ql). If an institution prefers to 
determinee the 80 per cent depth U/s,,) instead of the quality index of an 8 MV 
photonn beam, the allowed % variation has to be converted as follows, in 
accordancee with the first order Taylor expansion: 

A<„„  = AQIx —</N11(QI) (1) 
dQQ I 

Fig.. 6-7 shows the relation between the quality index, the 80 per cent depth 
andd the nominal energy according to the BJR Supplement 17 (3). As can be 
seenn from this Figure, the corresponding quality index and 80 per cent depth 
off  an 8 MV photon beam are 0.72 and 7.6 cm respectively. In this domain 
d/dQII  dso(QI) equals 27.5 cm. Consequently: Ad8o = % x 0.72 x 27.5 = 0.4 

11.00 , 25.0 
 80 percent depth 

\\ nominal energy 
'1'1 i 20.0 

4.00 0.0 
0.600 0.65 0.70 0.75 0.80 

qualityy index 

Figuree 6-7: The ratio between the quality index, the 80% depth and the nominal energy 
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cm.. This conversion assumes that both the quality index and the 80 per cent 
depthh are equally suited as a measure of the nominal energy. This is not the 
casee for higher energies Enom > 15 MV), where the relation between the 
nominall  energy and the quality index becomes more steep. 
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