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Abstract

Verify-and-record (V&R) systems are being used increasingly, not only for verification, but
also for computer aided setup and chart printing. The close intercorrelation between V&R system and
treatment routine requires new ideas for quality assurance (QA) : pure "machine checking" as with
treatment units is not sufficient anymore. The level of QA obviously depends on the tasks of the
V&R system : the most advanced case of the system being used for computer aided setup and for
chart printing is discussed - both are indispensable for an efficient use of V&R systems. Seven
propositions are defined to make this not only efficient but safe.

1. INTRODUCTION

Early versions of verify-and-record (V&R) systems were mere checking systems : they did not
indicate discrepancies during the set-up procedure, but check at the time of attempted beam-on
whether all parameters had been set correctly; if not, beam-on would be prevented, and the fact
recorded. This made statistics on prevented mistakes possible : there is a wide variety of definitions
of "significant" mistakes, influencing the rate of mistakes detected, but on average these statistics
show mistakes for some 1 % of all fields treated; if independent errors are assumed (and these are
the main errors prevented by such a system) Poisson statistics apply; further assuming a standard
treatment course of 25 sessions with 2 fields each, i.e. 50 fields treated, some 40 % of all patients
had a significant mistake prevented by the passive checking systems; 0.2 % of all patients would
have been irradiated wrongly four times !

Active verify-and-record systems are now increasingly becoming the state-of-the-art with
modern linear accelerators for external beam radiotherapy. They are not only an effective means of
verifying patient set-up, thus reducing the likelihood of set-up errors; they may and increasingly will
be relied upon for treatment chart printing instead of handwritten charts, and/or controlling patient
set-up (auto set-up). Unlike the old, passive systems, certain human actions are replaced by computer
actions. As no computer system is 100 % reliable and foolproof, it is important to use the computer
facility to aid efficiency, but continue to rely on common sense, experience and quality assurance
(QA). For the safe use of V&R systems, widely different QA measures are necessary - both, in the
design of the system (by the manufacturer), and in its use (by the hospital).

For external beam treatment machines several QA measures are necessary and can be defined
irrespective of machine type or manufacturer. To compile general recommendations on QA for just
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the V&R system in a similar manner, is impossible - the checks necessary will very much depend on
the type of system. This paper therefore defines seven more general propositions : On the one hand
design features influencing the "inherent safety" of the system (this is aimed at the manufacturers) are
described, and on the other, guidelines for the use of the system within a department are given. The
latter will include a few functional checks, and for the larger part recommend departmental
procedures, not only concerned with the V&R system.

2. TASKS FOR VERIFY-AND-RECORD SYSTEMS

a. Verification : the system verifies that all parameters set by the radiographer are correct within
specified tolerances; discrepancies will usually be indicated during the set-up procedure.

b. Recording and chart printing :
a. Recording on computer media, e.g. hard disk : recording of all parameters (patient related and

machine related data); applications include :
- availability of patient related data, independent of patient notes (especially in large

institutions with network)
- identification of circumstances that have led to an error/failure
- statistical evaluation of both, patient related (e.g. doses) and machine related (e.g. workload,

error conditions) data.
/3. Chart printing : must fulfil the legal requirements if handwritten charts are to be replaced;

legislation in several European countries requires a machine log in addition to the obvious
patient chart. In order to get manageable and readable charts, only the necessary minimum of
data is to be printed. (The term "chart printing" has been used here instead of the more
familiar term "reporting" to avoid confusion with the definition of "reporting" as used in
ICRU Report 50.)

c. Auto Set-up : in order to free the radiographer from machine oriented tasks and thus dedicate
more time to the patient, auto set-up is a desirable function. Auto set-up may also help to regain
some of the time spent entering data into the V&R system.

3. LEVELS OF QUALITY ASSURANCE

Quality assurance is mandatory for all above mentioned tasks; its level will depend on the type
of task.

a. The level will be the lowest required if the system is used for verification only : all parameters
are typed in first, but this is not used during patient set-up; instead the patient is set by a
radiographer according to the patient chart; in case of deviation, both the patient set-up and the
parameters given by the system are checked. QA has only to reduce the likelihood of errors
going undetected.

ba. It needs to be checked that all treatment parameters and error conditions are recorded reliably:
the record is only used in case of an error, in addition to or in comparison with handwritten
notes. Additional QA procedures may be required if a statistical evaluation of these parameters
is considered important.

b/3. If patient chart and/or machine log are printed by the system, it should be used to replace
hand-written records after a thorough check has been carried out to ensure the proper
functioning of the print-out sequence. As the printed record is therefore the only record of a
given treatment, a much more sophisticated QA is required : this includes both QA of the
system itself, and checking of the resulting print-out.

c. An effective auto set-up feature has very high merits; on the other hand, it compromises the
verification feature : if stored paramaters are corrupted an auto set-up with wrong parameters
will not be detected if the same corrupted data are used for verification. Additional QA
measures are needed to guarantee data integrity; careful checking of the auto set-up by the
radiographer is mandatory - the roles have changed : the radiographer verifies that the V&R
system has set-up correctly !

176



4. BASIC PRINCIPLES

There are three basic principles underlying the following propositions, valid not only for V&R
systems :
a. It is generally accepted that every crucial step in the treatment procedure (from patient data

acquisition to treatment recording) be done by two independent procedures or independently
performed and checked by two different persons; either, a step-by-step check by the second
person, or an independent check of the complete chain, is acceptable.

b. Relevant are checks for malfunctions which may go undetected for extended periods of time,
unless the check is performed, or checks to detect trends in adjustments/calibrations. Less
meaningful are checks of functions which could fail at any time suddenly, but would be detected
immediately. Examples : it is not meaningful to do extra checks on the linac beam off when the
set MU are reached - if it fails it will fail the first time on any beam during the day, but should
be detected immediately by the radiographer responsible. It is, however, meaningful to check
monitor calibration - a change would not be detected during patient treatments, and a trend may
indicate possible sources of error, e.g. a leaking sealed monitor chamber.

c. For accidents (treatment errors) to occur, it is usually necessary that two separate and unrelated
factors coincide : a weak point in a procedure or system, and usually several "unfortunate
circumstances". The probability of unfortunate circumstances coinciding cannot be reduced to zero
by any means - this will always happen and cannot be predicted. The weak points, on the other
hand, are inherent in the system, and should be eliminated by careful consideration. Statements
like "it will work properly if used properly" are not acceptable : "inherent safety" implies that the
probability of possible improper use or it going undetected is reduced to a minimum - this applies
to both the design of the V&R system, and its integration into the departmental routine.

The consequence of these basic considerations is that there are (almost) no meaningful measures
checking just the machine function of the V&R system. Much more important are organisational
measures to
- prevent handling errors (incl. errors during data transfer and inadvertent changes of stored

parameters),
- detect immediately any erroneous behaviour of the V&R system, like any effects due to data

corruption, or software bugs resulting in errors under unusual conditions only.
If this is to work efficiently, the entire organisation of the radiotherapy procedure (and therefore the
clin'c) has to be adapted when a V&R system is introduced. The extent of adaptation necessary
depends on the "inherent safety" of the system : both, the design (manufacturer) and the handling
(user) of the system have to be guided by this relation.

5. PROPOSITIONS

All parameters are entered into the V&R system before the first treatment session. For keying
in these parameters it is useful to compile all data on a single form, designed with the screen layout
as template - this speeds up data entry, and reduces the likelihood of transfer errors. If parameters
are transferred on-line, e.g. from the planning system or simulator, appropriate QA measures have
to be taken. These steps of data transfer are most critical for two reasons : usually several people
from different staff groups are involved, and due to error propagation, transfer errors will become
systematic errors - once the V&R system has stored wrong parameters (e.g. a missing wedge) it will
ensure that these wrong parameters are used for each session ! Therefore irrespective of the method
of data entry set-up parameters should be printed out and checked by another person; the print-out
should be done automatically by the system each time data are entered or edited. Only then the first
set-up at the treatment machine, supervised by the radiotherapist, forms a final and comprehensive
QA measure. Portal imaging and in-vivo dosimetry during the first treatment session are additional
safeguards against transfer errors.
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"Auto-acquire" of parameters of manual set-ups is to be avoided whenever possible. If done at
all, only parameters displayed in the treatment room should be acquired : never acquire monitor
units. Additional checking should be introduced before subsequent treatment sessions. If the
parameters to be acquired cannot be selected by the user the preferred procedure would be to type
in the relevant parameters manually during first set-up, rather than relying on auto-acquire.

If "Auto set-up" is used, data integrity is of utmost importance. Checks against data corruption
due to computer malfunction (e.g. check sums) should be incorporated by the manufacturer. The
"inherent safety" may further reduce the probability of inadvertent data modifications due to handling
errors. This includes a screen dialogue in the native language, editing procedures that differ from
normal treatment procedures (e.g. an additional key switch, not just another point on the menu or a
password, see "basic principle c"), and automatic printing of a new set-up protocol.

"Override" treatments are to be avoided. Instead several suitably defined tolerance tables should
be used for different treatment techniques, as for immobilized patients (e.g. by a head mask), photon
treatments without patient immobilisation, electron treatments, or for palliative treatment of
bedridden patients (see table I). Only with this attitude will override treatments be the exceptional
situation urging everyone involved to pay special attention.

Table I : SET OF TYPICAL TOLERANCE VALUES FOR DIFFERENT TREATMENT
CONDITIONS

Parameter 1 2 3 4

0.5
0.5
0.2

2
2
2
1

0.5
0.5
0.2

5
10
*
1

2
5

0.2

5
10
*
1

5
10
0.2

*
*
*

Gantry angle ( °)
Collimator angle ( °)
Field size X.Y (cm)

(also asymmetrical)
Table vertical (cm)
Table lateral (cm)
Table longitudinal (cm)
Table rotation' ( °)

1 = immobilised patient (e.g. head mask)
2 = photon treatment without patient immobilisation
3 = electron treatment
4 = treatment in bed
* = not checked or maximum tolerance possible with V&R system
4 = isocentric and table-top (if applicable)

Duplicate patient charts (hand-written and computer-printed) are to be avoided. Instead the
computer-printed patient chart is to be checked carefully after each session and signed or initialled:
if both records are to be kept, there is a tendency to rely on a later comparison if a discrepancy is
suspected - if this takes place several days (or even more) later and a dicrepancy is detected, the
exact circumstances that may have led to an error will not be remembered in such detail as to enable
a sound decision to be taken; either record may be wrong. The abolishment of hand-written charts
is only possible if the printed charts fulfil the legal requirements, both for the patient chart, and the
machine log requirements. Furthermore, all computer-printed charts must be restricted to meaningful
data and should be arranged in such a way that they are readily accessible.

Continued staff training : Especially in the case of frequent staff changes the transfer of
information within the team needs to be scrutinised; a combination of several minor changes from the
original sequence of procedures may result in unsafe practice. This may be prevented by regular
refresher courses.
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All responsibilty is carried by humans. The computer may help to improve efficiency and safety
of radiotherapy applications, but will never take responsibility - the computer has to be checked by
the radiographer, and not vice versa. This point needs to be stressed especially in connection with the
introduction of the V&R system, to avoid detrimental effects on staff motivation.

6. CONCLUSION

Quality assurance measures should be balanced and adapted to the risks they are meant to
minimise : it does not make sense to reduce certain risks (machine malfunction) even further at high
cost, whilst other, much larger risks (procedural errors) remain untackled - and human errors are the
more likely ones with modern computers.
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