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bstract

The MM50 Racetrack Microtron, suited for sophisticated three-dimensional computer-
controlled conformal radiotherapy techniques, is a complex dual gantry system.
Therefore, for both gantries, daily quality control of the absolute output and the 2D
fluence profile of the scanned photon beams is performed for a number of gantry
angles. A fast method for these daily checks, based on dosimetric measurements with
the Philips SRI-100 Electronic Portal Imaging Device (EPID), has been developed and
tested. Open beams are checked for four different gantry angles; for gantry angle 0, a
wedged field is checked as well. The fields are set up one after another under full
computer control. Performing and analyzing the measurements takes about ten
minutes.

Characteristics of the EPID relevant for dosimetric quality control

The SRI-100 is a fluoroscopic system: radiation incident on a fluorescent screen (at a
distance of 150 cm from the focus) is, converted into an optical image which is digitized
using a CCD camera [3]. For dosimetric quality control measurements with the EPID the
gain and offset of the CCD camera have been set to fixed values and a fixed data
acquisition time, which is longer than the beam on time, has been used. In addition, the
images have only been corrected for dark current, which is measured just before
irradiation starts.
A fixed field size of 18 x 18 cm2 has been used for all measurements in this study. For
data reduction, average grey scale values have been calculated for 49 areas of 1 5 x 1 5
mm2 inside a measured ^PID-image, yielding dosimetric data for the beam axis and for
48 off-axis points.

The reproducibility, stability and linearity of the EPIDs have been assessed by compar-
ing measured grey scale values with absolute dose measurements at the beam axis
using an ionisation chamber.
Both for the on-axis and off-axis points the EPID-measurements show a short term
reproducibility of the measured grey scale values of 0.5% (1 SD). A significant
correlation exists between on-axis and off-axis fluctuations: after correcting the grey
scale values in the off-axis points for the observed on-axis fluctuations, the remaining
image-to-image variation for off-axis points decreases to only 0.2% (1 SD).
The day-to-day sensitivity stability of an SRI-100 over a period of several weeks is
0.6% (1 SD). Measured grey scale values are within 0.2% linear with the applied dose.

It may be concluded that the applied EPID has favourable characteristics for daily
dosimetric quality control measurements. No adverse interference effects related to the
combined use of the MM50 scanning photon beams and the slow scan mode of the
CCD-camera have been observed. For at least a period of several weeks it is possible to
derive the output at the beam axis from a single EPID-measurement with an accuracy
of 0.6% (1 SD), while the relative 2D fluence profile can be determined even more
accurately.

This paper is an extension of the work described in reference 1.
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Daily quality control measurements

For the open 25 MV scanning photon beam, EPID images have been obtained on a daily
basis for four different gantry angles (0, 90, 180 and 270 degrees). For gantry angle 0,
a 60° wedged field image has been measured as well to verify the position of the
motorized wedge and to check the beam penetrative quality. All images have been
acquired using a fixed dose of 150 Monitor Units. The five fields (four open fields and
one wedged field) have been set up under computer control using the MM50 multi-
segment treatment mode [1,2].
To determine deviations in the absolute beam output and in the relative 2D fluence
profile, each image has been compared with a corresponding reference image. This
reference image reflects the absolute 2D fluence profile at the time of beam commis-
sioning for a fixed dose of 150 MU and a cGy/MU value of 1 for the 1 0 x 1 0 cm2 field.

For each of the 49 areas defined in the measured images, the percentual difference in
measured grey scale value compared to the corresponding area in the related reference
image has been determined. Observed differences at the beam axis relate to deviations
in the absolute output of the photon beam. Deviations in the relative 2D fluence profile
have been determined by correcting the 49 percentual differences for the observed
deviation in absolute output at the beam axis.

The observed deviations in absolute on-axis output for gantry angle 0, measured with
the EPID during a period of 300 days for one of the gantries, are depicted in figure 1.
Table 1 summarizes the results of 1300 measured images, equally spread over the five
different fields and both gantries.
Once an output deviation of about 6% was detected for each field (this value has not
been included in figure 1). This deviation was confirmed by measurements with an
ionisation chamber. Only because of the performed morning quality control checks with
the EPID, erroneous dose delivery to patients could be avoided; there is no interlock in
the MM50-system that would have prevented patient treatment in this case.
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Figure 1 Deviations in absolute on-axis output of the 25 MV photon beam for one
of the gantries, measured with the EPID for gantry angle 0.

116
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Figure 2 Off-axis deviations in the relative 2D beam profiles for gantry angle 0.
The dots indicate the average off-axis deviations for the 48 off-axis
points, the bars indicate the maximum deviations.

wedge factor
0,46

0,44

0,43
50 100 150 200 250 300

day
Figure 3 Wedge factors, calculated from measured grey scale values at the beam

axis for the open and the wedged field at gantry angle 0.

The observed average and maximum deviations in the relative 2D beam profile,
determined from the measurements in the 48 off-axis points, are depicted in figure 2
for gantry angle 0 and summarized in table 1 for all fields. Because the average off-axis
deviation was always less than 0.6% and the maximum observed off-axis deviation
was 2.6%, it may be concluded that the relative 2D fluence profile is very stable.
Wedge factors have been calculated from measured grey scale values at the beam axis
for the open and the wedged field at gantry angle 0. The results, depicted in figure 3
for one of the gantries, show a constancy of 0.7% (1 SD).
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Table 1 Overview of observed deviations from corresponding reference images.
The incidence rates indicate the percentage of the total number of
analyzed fields (N = 1300) in which a certain deviation occurred.

absolute on-axis output deviations

average off-axis profile deviations

maximum off-axis profile deviations

deviations

< ±2.0 %

±(2.0 - 3.0)%

> ±3.0 %

< ±0.3 %

±(0.3 -0.5)%

>-±0.5 %

< ±1.5 %

±(1.5 - 2.0)%

> ±2.0 %

incidence rate

94 %

K 0/3 / 0

1 0/' /O

94.7 %

5 %

0.3 %

89 %

10 %

1 0/I /O

Conclusion

Because of its characteristics, the Philips SRI-100 Electronic Portal Imaging Device, is
suitable for fast and accurate daily dosimetric quality control of photon beams under
different gantry angles. Deviations in the absolute output and in the relative 2D fluence
profiles are determined within 10 minutes for five fields.
Despite the complexity of the MM50, the 2D fluence profile of the 25 MV scanned
photon beam has been very stable for all gantry angles during a period of one year: a
maximum profile deviation of 2.6% was observed. Once, a deviation in the cGy/MU-
value of 6% has been detected. Only because of the performed morning quality control
checks, erroneous dose delivery to patients could be avoided. Based on our experiences
and on clinical requirements regarding the acceptability of deviations of beam character-
istics, a protocol has been developed including action levels for additional investigations

m.
In the near future the quality control measurements will be extended to the 10 MV
photon beam and geometric checks on multileaf collimator defined fields will be added
as well. Studies on the application of the SRI-100 for in-vivo dosimetry on the MM50
have been started.
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