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Abstract

To use Electronic Portal Imaging Device (EPID), an integral feature of a TrueBeam linear accelerator (linac)
system, for implementing dosimetry based comprehensive Quality Assurance (QA) protocol needed for
Volumetric Modulated Arc Therapy (VMAT) modality. Varian makes TrueBeam Version 2.0 linac system with
Intensity Modulated Radiotherapy (IMRT), and VMAT treatment modalities were used in the study. The linac is
equipped with a Multileaf Collimator (MLC) having 120 leaves (millenium MLC) and an EPID (aS1000)
having megavoltage photon (MV) detector system. The EPID has an active imaging area of 40 cm x 30 cm with
1024 x 768-pixel matrix with a pixel resolution of 0.39 mm. It is capable of capturing 14-bit images at 30frames
per second. We carried out the following QA tests using the EPID: i) Dynamic MLC (DMLC) dosimetry test ii)
DMLC positional accuracy test (Picket Fence test) for fixed and rotating gantry modes iii) DMLC positional
accuracy test during rotation with intentional errors iv) dose rate and gantry speed tests during RapidArc
delivery and v) DMLC leaf speed test during RapidArc delivery. All the tests were analysed with Microsoft
Excel application. Deviations of the EPID pixel values from known regions of interest during the various tests
with respect to open fields were estimated for accuracy assessment. DMLC dosimetry test showed a maximum
deviation of 0.16 % with respect to reference condition at 0° gantry. The maximum positional accuracy of
DMLC was found to be 0.28 mm for fixed gantry and 0.26 mm for rotating gantry. For varying dose rate and
gantry speed, the average of the absolute value of all deviations Diff(x) was 0.43. The MLC leaf speed variation
during RapidArc resulted in the average of the absolute value of all Diff(x) of 0.20. Similar results have been
obtained with a film based QA tests. The time taken in performing the above tests with EPID is far less as
compared to the conventional methods. EPID based QA tests are reliable and quick. We believe that protocols
developed for performing QA tests with EPID can replace the conventional methods of QA. EPID based QA
will result in considerable time saving and thus helpful in increasing the patient throughput in a clinic. Also, the
quicker and automated QA procedure based on EPID lends itself to better compliance and hence better
treatment quality.

Keywords- Radiotherapy, Quality Assurance (QA), Volumetric Modulated Arc Therapy (VMAT), Dynamic
Multileaf Collimator (DMLC), Electronic Portal Imaging Device (EPID).

1. Introduction

Volumetric Modulated Arc Therapy (VMAT) is the rotational version of fixed gantry angle
Intensity Modulated Radio Therapy (IMRT) with high energy photons (x-rays). In VMAT the
radiation delivery is performed using a continuously rotating linac gantry around the patient.
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Compared to IMRT, the technique improves the treatment delivery time while maintaining a
similar dosimetry quality of a treatment plan (Oliver et al., 2009; Hardcastle et al., 2011;
Unkelbach et al., 2015). The VMAT can be delivered either using a single or multiple gantry
rotations/arcs around the patient. Compared to a typical nine-field IMRT treatment that may
take about 10 min of the beam-on time, a single arc treatment may be completed in 1.5 to 3
min (Oliver et al., 2009; Rangaraj et al., 2010). RapidArc is trade name of VMAT in Varian
linac systems.

The planning algorithms for VMAT improve the efficiency of the treatment delivery by
optimising three variables during radiation delivery namely speed of the gantry, MLC
aperture, and dose rate. The gantry rotates around the patient in 360 degrees with a fixed
MLC shape for each defined point called control point on the gantry rotation circle. The
control points are distributed uniformly around the rotation circle at fixed gantry intervals.
The MLC shape, therefore, changes when the gantry moves from one control point to
another.

Leaf position accuracy, leaf speed, leaf transmission (inter- and intra-leaf transmissions, and
transmission beneath leaves with jaws combined) are crucial parameters impacting the dose
delivery accuracy in VMAT. The tolerance of MLC leaf positions for fixed field IMRT is £1
mm at four cardinal gantry angles (Ling et al., 2008; Klein et al., 2009; Sharma et al., 2011).
The VMAT delivery warrants MLC position accuracy for additional gantry angles as well.
Further, the accuracy of dose delivery with different dose rates, gantry, and MLC leaf speeds
also need to be consistently assessed.

There are many published studies on protocols for Quality Assurance (QA) tests of MLC
used for conventional fixed gantry IMRT (Losasso, 2008; Bedford and Warrington, 2009;
Kumar et al., 2014). Also, tolerance values for various MLC parameters namely MLC
transmission, leaf position repeatability, MLC spoke shot, light and x-ray field congruence
for segmental IMRT (step and shoot) and sliding window IMRT (dynamic IMRT) at four
cardinal gantry angles have been defined (Klein et al., 2009). Essers et al. (2001) performed a
detailed study on commissioning QA tests for Varian makes MLC for IMRT treatment
technique with the film. They suggested pretreatment dosimetry verification for each patient.
Ling et al. (2008) carried out the study of commissioning and QA of VMAT delivery system
using radiographic films. The tests performed were the accuracy of DMLC position and dose
delivery during VMAT with varying dose rate, gantry speed, and MLC leaf speed.Diodes and
ion chamber arrays have also been used for VMAT QA (Bedford et al., 2009; Schreibmann et
al., 2009; Petoukhova et al., 2011; Boggula et al., 2011). EPIDs were initially developed for
geometric treatment verifications on the lines of film based portal imaging. However, over
the years with technological advancements, EPIDs have become robust and capable of portal
dosimetry. EPID has been explored by many groups (Greer and Popescu, 2003; Van EImpt et
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al., 2008; Winkler et al., 2005). Their work suggested that amorphous silicon EPID showed
promise as an efficient verification tool for IMRT delivery and dosimetric verification.

However, there is very little published literature on using the EPID integrated with an
advanced linac such as a TrueBeam system for carrying out comprehensive QA for VMAT.
We believe that a detailed systematic study on using the EPID for QA and commissioning
would provide necessary data to assess the performance of EPID with the other established
QA methods such as films. We carried out a study and evaluated the reproducibility of the
dose delivered by a dynamic MLC at four gantry angles using Electronic Portal Imaging
Device (EPID). Also, we validated the VMAT delivery system for varying dose rate and
gantry speed for the TrueBeam linac system. For both the studies we used the aS1000 EPID
integrated with the linac system. The data collected were analysed using the readily available
Microsoft Excel application to make the process faster and cost effective.

2. Material and Methods

The TrueBeam Version 2.0 linac system with the IMRT and VMAT (RapidArc) treatment
modalities (Varian, Palo Alto, USA) was used in this study. The linac has three photon
energies 6, 10 and 15 MV with Flattening Filter (FF) mode and two energies 6 and 10 MV
with Flattening Filter Free (FFF) mode. The linac is equipped with a Varian Millennium
MLC system having 120 leaves. The MLC has central 40 leaf pairs with leaf width of 0.5 cm
and outer 20 pairs with leaf width of 1.0 cm at isocenter covering a field size from 0.4 cm
x0.4 cm to 40 cm x40 cm.

2.1 Electronic Portal Imaging Device (EPID)

For on-board image guidance, the linac system is equipped with kV and MV imaging systems
with amorphous silicon based flat-panel EPID (model aS1000).The EPID imager panel is
mounted on a robotic support arm called E-arm which helps in deploying the EPID imager
panel at 100 cm SID (source to imager distance) with high accuracy.The EPID has a
scintillator detector which converts the incoming x-rays to visible light which in turn is
sensed by an array of photodiodes in the amorphous silicon panel. The photodiodes integrate
and convert the incoming light into an electric charge. The active area of the panel has an
imaging area of 40 cm x 30 cm with 1024x768-pixel matrix. The flat panel has a pixel
resolution of 0.39 mm, and it is capable of capturing 14-bit images at 30 fps (frames per
second).

The aS1000MV imager is mainly used for clinical patient position matching. In this study, we
used the EPID for performing DMLC QA tests in dosimetry (integrated imaging) mode. All
the tests were carried out in the machine QA mode of TrueBeam. RapidArc QA files in
DICOM RT file format, provided by Varian, were used in this study [5]. Before image
acquisitions for QA, the MV imager needed calibration for dosimetry imaging for each
photon energy used in the RapidArc QA plans. For all the tests the MV imager was
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positioned at 100 cm source to image plane distance (SID) with lateral and longitudinal
positions equal to zero. A total of six QA tests were performed during this study.

2.2 Test 1: DMLC Dosimetry Test

In this test, the machine output in Calibrated Unit (CU) was measured at gantry angles of 0,
90, 180 and 270° to verify the effect of gravity on leaf position and clinical dosimetry system.
At each gantry angle, the dosimetric image was built from the RapidArc DMLC QA plan
named “Millennium MLC: Dosimetry M120.dcm”, which delivered a 4cm x 10 cm DMLC
field with a 0.5 cm slit. The dose measured by the EPID in a 1 cm? area at the center of the
field was recorded, and the % deviation calculated relative to the measured value at 0°.

2.3 Test 2: DMLC Positional Accuracy Test (Picket Fence Test) for Fixed Gantry
Angles

This test was performed using RapidArc DMLC QA plan named “Millennium MLC: Picket
Fence Static M120.dcm” at gantry angles 0, 90, 180 and 270°. This mechanical test produced
the “picket-fence” pattern of designed MLC positions at different static gantry angles. The
data was also used as a reference for the “picket-fence” pattern at the same MLC positions
but acquired for rotating gantry.

We created ten “picket fence” patterns at specified MLC positions with an MLC opening of
0.1 cm and a gap of 1.5 cm between two picket fences for gantry angle 0°s shown in Figure
1A. A total of 100 MU was delivered at a dose rate of 600 MU/min for jaw opening of
16cmx8 cm. The same process was repeated for gantry angles 90, 180 and 270°.The line
profile of the dosimetric image acquired was exported to Microsoft Excel and analysed for
the positional accuracy of the DMLC for all four angles.

Figure 1. Screen- shots of the dosimetric images acquired (A) for DMLC picket fence test at 0° gantry, (B)
for DMLC picket fence test for RapidArc
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2.4 Test 3: Picket Fence Test During Rapidarc

We evaluated the effect of gantry rotation on MLC positional accuracy using the RapidArc
DMLC QA plan “Millennium MLC: Picket Fence RAM120.dcm”. Ten “picket fences” were
created at specified positions similar to test 2, shown in Figure 1B. A total of 480 MU was
delivered at a dose rate of 600 MU/min for jaw opening of 20cm x20 cm for the exposed field
of 15 cm x20 cm starting at gantry angle 179%nd ending at 187° (total 352°). Similar to test 2
the measured and the specified positions were compared.

2.5 Test 4: Picket Fence Test During Rapidarc with Intentional Errors

RapidArc DMLC QA plan “Millennium MLC: Picket Fence Error M120.dcm” was used for
this test. It is similar to the test 3 except that an intentional positional error of 0.5 mm was
introduced in one pair of leaves, and a wider gap of 1.5 mm (instead of 1.0 mm) was used for
another leaf-pair. The purpose of this test was to assure that these deliberate errors could be
detected by a visual inspection of the “picket-fence” pattern. A total of 180 MU was
delivered at a dose rate of 600 MU/min for a jaw opening of 20 cm x20 cm for the exposed
field of 12cmx20 cm starting at 170°and ending at 62° (98° gantry rotation).

2.6 Test 5: Dose Rate and Gantry Speed Accuracy During Rapidarc Delivery

RapidArc DMLC QA plan “Millennium MLC: Dose Rate Gantry Speed M120.dcm” was
used for evaluation of the ability of the TrueBeam machine to modulate dose rate and gantry
speed for accurate dose delivery. Different combinations of dose rates and gantry speeds were
used to deliver the same dose to 7 strips of a RapidArc plan (Figure 4). Table 1 shows the
details such as gantry speed and dose rate for the test.

Table 1. Gantry speed and dose rate for 16 control points with its master weight and MU/Deg

CONTROL GANTRY GANTRY ROTATION DOSE RATE GANTRY SPEED MU/DEG
POINT (DEGREE) (DEGREE) (MU/MIN) (DEG/SEC)

1 179.0 NA NA NA NA

2 169.0 10.0 230.40 4.80 0.800
3 155.8 13.2 600.00 275 3.636
4 14538 10.0 230.40 4.80 0.800
5 1311 14.7 600.00 3.05 3272
6 1211 10.0 230.40 4.80 0.800
7 104.6 165 600.00 344 2.909
8 946 10.0 230.40 4.80 0.800
9 74.0 206 600.00 429 2.328
10 64.0 10.0 230.40 4.80 0.800
11 365 275 502.69 4.80 1.745
12 265 10.0 230.40 4.80 0.800
13 3453 418 335.13 4.80 1.164
14 335.3 10.0 230.40 4.80 0.800
15 252.8 825 167.56 4.80 0582
16 2428 10.0 230.40 4.80 0.800
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The maximum gantry speed and dose rate used for clinical purposes in the True Beam linac is
5.5° /sec and 600 MU/min respectively for a 6 MV photon beam. In this test, we moved the
gantry for five preset gantry speeds of 4.80, 2.75, 3.05, 3.44 and 4.29° /sec, with a
combination of four dose rates 167.56, 230.40, 335.13 and 600 MU/min for 16 control points.
Table 1 shows the details of all 16 control points. A total of 400 MU was delivered with the
jaw opening of 13.8cm x 20.0 cm to create seven strips of the same dose value. The distance
between the centers of the seven strips from the center of the graticule was -6¢cm, -4cm, -2
cm, 0 cm +2cm, +4 cm and +6 cm. (Figure 4A).

Also, an open field of the same overall field size was delivered for normalisation. For the
open field, a total of 400 MU was delivered at a dose rate of 600 MU/min for jaw opening of
13.8cm x20 cm at 242.76° as shown in Figure 5B.We analysed the acquired images in the
portal imaging dosimetry application in the Aria system. The dose area histogram tool
available in the planner dose image was used for selecting a known Region of Interest (ROI)
on the dosimetric image for all the seven strips. The following procedure was then followed:

» A Region of Interest (ROI) of 5 mm x 100 mm size was defined at the center of each of
the seven strips and the mean pixel value readings in the seven ROIs were recorded as
RDR-GS(x).

» The mean pixel value named as Ropen(X) has been registered at the corresponding position
in the open field.

» The corrected readings for all ROIs were calculated using the formula.

Rcorr(X) = [Ror-sx)/ Ropen(X)] 100 where Rcorr(x) is the normalized mean pixel value at

the same ROI in RapidArc field.

The average Rcorr was then calculated for the seven corrected readings.

> The deviation of the corrected reading was calculated for each ROI from Rcorr using the
following formula Diff (x) = {[Rcorr (x) / Rcorr] 100} — 100.

> The average of the absolute values of all Diff(x)was calculated as Dittans = |Dif f (x)].

Y

2.7 Test 6: MLC Leaf Speed During Rapidarc Delivery

The RapidArc DMLC QA plan “MLCSpeed M120.dcm” was delivered and the dosimetric
image evaluated to check the ability of the linac to modulate MLC speed for accurate dose
delivery during gantry rotation. It used four combinations of dose rates, and MLC speeds to
deliver the same dose to four strips of a RapidArc plan. Also, an open field of the same
overall field size was delivered for normalisation.
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Table 2. Dose rates and MU/Deg for MLC speed test for 25 control points for a gantry speed of 4.8%sec

CONTROL POINT | GANTRY RTN (DEGREE) | GANTRY MOVEMENT (DEGREE) | DOSE RATE (MU/MIN) | MU/DEG
1 170.0 NA NA NA
2 166.5 35 411.43 1.429
3 163.0 35 411.43 1.429
4 159.5 35 411.43 1.429
5 156.0 35 411.43 1.429
6 1525 35 411.43 1.429
7 149.0 35 411.43 1.429
8 147.0 2.0 600.00 2.500
9 145.0 2.0 600.00 2.500
10 143.0 2.0 600.00 2.500
11 141.0 2.0 600.00 2.500
12 139.0 2.0 600.00 2.500
13 137.0 2.0 600.00 2.500
14 131.0 6.0 240.00 0.833
15 125.0 6.0 240.00 0.833
16 119.0 6.0 240.00 0.833
17 113.0 6.0 240.00 0.833
18 107.0 6.0 240.00 0.833
19 101.0 6.0 240.00 0.833
20 89.0 12.0 120.00 0.417
21 77.0 12.0 120.00 0.417
22 65.0 12.0 120.00 0.417
23 53.0 12.0 120.00 0.417
24 41.0 12.0 120.00 0.417
25 29.0 12.0 120.00 0.417

The gantry moved with a fixed speed of 4.8 deg/sec with a combination of four dose
rates411.43, 600.00, 240.00, and 120.00 MU/min at 25 control points as shown in Table 2.
With 25 control points of four combinations of different dose rate and MU/deg, we created
four strips of the same dose (Figure 5A). A total of 120 MU was delivered at a dose rate from
120 to 600 MU/min for jaw opening of 12 cm x 20 cm, started at 170 degrees and ended at 32
degrees (138-degree rotation). The distances of the center of four bands from the center of the
graticule were -4.5 cm, -1.5 cm, +1.5 cm, and +4.5 cm. For the open field, a total of 120 MU
was delivered at a dose rate of 600 MU/min for jaw opening of 12cm x 20 cm at 32° gantry
angle was also delivered for normalisation (Figure 5B). Analysis of dosimetric image was
also done by the same way as for the test 5, in section 2.6.
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3. Results and Discussion

3.1. Test 1: DMLC Dosimetry

The dose measured by EPID in a 1 cm? area at the center of the field was recorded in
Calibrated Unit (CU). The CU value at gantry angle 0° taken as baseline and deviations at
other gantry angles were calculated accordingly (Table 3). LaSasso (2008) recommended the
tolerance value of deviation for the above test be to be <3%.

Table 3. Output measured at four gantry angle 0, 90, 180 and 270°. CU: Count unit

Gantry angle (degrees) | Output reading (CU) | % of deviation | Tolerance
0 (Ref) 0.128097 0 +3%
90 0.128013 -0.06557 +3 %
180 0.126887 -0.94459 +3%
270 0.128302 0.16003 +3 %

3.2 Test 2: Picket Fence for Positional Accuracy of DMLC for Fixed Gantry Angle

A line profile of position and dose values in the acquired dosimetric image was plotted in
portal dosimetry application and exported into Microsoft excel. Figure 2 shows the graph
plotted between dose and MLC position in the imager. The peak positions and spacing
between two adjacent peaks for all the ten strips were recorded from the graph, and the
deviations from the known spacing (1.5 cm) were estimated.

0.08
0.07
0.06
0.05
0.04
0.03

Dose in Count Unit (CU)

0.02
0.01

0
-8 -6 -4 -2 0 2 4 6 8
MLC Position from central axis (cm)

Figure 2. Dose Vs MLC position for picket fence test at 0° gantry
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Table 4A. Positions of peaks, adjacent peak spacings, and deviations from planned spacing (1.5 cm) of

picket fence test at0° gantry

Dose Peak | Positions [cm] Dose Peak Spacing [cm] | (Spacing Deviation) [mm]
Peak 1 -6.04 Peak 1 to 2 1.53 0.25
Peak 2 -4.51 Peak 2to 3 1.49 0.14
Peak 3 -3.03 Peak 3 to 4 1.53 0.25
Peak 4 -1.50 Peak 4 to 5 1.49 0.14
Peak 5 -0.02 Peak 5 to 6 1.53 0.25
Peak 6 151 Peak 6 to 7 1.49 0.14
Peak 7 2.99 Peak 7to 8 1.53 0.25
Peak 8 452 Peak 8 to 9 1.49 0.14
Peak 9 6.01 Peak 9 to 10 1.49 0.14
Peak 10 7.49 Maximum deviation= 0.25 mm

Table 4B. Peak position accuracy for all cardinal gantry angles for picket fence test

Gantry Angle(deg) | MLC Position Accuracy(mm) | Tolerance(mm)
0 0.25 1.0
270 0.28 1.0
90 0.26 1.0
180 0.28 1.0

Table 4A shows the maximum deviation of positional accuracy of DMLC for 0° gantry angle
is 0.25 mm. Table 4B shows similar deviations for the four cardinal gantry angles 0, 90, 180,
and 270 degrees. TG 142 suggested the tolerance value of 1.0 mm of MLC position accuracy

for IMRT.

3.3 Test 3: Positional Accuracy of DMLC Picket Fence Test during RapidArc

The result of DMLC picket fence test for RapidArc is shown in Figure 1B, and a graph
plotted between dose value and MLC position detail in Microsoft excel by the same way as in
test 2. The peak positions and spacing between the peaks for DMLC picket fence test for
RapidArc are shown in Table 5.

Table 5. Peak positions, adjacent peak spacing and spacing deviations from planned spacing of picket

fence test for RapidArc

Does Peak | Positions [cm] | Spacing [cm] in two Peak | (Spacing Deviation) [mm]
Peak 1 -5.95 Peak 1t02=1.49 0.14
Peak 2 -4.46 Peak 2t03=1.49 0.14
Peak 3 -2.98 Peak 3to 4 =1.53 0.26
Peak 4 -1.45 Peak 4t05=1.49 0.14
Peak 5 0.04 Peak 5to 6 =1.49 0.14
Peak 6 152 Peak 6t0 7 =1.53 0.26
Peak 7 3.05 Peak 7t0 8 =1.49 0.14
Peak 8 453 Peak 8t0 9 =1.53 0.26
Peak 9 6.06 Peak 9 to 10 = 1.49 0.14
Peak 10 7.55 Maximum Deviation = 0.26 mm
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From the graph and the analysis, it was found that for this test the maximum positional
spacing deviation was 0.26 mm for RapidArc picket fence test, where the tolerance value is
1.0 mm.

3.4. Test 4: Picket Fence Test of DMLC During Rapidarc with Deliberate Errors
Visual inspection of Figure 3 shows the wider leaf pair (marked by the thick red arrow) and
the shifted leaf pair (characterised by the yellow arrow).

Figure 3. Screen-shot of the dosimetric image for intentional errors in the DMLC positions during
RapidArc. The red and yellow arrows show the intentional errors

3.5 Test 5: Accuracy of Dose Rate and Gantry Speed During Rapidarc Delivery

Analysis of dosimetric image shown in Figure 4 was done as per the defined method at
section 2.7 above. The mean pixel value reading (Ror-gs) created with a combination of
gantry speed and dose rate for all seven bands and that for the open field (Ropen) Was found
out. From this, the Rcorr (normalised mean pixel value) was calculated to remove the influence
of non-flatness/asymmetry of the radiation field in the comparison of the exposures of the
seven strips with EPID.
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Figure 4. Screenshot of (A) acquired a dosimetric image for seven combinations of different dose rates
and gantry speeds to deliver the same dose to 7 strips of a RapidArc plan, and (B) open field image for
400 MU

Table 6 shows the detailed analysis of mean pixel value reading for variable dose rates and
gantry speeds during RapidArc for all seven strips.

Table 6. Mean pixel values for dose rate and gantry speed analysis using 10 cm x 0.5 cm region of interest.
Rpr-cs (mean pixel value for the seven strips); Ropen (Mean pixel value corresponding ROI for an open
field); Reorr (NOrmalised mean pixel value for the same ROI and Disrx) (deviation of the corrected reading)

Band number | -6cm | -4cm -2¢cm 0cm 2cm 4 cm 6cm

Ror-es 0.6207 | 0.6285 | 0.6271 | 0.6257 | 0.6270 | 0.6285 | 0.6161

Ropen 4114 | 4.213 4203 | 4.191 | 4.200 4206 | 4.086
Reorr 15.09 14.92 14.92 14.93 14.93 14.94 15.08
Ditrx) (%) 0.78 -0.37 -0.35 -0.29 -0.29 -0.19 0.71

Maximum value of Diff (x) is 0.78 %. From Diff (x), we calculated the average of the

absolute value of all Diff(x): Difrans=|Diff(x)|. The average of the absolute value of all Diff(x)
was estimated to be 0.43.

3.6 Test 6: Accuracy of MLC Leaf Speed During Rapidarc Delivery

From the dosimetric image (Figure 5), the Ris (the mean pixel value reading created with a
different combination of MLC speed and dose rate) was estimated for all four bands. As per
the plan, all four strips have the same dose value. Ropen (the mean pixel value reading for the
open field) was also estimated. From these values, Rcorr (NOrmalised Mean pixel value) for all
four strips was calculated. The values are shown in Table 7.
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Figure 5. Screen-shot of (A) dosimetric image using four combinations of dose rates and MLC speeds to
deliver the same dose to 4 strips of a RapidArc plan, (B) open field dosimetric image for 400 MU

Table 7 shows MLC leaf speed test image analysis using 10 cm x 0.5 cm ROI. It indicates
that the mean deviation of the four strips from the average Diff(x) was 0.2% with a range

from -0.26% to 0.21%.

Table 7. MLC leaf speed test image analysis using 10 cm x 0.5 cm ROI. Ris (the mean pixel value
reading); Ropen (the mean pixel value for the corresponding open field), Rcorr (normalised mean pixel

value), Difix) (deviation of the corrected reading)

Band number | -4.5cm | -1.5cm | 1.5cm | 45cm
Ris 0.1743 0.1766 | 0.1764 | 0.1737
Ropen 1.240 1.251 1.249 1.235
Reorr 14.06 14.12 14.12 14.07
Diftx -0.26 0.19 0.21 -0.14

Test 1 analysed the machine output at different gantry angles to check the effect of gravity on
leaf position and clinical dosimetry system. The comparison of EPID and ion-chamber results
for static fields showed that EPID was equally effective for the purpose. For positional
accuracy picket fence test is a well-tested method (Essers et al., 2001; Wang et al., 2008;
Rowshanfarzad et al., 2014). In test 2, we analysed the positional accuracy of MLC leaf
position at fixed gantry angles. A similar type of picket fence test is used for the moving
gantry in test 3. As per the recommendation of TG 142 for both test 2 and 3, the accuracy of
the MLC position should be less than 1 mm. Ling et al. (2008) performed the picket fence
tests with radiographic films. It is quite evident that film based QA procedure is expensive
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and time consuming compared to the EPID. Our results of the MLC positional accuracy for
fixed gantry and moving gantry are similar to radiographic film based tests. For the latter, the
MLC shift from the known position is 0.28 mm and 0.30 mm respectively, which is well
within the tolerance limits (1.0 mm). With Test 4 we could visually analyse the
reproducibility of error. With Test 5 and 6 we analysed the accuracy of the dose delivery with
varying dose, gantry speed, and varying MLC speed.

EPID has a pixel resolution of 0.39 mm, which is good enough for sub-mm accuracy similar
to the radiographic film but better than the diode and ion chamber arrays. Further, the
precision and consistency of the measurements discussed above show the robustness and
stability of EPID. The commercially available software applications used for analyses with
the other QA systems are costly while with EPID we could transfer the measured data to
Microsoft excel for analyses of the dose images. Further, we believe that for routine QA the
film processing conditions are additional uncertainty in the film based tests as compared to
EPID measurements.

4. Conclusion

At the time of commissioning of VMAT, a comprehensive dosimetric QA is mandatory. We
used EPID to perform QA. EPID based QA is less time consuming not only for setting up and
dose delivery part of the QA protocols but also for analysing the results as compared to the
traditional methods. Also, it is cost effective and equally accurate. We recommend the EPID
based MLC QA as a standard for clinical commissioning of VMAT and also for routine QA
of the linac radiotherapy systems.
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