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the agreement with 3D couch shifts was within 0.05 
±0.02mm. Beam hold can be achieved until threshold of 
1mm and the gating coincidence between beam hold 
signals was estimated less than 1 second. 
Table 1 shows our planning data. In BH plans, as compared 
with FB, a decrease of 1.5±0.3Gy in mean heart dose and 
of 7.5±2.9Gy in maximum LAD dose was reported. Only for 
one patient the BH plan was not advantageous. On 
average, an extra CBCT in BH was acquired per session, 
due patient stability. On average, treatment delivery in 
BH was 26min, twice the FB value. Differences between 
BH CBCT before and after treatment delivery were well 
within the CTV-PTV margin (fig1d). 
 

 
 
Conclusion 
The OSMS system has been validated for continuous 
monitoring patient inspiration during treatment and is now 
being used clinically. DIBH with IMRT technique leads to 
better cardiac sparing as compared to FB. In the near 
future, we plan to extend DIBH to left breast patients with 
LN. 
 
PO-1028  Absolute validation of MR versus radiation 
iso-center on a high-field MR linac 
U. Bernchou1, A. Bertelsen1, H.L. Riis1, H.R. Jensen1, C.R. 
Hansen1, F. Mahmood1, C. Brink1 
1Odense University Hospital, Laboratory of Radiation 
physcis, Odense, Denmark  
 
Purpose or Objective 
The superior soft-tissue contrast offered by the newly 
introduced MR linacs allows the localization of the tumour 
and surrounding normal tissue while the patient is on the 
treatment couch. However, in order to rely on the daily 
MR images for guidance of radiotherapy, there is a need 
to validate the positional accuracy between the planned 
and delivered dose distribution including all potential 
uncertainties of MR imaging and dose delivery. This 
abstract demonstrates a method to perform end-to-end 
validation of the dose delivery on a high-field MR linac 
based on an in-house 3D printed, MR visible phantom.  
Material and Methods 
MR visible phantom inserts were created for the I'mRT 
phantom (Scanditronix Wellhöfer). The MR visible parts 
were made of a bi-component silicone rubber (Eurosil 10 
Orange) with added softener. The silicone is MR visible and 
the signal strength depends upon the amount of softener. 
Perspex rods were cast into silicone rubber with varying 
amounts of softener within 3D printed containers, creating 
an inhomogeneous MR visible phantom insert. Two such 

inserts were created and sandwiched around a 
radiochromic film supported by two solid water plates (see 
figure 1). The solid water plates contained copper crosses 
such that their positions were visible on the film after 
irradiation. The phantom supports both vertical and 
horizontal film alignment. 
A seven beam stereotactic IMRT plan based on a CT scan 
of the entire phantom was created in the treatment 
planning system Monaco v 5.40 (Elekta AB, Sweden). At a 
high-field MR linac, T2 weighted 3D spin echo MR scans of 
the phantom were performed. Rigid registration of the MR 
position relative to the CT scan was performed in Online 
Monaco. The registration was used to calculate the current 
position of the treatment planning iso-center within the 
phantom as predicted by the entire treatment chain. After 
irradiation, the films were scanned in a flatbed scanner 
and gray levels were converted to dose (Lewis MedPhys 
2012). The fixed copper crosses were visible on the film 
and were used to define the exact position of the film 
within the phantom.  
 

 
 
Results 
An example of comparisons of relative profiles obtained 
from the film and the planned dose is shown in figure 2. 
The observable differences in dose are partly due to 
uncertainties in the conversion of optical density to 
dose.  The high positional precision between the two dose 
profiles reflects the positional accuracy of the entire 
system. At our local MR linac, the end-to-end phantom 
measures a lateral offset of 0.4 mm, a longitudinal offset 
of 0.1-0.6 mm, and a vertical offset of 0.3 mm.  
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Conclusion 
Using 3D printed MR visible silicone inserts it was possible 
to create an end-to-end validation phantom for MR linacs. 
The phantom has been used in our department and the 
uncertainty of the dose positions is around half a 
millimeter, which is needed to make precise MR linac 
treatments. 
 
PO-1029  The use of Elekta Agility MLC Dynamic log files 
for VMAT QA 
M. Picioli1, K. Torzsok1, A. Ruiz Plata1, F. Marangoni1, H. 
Broque1, J. Aponte1 
1Fundacion Arturo Lopez Perez, Medical Physics, 
Santiago, Chile  
 
Purpose or Objective 
The usage of massive dynamic parameters during VMAT 
treatments requires the implementation of new QA 
mechanisms. One major contributor potentially leading to 
mistreatments if not properly calibrated is the MLC. 
Following TG142 recommendations we have created a 
simple method in order to measure the constancy of leaf 
speed and positioning accuracy through Elekta Dynamic 
log files interpretation. 
Material and Methods 
For MLC quality control a set of fields has been created 
using Elekta iComCAT V.13.0 software and loaded up in 
Linac Synergy console.  In order to evaluate leaf speed 

constancy a sweeping gap of 2cm x 24cm capable of 
sweeping 20 cm from X1 to X2 has been used. In order to 
calculate the theoretical MU value for this field, the 
following equation was applied:  
 

 
 
The MU above calculated took into consideration leaf 
banks at maximum nominal speed and maximum dose 
rate. Rising up the MU for this field in the software means 
that MLC should slow down. On the other hand, reducing 
this value means dose rate will slow down 
automatically.Once the desirable leaf speed has been 
calculated through a specific MU, it was compared against 
the logs from the machine.Regarding leaf positioning 
accuracy, a picket fence containing 3 segments of 6cm x 
24cm was created and irradiated at 4 cardinal angles. For 
both field configurations, each leaf was analyzed 
individually and the actual values found in the logs were 
reported and compared against iComCAT theoretical 
values. Images for both field configurations were also 
acquired with IviewGT and compared against the logs 
providing a more reliable qualitative analysis than simple 
image visual inspection. 
Results 
Figure 1 represents the real leaf speed constancy for both 
leaf banks obtained from the logs files. Leaf absolute 
positions were measured in 0,25 s time intervals and are 
represented by Y and X axis respectively. X1 bank starts 
moving at -10cm and bank X2 at -8cm (Elekta scale).  
 

 
 
Figure 1 - MLC Speed Test  
From Figure 1 we can see that both leaf banks have the 
same constant speed through the field. Any deceleration 
caused by lack of lubrication or issues with the motors 
could be easily recognized by deflections in the lines. The 
real leaf speed gathered from the graph differs less than 
1% with respect to the calculated value in iComCAT. For 
the picket fence field, whilst irradiation of  gantry 180 
degrees,  logs have shown maximum deviation of 0,4 mm 
for leaf 57 of X2 bank with respect of it nominal position. 
Leaf bank X2 also presented major differences in average 
for the same angle.  
Conclusion 
Although the utilization of dynamic log files for Elekta 
linacs is not known in the clinical environment, this work 
shows it could be a very reliable and powerful tool for 
accuracy in positioning and speed constancy 
determination of the Agility MLC, also providing a 
quantitative complement of simple visual MLC Picket 
fence image inspection. 
 
PO-1030  Absolute validation of Multi Leaf Collimator 
(MLC) positions on a high-field MR linac. 
A. Bertelsen1, U. Bernchou1, H.L. Riis1, C. Brink1 
1Odense University Hospital, Laboratory of Radiation 
Physics, Odense, Denmark  
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Purpose or Objective 
Use of MR guidance prior to each treatment delivery 
facilitates an improved target definition which has the 
potential to decrease the irradiated volume needed to 
ensure target dose coverage. In order to reduce the 
irradiated volume it is important that the MLC is well 
calibrated such that the dose is delivered as intended. On 
the high field MR linacs, that recently have started to treat 
patients, it is not possible to image all MLC positions on 
the EPID system (EPID cannot image all leaves and neither 
the full leaf range), which hinders full MLC validation using 
the EPID system. This abstract demonstrates a film-EPID 
combined method which can be used to make absolute 
validation of the full motion range of all MLC leaves. 
Material and Methods 
Calibration of the Elekta Unity MLC was validated using 
film/EPID dosimetry. Two Gafchromic EBT3 films were 
placed with a ~7 cm overlap between two slabs of Perspex 
in the top of the bore so that the films covered the area 
of the largest possible area of a 56 cm wide field. MLC 
segments defined 2 cm wide fields offset by  -9 cm, -
4.5cm, 0cm, 4.5cm, and 9 cm from the isocentre, 
respectively. For the central segment three groups of 
adjacent pairs of MLC leaves, visible on the EPID, were 
deliberately offset to mark the position of these specific 
MLC leaves (Figure 1). While irradiating the films, the EPID 
system was used to measure the EPID-visible part of the 
field. The relation between the EPID system (positions and 
rotation) and the radiation isocentre is known from 
standard QA.  
The films where scanned in a flatbed bed scanner and gray 
values converted to dose (Lewis et al MedPhys 2012). Data 
was evaluated using in-house developed MATLAB program. 
Based on the three groups of MLC offsets it was possible 
to perform an automated registration between the 
individual films and EPID image. 
Based on the registration with the EPID it was possible to 
scale all detected film edges to actual positions. A linear 
fit per leaf between requested and observed leaf positions 
was made resulting in an amplitude/gain and offset 
correction need for an ideal calibration of the MLC. 
 

 
 
Results 
The average amplitude/gain and offset for the two banks 
are (std. deviation): 0.995 (0.001), 0.994 (0.001), 0.133 
mm (0.164mm), -0.017mm (0.189mm), respectively 
(deviations shown in figure 2). The average difference 
between actual and observed position for the individual 
leaves is 0.18 (0.39) mm and -0.07 (0.43) mm for the two 
banks, respectively. Except for offset of the second bank 
all the values do statistically significant deviate from 

either one or zero with p values well below 0.001 (T-test).

 
 
Conclusion 
Validation of MLC positions of a high-field MR accelerator 
is possible by combining EPID and film. Small but likely 
clinically irrelevant systematic deviations are observed. 
The random error, standard deviation of the positons 
errors, is below 0.5 mm which is needed in order to reduce 
irradiation volume based on MR imaging prior to each 
treatment fraction. 
 
PO-1031 Automated patient specific collision 
prevention: the future of noncoplanar SRS planning 
T. Mann1, K. Thind2,3, N. Ploquin2,3 
1University of Calgary, Physics and Astronomy, Calgary, 
Canada ; 2University of Calgary, Oncology, Calgary, 
Canada ; 3Tom Baker Cancer Centre, Medical Physics, 
Calgary, Canada  
 
Purpose or Objective 
The use of noncoplanar treatment planning in Linac-based 
Stereotactic Radiosurgery (SRS) increases the likelihood of 
a collision between the gantry and the patient, 
immobilization device, or the couch. Treatment 
simulation is necessary prior to patient treatment which 
increases inefficiency due to implications on resource 
utilization. The goal of this project is the clinical 
implementation of an automated patient specific collision 
detection software during the treatment planning process, 
ultimately improving resource utilization and the process 
flow for SRS patients. 
Material and Methods 
Eclipse Scripting Application Programming Interface 
(ESAPI) developed by Varian Medical Systems (Palo Alto, 
California, USA) was used to create patient specific 
collision detection software. This software uses patient 
contours, treatment plan parameters, and models of a 
Varian Edge Radiosurgery system to perform a clearance 
check. Previous validation with an anthropomorphic 
phantom demonstrated 100% collision detection accuracy 
of the software using a 5 cm expansion zone around the 
patient. During the planning process, the collision 
detection software was utilized for all frameless SRS 
patients planned over two months. In the implementation 
phase any potential collisions predicted by the software 
were further tested by treatment simulation on a Linac. 
The proposed change in treatment planning workflow 
post-implementation of the automated software is shown 
in figure 1. 
 




