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The Nijmegen RT department
• 7 Elekta linacs (6 Agility, 1 MLCi2)

• ~3000 patients/year
• 14 Radiation oncologists
• 7 Physicists
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Our current practices
• Pre-treatment QA for all 

stereotactic plans, most VMAT 
plans, and on random basis for
IMRT plans

• Delta4: always, film & pinpoint: 
when new techique or when 
complicated

• Single patient >1hr
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Our current practices
• No intra fractional / in vivo

monitoring
• No closing of the TPS – R&V – Linac

circle

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://meditron.ch/radiation-therapy/index.php/hikashop-menu-for-categories-listing/product/249-gafchromic-ebt3-8x10f&ei=L503VfTLI8PYPIebgdgF&bvm=bv.91071109,d.bGg&psig=AFQjCNEye4aSi93J5CeAY9FonsdCMS1ODA&ust=1429794460277647
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://meditron.ch/radiation-therapy/index.php/hikashop-menu-for-categories-listing/product/249-gafchromic-ebt3-8x10f&ei=L503VfTLI8PYPIebgdgF&bvm=bv.91071109,d.bGg&psig=AFQjCNEye4aSi93J5CeAY9FonsdCMS1ODA&ust=1429794460277647
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://meditron.ch/radiation-therapy/index.php/hikashop-menu-for-categories-listing/product/249-gafchromic-ebt3-8x10f&ei=L503VfTLI8PYPIebgdgF&bvm=bv.91071109,d.bGg&psig=AFQjCNEye4aSi93J5CeAY9FonsdCMS1ODA&ust=1429794460277647
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://meditron.ch/radiation-therapy/index.php/hikashop-menu-for-categories-listing/product/249-gafchromic-ebt3-8x10f&ei=L503VfTLI8PYPIebgdgF&bvm=bv.91071109,d.bGg&psig=AFQjCNEye4aSi93J5CeAY9FonsdCMS1ODA&ust=1429794460277647
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://meditron.ch/radiation-therapy/index.php/hikashop-menu-for-categories-listing/product/249-gafchromic-ebt3-8x10f&ei=Vp03VYX4LoHVOMvngbgG&bvm=bv.91071109,d.bGg&psig=AFQjCNEye4aSi93J5CeAY9FonsdCMS1ODA&ust=1429794460277647
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://meditron.ch/radiation-therapy/index.php/hikashop-menu-for-categories-listing/product/249-gafchromic-ebt3-8x10f&ei=Vp03VYX4LoHVOMvngbgG&bvm=bv.91071109,d.bGg&psig=AFQjCNEye4aSi93J5CeAY9FonsdCMS1ODA&ust=1429794460277647
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.elekta.com/company/media-resources-center/wavelength/WLIQ.html&ei=LQs5Vd7zCcfNO929gPAE&bvm=bv.91427555,d.d2s&psig=AFQjCNHfLqSNHCYupBefGYZmjs80YWKd3A&ust=1429888145177898
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.elekta.com/company/media-resources-center/wavelength/WLIQ.html&ei=LQs5Vd7zCcfNO929gPAE&bvm=bv.91427555,d.d2s&psig=AFQjCNHfLqSNHCYupBefGYZmjs80YWKd3A&ust=1429888145177898


The IQM system
• Head mounted ionization chamber



consists of:

Courtesy J. Oellig

 Large Area Ion Chamber

 Electrometer

 Inclinometer 

for VMAT/Rapid Arc Verification

 Barometer/Thermometer

for Absolute Dose Correction

 Bluetooth
for data transfer

 Batteries
as power supply

The IQM system



Integrates

Courtesy J. Oellig

 Dose 

Monitor Units
 Jaw settings

Field Size
 Leaf positions

Beam Shape
 Spatial Chamber response

Beam placement

into a checksum
 

Area

fieldIQM yxSIyxAOFMUC ),(),(

Gantry & Collimator angle 

are checked with the 

built-in inclinometer

The IQM system



• Very limited

interaction
required
• Send plan to 

IQM
• One – click 

calculation

• Ready for
monitoring

The IQM system



Our use of the IQM system

• Real-time treatment monitoring

• Increased patient safety
• Per segment/control point 

insight in linac behaviour

• Pre-treatment QA
• Can be run in between regular

treatments or whenever there
is free time.

• RTT’s can run the tests

• Substantial reduction of effort
in pre-treatment QA

• Possible to measure not so

critical plans at 1st fraction



Our use of the IQM system

• Per segment monitoring and cumulative monitoring



Testing the IQM system

• Is it stable?

• Can we use it on the linac head during treatment with a simple tray factor 
in the TPS?

• Can it detect errors in beam delivery, at least comparable to our current

dosimetry systems?
• Can it be a replacement of our current pre-treatment QA?



Testing the IQM system - Stability

• One month monitoring of a 

series of plans
• Standard deviation 0.6% for

open beams

• ~1% SD for IMRT/VMAT test 
beams
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Testing the IQM system – beam
changes
• PDD:  D10 <0.1% difference with commissioning

• PDD: QI <0.4% difference with commissioning

• Flatness/symmetry: <1% difference

No IQM IQM

PDD D10 commissioning [%]

D10 No IQM

[%] Diff [%]

D10 IQM

[%] Diff [%]

X6 67.7 67.5 -0.3 67.6 -0.1

X10 73.2 73.2 0.0 73.3 0.1

No IQM IQM

PDD QI commissioning [%] QI No IQM Diff [%] QI IQM Diff [%]

X6 0.68 0.68 0.0 0.683 0.4

X10 0.736 0.735 -0.1 0.735 -0.1

No IQM IQM

Flatness/ 

symmetryFlatness Symmetry Flatness Symmetry

X6 103.5 101.1 104.4 101.1

X10 104.7 101.2 105.3 101.1



Testing the IQM system – detecting
errors
• H&N IMRT and VMAT

• Larynx VMAT
• Lung VMAT
• Lung stereotactic

• Clinical beam as a reference

• Repetitions of clinical beam to 
assess uncertainty in IQM 
measurements

• Single segment change in MU

0

5

10

15

20

25

30

35

40

45

1 2 3 4 5 6 7 8 9 10 11 12



Testing the IQM system – detecting
errors
• 10MU • 5MU

• 2MU



Testing the IQM system – detecting
errors
• H&N IMRT and VMAT

• Larynx VMAT
• Lung VMAT
• Lung stereotactic

• At different time during beam 

(especially relevant for cumulative)
• Single segment retraction of leaves



Testing the IQM system – detecting
errors
• 10mm • 5mm • 2mm



Testing the IQM system – detecting
errors
• Segment at begin of 

beam
• Segment in middle of 

beam

• Segment at end of beam



Testing the IQM system – detecting
errors
• The same tests were performed with the Delta4 system

• Also here, a clincal beam was used as a reference
• Dose difference was used as a metric to assess the 

measurements



Testing the IQM system – detecting
errors

• Large Errors, 

10mm leave retraction, 10MU

• Small Errors, 

2/5 mm leave retraction, 2/5 MU



Discussion & Conclusions

What IQM does

Detect small errors in beam delivery with respect to 
precalculated beam

Detect small errors during treatment course with respect to 
reference beam

Operate with almost no user interaction necessary

Closes the TPS – R&V – Linac circle



Discussion & Conclusions

What IQM does NOT

Check your TPS

Check your machine model

Check patient dose



Discussion & Conclusions

• IQM does an excellent job in realtime monitoring of beam delivery

• Sensitivity and specificity can be expected to be sufficient for clinical
practice

• Pre-treatment QA with IQM has the potential to save a lot of time
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