
“The more distant we look into the past, 
the farther we can see into the future.” 
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Online Quality Assurance Is a Missing piece to 
Complete the QA process

COMPLETE



And That’s the essence behind….



OnlineIndependent
Segment by segment

Beam Monitoring System



Real Time Monitoring Methods

Detector Before Patient

Detector After 
Patient

Log File Analysis



Offline QAOffline QA Online QA

Good Old Yahoo Messenger !



Design Consideration 

To design a device that is as simple as possible without 
compromising its functionality and Performance



IQM Features
o Spans the entire beam projection area

o 5% / Cm intrinsic Gradient

o Built-in 2 channel Electrometer 

o 3- Axis MEMS Accelerometer 

o Temperature and pressure sensors

o Wireless Bluetooth Communication

o Battery Management system 
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IQM Intrinsic Sensitivity Map 
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Photon Source Collimating elements Gradient Ion Chamber

𝑺𝑴∝ Dose ∙ Area



Photon Source Collimating elements

𝑺𝑴∝ Dose ∙ Area

2-D Array



IQM Reference ( 1St Measured Fraction)



IQM Reference 
(Pre-TX QA)





IQM Reference ( Calculated)
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Primary Fluence

BEV:  Shaped Beam 



IQM Reference ( Calculated – Measurement 
Hybrid)
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Integrating IQM





IQM

TPS

Linac



IQM Integrated Linac



Current Clinical Work Flow  
• CT sim, MR sim

PET, Immobilization system
Patient 
Imaging 

• GTV, CTV, PTV
Target 

Volume 
Definition 

• Dose volume, and 
optimization. Dicom file 

generation

Inverse 
Treatment 
Planning 

• Delivery QA and 
Dose accuracy

PASS / FAIL

Record And 
Verify 

System

Plan Quality 
Assurance

• Image matching and 
setup error correction.

Dose 
Delivery



IQM Integrated Clinical Work Flow

• CT sim, MR sim
PET, Immobilization system

Patient 
Imaging 

• GTV, CTV, PTVTarget Volume 
Definition 

• Dose volume, and optimization. 
Dicom file generation

Inverse Treatment Planning  With 
IQM Beam Model

• Delivery QA and Dose 
accuracy

Record And 
Verify 

System

Plan Quality 
Assurance

• Image matching and setup error 
correction.

Dose 
Delivery

IQM DATA BASE

IQM Monitor App

Off-line Beam Monitoring

On-line Beam Monitoring

Patient and Plan info

Export Dicom To DBImport Dicom and 
REF To App 



No IQM involved

Patient Imaging
Patient 
Imaging 

Target Volume 
Definition 



IQM Beam Model 
Patient 
Imaging 

Target Volume 
Definition 

Inverse Treatment Planning  
With IQM Beam Model



Beam Attenuation:          5.5% (6 MV), 4.5% (18 MV)

 Surface Dose:                Modest increase (negligible)

Effect on Beam Quality:  Negligible

IQM Beam Model ( Simplified)
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With IQM Beam Model



IQM Beam Model ( Simplified) Cont. Patient 
Imaging 

Target Volume 
Definition 

Inverse Treatment Planning  

With IQM Beam Model



Patient 
Imaging 

Target Volume 
Definition 

Inverse Treatment Planning  
With IQM Beam Model

Record And 
Verify 

System

Plan Quality 
Assurance



IMRT SBRT beam monitoring
Patient 
Imaging 

Target Volume 
Definition 

Inverse Treatment Planning  
With IQM Beam Model

Record And 
Verify 

System

Plan Quality 
Assurance

Dose 
Delivery
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IMRT SBRT beam monitoring

Total number of segments delivered : 132
Total number of segment out of 0.5 % tolerance: 5
IQM Signals were within the tolerance 96.2 % of the times



VMAT SBRT beam monitoring
Patient 
Imaging 

Target Volume 
Definition 

Inverse Treatment Planning  
With IQM Beam Model

Record And 
Verify 

System

Plan Quality 
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Delivery



VMAT SBRT beam monitoring



VMAT SBRT beam monitoring
3 % - 3 point Running Average

Fraction 2 3 4 5

# OK 119 116 119 120

# Watch 1 4 1 0

# Action 0 0 0 0



VMAT SBRT beam monitoring (p2 No Error)

Fraction 2 3 4 5

# OK 119 119 116 116

# Watch 1 1 4 4

# Action 0 0 0 0



VMAT SBRT beam monitoring (p2 2mm Error)

Fraction 2 3 4 5 2 mm error

# OK 119 119 116 116 31

# Watch 1 1 4 4 63

# Action 0 0 0 0 26



VMAT SBRT ArcCheck(p2 2mm Error)



VMAT SBRT beam monitoring ( P3 No error)

Fraction 2 3 4 5

# OK 106 110 114 110

# Watch 14 10 6 5

# Action 0 0 0 0



VMAT SBRT beam monitoring ( P3 1mm Error)

Fraction 2 3 4 5 1 mm error

# OK 106 110 114 110 87

# Watch 14 10 6 5 24

# Action 0 0 0 0 9



VMAT SBRT ArcCheck ( P3 1mm Error)



VMAT SBRT beam monitoring ( P4 No Error)

Fraction 2 3 4 5

# OK 117 116 117 115

# Watch 3 4 3 5

# Action 0 0 0 0



VMAT SBRT beam monitoring (P4 Energy Error)

Fraction 2 3 4 5 6 – 10 MV

# OK 117 116 117 115 2

# Watch 3 4 3 5 71

# Action 0 0 0 0 47



VMAT SBRT ArcCheck (P4 Energy Error)



VMAT SBRT beam monitoring (P5 No Error)

Fraction 2 3 4 5

# OK 117 116 117 115

# Watch 3 4 3 5

# Action 0 0 0 0



VMAT SBRT beam monitoring ( P5 Rand Error)

Fraction 2 3 4 5 Rand Error

# OK 119 114 113 115 99

# Watch 1 6 7 5 9

# Action 0 0 0 0 12



VMAT SBRT ArcCheck ( P5 Rand Error)



Conclusions
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“The more distant we look into the past, 
the farther we can see into the future.” 

Winston Churchill 
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