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IMRT Patient Specific QA 

Overview

• Discussed in prior lecture(s):

– general strategies for verifying patient IMRT & VMAT plans

– types of detectors & technologies for pre-treatment IMRT & 

VMAT QA measurements

• To be discussed here:

– defining an IMRT patient specific QA program

– independent dose calculations

– alternative & new verification strategies

– in vivo verification strategies

• verification via imaging

• in-vivo dosimetry

– QA analysis
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Defining an IMRT patient specific QA 

program

• Determining a pre-treatment verification procedure 

should be performed as part of IMRT commissioning

• Similar measurement tools can be used as those 

used to verify dose during IMRT commissioning
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Defining an IMRT patient specific QA 

program

Commissioning: need to determine methods & criteria 

for per-plan pre-treatment verification

1. what detector & geometry?  phantom / air?

1. is the measurement noise at an acceptably low level?

2. is the detector & geometry adequately sensitive to dose 

discrepancies

2. what comparison analysis to be used?

1. dose difference (1D, 2D, & 3D)

2. distance to agreement (2D & 3D)

3. gamma analysis (1D, 2D, & 3D)

4. others?

3. what acceptance criteria is acceptable / expected?
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Review of 

Dose Delivery Verification Methods

Phantom based verification:

1. IMRT plan is recalculated on 
the “phantom” geometry to be 
used for verification 
measurements

2. Plan is delivered in phantom 
geometry & dose measured

3. Planned & delivered dose are 
compared

• 1D:
– Point dose & dose profiles 

measurements

– Ion chambers

• 2D:
– Radiographic film

– Radiochromic film

– Computed radiography

– Detector arrays
• Ion chamber / diode detector 

arrays

• EPIDs

• 2D+:
– Detector arrays in multiple 

planes

• 3D:
– Gel dosimeters

– Polyurethane dosimeters
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Point Dose Verification with Ion Chamber:

Procedure

1. Measure charge at known conditions (Qref)

(10x10cm field, reference SSD & depth, etc.)

2. Measure charge at point in IMRT plan (QIMRT)

3. DIMRT = Dref x QIMRT / Qref

4. Compare measured DIMRT to DIMRT from the TPS
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Point dose verification via ion chamber
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less correlation between 

farmer chamber and other 

detectors (due to lack of 

lateral scatter equilibrium)



Point Dose Verification with Ion Chamber:

Uncertainties

• Differences in stopping power ratios (between IMRT 
& reference conditions) can be assumed to be 
negligible

• Dose differences up to 9% can exist for 
measurements in penumbra region & small IMRT 
segments

• Minimize errors by:
– Using small volume ion chamber

– calculating dose to a volume rather than a point in the TPS

– avoid measurement in areas with large dose gradient

• Using a small volume chamber, standard 
uncertainty is 1.0-1.5%
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Point Dose Verification:

Other Detector Choices

Solid state detectors:

• energy & dose rate dependence cause uncertainties

• diamond detectors not recommended for IMRT 

verification due to required pre-irradiation dose
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2D Verification: Measurement Options

• Integrating Measurements

– Radiographic film (silver halide)

– Radiochromic film (radiation sensitive dye, e.g. diacetylene

monomer)

– Computed radiography

• 2D Arrays

– Diode / ion chamber arrays

– Electronic Portal Imaging Devices
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2D Verification: Radiographic Film

• High spatial resolution

• EDR2 preferred over XV2 
due to increased dose range
– XV2 saturates above 2Gy

• Uncertainties exist due to 
lack of water equivalence & 
energy dependence
– can be minimized by 

measuring perpendicular to 
beam at set depth

• Requires measurement of 
sensitometric calibration 
curve
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2D Verification: Radiochromic Film

• Nearly tissue equivalent-> eliminates energy & 

directional dependence

• Auto processing

• Scanned with flatbed scanner-> maximum 

absorption in red, hence red channel often used 

exclusively

• GafChromic EBT dose range: 2-800cGy
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2D Verification: Radiochromic Film
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2D Verification: Radiochromic Film
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Computed Radiography Film

• Active layer: photostimulable phosphor 

(BaSrFBr:Eu2+)

• Inserted in light tight envelope to avoid signal decay 

from room light exposure

• semi-logarithmic dose response up to 150cGy

• energy dependent leads to over-response of low 

energy scatter
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2D Arrays:
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2D Detector Arrays
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EPIDs

• CCD camera based 
systems (Philips SRI-
100)

• Liquid filled matrix ion 
chamber (Varian, old 
design)

• Amorphous Silicon 
(a-Si) flat panel
– Fast response

– High spatial resolution

– Subject to ghosting 
artifacts

– Energy dependence
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EPIDs
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2D+ Arrays:

Detector arrays in multiple axes
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Independent Dose Calculation for IMRT

Levels of verification

1. Verification by manufacturer of TPS

2. Verification by individual clinic during acceptance 

and commissioning

3. Pre-treatment verification per patient
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Independent Dose Calculation for IMRT

• 3D treatments are traditionally verified by an 

independent “hand calculation” of the dose (typically 

at the prescription point)

• IMRT includes fluence modulation, making a hand 

calculation difficult or infeasible

• Independent calculation may be made instead using 

a sophisticated dose calculation algorithm

– These may range from a simple calculation to Monte Carlo
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Independent Dose Calculation for IMRT
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New and Alternative Verification Strategies

• 3D dosimetry

• In vivo portal dosimetry

• Log file analysis
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3D dosimetry technologies

• Micelle hydrogels

• Radiochromic Turnbull Blue gel 

• Polymer hydrogels (BANG)

• Radiochromic plastic (PRESAGE™)

– Leucodyes and halogenated hydrocarbons are dissolved in 

polyurethane

– does not exhibit diffusion

– Optical attenuation rather than optical scatter-> allows for 

readout with accurate telecentric lens optical CT

• Polymer Gels

– Dose induces a change in CT Houndsfield units!
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3D Dosimetry
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New 3D dosimeters have 

overcome many of the challenges 

of prior 3D dosimeters: rigid, high 

resolution, no signal dispersion, no 

oxygen dependence

Dose can be read out quickly 

with new telecentric lens optical 

CT



3D Dosimetry
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Polymer Gel Dosimeter
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• Dose induces a change in 

CT Houndsfield units

• Can be read out using a 

standard CT scanner!



Polymer Gel Dosimeter

29



3D Dosimetry: Summary

Advantages

• Very comprehensive

• Often have very high 

spatial resolution

• Some types of 3D 

dosimeters can be 

created “in house”, 

making it an affordable 

option

Disadvantages

• Requires a lot of effort

• Can be noisy

• Dose accuracy can be 
batch dependent- often a 
measure of relative dose

• Readout usually requires 
access to either an optical 
CT system or an MRI

• Analysis often very 
involved, including 
registration of measured 
and delivered dose in 
independent software
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Best use is likely for commissioning, rather than day to day 

use for every patient



In vivo portal dosimetry
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In vivo portal dosimetry

• Point dose verification

• 2D transit dose verification

– at EPID level

– at patient level

• 3D dose verification
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In vivo portal 

dosimetry
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In vivo portal dosimetry
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In vivo portal dosimetry
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In vivo portal dosimetry

• Can provide some very unique checks

• No extra dose or measurement time-> just use 

imager during treatment!

• Not widely available

• Analysis may be high maintenance however

• Some research papers report automatic 3D 

dosimetry for all patients!
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Log file analysis
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Log file analysis
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Log file analysis

• Monitored both 

MLC positions (with 

EPID) and with log 

files for 1 year
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Log File Analysis: Summary

• Advantages:

– Requires no extra measurement / hardware-> free additional 

information!

– Provides very comprehensive details about machine delivery

– Logistically relatively easy to convert into a dose / DVH based 

analysis

• Disadvantages

– Requires the assumption that recorded values in log file are 

right (not an independent measurement)

– Some types of errors may not be caught with log files-> results 

may be misleading?

– Usually (but not always) relies on TPS dose calculation

• tests dose difference due to errors in delivery

• does NOT test accuracy of dose calculation
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QA analysis

(for traditional pre-treatment IMRT QA)

• Most analysis is based on Gamma Index

Γ = ∆𝑑/𝑑0
2 + ∆𝑥/𝑥0

2

– d is dose, x is distance

• Other alternative exist

– Dose difference (no spatial component)

– Distance to agreement (no dose component)
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QA analysis

(for traditional pre-treatment IMRT QA)

• Factors to consider when selecting a QA 
criteria:
– Limitations of dose calculation algorithm

– Dose and spatial resolution and noise of detector 
(what is achievable?)

– Ultimate dosimetric effect of spatial & dose 
inaccuracies on treatment plan (what is a reasonable 
uncertainty to accept based on expected clinical 
outcome?)
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QA Analysis 

(for traditional pre-treatment QA)

43



IMRT QA Analysis
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IMRT QA Analysis: Survey Summary
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• Most physicists used:

– Field by field analysis

– Absolute dose analysis

– 3%, 3mm



IMRT QA Survey: action upon failing
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IMRT QA Analysis Techniques
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IMRT QA Analysis Techniques
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So what to do?



IMRT QA Analysis Technique 

• New idea: transfer results from IMRT QA onto the 

patient DVH

• Similar to log file analysis, only using input from the 

IMRT device
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QA results

DVH

Patient 

anatomy

How this process is carried out depends 

on the vendor & software system
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QA Analysis Summary

• Gamma analysis is a prevalent method of 

comparing measured and predicted

– Historically, the most prevalent criteria has been to perform 

an absolute dose comparison at 3%, 3mm, however

– The criteria used should be selected based on (1) the 

achievable sensitivity of the measurement and (2) the 

potential clinical effect within this criteria

– Not perfect, but certainly useful

• There are many potential actions that can be 

performed when the passing criteria is low

– DVH based analysis might be a good follow-up analysis

– Rigor of how the QA results are mapped to the DVH may 

vary & should be considered
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Thank you!
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