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Objectives of the lecture

• Why do we need dosimetry audits?

• IAEA QUATRO approach

• B-QUATRO and BELdART

• History of BELdART

• Current situation

• Regulations and Pitfalls
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Dose calibration

Dw,Qmsr
= Mcorr,Q.ND,w,Q0

.kQ,Q0
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UK 1988, Exeter

• Calibration error
of a new 60Co-source

• 205 patients received
25% overdose

• Severe acute reactions

• The number of full-time 
physicists with specialist
knowledge of radiation physics 
had previously been reduced to
… 1!
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1/0.4 = 2.5 not 2 !!!
Should have been 
133.4 rtg/min



Atmospheric pressure
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Similar incident occurred in Switzerland, 2008
Physicist copied in-housed written “excel-file” for calibration
(“values only” not “formula’s”), with chamber calibration factor acquired in standard 
conditions (i.e. sea level) ignoring correction for altitude.

• Standard air pressure: 1013 hP
• Pressure at 420m: 962 hPa
• 1013/962 = 1.05, i.e. 5% error in dose!!!!

Atmospheric pressure
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Not only “standard beams”: Non reference conditions!
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Toulouse: 2006-2007

145 patients
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Toulouse: 2006-2007
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Toulouse: 2006-2007
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Courtesy BrainLAB



External audits a necessity …

There has been a marked improvement in radiation dosimetry over the past three decades, 
and the RPC has been monitoring it through its auditing tools. Between 1970 and 1980, the 
compliance rate (±3%) for beam calibration increased from approximately 70% to 90%. 
Improvement since then has been gradual, with compliance now near 98%, for both photons 
and electron beam calibrations.

With the complexity of therapy increasing, discrepancies in other components of the 
treatment are more prevalent. Over the past four years, at approximately 45% of the 
institutions reviewed by an on-site review, the RPC found at least one clinical situation where 
patients could be at risk to receive a dose more than 5% different from that intended.

Radiological Physics Center
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Phantom H&N Prostate Spine Thorax Liver
Irradiations 752 174 19 174 23

Pass 585 143 13 124 12
Fail 167(22%) 31(18%) 6(32%) 50(29%) 11(49%)

Criteria 7%/4mm 7%/4mm 5%/3mm 5%/4mm 7%/4mm

Year introduced 2001 2004 2009 2004 2005

Phantom Results
Comparison between institution’s plan and delivered dose.  

External audits a necessity …
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Phantom Results
Comparison between institution’s plan and delivered dose.  

Phantom H&N Prostate Spine Thorax Liver
Irradiations 752 174 19 174 23

Pass 433 105 13 63 4
Fail 319(43%) 69(40%) 6(32%) 111(64%) 19(83%)

Criteria 5%/3mm 5%/3mm 5%/3mm 5%/3mm 5%/3mm

Year introduced 2001 2004 2009 2004 2005

External audits a necessity …
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Radiological Physics Center
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IEAE QUATRO: Physical measurements

• Physicist is required to perform physical 
measurements as part of the QUATRO audit

• Requires also practical tests
• Mostly performed by the medical physicist on 

days 4 and 5 of the audit
• TECDOC 1543 is a useful resource
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IEAE QUATRO: Physical measurements

TRS 398
• Electrometer
• Calibrated ionization chamber

QUATRO equipment test kit
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… from TECDOC 1543
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B-QUATRO: Dosimetry Audits

• As there is an established BELdART
audit system in place, this part has
been omitted from the B-QUATRO
clinical audits

• However:
• The new regulations require

dosimetric audits before clinical
implementation of new treatment
machines and recommend
dosimetric audits before clinical
implementation of new treatment
techniques

• Assessment and discussion of the
results from these dosimetric audits
needs to be performed
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About dosimetry audits
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The radiotherapy community already has an established structure of dosimetry audits:
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About dosimetry audits
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The radiotherapy community already has an established structure of dosimetry audits:

Hoornaert et al., Radiother Oncol, 1993



BELdART … how it started
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BELdART … how it started
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BELdART
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BELdART 1
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external AUDIT of Belgian centres (2009-2012) Hpp

51.6 mm



BELdART 1

Dose ratio of alanine- to Farmer chamber measurements for the set of BELdART tests in sequential order (open 
circles) in 6, 15, 18 MV photon beams.

The average ratio of
alanine to IC measurements was
1.001, s = 0.006; N = 92
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external AUDIT of Belgian centres (2009-2012)



BELdART 1
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external AUDIT of Belgian centres (2009-2012)
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BELdART 1
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external AUDIT of Belgian centres (2009-2012)
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BELdART 1
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external AUDIT of Belgian centres (2009-2012)
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BELdART 1
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external AUDIT of Belgian centres (2009-2012)
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BELdART 1
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external AUDIT of Belgian centres (2009-2012)
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BELdART 1
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external AUDIT of Belgian centres (2009-2012)
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BELdART 1
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external AUDIT of Belgian centres (2009-2012)

N = 47
mean = 0,999
σ = 0,018
range = 0,074

Low energy electron beams

N = 51
mean = 0,991
σ = 0,019
range = 0,086

High energy electron 
beams
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BELdART Today

Alanine EPR

Radiochromic film

•Standard beams

•Prostate IMRT

•Cranial SRS

•Lung SBRT
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BELdART Today
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Alanine pellet

Film location on top of lungs

Film location through tumour Through target

5%/1mm: 99.9%

Eclipse/AAA
2 mm CT slice thickness

Top of lungs

3%/2mm: 95.3%

Eclipse/AAA
2 mm CT slice thickness



BELdART Today
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Standard Beams Prostate SRS cranial SBRT lung
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Regulations and pitfalls
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So, the KB/RA had the great idea to make this an obligation …

• “An external dosimetry audit is mandatory PRIOR to clinical implementation of a linac”

Some issues that were not considered properly …:
• Only one audit centre in Belgium, with limited capacity -> waiting times ~ months
•What are the tolerances, who decides on these tolerances?
• Basic dosimetry audit or complex techniques?
•What if audit fails for, let’s say 1 electron energy only?
•What in case of dispute, experimental set-up errors?

• This requirement will result in delay of clinical implementation of replacement/new linacs:
• double shifts on remaining machines … increased risk in incidents?
• increased waiting times … quality?

Regulations and pitfalls

D. Verellen – Dosimetry Audits

See presentation on ”How to maintain a permanent audit service”
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