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Atmospheric pressure

Atmospheric pressure was determined using data from nearby weather stations.
The physicists concerned did not realize that these data were actually corrected to sea
level. This happened at four institutions, and six physicists were involved.

In at least two of the treatment centres the same incorrect pressure was
obtained redundantly. At three of the centres the overdose was 13-14% and at one
centre the overdose was 21%. Many patients were treated at each institute. The
21% overdose by a ®°Co unit continued for about ten months until a different
physicist calibrated the machine and informed the radiation oncologist of the
miscalibration. The radiation oncologist chose to continue with the older and
incorrect calibration.

Initiating event
— Incorrect calibration: The use of incorrect pressure values to correct for
atmospheric pressure resulted in an incorrect beam output.

Contributing factors
— Shortage of instruments: The institutions did not have their own barometers.

— Insufficient awareness:

e Physicists relied on pressure data from an airport without knowing that the
data referred to sea level (requesting both station pressure and pressure
corrected to sea level should eliminate ambiguity).

°'-=°"-,. e Physicists did not consider altitude as having a bearing on atmospheric

|r|di”uewﬁk1 pvepms.

Topzorg in radiotherapie
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Atmospheric pressure

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.

(e Standard air pressure: 1013 hP A
* Pressure at 420m: 962 hPa

| © 1013/962 = 1.05, i.e. 5% error in dose!!!! y




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

145 patients
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Toulouse: 2006-2007

Les surdosages sont liés a une erreur initiale d’etalonnage de |’accélérateur Novalis en avril 2006 causée

par l'utilisation d’un détecteur inapproprié, dont le volume sensible était trop grand devant les

dimensions des faisceaux a étalonner. La procédure de Brainlab WOI 10-26, § 6.3.4 spécifie que les
mesures de coefficients d’étalonnage’ doivent étre réalisées a 'aide d’une chambre d'ionisation de
volume maximal 0,03 cm’. Malgré ces spécifications, ces mesures ont été effectuées, en avril 2006, a
l"aide d’une chambre d’ionisation « Farmer », de volume sensible 0,65 cm’ (cylindre de longueur 23,1 mm

et de diametre 6,2 mm), 20 fois plus élevé que celui de la chambre recommandée.

1,2

=]

0.8

0,6 4

i Chambre Farmer
g~ Chambre Pinpoint

0.4

Coefficient d'étalonnage

0,2

6x6 12x12 18x18 30x30 36x36 42x42 B80x80 100x100

Taille du champ (mm x mm)

: Figure 4 : Coefficients d’étalonnage mesurés avec les chambres Farmer
|r|diﬁvﬁ'§| et Pinpoint pour différentes tailles de champ.
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Toulouse: 2006-2007

Statistics of 45 Output Factors for
6 mm and 18 mm square fields Novalis,
SSD = 100 cm, depth = 5 cm, various detectors)
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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 (x3%) 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



External audits a necessity ...

Phantom Results

Comparison between institution’s plan and delivered dose.

Phantom H&N  Prostate Spine Thorax Liver
[rradiations 752 174 19 174 23
Pass 585 143 13 124 12
Fail 167(22%) 31(18%) 6(32%) S0(29%) 11(49%)

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

Year introduced 2001 2004 2009 2004 2005

Radiological Physics Center
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External audits a necessity ...

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
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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

e TECDOC 1543 is a useful resource

DyVerellen — Dosimetry Audits
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IAEA-TECDOC-1543

On-site Visits
to Radiotherapy Centres:
Medical Physics Procedures

Quality Assurance Team for Radiafion Oncology
(QUATRO)
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I[EAE QUATRO: Physical measurements

TRS 398
e Electrometer
e (Calibrated ionization chamber
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... from TECDOC 1543

For photon beams. the clinical dosimetry tests will be done for a water phantom urradiated with a

single field. The institution will calculate monitor units or time set to deliver 2 Gy for the beam
geomeftries as follows:

(a) Field size 10 cm x 10 cm. depth 5 cm. with and without the most commonly used wedge:
(b) Field size 10 cm x 10 cm. depth 10 cm:

(c¢) Field size 7 cm x 15 cm. depth 5 cm. with and without the most commonly used wedge:
(d) Field size 7 cm x 15 cm. depth 10 cm.

If blocks are used at the institution. the expert and the local physicist will calculate monitor units or
time set for a typical blocked field used at the institution.

For electron beams the clinical dosimetry tests will be done for a water phantom treated with a single
field. The institution will calculate monitor units to deliver 2 Gy for the beam geometries as follows:

(a) Standard cone/field size (10 cm *x 10 cm or 15 cm * 15 cm) at zog:
(b) Largest cone/field size available at zqq.

The 1on chamber measurements of the basic electron and photon dosimetry parameters as described in
section 13.2 will be used to verify the clinical dosimetry tests and calculations as outlined above. This
procedure will be discussed with the institution’s physicist.

_ PnVerellen — Dosimetry Audits
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B-QUATRO: Dosimetry Audits

e As there is an established BELJART

audit system in place, this part has B LdART

been omitted from the B-QUATRO
clinical audits

 However:

 The new regulations require
B-QUATRO - Comprehensive Audits dosimetric audits before clinical
e implementation of new treatment

to the Belgian context machines and recommend
dosimetric audits before clinical
implementation of new treatment

techniques

e Assessment and discussion of the
results from these dosimetric audits
needs to be performed

BELgian dosimetry Audits in Radio Therapy
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About dosimetry audits

The radiotherapy community already has an established structure of dosimetry audits:
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The radiotherapy community already has an established structure of dosimetry audits:

ELSLVILR SCIENTIFIC

PLRLISHERS IRELAND Radiotherapy and Oncology 28 (1993) 37-43

A dosimetric quality audit of photon beams by the Belgian Hospital

Physicist Association

M.Th. Hoornacrt**, J. Van Dam®, S. Vynckier and A. Be

“Hopital de Jolimont, Haine-Saint-Paul, PKUL, U H Sint Rafuel, Leuven, ‘UCL, Cliniques Universitaires Saini)

La Louwviére, Belgium

(Received 8 May 1992, revision received 4 Janvary 1993; accepled 12 January 19
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Abstract

Since 1987, a Josimetric standardization process has been started"by the Belgian Hospital Physicist Association (BHPA). As part

isprefeCt, on-site visits were performed by a voluntary team, by request of the local physicist. They included mechanical checks
on treatment machines and simulators and a dosimetric intercomparison of photon beams, following the EORTC methodology.
Unti! now 16 centres have participated. Dose measurements were performed in order to cvaluate the uniformity in dosimetry after
the adoption by the BHPA members of the Nederlandse Commissie voor Stralingsdosimetrie (NCS) code of practice for photon
beams [7,9]). Doses were measured with an ionization chamber in water under NCS reference conditions and under other conditions
in 13 cobalt beams and 24 high energy X-ray beams [rom 4 to 25 MV, Under reference conditions, the mean ratio of measured
(o stated dose is 0.999 ( £ 0.010) and 1.006 (= 0.23) for cobalt and X-ray beams, respectively, with a difference between the extreme
values (A) of 0.042 for cobalt beams and 0.084 for X-ray beams. In other conditions, the spread is a little larger for all beams.
The results are comparable, but with a smaller dispersion, with those of other national and international similar dose intercom-
parisons and show the importance of applying a common protocol. The results of mechanical checks show some large deviations
in digital displays and indicate the need for a systematic mechanical and beam alignment quality assurance programme.

Key words: Quality assurance in radiotherapy; Photon beams; Dose intercomparison; Quality audit; Dosimetry audit
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About dosimetry audits

The radiotherapy community already has an established structure of dosimetry audits:

Table 3
Dose intercomparison under reference conditions: X-ray beams
Study Year Visiting n M SD A
team
protocol /\
Scandinavia [6] 1982 NACP 50 PA'T® 1017 0.023 0.100
Europe (4] 1986 NACP 16 PAT 1.024 0.033 0.140
16 COR" 1.013 0.022 0.000
The Netherlands [13] 1987 NCS 40 PAT |.008 0.020 0.100
USA [1] 1991 AAPM 740 COR 1.008 0.019 0.140
UK [11] 1992 HPA 100 PAT 1.003 0.015 0.100
Belgium 1992 NCS 21 PAT 1.006 0.023 0.080
21 COR \ I.OII/ 0.014 0,055
“PAT, "Pauent’ value (see text). N4

PCOR. ‘Corrected’ value (sce text).

Hoornaert et al., Radiother Onco
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BELJAART ... how it started

Radiotherapy and Oncology 99 (2011) 94-96

Contents lists available at ScienceDirect

Radiotherapy

cology

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

EPR dosimetry

Implementation of alanine/EPR as transfer dosimetry system in a radiotherapy
audit programme in Belgium

B. Schaeken **, R. Cuypers?, S. Lelie *¢, W. Schroeyers?, S. Schreurs?, H. Janssens 3, D. Verellen

2 NuTeC-EMR dosimetry laboratory , Technologiecentrum, Diepenbeek, Belgium; ® Department of Radiotherapy, ZNA-Middelheim, Antwerp, Belgium; ¢ UZ-Brussel,
Faculty of Medicine and Pharmacy, Vrije Universiteit Brussel (VUB), Brussels, Belgium

ARTICLE INFO ABSTRACT
Article history: A measurement procedure based on alanine/electron paramagnetic resonance (EPR) dosimetry was
Received 11 December 2010 implemented successfully providing simple, stable, and accurate dose-to-water (D,,) measurements.

Received in revised form 25 January 2011

The correspondence between alanine and ionization chamber measurements in reference conditions
Accepted 31 January 2011

was excellent. Alanine/EMR dosimetry might be a valuable alternative to thermoluminescent (TLD)
and ionization chamber based measuring procedures in radiotherapy audits.
© 2011 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 99 (2011) 94-96

Keywords:

Quality assurance in radiotherapy
Alanine

EPR dosimetry

Mailed audits
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BELJART ... how it started

Table 1
Conditions and results for beam output measurements (# 407) at the beam axis: BELdART audit; MU for a 4 Gy delivery ar¢ calculated with the local treatment planning system
for all tests.

Co-funded by
the European Union

Exp. Nr Experiment Depth (cm) Irradiation distance Field size Access? DaalDeentre mx)
1 Ref. field dref ssd or sad 10 x 10 cm No 1.001 £ 0.013 (0.974, 1.030)
2 Tray factor D,f ssd or sad 10 x 10 cm Tray 1.001 £ 0.014 (0.985, 1.032)
3 Energy open beam 10&20 ssd or sad 10 x 10 cm No 1.000 £ 0.016 (0.962, 1.035)
4 Energy wedged beam 10&20 ssd or sad 10 x 10 cm Wedge 0.996 +0.016 (0.958, 1.045)
5 Output factorl 8 ssd or sad 6 x 6 cm No 1.003 £ 0.015 (0.969, 1.028)
6 Output factor2 8 ssd or sad 8 x20cm No 1.000 £ 0.017 (0.963, 1.040)
7 Output factor3 8 ssd or sad 20 x 8 cm No 1.000 £ 0.015 (0.966, 1.037)
8 Output factor4 8 sad or ssd 20 x 20 cm No 1.002 £ 0.016 (0.964, 1.035)
9 “Irreg 1” 8 ssd or sad 6 cm circular No 1.003 £ 0.017 (0.962, 1.034)

10 “Irreg 2” 8 ssd or sad 15 x 12 cm No 0.996 + 0.015 (0.953, 1.028)

11 “Irreg 3 + wedge” 8 ssd or sad 12 x 8 cm Wedge 0.990 + 0.015 (0.967, 1.019)

DyVerellen — Dosimetry Audits
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BELJAART ... how it started

Physics and Imaging in Radiation Oncology 29 (2024) 100544

Contents lists available at ScienceDirect .
phiRO

Physics andlimaging in
Radiation Oncology

Physics and Imaging in Radiation Oncology

-

. :f{‘iy () .
[.SEVIER journal homepage: www.sciencedirect.com/journal/physics-and-imaging-in-radiation-oncology

Original Research Article R

Check for

Early results of a remote dosimetry audit program for lung stereotactic updais
body radiation therapy

Burak Yalvac , Nathalie Reulens, Brigitte Reniers

Universiteit Hasselt, CMK, NuTeC, Diepenbeek, Belgium

ARTICLE INFO ABSTRACT
Keywords: Background and purpose: A dosimetry audit program based on alanine electron paramagnetic resonance (EPR) and
SBRT radiochromic film dosimetry, may be a valuable tool for monitoring and improving the quality of lung stereo-

Dosimetry audit
Alanine/EPR dosimetry
Radiochromic film dosimetry

tactic body radiotherapy (SBRT). The aim of this study was to report the initial, independent assessment of the
dosimetric accuracy for lung SBRT practice using these dosimeters in combination with a novel phantom design.
Materials and Methods: The audit service was a remote audit program performed on a commercial lung phantom
preloaded with film and alanine detectors. An alanine pellet was placed in the centre of the target simulated
using silicone in a 3D-printed mould. Large film detectors were placed coronally through the target and the lung/
tissue interface and analysed using gamma analysis. The beam output was always checked on the same day with
alanine dosimetry in water. We audited 29 plans from 14 centres up to now.

Results: For the alanine results 28/29 plans were within 5 % with 19/29 plans being within 3 %. The passing rates
were > 95 % for the film through the target for 27/29 plans and 17/29 plans for the film at the lung/tissue
interface. For three plans the passing rate was < 90 % for the film on top of the lungs.

Conclusions: The preliminary results were very satisfactory for both detectors. The high passing rates for the film
in the interface region indicate good performance of the treatment planning systems. The phantom design was
robust and performed well on several treatment systems.

DyVerellen — Dosimetry Audits
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BELJART

B LdART

BELgian dosimetry Audits in Radio Therapy

BELAART audit results
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BELJART 1

external AUDIT of Belgian centres (2009-2012)

All audited
Partially audited"

Co-funded by

the European Union CAT CIinART
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external AUDIT of Belgian centres (2009-2012)

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

The average ratio of 104 . roforence figds
alanine to IC measurements was | i |

1.001, s =0.006; N =92 21T T T [ [ 11
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BELJART test
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BELJART 1

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

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

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

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

external AUDIT of Belgian centres (2009-2012)
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Alanine-EPR basic tests
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Figure 1-1: Summary of the results of the basic tests. The number of beams per test is indicated by the labels above.
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Figure 1-2: Results of the measured beam output in ref ditions with al. EPR dosimetry for each beam

individually. The error bars show the uncertainty on the alanine reading.
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Figure 1-7: Results of the measured beam output at 5 cm depth and small fields up to 2x2 cm? or smallest one commissioned
with alanine/EPR dosimetry for each beam individually. The error bars show the uncertainty on the alanine reading.
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Figure 2-2: Film dosimetry results for the E2E test for the IMRT prostate case for each beam individually.
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Figure 2-1: Alanine/EPR dosimetry results for the E2E test for the IMRT prostate case for each beam individually. The beam
output that is measured on the same day as the E2E test is plotted together. The error bars show the uncertainty on the
alanine reading.

SRS cranial

Film results small lesion

100 —o—o—o oo o o oo -~ oo o o o o o o~ o oo
99 .
98

97
%
95
% s
93
92
91
%0

Passing rate 5%/1mm

89
88
87

86
85

-
@

ot
0z
114

Beam number

0€

Figure 2-5: Film dosimetry results for the E2E test for the intracranial SRS case for the small lesion for each beam individually.
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Figure 2-3: Alanine/EPR dosimetry results for the E2E test for the intracranial SRS case for each beam individually. The beam
output that is measured on the same day as the E2E test is plotted together. The error bars show the uncertainty on the alanine
reading.
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SBRT lung
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Figure 2-8: Film dosimetry results for the E2E test for the lung SBRT case for the film on top of the lungs for each beam
individually.
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Figure 2-6: Alanine/EPR dosimetry results for the E2E test for the lung SBRT case for each beam individually. The beam
output that is measured on the same day as the E2E test is plotted together. The error bars show the uncertainty on the
alanine reading.
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Figure 2-7: Film dosimetry results for the E2E test for the lung SBRT case for the film through the target for each beam
individually.
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Regulations and pitfalls

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 Iinac”]

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?

)

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



P\ Catalan Clinical Audit
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Network for Quality Improvement

"I.’ in Radiotherapy
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