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springfield Hospital Reports Radiation Overdose Administered to 76 Cancer Patients
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The New York Times reported on a recent report filed by CoxHealth medical facility in Springfield, Missouri where they admitted to over
radiating 76 cancer patients during treatment. The majority of the patients were being treated for brain cancer, and received about a 50
overdose of radiation therapy. A hospital employee improperly calibrated the machine used to administer the racation

Ehe New York Times us Stereotactic herap only
required.Itis -
i bl i
WORLD | US. N.Y./REGION | BUSE i
POLITICS  EDUCATION the cquipment, made by BrainLAB, snd the ho westioning whether the machine

had been installed comectly i 2004, ina pr mumissioning.

Radiation Errors Reported in Missouri
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oxtiealth
oy, a factthat Robert H. B

hospital presidentand

chief executive, chose to emphasize.

Ahospital in Missouri said Wednesday that it had 76 0nWed he released that he wote tothe Food and Drus. srati

patients, the vast majority with brain 1, during a five-year period
because powerful new radiation equipment had been set up incorrectly]

even with a representative of the manufacturer watching as it was done

hewrote. “We oxHealth i, unfortunately, not
Rather, b tother

hospitals throughout the country, Without increased regulation end oversight, these instan

The hospital, CoxHealth in Springfield, said half of all patients
undergoing a particular type of treatment — stereotactic radiation
therapy — were overdosed by about 50 percent after an unidentified
medical physicist at the hospital miscalibrated the new equipment and
routine checks over the nest five years failed to catch the error

of medical overradiation wil likely continue.

Wrong detector used for

BrainLat cone calibratio

TG-155 Approved Task

Collaborate with the new task group (Non-compli&fA) on absolute
dosimetry to ensure that there is no overlap betviee two task groups, but
rather are complementary to each other.
Review and summarize literature on dosimetrynadlsfields irrespective of the
origin and treatment modality.
Provide overview of the issue of CPE for the $ffield dosimetry in
homogeneous and inhomogeneous media.

from

Provide radiation parametgraen/r, S/r, etcjor small field dosimetry from
published literature from Monte Carlo.

Provide suitability of specific detectors witlspect to perturbations and signal
to noise ratio.

Provide available information on the correction perturbation factors in
detectors.

Provide suitability of algorithms based on meament for beam modeling in
small fiel n inhomogeneous medium.
and limit of uncel !

What is a Small Field?

+ Lack of charged patrticle

m Dependent on the range of secondary
electrons

m Photon energy

+ Collimator setting that obstructs the
source size

+«» Detector is comparable to the field size
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Dosimetry
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Dosimetric Variation with Detectors

Total scatter factor with various detectors
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Small Field Dosimetry Problem
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Radiation Measurements

Charged particle equilibrium or electronic
equilibrium

= Range of secondary electrons

[ ] Medium (tissue, lung, bone)

Photon energy and spectrum
m  Change in spectrum

e Field size

e Off axis points like beamlets in IMRT
m  Changesm,/r and Sf
Detector size
= Volume

Signal to noise ratio
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CPE & Electron Range IAEA/AAPM proposed pathway

REFERENCE DOSIMETRY . RELATIVE DOSIMETRY
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reference field f,,,;,

C

Radiosurgical
collimators .
© as low as 1.8cm) Clinical

Electron range= ., in forward direction wenr BrainLaB e

j——+—micro MLC
Electron range in lateral direction pory ¥o, 1oemxoem

Hypothetical

m Nearly energy independent D cyperkaire
. / @6.0cm
m  Nearly equal to penumbra (8-10 mm) j . (@ Gammaknte

©1.6/1.8cm

Field size needed for CPE i

©.9. 2 GammaKnife
clinical plan

TomoTherapy
Scm x 20cm

m Lateral range  Zlonization

chamber

m  16-20 mm Alfonso, et al. Med Phyg5, 5179-5186 (2008)

Relative Dosimetry Why So Much of Fuss?
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W, — Q:z: N GO < Referencdref) conditions cannot be achieved for most
SRS devices (cyberknife, gammaknife, tomotherapy etc
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Spectra & Effective Energy

Field Size Limit for from SRS Cones (0.5-5 cm)

Accurate Dose
Measurements with
Available Detectors

WATER, at dpax

5cm, primary

2 3 4
Das et al, TG-106, Med Phys, N P . Diameter of Cone (cm)
35, 4186, 2008

Verhaegen, Das, Palmans, PMB, 43, 2755-2768,
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INSTITUTE OF PHYSICS PURLISHING PHYSICS IN MEDICINE AND BIOLOGY

Radiological Parameters

Phys. Med. Bl 4
Ionization chamber dosimetry of small photon field
a Monte Carlo study on stopping-power ratios for
radiosurgery and IMRT beams
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Cyber Knife Dosimetry

Water/air

§ —Cybé’kniiearﬁ 60 mm § TABLE 1L s, measured with parallel-plate micro-chamber (filled with air and TMS dielectric liquid, altematively), radiochromic film, radiographic film,
El © s MOSFETs. * chips of TLD-500 and calculated by Monte Carlo BEAM code. For s, measured with the ion chamber and MOSFETs, the
£ —Linag 6X, 10 x 10cm = experimental values have been corrected by means of the F factor, as described in Section 11 G.
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Correction Eactors Errors in Measured Reading

[TasLE VIL F.., of the four detectors for the 5. 7.5, and 10 mm collimators,
s a fonction of the FWHM.
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Published data oo <fg Detector Density Effect
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- -~ Elekta; PTW diode 60012
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Diamond
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*—» Water (diamond density)
»—m Waler (silicon density)
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Calculation of k " for several small detectors and for two linear
accelerators using Monte Carlo simulations
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25 N
Wang et al. P. Francescon,? S. Cora, and N. Satariano

Department of Medical Physics, ULSS 6 — 36100 Vicenza, Italy

Med. Phys. 38 (12), 6513-6527, 2011
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[ Radiotherapy and Oncology
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Experimental small field 6 MV output ratio analysis for various diode detector
and accelerator combinations

Exradin A12 NE2571 Exradin A1SL  Exradin A14  PinPoint® 31006
lonization Chamber -~ Gavin Cranmer-Sargison *"*, Steve Weston ", Narinder P. Sidhu®¢, David 1. Thwaites "¢

Chung et al , Med Phys, 37, 2404-2413, 2010 Radiotherapy and Oncology 100 (2011) 429-435

ke Cyber Knife Tomotherapy k. Reference Dosimetry
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kQ is not Constant in Small Field

Depth Dose & Source Size
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Dose and Penumbra with Spot Size

Profile & Source Size
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Scott et al, Med Phys, 36, 3132, 2009
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Effect of Inhomogeneity

———Monte Carlo
EPL
TMR Ratio
PowerLawTMR
Convolution
CCC Water

« Range of secondary electrons
m  Simple scaling based on density

M. K. Woo, and J. R. Cunningham, "The valididty ehdity
scaling method in primary electron transport footein and
electron beams," Med. PhykZ, 187-194 (1990).

Relative Dose

K3

<+ Perturbations of the detector

] T. Mauceri, and K. R. Kase, "Effects of ionization
chamber construction on dose measurements in
heterogeneity," Medical Physics 14, 653-656 (1987).
R. K. Rice, J. L. Hansen, L. M. Chin, B. J. Mijnhead
B. E. Bjarngard, "The influence of ionization chanb
and phantom design on the measurement of lungidose
photon beam," Medical Physics 15, 884-890 (1988).
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TG-155 Recommendation

Dosimetric measurements should be carried out with moredha detector system.
Small volume detector should be used that has minimmergg, dose and dose rate
dependence as discussed in TG-120 and Report Nob0&idhe used
Stereotactic diodes or electron diodes are recommendééltbsizes < 1x1cm2
Micro chambers are best suited for dosimetric measurenfier field sizes > 1x1
cm2 however, signal to noise as well as polarity effectlshuoel evaluated.
The quality of electrometer and triaxial cable as well ascanyector and cables
need to be of high quality.
Stereotactic diode with micron size sensitive volume shioelthe detector of choice
for measurements in beams in radiosurgery.
The energy spectrum does vary in small fields such 8nd IMRT but these
changes result in insignificant variations in stopping @oratios when compared to
those of the reference field used in dosimetry coflesaztice.
The treatment planning system performance should eéuigrvalidated when used
for the treatment planning incorporating small fields. 8itgh pencil beam and
convolution/superposition dose engines are expectperform well in small field
treatment geometries and in almost homogeneous med@gedgimes based on the
Monte Carlo method are the most accurate method for liingdose from small
fields in heterogeneous media. The calculation grid s$ipeld be significantly
smaller (~1/10) compared to the field size.
Small field dosimetry should have an independent audit dijferent physicist either
internal or external like Radiological Physics Centeifization.

1JD/Brazil-2C

-Summary

Energy spectrum does vary in small fields such &
SRS, and IMRT, however, its impact is not
significant.

Stopping power ratio in small fields for most ion
chambers is relatively same as the reference fiel

Spot check and verification of smaller fields shbu
be carried out with at least another independent
method (TLD, film, MC, etc).

Stay tuned to newer data and IAEA and AAPM
TG guidelines.

Summary

Small volume detector should be used that has
minimum energy, dose and dose rate dependence.
Micro-ion chambers are best suited for small field
dosimetry; however, signal to noise should be
evaluated.

Stereotactic diode are ideally suited for radiostyg
beams.

If field size is small compared to detector
measurements should be performed at a greaterest
to surface distance with proper correction.

JD/Brazil-20:




