Small field dosimetry, a clinical perspective, ladr Das, AAPM-2012
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A Pinpoint Beam Strays Invisibly, Harming Instead of Well - z

Healing Tara Parker-Pope on Health

The initial accident report offered few detail:
rod radi

patients during identical medical procedur

y that an

ceptio

unidentified hospital had admini: on overdoses to three

Tt was not until many months later
that the full import of what had
Tiappened in (e hospital last year
began 1o surface in urgent nationwide
warnings, which advised doctors to be
extra vigilant when using a particuler
device that delivers high intensit

pinpoint radiation to vulnerable pa:
of the body.

Marci Faber was one of the three

patients. She had gone to Evanston
Hospital in Tllinois seeking treatment for pain emanating
from s

nerve decp inside her head. Today, she isin a
P g home, nearly comatose, unable to speal, cat or Sample a
walk, leaving her husband to care for their three young recipe

daughters
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Springfield Hospital Reports Radiation Overdose Administered to 76 Cancer Patients
February 26, 2010 [ share | | Tweet {2 +1 | BLke| [0

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
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alled commissioning.

Radiation Errors Reported in Missouri

oxtealth
ALTBOGDANICH and REBECCAR R factthat Robert . B hospitals presdent and
- e chief executive, chose to emphasize.

Ahospital in Missouri said Wednesday that it had 76 | on Wednesday,he rleased aleter that he vrote to the Food and Drug Aduministat

patients, the vast majority with brain cancer, 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 donef he ote. We oxkelih i,
Ratier, p tothe

rrunately, not

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.

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 dosimetrynadlkfields irrespective of the
origin and treatment modality.

Provide overview of the issue of CPE for the $ffield dosimetry in
homogeneous and inhomogeneous media.

Provide aningful information on the spectrurd alnift in beam energy from
Monte Carlo.

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 fields especially in inhomogeneous medium.

nd limit of uncertaiintyhe measurements
ymmendations for ateutetermination o

What is a Small Field?

Lack of charged patrticle

Dependent on the range of secondary
electrons

Photon energy

Collimator setting that obstructs the
source size

Detector is comparable to the field size
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Definition of Small Fields

Penumbra dose profiles at CPE
= Field dose profles
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Das et al, Med. Phys. 35, 206-215, 2008

Dosimetry Small Field Dosimetry Problem
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Das et al, J Radiosurg 2000

Dosimetric Variation with Detectors a2 nr
Radiation Measurements

Total scatter factor with various detectors

Charged particle equilibrium or electronic
equilibrium
Range of secondary electrons

Medium (tissue, lung, bone)
Photon energy and spectrum
Kodakceam) Change in spectrum
Eoe Field size
Pinpoint(per) Off axis points like beamlets in IMRT
0.125ion(par)

0.125i0n(pen) Changes P,/ tand SU

) Detector size
Volume
Signal to noise ratio

Cone Factor (St)

Cone Diameter (mm)
Das et al, J Rad




Small field dosimetry, a clinical perspective, ladr Das, AAPM-2012

CPE & Electron Range

CPE, Charged Particle Equilibrium

Electron range= g, in forward direction
Electron range in lateral direction

Nearly energy independent

Nearly equal to penumbra (8-10 mm)
Field size needed for CPE

Lateral range

16-20 mm

Relative Dosimetry
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Measurements with
Available Detectors

Das et al, TG-106, Med Phys,
35, 4186, 2008

IAEA/AAPM proposed pathway
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Why So Much of Fuss?

Referencéref) conditions cannot be achieved for most
SRS devices (cyberknife, gammaknife, tomotherapy etc

Machine Specific referendensr)needs to be linked to ref

Ratio of reading (PDD, TMR, Output etc) is not Hzene
as ratio of dose

i Tem ]
Quin Qe

Spectra & Effective Energy
from SRS Cones (0.5-5 cm)

WATER, at d pax

5cm, primary

4

Diameter of Cone (cm)

Verhaegen, Das, Palmans, PMB, 43, 2755-2768,
3.0 4.0 6. ll,

E (MeV) JD/Bra.
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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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f lin » fm'ir .
Published data oo o Detector Density Effect

Siemens; PTW diode 60012
- -~ Elekta; PTW diode 60012
Siemens; Bxradin A16
Elekta; Exadin A16
—o— Siemens; Sun Nuclear Dedge
-~ - "Elekta; Sun Nuclear Dedge”
Siemens; PTW Pinpoint 31C
Elekta; PTW Pinpoint 31014
——a— Siemens; PTW microLion
Elekta; PTW microLion

Correction factoer

,Field size (mm) ]
Scott et al. Phvs MeBiol 574461-4476. 201
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Med. Phys. 38 (12), 6513-6527, 2011

Chung et al , Med Phys, 37, 2404-2413, 2010 azi-2012 Radiotherapy and Oncology 100 (2011) 429-435

k= Cyber Knife y k., Reference Dosimetry

Reference: 5x10 ¢85 cm SSD, 10 cm

Chamber type kg.g, (TRS-308) | kfe-fot ke (MC) k575 (previous studies)

s a

Exradin AISL 0.9% 1.0 0.997 0.997 (Refs. 5 and 10)
Exradin A12 Farmer 099 1.004 1.000

PTW 30006 Farmer 0993 L0 0.997 0.995 (Ref. &)
PTW 31010 Semiflex 0993 1.002 0.995 0.996 (Ref. 10)
PTW 31014 PinPoint 0994 0.997 0.993 0.992 (Ref. 10)
PTW 31018 microLion (parallel) N/A NIA 0.993

NE 2571 Farmer 0.994 1.003 0.997 0.995 (Ref. &)

Pantelis et al, Med Phy. 37, 2369-2379, 2010 Sterpin et al, Med Phys, 39, 4066, 2012
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Sham et al, Med Phys, 35, 3317-3330, 2008

Scott et al, Med Phys, 36, 3132, 2009

Sham et al, Med Phys, 35, 3317-3330, 200
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Simple scaling based on density

T. Mauceri, and K. R. Kase, "Effects of ionization
chamber construction on dose measurements in
heterogeneity," Medical Physics 14, 653-656 (1987).
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Micro-ion chambers are best suited for small field
dosimetry; however, signal to noise should be
evaluated.

Stopping power ratio in small fields for most ion

chambers is relatively same as the reference fieldl.

Thneangs




