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5 HDR Technology
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g3 Installation Planning Guide
S

Site Planning
Radiation Safety / Shielding
Purchasing

Acceptance

Commissioning

Development of Quality Control Program
Training

Treatment
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P Site Planning Guide
—

Dedicated vault ’Higher throughput *Cost
*Space
Shared vault with LINAC *Reduced cost of shielding *Reduced use of both LINAC
*Easy adaptation of existing facility ~and HDR
Shared vault with simulator ®Combined imaging *Reduced use of both simulator
and HDR

Dedicated Vault
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9 Site Design Example: Stanford University

e Combined vault with Varian
Acuity simulator

e |ssues:
= Simulator imaging not
completely used
= Patients treated on
gurney
= Poor image quality
relative to CT
= Scheduling conflicts

between simulations and
HDR
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P Shielding: Strategic Space Organization

Bathroom?

Storage?

LINAC

Exam Room?

Control Room

mSv
0.02 Uncontrolled Areas
p= week
mSv
0.10 Controlled Areas
week
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P Shielding
-
_ Pa?

B=wr

W = TfAt . (dose per patient)(number of patients per week)

(doserate at 1 cm)

o Typically need 3 to 4 TVLs of shielding ~ 45-60 cm of concrete, or 4.6-
6.4 cm of lead for a 10 Ci Iridium-192 source. In actuality, use a
combination of materials to balance cost and space.

e Advantage of electronic brachytherapy (50 kVp): minimal shielding
requirements; disadvantage: large source (due to water cooling layer) not
suitable for interstitial

TVL Lead TVL Concrete

50 kVp (Xoft) 0.02 cm 1.4 cm
[ridium-192 1.6 cm 14.8 cm
Cobalt-60 4.2 cm 20.1 cm
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E Purchasing
e

e What is the intent of the program?

e Type of afterloader (conventional or electronic brachytherapy,
manufacturer)?

e Applicators?
e Gynecological
Cylinders, Miami, Capri
Tandem and Ovoid / Tandem and Ring Applicators
Interstitial templates (Syed-Neblet) and needles
e Prostate:
Applicators (Mick)
e Breast
MamosSite, SAVI, Contura
e SKin
Surface moulds, Valencia/Leipzig applicators, etc.
e Others: intraluminal, intravascular, intraop
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P Purchasing
e

e Type of image guidance?
e 2D?
e 3D?
CT
MRI
e Real-time?
Ultrasound
Fluoroscopy
e QA and safety equipment for selected modalities
e ADCL calibrated well chamber
e Electrometer
e Survey meter, Geiger counter
e Autoradiography tools
e QA phantoms
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P Acceptance and Commissioning

e Acceptance:
e Purpose of acceptance is to test that the HDR unit

1. Meets safety standards o,

Interlocks, signage, emergency functionality, radiation  caumen
surveys of afterloader

Positional accuracy, timing accuracy, source activity,

2. Meets contractual specification of the unit.
TPS functionality and integration ’

e Scope of acceptance tests generally determined by vendor,
unless previously agreed upon

N

\Q “Tip: request customer acceptance procedure from
vendor prior to acceptance
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P Acceptance and Commissioning
I —.
e Commissioning:

1. Acquire and test accuracy of all system-specific parameters
In the treatment planning process

2. Entry of acquired data into to TPS and testing of dossimetric
accuracy and end-to-end (E2E) process

3. Development of operational and quality control procedures

4. Training of all staff involved

N

~— - T1p: Image guidance system, e.g. ultrasound, should ideally
Q be commissioned prior to afterloader for E2E testing
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P Acceptance and Commissioning

Literature to consult during acceptance and commissioning:

e Procedural
= AAPM TG-56: Code of practice for brachytherapy physics

= AAPM TG-41: Remote afterloading technology
= ACR Practice Guidelines and Technical Standards

e Dosimetry
= AAPM TG-43 and 43U1

= AAPM ESTRO HEBD (2012): Dose calculation for high energy photon-
emitting brachytherapy sources

= AAPM TG-186 (2012): Dose calculation beyond TG-43

e TPS
= AAPM TG-53: Quality assurance of treatment planning system

e Image Guidance
= AAPM TG-128: QA for brachytherapy ultrasound
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P Design of Quality Assurance Program for HDR
T —

1. Safety: NRC 35.643 Periodic spot-checks for remote

afte I‘ I Oad e I‘ u ﬂ | tS (http://www. nrc.gov/reading-rm/doc-collections/cfr/part035/part035-0643. html)

2. Positional < Imm. Daily check with PVT, autoradiography
gold standard

3. Timer < 2%

4. Dosimetry: calibration <3%, TPS < 2%

5. Treatment: Pre/post patient survey

a.  Written directive must contain name, the radionuclide,
treatment site, dose per fraction, number of fractions, and
total dose
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S Design of Quality Assurance Program for HDR

6. Applicator QA: initially then annually

7. Planning system QA (TG 53), annual or each versmn
upgrade

8. Image guidance QA (TG-128)
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TG-56:
Core daily QA

Design of Quality Assurance Program: Daily

Tare V. Core daily quality assurance fests fior a remote afierloading facility.

Test endpoint Test methodology System type
diose delivery acoaracy Werify dafe, time and source soength i reatment unit and planning comparfer. = all
Werify source smength and timer accuracy against a tertiary standard (see text). - HODERFOR
overall system foncion - Faum system through a complete cycle of simulated Teatment: = all
- me_gi
- SOUTCE &jectian;
- source refraction at end of timer countdowm.
= Werify wreamment s@ms mdicator lights and critical sources comirol fonctons. = all
* Comrect finction of dedicated Suercscopy/imaging system if present. -~ HDR
patient/public'staff safery = Comect fmction:
- door inferlock; - HDR/POE.
- area radiation maniter; - HOERFLDR
- andio'visual sysiem COMITYIRICAHn; ~ HOER/FLOER
- portabls survey metsr; = all
- audiblevisual error and alarm condition indicators; = all
» Safety equipment awvailahla: = all
- BMETEENCY instmcions;
- SmErgency equipment {forceps, emergency safe, surgical supplies);
- operatar’s manaal;
- SUIVEy meter.
» Meazsure hourly‘weekly mdiaton levels after patient loaded and portable shislds positionsd = POR/LDE
venfy positonal Many passible tests: = all
acruracy within 1 mm
- primary positional accuracy test for a single cathetsr;
- deviation of ion chamber response placed near a programmed dwrell position:
- mulfiple-channe] mioradiozraph of every active dwell posiiion used in the patent Teatment and
Compare prograpmmed positon te expected:
- viznally check that relative position of seurce fip i a raled cathster reproduce: from day-o-day.
» Auporadiopraph patisnt-specific confipmraden of sources loaded into infermediate safe of device = all fized and
programmable
SOUICE-TAin unks
temparal accuracy » Many possible tests: - HODERFOR
- time duraticn of “‘searce ejected”” light
- perform a spot check of radixtion outpat for a tmed nterval using tertary calibration standard jig;
- compare seore amival and deparhire times oo prinfed eatment decumentation with a clock or siop
wach
- for LDE. subtract oeamment intermapiions fom overall meatment fime and compare o prograpmied time. = LDE (optonal)
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Design of Quality Assurance Program: Quarterly
—

TarLe VI. Additional core quarterly quality assurance tests for a remate afterloading faciliny.

General endpoint Specific tests/endpoints System type
. persomns] safety Head machine survey with source rstracted® = all
TG'56 patient safery sImportant meerlocks and emergency response systems fincton: obstuced =all
applicator, missing applicater, deor, unlocked indexer mngz, displacement, power!
Core quarterly QA it presoure Iows, Backp battery system
~Emergency source handling tools. shielded sinmape contxiner, and supplies for = all
emergency applicator removal available and functioning.
calibration of optical and poeumatic source =As specified by vendor. = all

posibon'stas detection systems: any
other preventive maimfenance or mspections

comrect operation of all applicators, tramsfer ~Examine all dommies for kinks or bends that may shorten their axial displacement - all
tubes and sewce localization dummiss through applicator assembly. Check imfeprity of all mansfer tube-applicator
mierfaces.

positonal accuracy- single stepping source *Verify that radioactive source position agress with dummry marker withim 0.5 mm all HDEV/PDR
previonsly tested azainst dwell position markers used in simmlation single-stepping
source devices
= Confirm check cable operation
= Obiain multiple charme] autoradiegraph with unique dwell sequence in each
channe]- werify that dwell positon spacing. assiznment of dwell ssquence i
programmed charmel, and relative mdexsr length to dwell 1 are comrect within
1 mm.
*Confinm accuracy of daily positiomal test protocaol.
~Transfer tbe length (ff stability through time is pot confirmed and positonal
acouracy is influenced by tobe length).

positional accuracy: mmltiple-source ~Diewice pOsitions SMIITe AN in specified treatment location = all
machines
=Source trains delivered to programmed channels within 1 mm of intended location = all
=Source tmains comectly sorted and compossd = programmahls
SOUICe Tain
=Source imVentary CoImect = all
=Source traims stored n comect locations in user accessible swomze location. = fixed souamce-train
devices
source calibration Measure source air kerma sirength using a ‘secondary” standard as desorbed in Sec. HDE/PDE
i
redundant somrce calimation checks ~Difference betwesn meazmred and vendor-specified air kerma strength is within - HDE/POIR
expecied margin.

=Use tertiary source strength standard {e.g., daily/'monthly cotput checkhng system)
to comfirm primary calibration within 5%, Different electrometerand detector to be

used.
= spot check of absolute imer acoaracy Warious techmiques available (Williamsen, 1991 and 1984). - all LDE.
* timer acomracy and bnearity measurement -~ HDE/PDR
miscellaneous ~Update source smength in reatment planning computer initialization file, reatment =all
umit and quarterly imventory.
"Hawe a second physicist independently review the quarterly report. = HDE/PDE

“In addition. NE.C requires a complete facility survey whensver an HOR. ar PDE. source is replaced.
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Thank You!
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