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Learning Objectives

o Summarize national and international safety and staffing
guidelines for implementation of HDR brachytherapy

o Discuss the process of afterloader and applicator selection for
gynecologic, prostate, breast, interstitial, surface treatments

o Learn about the use of an audit checklist tool to measure of
quality control of a new or existing HDR program

o Describe the evolving use of checklists within an HDR
program
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How to start an HDR program?
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How to train a Qualified Medical Physicist?

[ —
Observation of HDR clinical cases

Vendor training

Familiarization with federal/state regulations
Guidance documents (e.g., AAPM, IAEA)

HDR planning:

o Brachytherapy dose calculations (TG-43, TG-186)

o Brachytherapy treatment planning (e.g., ABS guidelines)

Oo o o o O

Guidance & Regulatory documents
(IS

: Dosimetry of
Code of practice Brachytherapy http:// www.nrc.gov

for brachytherapy Sources (1995
(1997)

White
Paper: Practice

HDR Treatment Guidelines for HDR

Delivery (1998)

Safety is

Summer _ No Accident
School (2005)
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TG-59: Principles of HDR program design
|

o Use written documentation
o Develop a formal procedure
o Exploit redundancy

O

Exploit quality improvement techniques

TG-56: Code of Practice for brachytherapy
N

o “ltis stressed that proper brachytherapy treatment is a team
effort, and communication among team members
encourages quality assurance. Due to the larger degree of
interdepartmental coordination needed, i.e., nursing,
diagnostic imaging, surgery, etc., a higher level of cooperation
compared to external beam radiotherapy must be
developed.”

o “All team members should be encouraged to double check
each other and identify problems without fear of retribution.”
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Consolidated Guidance: NUREG-1556

“I
| l S NRC Enter term or ADAWS # | SEARCH ]
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Pr g People and the |
NUCLEAR NUCLEAR RADIOACTIVE NUCLEAR PUBLIC MEETINGS & NRC
WASTE SECURTY INVOLVEMENT LIBRARY

REACTORS MATERIALS
PRINT o

Home > NRC Library > Document Collections » NUREG-Series Fublicstions » Staff Reports » NUREG-1556 > Volume 3, Revision 2

Consolidated Guidance About Materials Licenses: Program - Specific
Guidance About Medical Use Licenses (NUREG-1556, Volume 9, Revision 2)

Nuclear Regulatory Commission (NRC)

Agreement & Non-Agreement States

Letter of Intent-AS

I Agreement States ~ Non-Agreement States




NRC Regulations:
Title 10, Code of Federal Regulations
|
o 10CFR19:

o Notices, Instructions and Reports to Workers: Inspection and
Investigations

o 10CFR20:

o Standards for Protection against Radiation
o 10CFR35:

o Medical Use of Byproduct Material

10CFR19:

Notices, Instructions & Reports to Workers
L s

o 19.11: Posting of notices to workers.

o 19.12: Instruction to workers.

o 19.13: Notifications and reports to individuals.
o 19.14-17: Inspections.

o 19.20: Employee protection.

7/1/2015



7/1/2015

10CFR20:

Standards for Protection against Radiation
[

o 20.1101: Radiation protection programs.

o 20.1201: Occupational dose limits for adults.
o 20.1208: Dose equivalent to an embryo/fetus.
o 20.1301: Dose limits for the public.

o 20.2001-10:  Records

10CFR35:

Medical Use of Byproduct Material
L s

Subpart A — General Information:
o 35.12: Application for license, amendment, or renewal.

Subpart B — General Administrative Requirements:

o 35.40: Written directives.

o 35.50: Training for Radiation Safety Officer.

o 35.51: Training for an authorized medical physicist.
o 35.59: Recentness of training




O

O

Oo o o o o o

10CFR35:
Medical Use of Byproduct Material

[
Subpart H — Photon Emitting Remote Afterloader Units, etc.

35.604: Survey of patients treated
35.610: Safety procedures & instructions
35.615: Safety precautions

35.633: Full calibration measurements
35.643: Periodic spot-checks
35.647: Additional technical requirements, etc.

35.652: Radiation surveys.
35.657: Therapy-related computer systems

35.690: Training for use of remote afterloader units, etc.

10 CFR35.633:
Full calibration measurements

[ S
o On quarterly basis, check accuracy of:

o Output to within 5%

o Source positioning to within Imm
o Length of source transfer tubes

o Length of applicators

o Timer accuracy and linearity

o On quarterly basis (or upon repair), check function of:

o Source retraction with backup battery upon power failure
o Source transfer tubes plus applicators
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10 CFR35.643:

Period spot-checks for remote afterloader units
[

o On daily basis, check function of:

o Electrical interlock function (door, console button, key, door button)
o Source exposure indicator lights
o Radiation monitors
o Viewing/intercom systems
o Emergency retraction system
o On daily basis, check accuracy of:
o Timer
o Clock (date and time) in computer

o Decayed source activity in computer

Daily QA Form > Workflow

Daily QA for HDR
Department of Radiation and Cellular Oncology

University of Chicago Medicine

HDR Remote afterloader model name and manufacturer: Varisource iX 320489637, Varian
HDR Remote afterloader ID: HE00604
Source serial number: 02-01-6021-001-042215-11642-66

> Checked box indicates function/operation tests PASSed
> Highlighted and underlined tests can be performed prior to afterloader retrieval

Equipment availability & function

. Ll

z

B

. tercom operational

5 ergency procedure posted

6 i AU, AMP and RSO posted

7 iduals have personal body/ring badges

5 suitch activated outside vault

5. [ “Caution Radiation Area, Radioactive Materials” and “Caution High Radiation Area” signs posted on each
door of treatment reom

10. [ Jsn-room pri necked agal
Calibration [msu)

11. [] Afterloader moved near to the treatment table, and whesls locked

12 [] Emergancy toois in place [Pb pig, : wire cutta its)

13. [[] Exposure warning light fiash red) on the HDR afterioader visible in a TV monitor

Remate after loader operation add fraction and deliver test pion “DailyQA”)

1 [ Key of the afterioader tumed to “trat” position

2. [] Transfer Guide Tube free of kinks

3 ¥es/Ma can posed without e turret
& ¥es/MNo can with to turret but not to 3pp!

5. Connect catheter (Quick Connector attachd) to tUTet & expose SOUFCE for the following tests:
5 [ Source exposure indicator lights on the afterioader and console (flash red)
b. [ Primalert functional during source exposure
HDR "beam-on” door light operational

a " e, when'the -
i. [ Console key turned off
ii. [[] Console interrupt button (red butson on HDR console]
ii. [ Door interrupt button (red button on HDR monitor)
w. [] Door opened
v. [] UPS power cable unplugged (hand crank turns during retraction)
6. [] system cormectly recovers from emergency interruption
7. [] owell time agrees with a stopwatch within 2 seconds on 30 seconds | “DwelTime" test plan] sec
& Positioning of wire within £1mm (PVT in “source & wire" undzr workflow > system configuration]
a 80 cm :[J] dummyand [ source
b. 130 cm- [ | dummy and [ ] source

7/1/2015



7/1/2015

10 CFR35.633:

Full calibration measurements (applicator QA)
[

o On quarterly basis, check function of:

o Source transfer tubes, applicators, and transfer tube-applicator
interfaces.

o On quarterly basis, check accuracy of:
o Length of the source transfer tubes
o Length of the applicators

AAPM TG-56: Applicator Commissioning and QA

o “Verification of positional accuracy requires that ... the
intended sequence of active sources or dwell positions is
delivered to the correct position in the correct applicator.

o Often, the target source locations are identified relative to
radiographic images of dummy seeds or radiographic markers
which are inserted into the applicator of interest prior to
simulation.

o The NRC insists on a positional accuracy criterion of 1 mm ...
This more rigid standard is not realizable in a clinically
meaningful sense for many applicator-source combinations.”
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AAPM TG-56: Applicator Commissioning and QA

TASLE 11 Intracavntary source and applicator quality sssurance.

superpositson of auto-
and eransmission
mdiographs

source leak 1est
souree calsbration

dosimetric evalustion

Procedure End paint Frequensy
evaluste dmenssors’  source identiry mtsally
serial number pliysical eugth and dismcter

active source bength and
uniformity. capsule thickness

wnstially

acouracy of source
comstiuchion

capsule miegnity
source strength
magnitade and geometne wsally

of applicstor charactesissics of shielding

effect

S
orthogonal radiographs  comect source posstion, mutzally, ammally
of applacators mechanscal wegnity,

intemal shicld positioning

comeidence of dumy and

dioaci

measure applicator correct diameter and length.  mutsally, annually
dimensions. correct diameter of all

colpostar caps and cylinder

segEcnls
souroe wventory conmect source numsber quarterly*
soarce area safery of a5 needed
survey personnel

O

O

O

O

Delivered dose that differs from Rx by more than:
o 50 mSv effective dose equivalent

o 0.5 Sv organ dose

o 0.5 Sv shallow dose

Total dose differs from Rx by > 20%
Fractional dose differs from Rx > 50%

Treatment to:

o Wrong patient

o Wrong site

o Wrong mode of treatment

http://www.nrc.gov/reading-rm/doc-collections/cfr/part035/part035-3045.html

10CFR35.3045: NRC Medical Event

7/1/2015
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ASTRO White Paper:

Responsibilities of Qualified Medical Physicist
(I S
o Afterloader, applicators, & TPS Checks:
o Acceptance testing
o Commissioning
o Daily QA
o Quarterly QA
o Annual QA
o Development & implementation of quality management
program
o Personnel training (initially & annually)
o Internal audit of HDR program

ASTRO White Paper:

Responsibilities of Qualified Medical Physicist
L s

o “Extensive effort is needed by the medical physicist outside of
direct patient interactions to ensure that clinical procedures
are fluid and performed in an accurate and timely manner
with confidence by all HDR brachytherapy team members.”

7/1/2015
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Figure 1.
Example 1

e

LY tor/Catheter
Localization Check

Treatment and Verification
Applicator/Catheter Removal

i

Ensuring HDR Treatment Quality Control

Example 2

‘ Placement of Applicator or Catheters |

Optimization and Plan Evaluation

Applicator/Catheter
LocalizationCheck

Applicator/Catheter Removal

Thomadsen et al., PRO:, 2014.

University of Chicago Medicine
Dwrhnl of Radiation and Cellular Oncology
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Ensuring HDR Treatment Quality:
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ASTRO White Paper: Staffing Considerations

(I S
o For each afterloader:

o 0.4 FTE physicist + 0.03 FTE dosimetrist
o For each treatment:

o 0.008 FTE physicist + 0.003 FTE dosimetrist
o For 1 unit treating 50 patients/year:

o 0.008 FTE physicist + 0.003 FTE dosimetrist =
0.8 physicist + 0.2 dosimetrist OR
1.0 physicist

o Compared to TG-59 recommendations:

o For an average load of 10 fractions per week, 1 FTE physicist

Recommendations from a new user

[ S
o Implement an independent calculation program
o Develop workflow with staff responsibilities clearly delegated
o “Dry-run” training
o Reach out to physicists at other institutions
o Learn from past HDR errors (i.e., failure modes)
o ASTRO White paper: most common is “length” failure
o IAEA: “Prevention of Accidental Exposure in Radiotherapy” modules
o Automate

o Automated Dose Point Placement for Cervical Cancer Brachytherapy
Using Tandem and Ovoid Applicators (Kang et al) = Poster SU-E-T-141

14
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Independent Calculation Check

Treatment Type - HDR
Source Information - VariSource VS2000
Source Jan 16, 2013
Calibration Dete/Time: Oct 24, 2013, 12:11:55 PM Caliby
Treabment Dote/Time: Dec 30, 2013, 12:00:00 PM
Total Treatment Time (sec): 304.20

Caiculation Points
[ = 1 an Dose. T Cone e or o DY
Lt Ref Point (433, 1462, 8147 ) ser.12 712 0.0%
Bt Ref Point 050, 14,64, -81.28) 60137 60142 0%
Applicators (1 total)
probe Tima Sum % of Total Tima: 100.0%
Dvwel Xoon | Apta 1 e (sec) Weight (%) | Dwt. toTo(om) |
1 (272,1472,-7931) “175.40 196 61.80 15.7% 0.65
2 (268, 1471, 79.81) 17540 -1.96 5300 13.6% 1.45
3 {264, 14.65,-80.30) -175.40 156 .40 10.0% 145
4 [2.60,14.67, 8080 ) -175.40 -1.96 30.20 7% 218
5 (256, 1488, 81.30) 17540 -1.96 25.50 65% 2.65
6 (.52 14.64, -5L80) -175.40 196 .00 56% 115
7 (248, 1462, B2.30) 7540 196 3540 9% 2.65
B (244, 1460, 82.79) 7540 -1.96 5730 5% 415
§ (240, 14.59, 83.20) 47540 196 60.10 175% 445

Therapist Involvement: Treatment Time Out

Radiation Oncologist: Yasmin Mo
Check Procedure Type: |/ Vaginal Cylinder, ___ Tandem, __ Interstitial, ___ I0AT

Compiete the HDR Treatment Timeout prior to each treatment dedivery.

Verified Process Step Source

7" | Confirm patient ID phota - RRIA o o

/| rescripion, HOR Brachy pian, and
RadCalc ane the 3

/ Vesthed source streng®h [air kerma HOR Treatment unit with Radcalc
strength in L)

v~ | Confirmed patient name and MRN PTR wilh RadCalc and Brachy Pian

A _| Confirm number of channels PIRwihHORBrachyPlan |

+”_| Confirmed Iotal scaled treatment time | PTR with RadCaic

1| Confimed source positions PTR wilh and Brachy Plan

| Confirmed scaled dwel Bmes PRT wilh RadCaic

/ Confirmed patient 1D (full name and in treatment room with patient
D.08)

‘/camwmtﬁeisbm Patent information displayed on HOR urst with
0 HOR:_unit prior o ireatment delivery ic AL

1" | Enter HOR treatment code /4 Fa=]
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[: Manual recovery of the source
]

Patient monitoring
Intervention to remove source

Figure D-1 y Resp

O
O
O
O
O

Qualified Medical Physicist
(N TS

“Lead” the HDR program

Interface with RSO & NRC/State

Train & educate staff

Select & purchase equipment
Continually adapt/update your program
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