
Section 3:  Brachytherapy Physics

HDR Installation, Commissioning, and 
Procedures



NRC States



HDR definition

• NRC definition of a remote afterloader:
– A brachytherapy device that remotely delivers a 

dose rate in excess of 12 Gray per hour to a 
point or surface where dose is prescribed

• 10 CFR 35.2



Required Equipment

• HDR Unit
• Applicators
• TPS
• Well chamber
• Electrometer
• Survey meters
• Other safety equipment



Where will the unit reside?

• Dedicated suite
• Shared with Linac/simulator
• Depends on patient load, financial 

constraints, spatial constraints
• Close to other imaging rooms for ease of 

CT/MR acquisition



Shielding

• LDR
– Where will the patient stay during treatment?
– Shielded hospital rooms
– Vacating nearby rooms
– Portable shields

• HDR 
– Shielded vault

• Typically 0.3-0.6 m concrete or 4-5 cm of Lead

– Proximity to offices, etc





NRC Licensing

• According to 10CFR35, the licensee must provide 
the following:
– Facility diagram w shielding
– Information on equipment
– Training and experience of the RSO, AU, and AMPs
– Radiation safety precautions and instructions
– Methodology for measurement of dosage
– Calibration, maintenance, and repair of instruments and 

equipment necessary for radiation safety



Commissioning of the Varian VariSource 200 RAU
• Survey of RAU
• Verification of vendor’s stated source strength (Physics 

residents please refer to Goetsch article: Calibration of 
192Ir high-dose-rate afterloading systems. Med Phys, 
18(3), 462-467.)

• Positional accuracy
• Timer test 
• Interlocks, beam-on lights, audio-visual
• Room survey (Check the room shielding)
• QA procedures (daily/source exchange)
• Emergency Procedures (AU and AMP directly 

responsible, but all personnel trained)
• Training (Emergency and Operation)



Safety features





Daily QA

• Functionality of safety interlocks
• Emergency equipment
• Detectors/survey equipment functional
• Camera and Intercom equipment
• Correct date, decay factor, time



Source Exchange Parameters
• Source calibration (within 5%)
• Source positional accuracy (within 1 mm)
• Safety Checks

– Emergency stops
– Door
– Lights/warnings/alarms

• Timer accuracy/linearity
• Applicator/transfer tube lengths and condition
• Other tests:

– Catheter misconnect
– Obstruction detection
– Back up battery test



Source positional accuracy



QA (After Commissioning…) 

• Frequency of tests (daily, 
source exchange, repair)

• Types of tests
• Specified in Title 10 Code of 

Federal Regulations (CFR) 
Part 35 entitled Medical Use 
of Byproduct Materials 
(Section 600 pertains to RAU)

• www.nrc.gov



TG59 – HDR program

• The nature of HDR means one goal is to 
minimize time the applicator remains in the 
patient

• This must be done carefully…
– Develop formal, written procedures
– Exploit redundancy
– Explore quality improvement techniques
– Teamwork, efficiency, experience 



TG59



Required reading for physics 
residents…



TG 59





TG 59



Why so many rules?
Aka the “Omnitron” incident



What happened?

• Patient was treated on Nov 16, 1992 and died on 
Nov 21.

• Patient had 5 catheters for her treatment with a 4.3 
Ci source
– Dummy wire went through all 5 catheters initially
– Treatment wire treated 4 catheters
– After multiple attempts to put the source wire in the 5th

catheter, the treatment was aborted



Cont…

• An area monitor was observed by 3 
technologists and a physician being in an 
“alarmed” state at multiple times when the 
source should have been parked

• No one conducted a radiation survey despite 
the availability of a survey meter

• Console indicator said “safe”
• Sent the patient back their nursing home



Cont…

• After a few days, the catheter came loose 
and was discarded by the nursing staff at the 
nursing home

• Went in a “red bag” which was picked up 
by disposal and sent to medical waste 
facility

• Source was detected on Nov 30th by the 
waste management system



Cont.

• No other patients had been treated in this time 
with the first source

• A second source broke at another facility on Dec 
1. The medical physicist promptly was aware and 
acted appropriately to retrieve the source and no 
unnecessary exposures were reported

• Determined cause was degredation of the teflon in 
the presence of moisture which releases hydrogen 
flouride that erodes the nitinol encapsulation



Cont…

• Cause of death: Acute radiation exposure
• 94 other persons were irradiated
• Human error, not following procedures, 

lack of training, and rapid expansion of the 
facility from 1 to 10 centers were all 
attributed to the cause.



Other readings

• ICRP PUBLICATION 97 PREVENTION OF 
HIGH-DOSE-RATE BRACHYTHERAPY 
ACCIDENTS 
– More than 500 HDR accidents (including one death) 

have been reported along the entire chain of procedures 
from source packing to delivery of dose. Human error 
has been the prime cause of radiation events. In the 
present report, the International Commission on 
Radiological Protection concludes that many accidents 
could have been prevented if staff had had functional 
monitoring equipment and paid attention to the results. 



Other reading…











About the Varian VariSource 200

• 20 channels
• Step size of 2-99 mm, 1 

mm increments
• One active source, one 

dummy source
• 1000 active runs
• 1640 dummy runs
• Crank located on the side 

for retracting active wire



About the HDR Source

• Refer to source as the 
“wire”

• Ni-Ti wire
• 0.1 cm Ni-Ti 

encapsulation
• 2 - 0.25cm Ir-seeds
• Greater anisotropy at the 

distal tip of the source



Commissioning of the Applicators + TGTs

• Measurement of 
treatment length inside 
applicator + TGT

• Ruler using a dummy 
wire

• Called the SPS (source 
position simulator) for 
Nucletron



Audioradiography

• Examine distribution of radioactivity in the source 
itself

• Records position of the source relative to the end 
of the transfer cable

• Record relative position of each source in a source 
train

• Check the reproducibility of source positions 
when inserted into catheters, needles, or 
applicators

• Every new device should be autoradiographed
prior to use and as routine QA



Commissioning of Autoradiograph Jigs for Varian

• Verify programming of 
interstitial and GYN 
intracavitary treatments

• Verifying integrity of 
TGTs

• Verify positional 
accuracy of source



Utility of the Autoradiograph

• Positional accuracy check of a treatment plan prior to patient treatment
• Check plan entry (varying step size, more manual entry, specify each dwell position, no 

zero dwell times allowed, less graphical representation of treatment layout)
• Check TGT integrity (less durable)



Commissioning of the Applicators + TGTs
• Correlate position inside 

the applicator to dwell 
positions

• Dummy markers are 
useful for this 

• Check of positional 
accuracy of source inside 
applicator (double-
exposure)

• Mark treatment positions 
on images



• Film is sandwiched 
between slabs of lucite

• 3 straight tandems for 
T&O treatments

• Applicator probe for VC, 
ring treatments

• We are not accounting for 
curvature of applicator 
(this should be done at 
time of commissioning)

Construction of the GYN Autoradiograph Jigs



Vaginal Cylinder Commissioning



Tandem and Ovoid 
Commissioning



Tandem and Ovoid TGTs

• Different colors
• Coded on machine end
• No coding on patient end
• Closed system
• Can treat with TGT not 

fully inserted into 
applicator (ovoids)



Applicators placed
Images are acquired

Applicator placement verified
Treatment positions are indicated

Rx is specified on written directive
Dwell times are calculated (using TPS/dwell time calc sheets)
Manually verify dwell times
Isodoses generated on TPS/Plan printed and checked
Dwell times/positions are communicated to the console and 

checked vs. plan
Patient is connected to the machine
In the treatment room: treatment connections, patient identification, 

presence of emergency equipment, audiovisual
Deliver treatment with AU and AMP present
At end of treatment, verify source retraction, and perform a final 

survey.

General Flow of HDR Treatments



Traditional:  2D Imaging

•Orthogonal films taken after implant
•Check of applicator placement relative to bony anatomy

•Identification of treatment positions
•Post-implant dosimetry



Current:  3D Imaging for Most Patients

• Have multiple views
• Have soft tissue information



Applicator placement check relative to the soft-tissue anatomy prior to treatment

Applicator Placement Check



2D vs. 3D:
Identification of Treatment Dwells

•Identification of treatment positions relative to applicator and soft-tissue anatomy



2D Dosimetry 3D Dosimetry

2D Orthogonal 
Radiographs

CT Volumetric 
Datasets

•Discontinued 2D-based post-implant dosimetry
•All HDR GYN dosimetry currently done on CT or MR images



Commissioning of the Applicators:  Vaginal Ring

• Measurement of applicator 
dimensions using calipers, 
x-ray, CT

• Check of applicator 
integrity (radiographic)



Commissioning of the Varian BrachyVision TPS

• Verification of dosimetric data in TPS (“TG-43”
dosimetry parameters)

• Dose calculation accuracy
– Single source (TPS vs. Manual Calculation)
– Dual source

• DVH/Isodose display accuracy
• Reconstruction accuracy (from films)
• Data transfer integrity (image import, plan export)



Commissioning of the Treatment Protocols

• Development of planning 
procedures
– Cylinders/rings on 

AP/LAT x-rays
– T&O on CT images
– APBI on CT images

• Development of forms
– Dwell time calculation 

forms (ring, cylinder, 
T&Os)

– Prescription forms
– Catheter Length 

Measurement forms



– Use plan to calculate 
different factors

– This was done for each 
size cylinder

– Dwell time forms were 
generated for the ring

Development of Dwell Time 
Calc Forms (example Vaginal 

Cylinder)



Development of Dwell Time 
Calc Forms (Vaginal Cylinder)

– Standard treatment 
geometry and Rx depth 

Template Plan 
– Enter treatment 

geometry into TPS
– Enter dose points
– Optimize dwell times
– Obtain dwell times
– Calculation form for 

varying Rx dose and 
source strength



Development of 
Prescription Forms

• Written Directives
• Must specify radionuclide, 

treatment site, dose per 
fraction, number of 
fractions, and total dose

• Must be signed and dated 
by AU

• Revisions allowed:  written 
revisions must be signed 
and dated by AU before 
next fraction, oral revisions 
(in case of emergency) 
must be documented within 
48 hours

• Title 10 CFR Part 35.40


