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Brachytherapy History LDR Definition
Wickman started treating cervical Low D Rat
cancer with Ra-226 in 1906 ow Lose Rate

By 1913, 1000 patients had been ICRU # 38 & NRC 35.2 _
treated LDR 2 Gy/ hr @ Rx point

Ref: Janeway 1919 Which is 0.5 - 3.5 cGy / min

o000 00
eoce00
oo
(1)




Early Brachytherapy

Ra — 226 Disadvantages
Manual vs. remote

Build up of Radon gas
Hydrolysis of mixture
Possible contamination
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Modern Brachytherapy

Cs — 137 Advantages
Always remote

Solid rather than powder
No gaseous decay products

Virtually identical dose
distribution to Ra-226

capsule

Active length
packed with

steel plug
welded in
place to
seal outer
capsule
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HDR Definition

High Dose Rate

ICRU # 38 & NRC 35.2

HDR 12 Gy/hr @ Rx point

Or 20 cGy/min

Can be as high as 700 cGy/min @ 1 cm
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Typical treatment course
Intact cervix treated with 2 insertions
over 48 hours to a dose of 3150 cGy
after 4500 cGy EBRT
UTMDACC has treated 7000 patients
since 1960

Clinical Indication

Permits treatment on an out-patient basis

Ease of source retraction as compared to
manual after-loading

Greater control over dose distribution
Exposure reduction to staff / public
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Clinical Sites

Lung, esophagus, prostate
Intact cervix & post TAH BSO
Partial breast

Head & neck, nasopharyngeal
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Clinical Examples
Prostate
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Clinical Examples

Cervix
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Mode of Delivery
Interstitial
Intraluminal
Intracavitary
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H3H
Clinical Examples see
Gynecological Applicators
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Clinical Examples

Interstitial Breast, e.g. MammoSite
Placement

Treatment

Removal
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Source Assay

Historical units: activity, exposure
rate, equiv. Ra mass, app. activity
TG-43: Air Kerma Strength
(kinetic energy released to
matter)
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Source Calibration

Well ionization chamber

ADCL Air Kerma Strength

Calibration Coefficient

Response: current in nA
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Well lonization Chamber

00
0000
i
(1]
[ J
Kerma
00
0000
i
(1]
[ J
Source Calibration
(continued)
Electrometer factor
Temperature correction
Pressure correction
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Calibration Setup
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Chamber Insert
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Electrometer
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Calibration Spreadsheet
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A Modular Approach: TG - 43

Alternative to Sievert integral

Quantities measured solely in the
medium

Physical effects are considered
separately
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TG - 43 Dose Calculation

Dose Rate Constant,
Dose Rate / Unit AKS or S, @ 1 cm along
the transverse axis, in U

D(r, )= * S, * other factors
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Point Source Approximation

D(r, )= S,/r?

00
o000
eo0o o
o0
o0
[ d
00
o000
eo0o o
o0
o0
[ d
TG - 43 Dose Calculation
(not that painful)
D(r, )= S{G(r, ¥G(1, /2)}F(r, )g(n)

dose rate constant, , cGy hr! Ul in water

air kerma strength, Sy, U or cGy cm? hrt in air

geometry factor, G(r,q)

anisotropy factor, F (r,q)

radial dose function, g(r)

anisotropy constant, f an
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Treatment Planning
Two — dimensional input




Treatment Planning

(continued)
CT DICOM import
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Geometric Optimization

Gives a uniform dose and can be blended with an
existing display for comparison purposes

Volumetric Optimization

Set upper and lower limits to any structure and
store as a template or clinical protocol
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Dose Distribution Modification

Edit dwell times and display is automatically updated
Edit isodose lines and dwell times are automatically updated
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Plan Evaluation

View 2D dose in any plane
View 3D dose model

Use color wash in either configuration to determine
PTV coverage and presence of hot spots
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Implant Verification
Radiographic record




Daily Safety
Patient Record
Positional Accuracy Checks
GammaMed+ Source / Cable
Source
0.9 mm capsule diameter
3.5 mm active length
Cable
200 mm flexible final braided
section
13 mm minimum treatment
radius

Source Diagram
Treatment Delivery

Export from planning system to
GammaWin software

Plan review w/ physician
Initiate treatment sequence
Control console functions




Treatment Prescription
GammaMed / VariSource
Treatment QA Process
Treatment Control

Radiation Surveys

Quality Management Program
Area monitor, survey meter

Written Directive

Patient Identification
Treatment Plan Verification
Pre — treatment Safety Checks
Treatment Delivery

Post — treatment Survey
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Quality Management Program
(continued)

Source Replacement
Calibration
Documentation
Supervision
Recordable Event
Misadministration
Periodic Reviews
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Regulatory Compliance

10 CFR Part 20 — Standards for Protection
Against Radiation

10 CFR Part 35 — Medical Use of By
Product Material

NUREG - 1556 , Volume 9 — Program
Specific Guidance About Medical Use
Licenses

CCR, Title 17, Division 1, Chapter 5,
Subchapter 4
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Regulatory Compliance
(continued)
Normal Operating Procedures -

Pre, During, & Post Treatment
Emergency Procedures -
Improper Source Retraction
Electrical Power Loss
Applicator Dislodging

Process Flowchart
Regulatory Compliance
(continued)
Source Description & Vendor
Authorized Users
Initial and Recurrent Training
Detection Instrumentation
Facility Design & Shielding
Security and Safety

The End
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