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Brachytherapy History
� Wickman started treating cervical 

cancer with Ra-226 in 1906

� By 1913, 1000 patients had been 
treated 

� Ref: Janeway 1919

LDR Definition

� Low Dose Rate

� ICRU # 38  & NRC 35.2

� LDR � 2 Gy / hr @ Rx point

� Which is 0.5 – 3.5 cGy / min
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Early Brachytherapy

� Ra – 226 Disadvantages

� Manual vs. remote

� Build up of Radon gas

� Hydrolysis of mixture

� Possible contamination

Modern Brachytherapy

� Cs – 137 Advantages

� Always remote

� Solid rather than powder

� No gaseous decay products

� Virtually identical dose 
distribution to Ra-226

� 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

Typical treatment course

� 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

HDR Definition

� 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

Clinical Indication
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� Lung, esophagus, prostate

� Intact cervix & post TAH BSO

� Partial breast

� Head & neck, nasopharyngeal

Clinical Sites

� Interstitial

� Intraluminal

� Intracavitary

Mode of Delivery

Clinical Examples
� Prostate

Clinical Examples

� Gynecological  Applicators

Clinical Examples

� Cervix

Clinical Examples
� Interstitial Breast, e.g. MammoSite

� Placement

� Treatment

� Removal
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� Historical units: activity, exposure 
rate, equiv. Ra mass, app. activity

� TG-43: Air Kerma Strength 
(kinetic energy released to 
matter)

Source Assay
Kerma

� Well ionization chamber
� ADCL Air Kerma Strength 

Calibration Coefficient

� Response: current in nA

Source Calibration

� Electrometer factor

� Temperature correction

� Pressure correction

Source Calibration
(continued)

Well Ionization Chamber Calibration Setup
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Chamber Insert

Electrometer

Calibration Spreadsheet

Ka iser  Pe rma nente Radia tion Oncology, Rose vil le, CA
HDR MONTHLY CALIBRATION

Test Date: 4/4/2007 Initial s: dbh

Setup: 
1. Turn on the SI CDX-2000B electrometer, S/N J060193, all ow 15 minutes for warmup. 
2. Connect the HDR1 000+ well chamber, S/N A060244 to the electromete r via the signal cable.
3. Select -100%  bias.

4. Elec f = 1.000 nA/rdg cal date: 6/1/2006
5. Chbr f =  4.665E+05 Gy-m2 /hr-A cal date: 6/1/2006

6. Affi x the appli cator tip to the dedicated 5F bronchial catheter and connect to indexer.
7. Insert catheter tip i nto the standard insert pl aced in the well  chamber and lock into p lace.
8. Use Patient named Source Cali bration with Step Size 2 mm and Origi n 0 mm.
9. Record assay date, current readings, temperature and pressure in shaded are as below.

Tempera ture: 21.2 °C => Ctp =  0.995
Pressure: 762.0 mmHg

#1 #2
Pos'n Rdg, nA Pos'n Rdg, nA

20 72.40 20 72.38
21 72.54 21 72.52
22 72.65 22 72.63
23 72.72 23 72.70

* 24 72.76 * 24 72.74
25 72.76 25 72.74
26 72.72 26 72.71
27 72.64 27 72.63
28 72.53 28 72.52

AKR =  33.76 mGy-m 2̂/hr
U =  33757 uGy-m 2̂/hr  = cGy-cm 2̂/hr

Act =  8.2 9 Ci

Correlate wi th origi nal assay: 
Assay Date: 3/14/2007 => 21 days of decay

AKR =  41.11 mGy-m 2̂/hr
Act =  10.10 Ci => * * Measured = 121.8

cGy/min @ 1 cm =  562.6 **  Compare to assay sheets:

** Tabulated = 12 2

** Mea sured/Tabula te d = 0.998

� Alternative to Sievert integral

� Quantities measured solely in the 
medium

� Physical effects are considered 
separately

A Modular Approach: TG - 43
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� Dose Rate Constant, �
� Dose Rate / Unit AKS or Sk @ 1 cm along 

the transverse axis, in U

� D(r,� ) = � * Sk * other factors

TG - 43 Dose Calculation

� D(r,� )=� Sk{G(r,� )/G(1,� /2)}F(r,� )g(r)
� dose rate constant, � , cGy hr-1 U-1 in water
� air kerma strength, Sk , U or cGy cm2 hr-1 in air
� geometry factor, G(r,q)
� anisotropy factor, F (r,q)
� radial dose function, g(r)
� anisotropy constant, f an

TG - 43 Dose Calculation
(not that painful)

� D(r,� ) = � Sk / r2

Point Source Approximation

Treatment Planning
� Two – dimensional input
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Treatment Planning
(continued)

� CT DICOM import

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

Dose Distribution Modification
� Edit dwell times and display is automatically updated
� Edit isodose lines and dwell times are automatically updated 

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

� Radiographic record
Implant Verification
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Patient Record

Daily Safety

 
DATE: _____________ 
 
 1.  Ÿ  area  mon itor l igh t green; console : _______, tx room: ________ , trolley:  _______  � R/hr  
 2.  Ÿ  video and audio  systems operational , see Posn Accy sp readsheet fo r e lec/chamber se tup  
 3.  Ÿ  survey mete r operational   
 4.  Ÿ  emergency bail  out p ig and  too ls available , inse rt source  key in  Trolley 
 5.  Ÿ  connect dedica ted  ca theter & tip to indexer and place catheter tip into QA inse rt in  we ll chamber 
 6.  Ÿ  tu rn on GammaWin computer & login; insert power and mode keys in conso le  
 7.  Ÿ  tu rn power key to ON – observe all indicators ON (l ighted ), then on ly BATTERY  
 8.  Ÿ  - MAINS, and SAFE - ON  
 9.  Ÿ  SOURCE LOCKED - flashing at Control Console  and Tro lley 
10 . Ÿ  tu rn source key to  RELEASED on Trol ley, SOURCE LOCKED – OFF (un lighted) 
11 . Ÿ  sta rt GammaWin prog ram, open patient li st, select Safety Check 
12 . Ÿ  In itial Machine Test checks OK, type in nominal time to  agree with de fault 
13 . Ÿ  click Sta rt button in  GammaWin, STARTED flashes, acoustic signals heard 
14 . Ÿ  press START button, STARTED - ON 
15 . Ÿ  successful dummy test - any error messages cleared 
16 . Ÿ  acoustic signal heard during source  transfer 
17 . Ÿ  SOURCE SAFE - OFF; RADIOACTIVE symbol  - ON, SOURCE OUT - ON 
18 . Ÿ  yellow Rad iation  i con visible in GammaWin, warning ligh t ove r door - flash ing  
19 . Ÿ  PrimeAle rt external  radiation detector - flash ing  
20 . Ÿ  after 15 seconds o f no rma l opera tion, p ress INTERRUPT button 
21 . Ÿ  PrimeAle rt detector – not flashing, acoustic signa ls heard   
22 . Ÿ  -  RADIOACTIVE symbol  - OFF, SOURCE OUT – OFF, SOURCE SAFE - ON 
23 . Ÿ  -  STARTED - flashing, INTERRUPTED –  ON, GammaWin : In te rrupted Manual 
24 . Ÿ  obse rve  status, p ress START button  
25 . Ÿ  after anothe r 15  seconds of normal  operation, p ress EMERGENCY OFF button 
26 . Ÿ  PrimeAle rt detector - not flash ing , ALARM – ON, acoustic signal heard  
27 . Ÿ  -  RADIOACTIVE symbol  - OFF, SOURCE OUT – OFF, SOURCE SAFE - ON 
28 . Ÿ  -  STARTED - ON, observe  status GammaWin: Emergency Manual  
29 . Ÿ  pul l EMERGENCY OFF bu tton  out, press ALARM RESET, GammaWin : click OK 
30 . Ÿ  In itial Machine Test: cl ick OK, Prin t Preview: cli ck OK, retype in  nominal  time 
31 . Ÿ  click Sta rt button in  GammaWin, press START button 
32 . Ÿ  after anothe r 15  seconds of normal  operation, p ress door open to  treatment room 
33 . Ÿ  PrimeAle rt detector - not flash ing , acoustic signal  heard 
34 . Ÿ  -  DOOR - ON, INTERRUPTED – ON, RADIOACTIVE symbol  - OFF, SOURCE OUT –  OFF 
35 . Ÿ  -  SOURCE SAFE – ON, GammaWin: Interrupted  Door 
36 . Ÿ  close door, STARTED –  flash ing , press START button  
37 . Ÿ  after trea tmen t is comple ted: PrimeAlert detecto r - not flashing, acoustic signals hea rd  
38 . Ÿ  -  SOURCE SAFE – ON, COMPLETED - ON, GammaWin : End of treatment 
=> If all of the above  i tems are  successful ly comple ted , indicate by your signature be low that the  
machine is ready for treatment. 
 
 
   INITIALS/DATE: _________________________________ 

Positional Accuracy Checks

Kaiser Permanente Radiati on Oncology
HDR POSITIONAL ACCURACY CHECKS

 
Test  Date: 3/26/2008 Initials : dbh

Assay Date: 12/17/2007 - > 100 days

1. Turn on the Std Img CDX-2000B electrometer,  S/N J060193,  allow 15 m inutes for warm-up.
2. Connect  the HDR1000+, S/N A 060244 well  chamber to the elect rometer via the signal cable. 
3. Select  -100% bi as.
4. Affi x the applicator tip to the dedi cated 5F bronchial catheter and connect  to indexer.
5. Insert  catheter tip i nto the QA insert placed i n the well chamber and lock into pl ace.
6. Record current  and charge rdgs, assay date, temperature and pressure in shaded areas below.
7. Setup for Current  rdgs: step si ze 1mm,  origin 0,  pos'n 46 & 49,  nom inal 10 seconds.
8. Setup for Charge rdgs:  s tep s ize 1mm, origin 0, pos 'n 49,  set  actual  t x tim e = 10, = 20 seconds.

INPUT
Ka(nA) Kb(nA) Qb1(nC) Qb2(nC) T(°C) P(mmHg) t1(sec) t2(sec)   

7.23 8.81 97.27 185.02 20.6 765.8 10.0 20.0

CALCULATED
Ka(nA/Ci) Kb(nA/Ci) Ka/Kb Kb,t(nC/Ci) � Factor t_TR(sec)

1.826 2.225 0.821 2.456 0.996 255.7 1.081

E XP ECTED
Ka(nA/Ci) Kb(nA/Ci) Ka/Kb Kb ,t(nC/Ci ) t_TR(sec)

1.686 2.210 0.763 2.448 1.162

COMP ARISON
� Ka � Kb � Ka/Kb � Kb, t
0.924 0.993 0.930 0.997

DEVIA TION &  E RROR LIMITS
S ource P osit ioning:  <0.5mm

Source Activit y:  <0.1Ci
Dwell Time:  <0.1sec

S TATUS
ACCEPTABLE P OS'N ACCURACY
ACCEPTABLE S OURCE ACTIVITY ACCURACY
ACCEPTABLE DWELL TIME ACCURACY

S igned / Date: _______________________________________ _________________

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

� Export from planning system to 
GammaWin software

� Plan review w/ physician

� Initiate treatment sequence

� Control console functions

Treatment Delivery
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Treatment Prescription

 

1 . Treatment Plan and Prescription: 

 
Patient Name: 

 
Med ical Reco rd N umber: 

 
Physician: 
 
Treatment Prescrip tion:  ___________   cGy in  ______  fractions 

 
Cyl inder D iameter:  ____________  cm                        Trea tment Leng th:  ____________ cm 

 
Prescrip tion depth:  �  0.5cm from surface of the app licator 

 
Optimization :  �  uniform   �  g radient                           Step size:  �  5 mm or �  ________ mm 

 
                                                                                    D ate :  ________________  
 
                                               Physician Signature:  _______________________ 
 
 
 

2 . Treatment R ecord: 
 

Trea tment Delivery HDR 1 HDR  2 H DR 3  
 
Procedure Date 

   

 
Fractiona l Dose  

 
_______ cGy  

 
_______ cGy  

 
_______ cGy  

 
Total Treatmen t Dose  

 
_______ cGy  

 
_______  c Gy 

 
_______ cGy 

 
Physician 
Signature 

   

 
  

 

C OMMENTS : 

 

 

GammaMed / VariSource

Treatment Control

Treatment QA Process

Patient Name  
MR #  
Treatment Site  
  

BEFORE TREATMENT  
Procedure date    
Prescription com plete  &  signed by phys ician € € € 
Dose points, dwell  pos itions,  channels correctly entered € n/a  n/a  
Step size and origin complies with prescription € n/a n/a 
Treatment parameters properly stored and transferred to afterloader € € € 
 
Total nominal  (based on 10 Ci source) treatm ent time (seconds) 

 
___________  

 
 
Total actual  treatment time on procedure date (seconds ) 
 

 
_______  

 
_______  

 
_______  

Patient ID c onfi rmed by two methods € €  €  
Veri fy applicator configuration by two persons € €  €  
 

DURING TREATMENT 
Afterloader source factor agrees with assay sheets € € € 
Treatment fraction # confi rmed € € € 
Pre-treatment plan from afterloader verified and signed by physician € € € 
Physician, nurse & physic ist present € € € 
Treatment status moni tored € € € 
Audio/visual  communications m aintained € € € 
Treatment completion indicated € € € 
 

AFTE R TREATMENT  
Area radiation m oni tor no longer activated  € € € 
Radiation survey of patient confi rm s background,  
record level in � R/hr  

 
_______ 

 
_______ 

 
_______ 

Catheter(s) disconnec ted from patient € € € 
Post-treatment plan from afterloader signed by physician € € € 
If last case of day, trol ley unit (HDR) secured to cabinet €, € n/a €, € n/a €, € n/a 
If last case of day, exit GammaWin program and turn computer off €, € n/a €, € n/a €, € n/a 
If last case of day, shutdown HDR control  uni t, remove & store keys €, € n/a €, € n/a €, € n/a 
 
Operator’s in itials/date 
 

   

 
 

� Area monitor, survey meter

Radiation Surveys
Quality Management Program

� Written Directive

� Patient Identification

� Treatment Plan Verification

� Pre – treatment Safety Checks

� Treatment Delivery

� Post – treatment Survey



10

Quality Management Program
(continued)

� Source Replacement

� Calibration

� Documentation

� Supervision

� Recordable Event

� Misadministration

� Periodic Reviews

Process Flowchart

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

Regulatory Compliance
(continued)

� Source Description & Vendor

� Authorized Users

� Initial and Recurrent Training

� Detection Instrumentation

� Facility Design & Shielding 

� Security and Safety

Regulatory Compliance
(continued)

� Normal Operating Procedures -

� Pre, During, & Post Treatment

� Emergency Procedures -

� Improper Source Retraction

� Electrical Power Loss

� Applicator Dislodging

The End


